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TO  THE  KIJVG . 

SIR, 

It  proceeds  from  no  vain  confidence  in  my 
own  abilities ,  that  I  presume  to  solicit  for  this  Work 
the  Protection  of  a  Monarch,  who  is  not  more  exalted 
in  station ,  than  he  is  distinguished \  among  the  Poten¬ 
tates  of  the  Earth ,  by  his  Taste  in  Literature ,  and  his 
Patronage  of  Science  and  the  Arts* 

In  conducting  to  its  conclusion  the  Encyclopaedia 
Britannic  a,  I  am  conscious  only  of  having  been  uni¬ 
formly  influenced  by  a  sincere  desire  to  do  Justice  to 
those  Principles  of  Religion ,  Morality ,  and  Social  Order , 
of  which  the  Maintenance  constitutes  the  Glory  of  Tour 
Majesty's  Reign ,  and  will ,  I  trust,  record  Tour  Name 
to  the  latest  Posterity ,  as  the  Guardian  of  the  Laws 
and  Liberties  of  Europe. 


IV 


DEDICATION, 


The  French  Encyclopedic  has  been  accused \  and 
justly  accused ’  of  having  disseminated ,  jar  and  wide , 
the  seeds  of  Anarchy  and  Atheism .  If  the  Encyclo¬ 
paedia  Britannica  shall,  in  any  degree,  counteract  the 
tendency  of  that  pestiferous  'Work,  even  these  two  Vo¬ 
lumes  will  not  be  wholly  unworthy  of  Tour  Majesty’s 
Patronage;  and  the  Approbation  of  my  Sovereign, 
added  to  the  consciousness  of  my  own  upright  intentions , 
will ,  to  me,  be  an  ample  reward  for  the  many  years  of 
labour  which  I  have  employed  on  them,  and  on  the 
Volumes  to  which  they  are  Supplementary .  I  am, 

SIR , 

Your  Majesty’s 

Most  faithful  Subject , 

And  most  devoted  Servant, 

Stirling ,  1 

Dec .  io.  1800.3 


GEORGE  GLEIG. 


ADVERTISEMENT. 


IT  would  ill  become  me  to  difmifs  thefe  Volumes  from  my  hands  without  acknow¬ 
ledging  that,  from  many  of  the  mod  valuable  difquifitions  which  they  contain,  I  care 
claim  no  other  merit  than  that  of  having  ufliered  them  into  the  world. 

Those  who  have  read,  and  who  underdand,  the  articles  in  the  Encyclopaedia  Bri- 
tannica,  which  were  furniftied  by  Profeffor  Robifon  of  Edinburgh,  can  hardly  need  to 
be  informed,  that  to  the  fame  eminent  philofopher  I  am  indebted  for  the  valuable  ar¬ 
ticles  Arch,  Astronomy,  Carpentry,  Centre,  Dynamics,  Electricity,  Impul¬ 
sion,  Involution  and  Evolution  of  Curves,  Machinery,  Magnetism,  Mecha¬ 
nics,  Percussion,  Piano -Forte,  Centre  of  Position,  Temperament  in  Mufic , 
Thunder,  Mufical  Trumpet,  Tschirnhaus,  and  Watchwork,  in  this  Supplement.. 
Of  a  friend  and  co-adjutor,  u'liofe  reputation,  is  fo  well  ellablifhed  as  Dr  Robifon’s,  I 
am  proud  to  fay,  that,  while  I  looked  up  to  him,  during  the  progrefs  of  this  Work,  as 
to  my  matter  in  mathematical  and  phylical  fcience,  I  found  him  ever  ready  to  fupport,, 
with  all  his  abilities,  thofe  great  principles  of  religion,  morality,  and  focial  order,  which 
I  felt  it  my  own.  duty  to  maintain. 

To  Thomas  Thomfon,  M.D.  of  Edinburgh,  a  man  of  like  principles,  I  am  indebted 
for  the  beautiful  articles  Chemistry,  Mineralogy,  and  Vegetable ,  Animal,  and  Dyeing 
Substances;  of  which  it  is  needlefs  for-  me  to  fay  any  thing,  fince  the  Public  feems  to 
be  fully  fatisfied  that  they  prove  their  author  eminently  qualified  to  teach  the  fcience 
of  chemiftry. 

The  account  of  the  French  Revolution,  and  of  the  wars  which  it  has  occafioned,, 
has  been  continued  in  this  Supplement  by  the  fame  Gentlemen  by  whom  that  account 
wras  begun  in  the  Encyclopaedia  ;  and,  owing  to  the  caufe  afiigned  in  the  article,  pro¬ 
bably  with  the  fame  merits  and  the  fame  defects, 

My  thanks  are  due  to  Dr  William  Wright  for  his  continued  kindnefs  in  communi¬ 
cating  much  curious  botanical  information  :  and  to  Mr  Profeffor  Playfair  of  the  uni- 
verfity'  of  Edinburgh,  for  lending  his  affiltance,  occafionally,  in  the  mathematical  de-- 
partment ;  and  for  writing  one  beautiful  article  in  that  fcience,  which  is  noticed  as  his 
in  the  order  of  the  alphabet. 

In  compiling  this  Supplement,  I  have  made  very  liberal  ufe  of  the  mod  refpedable  - 
literary  and  fcientific  journals,  both  foreign  and  domedic  ;  of  all  the  late  accounts  of 
travels  and  voyages  of  dilcovery,  which  have  obtained,  or  leem  indeed  to  deferve,  the 
regard  of  the  Public  ;  of  different  and  oppolite  works  on  the  French  revolution,  and 
what  are  emphatically  called  French  principles ;  and  even  of  the  mod  approved  Dic¬ 
tionaries,  fcientific  and  biographical.  From  no  Dictionary,  how’ever,  have  I  taken,, 
without  acknowledgment,  any  articles,  except  fuch  as  are  floating  everywhere  on  the 
furface  of  fcience,  and  are  the  property,  therefore,  of  no  living  author. 

After  all  my  labour  and  induffry,  which,  whatever  be  thought  of  my  other  merits,, 
I  am  confcious  have  been  great,  no  man  can  be  more  fepfble  than  myfelf,  that  the 
Encyclopaedia  Britannica,  even  with  the  addition  of  this  Supplement,  is  dill  impeded. 
It  would  continue  to  be  fo,  were  another  Supplement  added  to  this  by  the  mod  learn¬ 
ed  and  laborious  man  on  earth;  fo;-  perfection  Ferns  to  be  incompatible  with  the  nature 
of  works  conftruded  on  fuch  a  plan,  and  embracing  fuch  a  variety  of  l’ubjeds. 
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ADVERTISEMENT. 

No  candid  reader  will  fuppofe ,o“he  gJS  SjSS 
the  plan  of  the  Encyclopaedia  Eutan  .1  P  which- 1  have  yet  ieen  no  reafon  .0 

of  that  plan  I  have  elfewhere  borne  my  •  j  fuiceptible  of  fuch  improve- 

retraa/ Experience  has indeed  led m, =  to  .  nnV  .h*  w  ^ftaion.^ven 

£uSE  feme  auentlon  that  1  Ue  done  to  diaionaries  of  arts, 
fciences,  and  literature. 

Before  I  take  leave  of  the  reader,  I  muft  account  for  the  omilTion  ofoneor  two 

ters  though  in  feme  refpects  remarkable,  have  very  little  connexion  with  fcience, 
am  or  literature.  From  this  part  of  the  original  plan  I  was  foon  obliged  to  deviate. 
So  many  applications  were  made  to  me  to  infert  accounts  of  perfons  who  whatever  may 
have  been  their  private  virtues,  were  never  heard  of  in  the  republic  of  letteis,  that  I 
was  under  the  neceffity  of  excluding  from  the  iecond  volume  the  lives  of  all  inch 
as  had  not  either  been  themfelves  eminent  in  literature,  or  in  lome  liberal  ait  01 
fcience,  or  been  confpicuous  as  the  patrons  of  fcience,  arts,  and  literature,  in  others. 
Hence  the  omiffion  of  the  life  referred  to  from  Aubigne  in  the  firll  volume,  anu  of 
one  or  two  others  to  which  references  are  made  in  the  lame  way.  1  he  life  of  Mr 
Tames  Hay  Beattie  of  Aberdeen,  whofe  originality  of  genius,  ardent  love  of  virtue, 
and  early  and  extenfive  attainments  in  fcience  and  literature,  raiie  him  ahnolt  to  the 
eminence  of  Barretier,  of  whom  we  have  fo  pathetic  an  account  from  the  pen  of  Jobn- 
ibn,  I  omitted  with  regret;  but  I  thought  not  myfelf  authorized  to  pubhfli  what  his 
father  had  then  only  diftributed  among  a  few  particular  friends.  For  the  omiflion  of 
the  life  of  Soame  Jenyns  1  can  make  no  apology  :  it  was  the  conference  of  forgettul- 
nefs. 

For  the  errors  of  thefe  two  volumes,  whether  typographical  or  of  a  nature  more  im¬ 
portant,  I  have  perhaps  no  occafion  to  folicit  greater  indulgence  than  rvill  be  volun¬ 
tarily  extended  to  me  by  a  generous  public.  The  progrefsj  however,  of  fcience,  and 
of  the  revolutionary  events  in  Europe,  has  been  fuch,  lince  great  part  of  them  was 
printed,  that  I  muft  requeft  the  reader,  in  juftice  to  myfelf,  to  proceed  diredfly  from 
the  article  Galvanism  to  Torpedo,  and  from  Revolution  to  the  life  of  Marfhal 
Suworow, 


Under  the  title  Translation,  both  in  the  Encyclopaedia  and  in  the  Supplement, 
expreffions  are  made  ule  of,  which  may  lead  the  reader  to  fuppole  that  Mr  Fral’er 
Tytler  was  indebted  for  the  general  laws  of  the  art,  which  he  fo  ably  illuflrates,  to 
Dr  Campbell’s  Preliminary  Differtations  to  his  Tranllation  of  the  Golpels.  It  is  hut 
juftice  to  declare  my  perfedt  convidtion,  as  it  was  that.  of  Dr  Campbell  himfelf,  that 
Mr  Tytler  and  he  were  equally  intitled  to  the  merit  of  having  difeovered  thofe  laws; 
and  that  however  coincident  in  opinion,  neither  of  them,  w'heri  compofing  their  feparate 
works,  had  the  finalleft  fufpicion  that  the  other  had  ever  employed  his  thoughts  on  the 
fubjedf.  The  only  difference  feems  to  have  been  in  the  mode  of  their  difeovery  :  Mr 
Tytler  having  deduced  the  laws  of  the  art  by  regular  analytical  inference  from  his  own 
d-elcription  of  a  perfedt  tranflation  ;  whereas  D;  Campbell  appears  to  have  fortunately 
dilcovered  them  without  that  procels  of  dedudtion. 
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ABE 


A  B  S 


ifcus  A.  BACISCUS,  in  architecture,  the  fame  with  A- 
j^.  V  \  bacus  ;  for  which,  fee  Encyclopedia. 

_  ABATIS,  or  Abattis,  is,  in  military  language,  the 
name  of  a  kind  of  retrenchment  made  of  felled  trees. 
When  the  emergency  is  fudden,  the  trees  are  merely 
laid  lengthwife  befide  each  other,  with  their  branches 
pointed  towards  the  enemy,  to  prevent  his  approach, 
whilft  the  trunks  ferve  as  a  breaftwork  before  thofe  by 
whom  the  abatis  is  railed.  When  the  abatis  is  meant 
for  the  defence  of  a  pafs  or  entrance,  the  boughs  of  the 
trees  are  generally  flripped  of  their  leaves  and  pointed  ; 
the  trunks  are  planted  irr  the  ground;  and  the  boughs 
are  inteiwoven  with  each  other.  It  is  needlefs  to  add, 
that  the  clofer  the  trees  are  laid  or  planted  together, 
the  more  fecure  is  the  defence  which  they  afford  ;  and 
if,  when  they  are  planted,  a  fmall  ditch  be  dug  towards 
the  enemy,  and  the  earth  thrown  up  properly  againft 
the  lower  part  of  the  abatis,  it  will  be  very  difficult  to 
pafs  it  if  well  defended. — Simes's  Military  Guide. 

ABBREVIATION  of  fractions,  in  arithmetic 
and  algebra,  is  the  reducing  of  them  to  lower  terms ; 
which  is  done  by  dividing  the  numerator  and  denomi¬ 
nator  by  fomc  number  or  quantity  which  will  divide 
both  without  leaving  a  remainder  of  either. 

ABERRATION,  in  optics  (in  Encycl.),  refers  the 
reader  to  the  article  QpTrcs,  n°  17,  136,  173.  It 
fhould  have  referred  hira  to  OpTrcs,  r°  17,  and  251  — 
256. 

Aberration  of  the  Vifual  Ray,  is  a  phenomenon,  of 
which,  though  fome  account  of  it  has  been  given  in  the 
Encyclopaedia  (fee  Aberration,  in  aflronomy ;  and 
the  article  Astronomy,  n°  337.),  one  of  tire  moft  can¬ 
did  of  our  correfpondents  requires  a  fuller  explanation. 
If  fuch  an  explanation  be  requifrte  to  him,  it  muft  be 
much  morefo  to  marry  others;  and  we  know  not  where 
to  find,  or  how  to  devife,  one  which  would  be  more  far 
tisfaclory,  or  more  familiar,  than  the  following  by  Dr 
Hutton. 


“  This  effeft  (fays  he)  may  be  explained  and  fami¬ 
liarized  by  the  motion  of  a  line  parallel  to  itfelf,  much 
after  the  manner  that  tire  compofition  and  refolution  of 
/orces  are  explained.  If  light  have  a  progreffive  mo 
tiou,.  let  the  proportion  of  its  velocity  to  that  of.  the 
I.  earth  in, her  orbit  be  as  the  line  BC  to  the  line  AC; 
then,  by  the  compofition  of  thefe  two  motions,  the  par¬ 
ticle  of  light  will  feem  to  deferibe  the  line  BA  or  DC, 
Supfl.  Vol.  I.  Part  I. 


inftead  of  its  real  courfe  BC  ;  and  will  appear  in  the  di«  Aberration 
region  AB  or  CD,  inftead  of  its  true  dire&ion  CB.  H 
So  that  if  AB  reprefent  a  tube,  carried  with  a  parallel  A^cIf5,  , 
motion  by  an  obferver  along  the  line  AC,  in  the  time ' 
that  a  particle  of  light  would  move  over  the  fpace  BC, 
the  different  places  of  the  tube  being  AB,  ab ,  c d,  CD; 
and  when  the  eye,  or  en<3i  of  the  tube,  is  at  A,  let  a 
particle  of  light  enter  the  other  end  at  B  ;  then  when 
the  tube  i3  at  ab,  the  particle  of  light  will  be  at  e ,  exa&ly 
in  the  axis  of  the  tube;  and  when  the  tube  is  at  cd,  the 
particle  of  light  will  arrive  at /,  flill  in  the  axis  of  the 
tube ;  and,  laltly,  when  the  tube  arrives  at  CD,  the 
particle  of  light  will  arrive  at  the  eye  or  point  C,  and 
confequently  will  appear  to  come  in  the  dire&ion  DC 
of  the  tube,  inftead  of  the  true  direftion  BC*:  and  fo 
on,  one  particle  fucceeding  another,  and  forming  a  con¬ 
tinued  ftream  or  ray  of  light  in  the  apparent  dire&ion 
DC.  So  that  the  apparent  angle  made  by  the  ray  of 
light  with  the  line  AE  is  the  angle  DCE,  inftead  of 
the  true  angle  BCE  ;  and  the  difference  BCD,  or 
ABC,  is  the  quantity  of  the  aberration.” 

.Aberration  of  the  Planets ,  is  equal  to  their  geocen¬ 
tric  motion,  or,  in  other  words,  to  the  fpace  which  each 
appears  to  move  as  feen  from  the  earth,  during  the  time 
that  light  employs  in  paffing  from  the  planet  to  the  eye 
of  the  obferver.  Thus  the  fun’s  aberration  in  longi¬ 
tude  is  conftantly  20",  that  being  the  fpace  a&ually 
moved  by  the  earth;  but  apparently  by  the  fun  in  8 
minutes  and  7  feconds,  the  time  in  which  light  paffes 
from  the  fun  to  the  earth.  If  then  the  diftance  of  any 
planet  from  the  earth  be  known,  the  time  which  light 
employs  in  paffing  from  the  planet  to  the  earth  muft 
likewife  be  known  ;  for  as  the  diftanee  of  the  fun  is  to 
the  diftance  of  the  planet,  fo  is  8  minutes  and  7  feconds 
to  that  time;  and  the  planet’s  geocentric  motion  in  that 
time  is  its  aberration,  whether  it  be  in  longitude,  lati¬ 
tude,  right  afcenlion,  or  declination.  See  Astrono¬ 
my  in  this  Supplement. 

ABOAB,  cedes  levied,  in  India,  under  different  de¬ 
nominations,  beyond  the  ftandard  rent. 

ABSCISS,  Abscisse,  or  Abfcijfa ,  i?  a  part  cut  off 
from  a  ftraiglit  line,  and  terminated  at  fome  certain 
point  by  an  ordinate  to  a  curve  ;  as  AP  (fig.  2.),  or  Plate  V. 

BP  (fig.  3.)  The  abfeifs  may  commence  either  at  the 
vertex  of  the  curve,  or  at  any  other  fixed  point;  and 
.it  may  betaken  cither  upon  the  axis  or  upon  the  dfa- 
A  meter 
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AWrpKon,  meter  of  the  curve,  or  upon  any  other  line  drawn ,  in  a 

Abfurdum.  given  pofition.  Hence  there  are  on  t  ^  £ 

- . -  or  diameter  an  infinite  number  of  variable  abfcilTes,  ter¬ 
minated  all  at  one  end  by  the  fame  fixed  point.  In 
the  common  parabola  (fig.  4-). 

but  one  abfciis  AP.  In  the  e  ipfe  or  circle  (fig.  ~). 
the  ordinate  has  tiro  abfciffes  lying  on  the  oppofite  Cdes 
of  it.  In  general,  to  each  ordinate  a  line  of  the  fecorn 
kind,  or  a  curve  of  the  firft  Kind,  may  have  two  abfc  • 
feS;  a  line  of  the  third  older,  three ;  a  line  of  the  iouith 
order,  four  ;  and  fo  on. 

ABSORPTION,  in  Anatomy  and  Physiology, 
has  been  fufficiently  explained  under  thefe  articles  in 
the  Encyclopaedia;  but  there  is  another  abforbtng  port  er 
poffeffed  by  different  fubftances,  which  «  worthy  of  at¬ 
tention,  becaufe  it  is  only  by  our  knowledge  of  >t  that 
we  can  adapt  our  clothing  to  the  various  climates  of  the 

earth.  The  power  to  which  we  allude  h  that  of  diffe- 
-  rent  fubftances  ;  fuch  as  wool,  cotton,  fi.K,  and  line.  , 
to  abforb  or  attract  moiftttre  from  the  atmofplieie.  O 
this  fubjeft  the  reader  will  find  fome  very  rnttruftive  ex¬ 
periments  detailed  (in  Encycl  ),  where  perhaps  ne  may 
not  have  looked  for  them,  under  the  title  Flaxxl. 

ABSURDUM,  a  term  made  ufe  of  by  mathemati- 
clans  when  they  demonftrate  any  truth,  by  (ho wing 
that  its  contrary  is  impoff.ble,  or  involves  an  abfuror.y. 
Thus,  Euclid  demonftrates  the  truth  of  the  iourth  pro- 
pofition  of  the  firft  book  of  his  Elements,  by  (lrow.ng 
that  its  contrary  implies  this  obvious  abfurdity—  that 
two  ftraight  lines  may  inclofe  a  lpace.  ,  , 

This  mode  of  demonftration  is  called  rtiuBio  adab- 
furdum,  and  is  every  whit  as  conclufive  as  the  m®* 

tbod  ;  becaufe  the  contrary  of  every  falfehoo-  muft  be 

truth,’ and  of  every  truth,  falfehocd. 

The  vouncr  geometrician,  however,  does  not,  y.e  be¬ 
lieve,  feel  himfelf  fo  perfeftly  fatisfied  with  a  demon¬ 
ftration  of  this  kind,  as  with  thofe  which,  proceeding 
from  a  few  felf-evident  truths,  condufts  him  diredtly, 
by  neceflary  confequences,  to  the  truth  of  the  propor¬ 
tion  to  be  proved.  The  reafon  is,  that  he  has  not  yet 
learned  to  dillinguifh  accurately  between  the  words 
falfe  and  impoffible,  different  and  contrary.  Many  diffe¬ 
rent  affertions  may  be  made  relating  to- the  fame  thing, 
and  vet  be  all  true  or  all  falfe  ;  but  it  is  impoffible  to 
make  two  affertions  direaiy  contrary  to  each  other  ,  ot 
which  the  one  (hall  not  be  true  and  the  other  falfe. 
Thus  “  fnow  is  white,”  “  fnow  is  cold,”  are  differed 
affertions  relating  to  the  fame  thing,  and  both  true;  as, 

“  fnow  is  black,”  “  fnow  is  red,”  are  both  falfe  .  but 
let  it  be  remembered,  that  of  the  firft  and  fecond,  and 
of  the  third  and  fourth  of  thefe  affertions,  neither  is  di- 
reftly  contrary  to  the  other  ;  nor  is  any  one  ot  them, 
abftraftly  confidered,  impoffible,  or  fuch  as  a  blind  man, 
who  had  never  felt  nor  heard  of  fnow,  might  not  believe 
upon  ordinary  teftimony.  But  were  all  the  men  in 
Europe  to  tell  a  native  of  the  interior  parts  of  Anca 
that  fnow  is  a  tiling  at  once  -white  and  not  white,  cold  and 
not  cold,  the  woolly-headed  favage  would  know  as  well  as 
the  moft  fagacious  philofopher,  that  of  tilde  contrary 
affertions  the  one  muff  be  true  and  the  other  miff.  be  falfe. 
Tuft  fo  it  is  with  relpeft  to  Euclid’s  fourth  propofition. 
Had  he  proved  its  truth  by  (bowing  that  its  contrary 
involves  this  propofition,  that  “  the  diagonal  of  a  fquare 
is  commenfurate  with  its  fide,”  the  (kiltul  geometrician 
would  indeed  have  admitted  the  demonftration,  becau.e 
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he  knows  well  that  the  diagonal  of  a  fquare  is  not  com-  Accelerated 
menfurate  with  its  fide;  but  the  tyro  in  geometry  A^pn. 
would  have  been  no  infer  than  before.  He  knew  from  , 
the  beginning,  that  the  propofition  and  _  its  contiary 
cannot  both  be  true  ;  but  which  of  them  is  true,  and 
which  falfe,  fuch  a  demonftration  could  not  have  taught 
him,  becaufe  he  is  ignorant  of  the  incommeufurab.lity 
of  the  diagonal  and  fide  of  a  fquare.  No  man,  however, 
is  ignorant,  that  two  ftraight  lines  cannot  indofe  a  lpace ; 
and  l’nce  Euclid  fhows  that  the  conti  ary  of  his  propo¬ 
fition  implies  this  abfurdity,  no  man  of  common  feafe 
can  entertain  a  doubt  but  that  the  propolition  itfclf 

muft  be  true.  .  , , 

ACCELERATED  motion-.?  See  (Encycl.)  Ac- 
ACCELERATING  force.  5  ce legation ; atul 
Mechanics,  Sett.  VL-and  (this  Supplement)  =Dv- 

NA ACTION  is  a  term  which  has  been  fufficiently  ex¬ 
plained  in  the  Encyclopedia;  but  fmee  that  article  was 
written,  queftions  have  been  agitated  refpeAmg  agents , 
agency,  and  affion,  which,  as  they  have  employed  fome 
of  the  moil  eminent  philofopheis  of  the  age,  and  are 
connected  with  the  deareft  interefts  of  man,  axe  certain, 
ly  entitled  to  notice  in  this  place.  « 

It  is  the  opinion  of  Dr  Reid,  and  we  hav^  adopted 
It  (fee  Metaphysics,  n*  ioo,  <?:c.  Encycl),  that  no 
being  can  be  an  agent ,  or  perform  an  adicn,  in  the  pio* 
per  fenfe  of  the  word,  which  does  not  poiTefs,  in  lonu 
degree,  the  powers  of  will  and  undemanding.  It  this 
opinion  be  juil,  it  is  obvious,  that  what  are  called  the 
powers  of  nature,  fuch  as  impure,  attraction ,  repuljion, 
elajicky,  &c.  are  not,  ftriAly  [peaking,  powers  or  caufes, 
but  the  effeAs  of  the  agency  of  fome  aAive  and  inttlli* 
gent  being  ;  and  that  phyfual  ccmfes ,  to  make  ufe  ct 
common  language,  are  notlring  more  than  laws  or  rulec, 
according  to  which  the  agent  produces  the  effea.  . 

This  doArine  has  been  controverted  by  a  writer 
whofe  acutenefs  is  equalled  only  by  his  virtues;  and  we 
fhall  corffider  fome  of  his  objeaions  to  it  in  another 
place  (fee  Causb):  but  a  queftion  of  a  different  kind 
falls  under  our  prefen?  confederation  ;  and  perhaps  the 
antwer  which  we  mull  give  to  it,  may  go  far  to  remove 
the  objeaions  to  which  we  allude. 

Can  an  agent  operate  wheie,  either  by  itfelf  or  by 
an  inftrument,  it  is  not  prefen  t  ?  Wc  think  not;  be- 
caufe  agency,  or  the  exertion  of  power,  muft  be  the 
agency  of  fomething.  The  conftitution  of  the  human 
mind  compels  us  to  attribute  every  aAion  to  fome  be¬ 
ing;  but  if  a  being  could  ad  in  one  place  from  which  it 
h  abfent,  it  might  do  the  fame  in  a  fecond,  in  a  thud, 
and  in  all  places  ;  and  thus  we  fhould  have  aAion  with¬ 
out  an  agent:  for  to  be  abfent  from  all  places  is  a  phrafe 
of  the  fame  import  as  not  to  exift.  But  if  a  living  and 
intelligent  being  cannot  aA  but  where  it  is  either  in*, 
mediately  or  inftrumentally  prefent,  much  lefs  furely  can 
we  attribute  events  of  any  kind  to.  the  agency  of  an  ab- 
fent  and  inanimated  body.  Yet  it  has  been  faid,  that 
“  we  have  every  reafon,  which  the  nature  of  the  fubjeA 
and  of  our  own  faculties  can  admit  of,  to  believe,  that 
there  are  among  things  inanimate  fuch  relations,  that 
they  may  be  mutually  caufe  a  or  principles  of  change  to 
one  another,  without  any  exertion  of  power,  or  any 
operation  of  an  agent,  ftriAly  fo  called.  Such  relations, 
for  aught  that  we  know,  may  take  place  among  bodies 
at  great  diftances  from  one  another,  as- well  as  among 

bodies 
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A fiion-  bodies  really  or  feemingly  in  aftual  contafl ;  and  they 
v  may  vary'  both  in  degree  and  in  kind,  according  to  the 
diftar.ces  between  the  bodies.” 

That  any  thing1  fhould  be  a  caufe  or  principle  of 
change  to  another,  without  the  exertion  o[  power  or  the 
operation  of  an  agent,  appears  to  us  a  palpable  contra- 
^  didion  ;  and  we  could  as  eafily  conceive  any  two  Tides 
of  a  triangle  to  be  not  greater  than  the  third  fide,  as  re¬ 
concile  fiich  a  proportion  to  that  faculty  of  our  minds 
ly  which  we  diftinguifh  truth  from  falfehood.  When 
v/e  fee  one  body  the  apparent  caufe  of  change  in  ano¬ 
ther  body,  we  cannot  poffibly  entertain  a  doubt  of  the 
exertion  of  power;  but  whether  that  power  be  in  the 
body  apparently  producing  the  change,  or  in  a  ditiind 
agent,  is  a  queition  to  which  an  anfwer  will  not  fo  readi¬ 
ly  be  found.  That  it  is  in  a  difhnct  agent,  we  are  ftrong- 
ly  inclined  to  believe,  not  only  by  the  received  dodrine 
concerning  the  inertia  of7  matter,  which,  though  it  has 
been  frequently  controverted,  we  have  never  fecn  dif- 
proved,  but  much  more  by  coniidering  the  import  of 
an  obfervation  frequently  introduced  to  prove  the  dired 
contrary  of  our  belief.  “  We  cannot  be  charged  (fays 
the  writer  whom  we  have  juft  quoted)  with  maintain¬ 
ing  the  abfurdity,  that  there  may  be  an  effect  without 
a  caufe,  when  we  refer  the  fall  of  a  ftone  to  the  ground, 
and  the  ebbing  ar.d  flowing  of  the  fea,  to  the  influence 
°f  the  earth  on  the  ftone,  and  of  the  fun  and  moon  on 
the  ocean,  according  to  the  principle  of  general  gravita¬ 
tion.” 

.  _  We  admit  the  truth  of  this  obfervation,  provided  the 

influence  of  the  fun  and  moon  on  the  ocean  be  poflible; 
but,  to  us  at  leaft,  it  appears  impoflible,  and  is  certain¬ 
ly  inconceivcable.  The  influence  of  the  fun  and  moon 
can  here  mean  nothing  but  the  action  or  operation  of  the 
lun  and  moon ;  but  if  thefe  two  bodies  be  inanimate, 
they  cannot  ad  at  all,  in  the  proper  fenfe  of  the  word  ; 
and  whatever  they  be,  it  is  obvious  that  they  cannot 
ad  immediately  on  an  objed  at  fuch  a  diftance  from  them 
as  the  earth  and  the  ocean,  [f  they  be  the  agents,  they 
muft  operate  by  an  inftrument,  as  we  do  when  moving 
objeds  to  which  our  hands  cannot  reach  ;  but  as  it  has 
been  fhown  elfewhere  (fee  Metaphysics,  n°  199.  and 
Optics,  n  63.  Encycl. ),  that  neither  air,  nor  sether, 
Jior  any  other  material  inftrument  which  has  yet  been 
thought  of,  is  fufficient  to  account  for  the  phenomena 
of  attradion  and  repulfion,  it  is  furely  much  more  ra¬ 
tional  to  conclude,  that  the  ebbing  and  flowing  of  the 
fea  are -produced,  not  by  the  influence  or  the  fun  and 
moon,  but  by  the  power  of  fome  diftind  agent  or 
agents. 

What  thofe  agents  are,  we  pretend  not  to  fay.  If 
the  Supreme  Being  himfell  be  the  immediate  author  of 
every  change  which  takes  place  in  the  corporeal  world, 
it  is  obvious  that  he  ads  by  fixed  rules,  of  which  many 
are  apparent  to  the  moil  heedlefs  obferver,  whilft  the 
difeovery  of  others  is  referved  for  the  reward  of  the  ju¬ 
dicious  application  of  the  faculties  which  he  has  given 
us.  If  he  employs  inferior  agents  to  carry  on  the  great 
operations  of  nature,  it  is  furely  not  difficult  to  con¬ 
ceive  that  the  powers  of  thofe  agents  which  were  de¬ 
rived  from  him,  may  by  him  be  reftrained  within  cer¬ 
tain  limits,  and  their  exercife  regulated  by  determined 
laws,  in  fuch  a  manner  as  to  make  them  produce  the 
greateft  benefit  to  the  whole  creation.  Nor  let  it  be 
thought  an  objedion  to  this  theory,  that  the  changes 
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which  take  place  among  bodies  at  great  diftance*  from  Aflion 
each  other,  vary  both  in  degree  and  in  kind  according  II 
to  the  diftances ;  for  this  vacation,  which  we  seknow-  Ae:°;,>gr'J 
ledge  to  be  a  fa&,  appears  to  us  wholly  unaccountable  " 
upon  any  other  hj-pothefis  than  that  which  attributes 
the  different  changes  to  agents  riiftindt  from  the  bodies 
themfelves.  Did  we  perceive  all  the  particles  of  mat- 
ter,  at  all  diftances,  tending  towards  each  ether  by  a 
fixed  law,  \re  might  be  led  to  confider  mutual  attrac¬ 
tion  as  an  ejfential  property  of  that  fubftance,  and  think 
no  more  of  inquiring  into  its  caufe,  than  we  think  of 
inquiring  into  the  caufe  of  extenfion.  But  when  we 
find  that  the  fame  particles,  which  at  one  diftance  feem 
to  attracl  each  other,  are  at  a  different  diftance  kept 
afunder  by  a  power  of  repulfion,  which  no  force,  with 
which  we  are  acquainted,  is  able  to  overcome,  we  can¬ 
not  attribute  the  principle  ox  caufe  of  thefe  changes  to 
brute  matter,  but  muft  refer  it  to  fome  other  agent  ex¬ 
erting  power  according  to  a  fixed  law. 

It  is  the  fafhion  at  prefent  to  defpife  all  metanhvf-- 
cal  enquiries  as  abftrufe  and  ufelefs:  and  on  this  account 
we  doubt  not  but  fome  of  our  readers  will  turn  away 
from  this  difquiiition  with  affected  difguft,  whilft  the 
petulant  and  unthinking  chemift,  proud  of  poflefiina  the 
fecrets  of  his  fcience,  will  deem  it  fuperfluous  to  inquire 
after  any  other  natural  agents  than  thofe  of  which  he 
has  been  accuftomed  to  talk.  But  with  the  utmoft  re- 
fpect  for  the  difcoverie3  made  by  modern  chemift?, 
which  we  acknowledge  to  be  both  numerous  and  im¬ 
portant,  we  beg  leave  to  obferve,  that  though  thefe 
gentlemen  have  brought  to  light  many  events  and  ope- 
rations  of  nature,  formerly  unknown,  and  have  fhown 
that  thofe  operations  are  carried  on  by  eftablifhed  laws, 
none  of  them  can  fay  with  certainty  that  he  has  difeo- 
yered  a  Angle  agent.  The  mod  enlightened  of  them 
indeed  pretend  not  to  have  ditcovered  in  one  depart¬ 
ment  of  fcience  more  than  Newton  difeovered  in  ano¬ 
ther  ;  for  they  well  know  that  agents  and  agency  can¬ 
not  be  fubjeded  to  any  kind  of  phyfical  experiments. 

Our  very  notions  of  thefe  things  are  derived  wholly 
from  our  own  confcioufnefs  and  reflection  ;  and  when 
it  is  confidered  what  dreadful  confequences  have  in  an¬ 
other  country  refulted  from  that  pretended  philofophy 
which  excludes  the  agency  pf  mind  from  the  univerfe, 
it  is  furely  time  to  inquire  whether  our  confcioufnefs 
and  reflection  do  net  lead  us  to  refer  real  agency  to 
mind  alone.  Let  this  be  our  apology  both  to  the  "real 
and  to  the  affected  enemies  of  metaphyfics  for  endea¬ 
vouring  to  draw  their  attention  to  the  prefent  queftion. 

It  is  a  queftion  of  the  utmoft  importance,  as  well  to 
fcience  as  to  religion  :  and  if  the  law's  of  human  thought 
decide  it,  as  we  have  endeavoured  to  fhowthat  they  do, 
we  may  without  hefitation  affirm,  that  the  impious  phi- 
lofophy  of  France  can  never  gain  ground  but  among 
men  incapable  of  patient  thinking. 

ADAMAS,  a  name  given,  in  aftroiogy,  to  the 
moon. 

-AiOLL  S,  in  mechanics,  a  fimall  machine  invented 
by  Mr  Tidd  for  refreffiing  or  changing  the  air  in  rooms 
when  it  becomes  too  hot  or  otherwife  unfit  for  refpira- 
tion.  The  solus  is  fo  contrived  as  to  fupply  the  place 
of  a  fquare  of  glafs  in  the  window,  where  it  works, 
with  very'  little  noife,  like  the  fails  of  a  wind-mill  or  a 
fmok  e-jack. 

AEROLOGY  is  a  branch  of  fcience  which  was  de- 
A  2  tailed 


Afghans- 
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merlv  called  Roh;  and  hence  is  derived  the  name  of  the 
'licit  was  eftablifhed  in  it  by  the 
them  Pat  flower  or  Paifher ,  and 
nutted  by  chemiRs.  Subiequent  experiment,  nuw.v^,  -,6—  ™  — of  ^  whoie  diftri&.  The  feds  of  the 

have  fhown,  that  fome  of  thoie  princip  es  are  eir0I?e°^  Afghans  are  very  numerous ;  of  which  the  principal  are, 

,„J .f conrfo ,1„. f.™ .f ^ f  *;  r,/./* LJ, m. 

article  Aerology  are  mconfiftent w.th  fatt^  ine.e  ^  KhaU>  and  Behje.  They  are  Mu. 

vlT\"“hftabLwarttTe’ArURo"oGY,  we  apprehend  /«/«*«,  partly  of  the  Sunni,  and  partly  of  th  e« 


that  it  will  be  more  acceptable  to  our  fc.ent.hc  readers 
to  refer  them  for  thoie  corrections  to  the  article  Che¬ 
mistry  in  this  Supplement. 

AFGHANS,  are  a  people  in  India  who  inhabit  a 
province  of  Cabul  or  Cabuhstan  (fee  Encycl.),  and 
have  always  been  conned  w.th  the  kingdoms  of  1  er- 
fia  and  Hindoftan.  They  boaft  of  being  defended  of 
Haul  the  fir  ft  king  of  Ifrael  ;  of  whole  advancement  to 
tile  royal  dignity  they  give  an  account  which  deviates 
not  very  widely  from  the  truth.  1  hey  fay  indeed,  that 
their  great  anceRor  was  raifed  from  the  rank  of  a  *■  _ep- 
l.erd,  not  for  any  princely  qualities  which  he  poflefled, 
hut  becaufe  his  ttature  was  exactly  equal  to  the  length 
of  a  rod  which  the  angel  Gabriel  had  given  to  the  pro¬ 
phet  Samuel  as  the  mealure  of  the  ttature  of  him  whom 
God  had  deftined  to  fill  the  throne  of  Ifrael. 

Saul,  whofe  defeent,  according  to  fome  of  them, 
was  of  Judah,  and  according  to  others  of  Benjamin, 
had,  they  fay,  two  fons,  Berkia  and  Irmia,  who  fer- 
ved  David,  and  was  beloved  by  him.  1  lie  Ions  ot  Ber¬ 
kia  and  Irmia  were  Afghan  and  Usbec,  who,  during 
the  reigns  of  David  and  Solomon,  diftinguifhed  them- 
felves,  the  one  for  his  corporeal  iWength,  and  the  other 
for  his  learning.  So  great  indeed  was  the  ftrength  oi 


perfuafion. 

Though  they  are  great  boaflers,  as  we  have  feen,  of 
the  antiquity  of  their  origin,  and  the  reputation  of  their 
race,  other  Mufulmans  rejeft  their  claim,  and  confider 
them  as  of  modern,  and  even  of  bafe,  extraction. 

This  h  probably  a  calumny;  for  it  fee  ms-  inconfiftent 
with  their  attention  to  the  purity  of  their  defeent  an 
attention  which  would  hardly  be  paid^by  a  people  not 
convinced  oi  their  own  antiquity.  T  hey*  are  divided 
into  four  clafies.  I  he  lirff  is  the  pure  clafs,  confiding 
of  thofe  whole  fathers  and  mothers  were  Afghans.  The 
fecond  clafs  con  fids  of  thofe  whole  fathers  were  Afghans 
and  mothers  of  another  nation.  The  third  clafs  con- 
tains  thofe  whofe  mothers  were  Afghans  and  fathers  of 
another  nation.  The  fourth  clais  is  compofed  of  the 
children  of  women  whofe  mothers  were  Afghans  and  fa¬ 
thers  and  h uf bands  of  a  different  nation.  Perfons  who  do 
not  belong  to  one  of  thele  clafies  are  not  called  Afghans . 

This  people  have  at  all  times  diftinguifhed  themfelves 
fey  their  courage,  both  fingly  and  unitedly,  as  princi¬ 
pals  and  auxiliaries.  They  have  conquered  for  their 
own  princes  and  for  foreigners,  and  have  always  been 
confidered  as  the  main  Rrength  of  the  army  in  which 
they  ferved.  As  they  have  been  applauded  for  virtues, 


Si*  thant'nwg;  are° told  it  ftruck  Zor  even  iifto  de-  tfc*  have  alfo  been  reproached  for  vice,,  having  feme 
JS  9  ..  times  been  guilty  of  treachery,  and  of  acting  the  bafe 

mons  and  genii.  p  -  L 

This  hero  ufed  frequently  to  make  excurfions  to  the  part  even  ot  atlalims. 


mountains,  where  his  progeny,  after  his  death,  efiablilh- 
cd  themfelves,  lived  in  a  Rate  of  independence,  built 
forts,  and  exterminated  infidels.  When  the  feleCt  of 
creatures  (the  appellation  which  this  people  give  to 
Mahomet)  appeared  upon  earth,  his  fame  reached  the 
Afghans ,  who  fought  him  in  multitudes  under  their 
leaders  Khalid  and  Abdul  Pefpid,  fons  of  JValid ;  and 
the  prophet  honouring  them  with  this  reception— 
“  Come,  O  Mulu'c ,  or  Kings!”  they  afiumed  the  title 
of  Mtlic,  which  they  retain  to  this  day. 

The  hiRory,  from  which  this  abfirad  is  taken,  gives 
a  long  and  unintereRing  detail  of  the  exploits  of  the 
Afghans,  and  of  their  zeal  in  overthrowing  the  temples 
of  idols.  It  boaRs  of  the  following  monarchy  of  their 
race  who  have  fat  up6n  the  throne  of  Dehli :  Sultan 
Behlole,  Afghan  Lodi,  Sultan  Secander,  Sultan 
Ibrahim,  Shir  Shah,  Islam  Shah^  Adil  Shah 
Sur.  It  alfo  numbers  the  following  kings  of  Gaur 
defended  of  the  Afghan  chiefs:  Solaiman  Shah  Gnr- 
xani,  Beyazid  Shah ,  and  Kutd  Shah  ;  befides  -whom, 
their  nation,  we  are  told,  has  produced  many  conquerors 
of  provinces.  The  Afghans  are  fometimes  called  Solai- 
mani,  either  becaufe  they  were  formerly  the fubjc&s  of 
Solomon  king  of  Ifrael,  or  becaufe  they  inhabit  the 
mountains  of  Solomon.  They  are  like  wife  called  Pa- 
tans,  a  name  derived  from  the  Hindi  verb  Paitna  “to 
ruth,”  which  was  given  to  them  by  one  of  the  Sultans 
whom  they  ferved,  in  confequence  of  the  alacrity  with 
which  they  had  attacked  and  conquered  his  enemies. 
The  province  which  they  occupy  at  prefent  was  for- 


Such  is  the  account  of  the  Afghans  publifhed  in  the  - 
fecond  volume  of  the  Afiatic  Refearches.  It  was  trans¬ 
lated  from  a  Perfian  abridgment  of  a  book  written  in 
the  Pufhto  language,  and  called  The  Secrets  of  the  Af¬ 
ghans,  and  ^communicated  by  Henry  Vanfittart,  Efq;to 
Sir  William  Jones,  then  prefident  of  the  Afiatic  So¬ 
ciety.  Their  claim  to  a  defeent  from  Saul  king  of  If¬ 
rael,  whom  they  call  Melic  Talut,  is  probably  of  not 
a  very  ancient  date  ;  for  the  introdu&ion  of  the  angel 
Gabriel  with  his  rod,  gives  to  the  whole  Rory  the  air 
of  one  of  thofe  many  fi&ions  which  Mahomet  borrowed 
from  the  later  rabbins.  Sir  William  Jones,  however, 
though  he  furely  gave  no  credit  to  this  fable,  feems  to 
have  had  no  doubt  but  the  Afghans  are  defendants  of 
Ifrael.  u  We  learn  (fays  he)  from  Esdras,  that  the 
ton  tribes,  after  a  wandering  journey,  came  to  a  coun¬ 
try  called  Arfareth ,  where  we  may  fuppofe  they  fet¬ 
tled  :  now  the  Afghans  are  faid  by  the  beR  P  erf  an  his¬ 
torians  to  be  defeended  from  the  fews.  ihey  have 
traditions  among  themfelves  of  fuch  a  defeent  ;  and  it 
is  even  afTerted,  that  their  families  are  diRinguifhed  by 
the  names  of  Jewiflo  tribes,  although,  fince  their  con- 
verfion  to  IJlam ,  they  Rudioufly  conceal  their  origin 
from  all  whom  they  admit  not  to  their  fecrets .  The 
Pufhto  language,  of  which  I  have  feen  a  dictionary,  has 
a  manifeR  refemblance  to  the  Chaldaiek ;  and  a  confr- 
derable  difiri&  under  their  dominion  is  called  Hazareh 
or  Ha^aret,  which  might  eafiiy  have  been  changed  into 
the  word  ufed  by  Esdras.  I  ftrongly  recommend  an 
inquiry  into  the  literature  and  hiftory  ot  the  Afghans 

It 
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Albategni  It  is  to  co-operate  with  tlm  accomplished  fcholar  who,  in  the  beginning  of  the  9th  century,  afcendcd  the  Almamon* 
Almamon.  that  we  have  inferted  into  our  Work  this  fhort  account  throne  of  the  caliphs  of  Bagdat.  He  was  the  fon  of  Aloe* 
^Wof  that  lingular  people  ;  and  it  is  with  pleafure  that,  Harun  ALRafhid,  and  grand  fon  of  Almanfor.  Iiis 
upon  the  authority  of  Mr  Vanfittart,  we  can  add,  that  name  is  otherwife  written  Mamon,  Almaon ,  A/mamun ,  ■ 

a  very  particular  account  of  the  Afghans  has  been  writ-  Alamoun ,  or  ALMaimon.  Having  been  educated  with 
ten  by  the  late  Hafiz.  Rahmat  Khan ,  a  chief  of  the  great  care,  and  with  a  love  for  the  liberal  fciences,  he 
Rohillahs ,  from  which  fuch  of  our  readers  as  are  orien-  applied  himfelf  to  cultivate  and  encourage  them  in" his 
tal  fcholars  may  derive  much  curious  information.  own  country.  For  this  pnrpofe  he  requeued  the  Greek 

A LBATEONI,  an  Arabic  prince  of  Batan  in  Me-  emperors  to  fupply  him  with  fuch  books  on  philofophy- 
fopotamia,  was  a  celebrated  aftronomer,  about  the  year  as  they  had  among  them;  and  he  coliedled  fkilful  inter- 
of  Ch  rift  880,  as  appears  by  his  obfervations.  He  is  preters  to  iranflate  them  into  the  Arabic  language, 
alfo  called  Muhammed  hen  Geber  Alhatani,  Mahomet  the  He  alfo  encouraged  his  fubjedls  to  fludy  them;  fre- 
fon  of  Oder,  and  Muhamedes  AratUnfis .  He  made  af-  quenting  the  meetings  of  the  learned,  and  a  fitting  at 
tronomical  obfervations  at  Antioch,  and  at  Racah  or  their  exercifes  and  deliberations.  He  caufed  Ptolemy’s 
Aradta,  a  town  of  Chaldea,  which  fome  authors  call  a  Almageft  to  be  tranflated  in  827,  by  Ifaac  Ben-honain, 
town  of  Syria  or  of  Mesopotamia. .  Fie  is  highly  fpo-  and  Thabet  Ben-korah,  according  to  Herbelot,  but,  ac- 
ken  of  by  Dr  Halley,  as  wr  admirandi  acuminis ,  cic  in  cording  to  others,  by  Sergius,  and  Alhazen  the  fon  of 
adminiflrandis  obfervationibus  exercitatijfimus .  Jofeph.  In  his  reign,  and  doubtlcfs  by  his  encourage- 

Finding  that  the  tables  ©f  Ptolcrny  were  imperfeft,  ment,  an  aftronomer  of  Bagdat,  named  Habafh,  com. 
he  computed  new  ones,  which  were  long  ufed  as  the  pofed  three  fets  of  aftronomical  tables. 


bell  among  the  Arabs  :  thefe  were  adapted  to  the  me¬ 
ridian  of  Aradia  or  Racah.  Albategni  compofed  in 
Arabic  a  work  under  the  title  of  The  Science  of  the 
Stars,  comprifing  all  parts  of  aflronomy,  according  to 
his  own  obfervations  and  thofe  of  Ptolemy.  This  work, 
•tranflated  into  Latin  by  Plato  of  Tibur,  was  publifhcd 
at  Nuremberg  in  1537,  with  fome  additions  and  demon- 
ftrations  of  Regiomontanus;  and  the  fame  was  reprint¬ 
ed  at  Bologna  in  1645,  author’s  notes.  Dr 

Halley  detected  many  faults  in  thefe  editions. — Phil, 
Tranf.  for  1693.  N°  204. 

In  this  work  Albategni  gives  the  motion  of  the  fun’s 
apogee  fmee  Ptolemy’s  time,  s*  well  as  the  motion  of 
the  liars,  which  lie  makes  one  degree  in  70  years.  He 
made  the  longitude  of  the  firft  liar  of  Aries  to  be  18°  2*; 

•  and  the  obliquity  of  the  ecliptic  230  35'.  And  upon 
Albategni ’s  obfervations  were  founded  the  Alphoniine 
tables  of  the  moon’s  motions ;  as  is  obferved  by  Nic. 
Miller,  in  the  Tab .  Frificse,  p.  248. 

ALDERA1MIN,  a  ftar  of  the  third  magnitude,  in 
-the  right  fhoulder  of  the  conftellation  Cepheus. 

ALFRAGAN,  Al*fe«.gani,  or  Fargani,  a  cele¬ 
brated  Arabic  aftronomer,  who  flourilhed  about  the  year 
800.  He  was  fo  called  from  the  place  of  his  nativity, 
Fergan,  in  Spgdiana,  now  called  Maracanda,  or  Samar- 
cand,  anciently  a  part  of  Badtiia.  He  is  alfo  called 
Ahmed  (or  Muhammed )  beiuCothair ,  or  Katir .  He 
wiote  the  Elements  of  Aftronomy  in  30  chapters  or 
fedions.  In  this  work  the  author  -chiefly  follows  Pto¬ 
lemy,  tiling  the  fame  hypothecs,  and  the  lame  terms, 
and  frequently  citing  him.  Ot  Alfragan’s  work  there 
are  three  Latin  tianflations,  or  which  the  laft  and  bell 
was  made  by  Golius,  profeffor  of  mathematics  and 
oriental  languages  in  the  univerfity  of  Leyden.  This 
iranflation,  which  was  publifhcd  in  1669,  after  the 
death  of  Golius,  is- accompanied  with  the  Arabic  text, 
and  with  many  learned  notes  on  the  firft  nine  chapters, 
which  would  undoubtedly  have  been  carried  to  the  end, 
had  the  tranflator  lived  to  complete  his  plan. 

A LrGO.R A B,  a  fixed  ftar -of  the -third  magnitude, 
in  the  right  wing  of  the  conftellation  Corvus. 

ALHAZEN,  an  Arabian  aftronomer,  who  fiourifn- 
.<ed  in  Spain  about  the  beginning  of  the  )  2th  century, 
^f  ee  Astronomy,  n°  6.  Encycl.  * 

ALMAMON,  was  a.  philofopher  and  aftronomer, 


Almamon  himfelf  made  many  aftronomical  obferva¬ 
tions,  and  determined  the  obliquity  of  the  ecliptic  to 
be  then  230  35'  (or  23°  3 3'  in  lome  mannferipts),  but 
Vcffius  fays  2 30  5  1'  or  23  0  34'.  He  alio  cauied  fkilful 
obfervers  to  procure  proper  inftrumenta  to  be  made* 
and  to  exercife  themfelves  in  aftronomical  obfervations; 
which  they  did  accordingly  at  Shemafi  in  the  province 
of  Bagdat,  and  upon  Mount  Cafius  near  Damus. 

Under  the  aufpices  of  Almamon  alfo  a  degree  of  the 
meridian  was  meafured  on  the  plains  of  Sinjar  or  Sind- 
giar  (or,  according  to  fome,  Fingar),  upon  the  borders 
of  the  Red  Sea  ;  by  which  the  degree  was  found  to 
contain  567  miles,  of  4000  coudees  each,  the  coudee 
being  a  foot  and  a  half :  but  it  is  not  known  what  foot 
is  here  meant,  whether  the  Roman,  the  Alexandrian,  or 
fome  other.  Riccioli  makes  this  meafure  of  the  degree 
amount  to  81  ancient  Roman  miles,  which  value  an. 
fwers  to  62,046  French  toifes ;  a  quantity  more  than 
the  true  value  of  the  degree  by  almoft  one-third.  Fi¬ 
nally,  Almamon  revived  the  fciences  in  the  E  a  ft  to  fuch 
a  degree,  that  many  learned  men  were  found,  not  only 
in  his  own  time,  but  after  him,  in  a  country  where  the 
ftudy  of  the  fciences  had  been  long  forgotten.  This 
learned  king  died  near  Tarfus  in  Cilicia,  by  having 
eaten  too  freely  of  fome  dates,  on  his  return  from  a  mi¬ 
litary  expedition,  in  the  year  833. 

ALOE  dichotoma,  in  botany,  called  by  the  Dutch 
Kco her -boom  or  Quiver-tree,  is  a  native  of  the  fouthern 
parts  of  Africa,  and  feems  to  be  a  fpecies  of  the  Aga¬ 
ve  or  American  aloe  (fee  Agave,  Encycl.)  It  is  thus 
deferibed  by  Le  Vaillant  in  his  Neva.  Travels  into 
the  Interior  Parts  of  Africa  :  “  The  aloe  dichotoma  rifes 
to  the  height  of  25  or  30  feet;  its  trunk  is  fmooth, 
and  the  bark  white.  When  young,  and  the  trunk  not  . 
more  than  four  or  five  feet  long,  it  terminates  with  a 
frngle  tuft  of  leaves,  which,  like  thofe  of  the  ananas, 
fpread  and  form  a  crown,  from  the  midft  of  which  all 
its  flowers  iffue.  As.  it  grows  older,  it  pufhes  out  late¬ 
ral  branches,  perfedtly  regular  and  fymmetrical,  each  of 
which  has  at  its  extremity  a  crown  fimilar  to  that  of 
the  young  plant.  The  kooker-boom  thrives  much  bet¬ 
ter  on  mountains  than  in  the  plain.  Inftead  of  long 
roots  penetrating  deep  into  the  earth,  like  thofe  of  other 
trees,  it  has  but  a  very  flight  one  by  which  it  is  fixed 
to  the  foil..  Accordingly,  three  inches  of  mould  are 

Sufficient  * 
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.  ALe,  {efficient  tc  enable  it  to  grow  upon  the  very  rocks,  and 
Alphonfue.^  2tta(n  its  utmoft  beauty  ;  but  its  root  is  fo  feeble  a  fup- 
port,  that  I  could  throw  down  the  iargeft  with  a  fingle 
kick  of  my  foot.  The  hordes  on  the  weft  make  their 
quivers  of  the  trunk  of  this  tree  when  voting,  whence  is 
derived  the  name  given  it  by  the  planters. ” 

It  becomes  not  us,  fitting  in  our  chamber,  to  contro¬ 
vert  a  fadt  in  natural  hiftory,  of  the  reality  of  which  we 
never  had  an  opportunity  of  judging  ;  nor  would  it  be 
proper,  on  account  of  0111  own  fcepticifm,  to  fupprefs 
the  narrative  of  a  traveller,  who  corrects  the  narratives 
of  former  travellers  in  terms  which  nothing  fhould  have 
dictated  but  the  confcioufnefs  of  his  own  invariable  ve¬ 
racity.  Yet  we  hope  to  be  pardoned  for  exprefling  our 
furprife  that,  in  any  part  of  the  world,  trees  fhould  be 
found  in  great  numbers  25  or  30  feet  high,  and  (hoot¬ 
ing  out  many  branches,  which  have  yet  fo  loofe  a  hold 
of  the  ground,  that  the  Iargeft  of  them  may  be  thrown 
down  by  the  fingle  kick  of  a  ma  r’s  foot.  The  reader  ’s 
furprife  will  probably  equal  our’s,  when  he  is  informed 
that  the  author  faw  one  of  thefe  trees  of  which  the 
trunk  was  ten  feet  four  inches  in  ciicumference,  whilft 
its  branches  overfhadowed  a  fpace  of  more  than  ico 
feet  in  diameter !  This  tree  he  allures  that  he  could  , 
have  kicked  over.  The  country,  according  to  his  account, 
is  not  exempted  from  ftorms.  Pie  is  himfdf  a  French 
philofopher.  What  a  pity  then  is  it  that  he  did  not  ex¬ 
plain  to  tlrofe,  who  have  not  had  the  benefit  of  being 
enlightened  in  that  fchool,  upon  what  piinciple  of  me¬ 
chanics  or  ftatics  the  tree  could  refill  the  violence  of 
the  elements  till  it  arrived  at  fo  enormous  a  ftze? 

ALPHONSUS  X.  king  of  Leon  and  Caftile  (fee 
E'icycL)  This  prince  underftood  aftronomy,  philofo- 
phy,  and  hiftory,  as  if  he  had  been  only  a  man  of  let¬ 
ters  ;  and  compofed  books  upon  the  motions  of  the 
heavens,  and  on  the  hiftory  of  Spain,  which  are  highly 
commended.  “  What  can  be  more  furprifing  (lays 
.Mariana),  than  that  a  prince,  educated  in  a  camp,  and 
handling  arms  from  his  childhood,  fhould  have  fuch  a 
knowledge  of  the  ftars,  of  philofophy,  and  the  transac¬ 
tions  of  the  world,  as  men  of  leifure  can  fcarcely  ac¬ 
quire  in  their  retirements?  There  are  extant  fome  books 
of  Alphonfus  on  the  motions  of  the  ftars,  and  the  hi¬ 
ftory  of  Spain,  written  with  great  fkill  and  incredible 
care.”  In  his  aftronomical  purfuits  he  difeovered  that 
the  tables  of  Ptolemy  were  full  of  errors  ;  and  thence 
he  conceived  the  firfl  of  any  the  refolution  of  corredt- 
ing  them.  For  this  purpofe,  about  the  year  1240,  and 
during  the  life  of  his  father,  he  affembledat  Toledo  the 
moft  fkilful  aftronomers  of  his  time,  Chriftians,  Moors, 
and  Jews,  when  a  plan  was  formed  for  conftrudling  new 
tables.  This  talk  was  accomplifhed  about  1252,  the 
firft  year  of  his  reign  ;  the  tables  being  drawn  up  chief¬ 
ly  by  the  fkill  and  pains  of  Rabbi  Ifaac  Hazan,  a  learn¬ 
ed  Jew,  and  the  work  called  the  Alphonfme  Tables ,  in 
honour  of  the  prince,  who  was  at  vail  expences  concern¬ 
ing  them.  He  fixed  the  epoch  of  the  tables  to  the 
30th  of  May  1252,  being  the  day  of  his  accefiion  to 
the  throne.  They  were  printed  for  the  firft  time  in 
1483,  at  Venice,  by  Radtoldt,  who  excelled  in  printing 
at  that  time.  This  edition  is  extremely  rare  :  there  are 
others  of  1492,  1521,  1545,  &c. 

In  the  Encyclopaedia  it  is  faid,  that  the  charge  of 
knpiety  brought  againft  this  prince  was  unjujl.  This 
was  faid  too  confidently,  becaufe  we  know  not  of  any 
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diredl  proof  of  his  innocence.  All  that  has  been  faid  Alphonfui 
for  him  by  Dr  Hutton,  one  of  his  ableft  apologifts,  H 
amounts  to  nothing  more  than  a  high  degree  of  proba-  , 
bility  that  the  charge  was  carried  by  much  too  far. 

The  charge  itfelf  was,  that  Alphonfus  affirmed,  “  that 
if  he  had  been  of  God’s  privy  council  when  he  made 
the  world,  he  would  have  advifed  him  better.”  Ma¬ 
riana,  however,  fays  only  in  general,  that  Alphonfus 
was  fo  bold  as  to  blame  the  works  of  Providence,  and 
the  conflrudtion  of  our  bodies  ;  and  he  fays  that  this 
ftory  concerning  him  refted  only  upon  a  vulgar  tradi¬ 
tion.  The  Jefuit’s  words  are  curious:  “  Emanuel, the 
uncle  of  Sanchez  (the  fon  of  Alphonfus),  in  his  own 
name,  and  in  the  name  of  other  nobles,  deprived  Al¬ 
phonfus  of  his  kingdom  by  a  public  fentence  ;  which 
that  prince  merited,  for  daring  feverely  and  boldly  to 
cenfure  the  works  of  Divine  Providence,  and  the  con- 
ftiu&ion  ot  the  human  body,  as  tradition  fays  he  did. 

Heaven  moft  juftly  punifhed  the  folly  of  his  tongue.” 

Though  the  filence  of  fuch  an  hiftorian  as  Mariana,  in 
regard  to  Ptolemy’s  fyftem,  ought  to  be  of  fome  weight, 
yet  we  cannot  think  it  improbable,  that  if  Alphonfus 
did  pafs  fo  bold  a  cenfure  on  any  part  of  the  univerfe, 
it  was  on  the  celeftial  fphere,  and  meant  to  glance  upon 
the  contrivers  and  fupporters  of  that  fyftem.  For,  be- 
fides  that  he  ftudied  nothing  more,  it  is  certain  that  at 
that  time  aftronomers  explained  the  motions  of  the 
heavens  by  intricate  and  confufed  hypothefes,  which 
did  no  honour  to  God,  nor  any  wife  anfvvered  the  idea 
of  an  able  workman.  So  that,  from  confidering  the 
multitude  of  fpheres  compofing  the  fyftem  of  Ptolemy* 
and  thofe  numerous  eccentric  cycles  and  epicycles  with 
which  it  is  embarrafled,  if  we  iuppofe  Alphonfus  to 
have  faid,  ((  that  if  God  had  afked  his  advice  when  he 
made  the  world,  he  would  have  given  him  better  coun¬ 
cil,”  the  boldneis  and  impiety  of  the  cenfure  will  be 
greatly  diminifhed. 

Such  is  the  apology  made  by  Dr  Hutton  for  this 
royal  aftronomer  of  Spain  ;  and  we  hope,  for  the  honour 
of  fcience,  that  it  is  well  founded.  Still  it  leaves  Al¬ 
phonfus  guilty  of  great  irreverence  of  language,  which 
is  .to  us  wholly  unaccountable,  if  it  be  really  true  that 
he  read  the  Bible  fourteen  times.  We  have  feen  im¬ 
piety  indeed  break  out  lately  from  very  eminent  aftro¬ 
nomers  of  a  neighbouring  nation  ;  but  thefe  men  read 
not  the  Bible,  nor  any  thing  elfe,  but  the  dreams  of  the 
eternal  fieepers. 

ALTERNATE  angles.  See  Geometry  (En- 
cych),  Part  I.  35. 

Alternate  Ratio ,  or  Proportion ,  is  the  rati®  of  the 
one  antecedent  to  the  other,  or  of  one  confequent  to 
the  other,  in  any  proportion,  in  which  the  quantities 
are  of  the  fame  kind.  So  if  A  :  B  :  :  C  :  D, 

then  alternately,  or  by  alternation  A  :  C  :  :  B  :  D. 

ALTITUDE,  parallax  of,  is  an  arch  of  a  ver¬ 
tical  circle,  by  which  the  true  altitude,  obferved  at  the 
centre  of  the  earth,  exceeds  that  which  is  obferved  on 
the  furface.  See  Parallax  (Encycl.)  and  Astro¬ 
nomy  ( Snppl .) 

Altitude  of  the  NonageftmaU  is  the  altitude  of  the 
90th  degree  of  the  ecliptic,  counted  upon  it  from  where 
it  cuts  the  horizon,  or  of  the  middle  or  higheft  point  of 
it  which  is  above  the  horizon,  at  any  time;  and  is  equal 
to  the  angle  made  by  the  ecliptic  and  horizon  where 
they  interfevt  at  that  time. 
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Altitu*,  jiirvtvat  of  the  Cove  of  the  Earth's  or  Moon's  Sha. 

_  fa'.  th«  height  of  the  fcadow  of  the  body  made  by  the 

fun,  and  meafured  from  the  centre  of  the  body.  To 
find  it  fay,  As  the  tangent  of  the  angle  of  the  fun’s  ap¬ 
parent  femidiameter  is  to  radius;  fo  is  i  to  a  fourth  pro¬ 
portional,  which  will  be  the  height  of  the  fhadow  in  fe- 
midiameters  of  the  body. 

ALUM  is  a  lalt  fo  ufeful  in  commerce  and  the  arts, 
that  the  knowledge  of  its  component  parts,  and  of  the 
bcft  method  of  preparing  it,  muft  be  of  importance.  In 
the  article  Chemistry  (Encycl.),  the  opinions  which 
were  then  held  relpeding  its  compofition,  and  the  prac¬ 
tice  which  was  generally  followed  in  its  preparation, 
have,  been  detailed  at  full  length  ;  but  fome  of  thefe 
opinions  have  fince  been  controverted,  and  if  they  be 
erroneous,  it  muft  be  expedient  to  vary  in  fome  degree 
the  mode  of  preparation.  In  particular,  the  opinion 
that  it  is  merely  an  excefs  of  acid  which  prevents  the 
formation  of  alum  by  evaporation  of  the  ley,  has  been 
fhown  to  be  falfe  by  Citizen  Vcuqurlin ,  who  contends, 
of  courfe,  that  the  addition  of  putrid  urine  to  the  ley  is 
a  very  bad  pra&ice. 

This  eminent  chemift  had  long  fufpe&ed,  that  the 
cry  (Utilization  of  alum  is  not  prevented  by  an  excefs 
of  acid,  and  that  pot-afh  is  not  of  ufe  limply  to  fa- 
turate  this  acid,  but  to  perform  an  office  of  more 
importance.  To  bring  his  fufpicions  to  the  left  of 
experiment,  he  diffolved  very  pure  Alum  in  e  in  ful- 
phuric  acid  of  equal  purity,  and  evaporated  the  fo- 
lution  to  drynefs,  for  the  purpofe  of  expelling  the 
fuperabundant  acid.  He  then  rediffolved  the  dry  and 
pulverulent  refidue  in  water,  and  reduced  the  folution 
to.  different  degrees  of  fpecific  gravity,  with  a  view  to 
feize  the  point  molt  favourable  to  cryftallization but 
with  every  poffible  precaution  he  could  obtain  nothing 
but  a  magma  (fee  Magma),  formed  of  faline  plated, 
without  confidence  or  folidity.  This  folution,  how¬ 
ever,  though  it  con  flan  tly  refuted  to  afford  cryilallized 
alum  alone,  afforded  it  immediately  by  the  addition  of  a 
few  drops  of  the  folution  of  pot-afh  ;  and  as  he  had 
employed  thefe  two  fubftances  in  the  requifite  propor¬ 
tion,  the  reft  of  the  folution,  to  the  very  end,  afforded 
pure  alum,  without  any  mixture  of  fulphate  of  pot- 
afh. 

Into  another  portion  of  the  fame  folution  of  pure 
alumme  he  dropped  the  fame  quantity  of  carbonate  of 
foda,  as  he  had  added  of  that  of  pot-afh  to  the  former; 
but  no  cryftallization  was  formed,  even  by  the  help  of 
evaporation,  nor  did  lime  and  barytes  produce  any  bet¬ 
ter  effe.&.  But  if  the  common  opinion  that  pot-afh,  in  the 
formation  of  alum,  Is  of  ufe  only  to  abftratft  the  excefs 
of  acid,  be  true,  foda,  lime,  barytes,  and  all  the  fub- 
ilances  which  by  a  more  powerful  force  would  take  this 
acid  from  alum,  ought  to  give  the  fame  refult.  An¬ 
other  argument  prefented  itfelf,  which  feemed  deci- 
fiv.e  :  It  the  alkalis,  pot-afh,  and  ammoniac,  do  no¬ 
thing  more  than  unite  to  the  fuperabundant  acid  of  the 
alum,  the  fulphates  of  pot-afh  and  of  ammoniac  ought 
not  to  occafion  any.  change  in  pure  alum  in  its  acidula¬ 
ted  ftate ;  whereas  if  thefe  alkalis  enter  as  a  conftituent 
part  into  the  alum,  and  are  neceffary  to  its  exiftence. 
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they  ought  to  produce  the  fame  effefls  as  pure  pot-aft  AJiinr, 
or  ammoniac.  He  therefore  added  to  a  third  portion 
of  the  folution  of  fulphate  of  alumine  before-mentioned 
iome  drops  of  the  folution  of  fulphate  of  pot  affi  ;  imme- 
drately  upon  which  odtahed.al  ciyflals  of  alum  were  form- 
ed*r  ,  .  ^P^late  of  ammoniac  prefented  the  fame  effedt. 

I  his  refult  gave  flill  greater  confirmation  to  his  fir  ft 
notions,  though  it  did  not  yet  afford  a  demonfliation 
perfectly  without  objection  ;  for  it  might  have  happened 
that  the  two  falts  he  made  ufe  of  might  determine  ths 
cryftallization  of  the  alum,  fimply  by  abforbing  the  fu- 
pernuous  acid,  of  which  they  are  very  oree^y  •  but  to 
determine  this  poffible  fad,  he  mixed  in  "the  uncryftalli- 
zable  folution  of  alumine  iome  fulplmte  of  pot-affi  with 
excefs  of  acid,  and  obtained  a  cryftallization  no  lefs 
abundant  than  with  the  neutral  fulphate  of  pot-afh. 

This  laft  experiment  leaves  therefore  no  doubt  with 
legard  to  the  influence  and  mode  of  action  of  pot-afh 
and  ammoniac  in  the  fabrication  of  alum  ;  and  this  ao 
t ion  is  flill  more  ftroiTgly  confirmed  by  the  examination 
of  the  alums  which  have  been  foimed  by  the  proceffes 
above,  related  ;  for  in  this  manner  it  is  proved  that  they 
contain  confide.rable  quantities  of  the  fulphates  of  pot- 
afh  and  ammoniac.  1 

.  Thefe  experiments  led  M.  Vauquelin  to  an  examin?v 
tion  of  the  different  alums  of  commerce,  of  which  he 
found  not  one  that  did  not  afford  fulphate  of  pot-afh, 
or  of  ammoniac,  or  of  both.  His  methods  of  analyfis 
are  very  accurate  ;  but  to  detail  them  at  length  would 
fwell  this  article  to  little  purpofe.  To  fuch  of  our 
readers  as  are  not  chemifts  they  would  hardly  be  intel¬ 
ligible;  and  the. experienced  chemift  will  devife  methods 
of  analyfis  for  himfelf.  It  may  be  proper,  however,  to 
obferve,  that  M.  \  auquelin  proved,  to  his  own  fatisfac- 
tion,  that  the  fulphate  of  pot-alh,  or  of  ammoniac,  is 
ncceflary  to  render  alum  capable  of  being  precipitated 
by  its  earth,  or  to  caufe  it  to  pats,  as  it  were,  to  the 
earthy  flate(A).  He  proved  likewife,  that  fuch  aluminous 
waters  as  do  not  contain  pot-alh,  may  remain,  as  long  as 
may  be  defired,  on  their  materials,  without  being  fatu- 
rated  with  too  great  a  quantity  of  earth,  or  fuffering 
alum  to  precipitate. 

From  the  whole  of  his  experiments  our  author  drew 
the  following  conclufions,  which  he  confiders  as  of  im¬ 
portance  to  the  arts,  to  chemiftry,  and  to  natural  hi- 
ftory. 

i.  It  is  not,  at  lea ft  in  the  greateft  number  of  circum- 
ftancea,  the  excefs  of  acid  which  impedes  the  cryftalli¬ 
zation  of  alum,  but  it  is  the  want  of  pot-afh  or  am¬ 
moniac  :  For  it  is  difficult  to  imagine  that  the  ful- 
phuric  acid  could  remain  difengaged  after  fo  long  re¬ 
maining  upon  alumine  in  a  ftate  of  extreme  divifion,  and 
always  fuperabundant.  It  is  true  that  the  aluminous  - 
waters  redden  the  vegetable  tin&ures  ;  but  this  property 
is  not  owing  to  a  difengaged  acid.  This  portion  of 
acid  is  a  conftituent  part,  of  thefe  waters;  and  it  appears 
to.  have  more  affinity  with  the  neutral  fulphate  of  alu¬ 
mine  than  with  a  new  quantity  of  this  earth  at  thetem. 
perature  of  the  atmofphere. 

2. 1  he  fulphate  of  pot-afh  may  be  ufed,  as  well  as 
pure  pot-afh,  to  caufe  the  cryftallization  of  alum.  It 

even 
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even  has  the  advantage  over  the  latter  fait,  becaufe  if 
'  the  aluminous  waters  do  not  really  contain  a  difengaged 
acid,  the  pot-afh,  in  its  combination,  will  precipitate  a 
portion  of  alumine,  and  diminifh  the  produft  of  the 
boil  in  gf ;  whereas  the  fulphate  of  pot-afh  does  not  pro- 
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and  which  cannot  be  rendered  infoluble  by  the  addition 
of  a  new  quantity  of  its  bafe.  This  fall  fait  may  with  Am:‘ahIe< 
the  greateft  propriety  be  called  the  fulphate  of  alumine.  . 

7  It  follows  from  the  comparative  analyte,  and  the 
knowledge  acquired  refpefting  the  different  Hates  of  the 


duce  the  fame  effeft  ; 


fulphate  of  pot-aflr  does  not  pro-  fulphuric  acid  united 

but  if  the  lixiviums  contain  dif-  eombmaut)  diftin- 


engaged  acid,  which  mull  very  feldom  be  the  cafe,  it  is 
no:  converted  into  alum  by  the-  fulphate  of  pot.afh,  and 
is  loft  with  regard  to  the  produft.  Our  author  there¬ 
fore  is  of  opinion,  that  when  the  waters  really  contain 
an  excefs  of  acid,  or  a  very  oxided  fulphate  of  iron,  the 
life  of  pot-afh  is  preferable  to  that  of  the  fulphate 
of  pot-afh.  But  When  economy  is  an  objeft,  that  in 
many  places  it  would  be  profitable  to  ufe  the  fulphate 
of  pot  afh  ;  becaufe  it  is  a  fait  indire&ly  produced  m 
many  manufaaories,  where  of  courfe  it  may  be  obtained 
for  nothing.  In  particular,  the  refidues  of  the  diftii- 
lation  -of  aquafortis  by  the  fulphuric  acid  would  be  ex¬ 
cellent  for  this  operation,  and  much  preferable  to  putrid 
urine,  becaufe  this  fluid  always  contains  phofphoric  falts, 
which  decompofe  a  portion  of  the  fulphate  of  alumine, 
and  confidcrably  diminifh  the  product. 

3.  Alumine  cannot  be  ufed  in  the  treatment  of  mo¬ 
ther  waters,  as  Bergman  propofes.  .  This  earth  is  in¬ 
capable  of  favouring  the  cryftallization  of  alum,  befides 
which,  it  decoiripofes  a  portion  of  alum  by  the  affift- 
ance  of  ebullition  ;  in  which  circumftance  it  feizes  the 
acid  neceffary  to  its  folution,  and  precipitates  it  in  the 
form  of  that  ‘powder  which  is  called  alum  faturated 
with  its  earth. 

4.  Many  alum  ores  muft  naturally  contain  pot-afh, 
’becaufe  perfect  alum  is  often  obtained  from  the  flrft 
•  cry  Utilization  of  new  alum  waters  without  the  addition 
of  this  alkali.  It  is  true  that  an  obje&ion  may  be  made 
with  regard  to  the  wood  ufed  in  calcining  thefe  ores, 
which  may  he  fuppofed  to  have  furnifhed  the  alkali ; 
but  it  is  not  probable  that  the  fmall  quantity  of  wood 
employed,  in  companion  to  the  quantity  of  ore  and  the 
alum  it  affords,  could  fupply  enough  of  pot-afh  for  the 

<cryftallization. 

5.  All  the  earths  and  ftones  which  have  given,  or 
fhall  hereafter  afford,  by  analy  fis  with  the  fulphuric  acid, 
perfeft  alum  without  addition  of  pot-afh,  muft  contain 
this  alkali  naturally.  For  it  is  well  proved,  that  alum 
cannot  exift  without  pot-afh  or  ammoniac ;  and  as  there 
is  little  probability  that  this  laft  fhould  be  found  com¬ 
bined  in'  earths  or  ftones,  unlefs  perhaps  in  very  rare 
cafes,  we  may  almoft  conftantly  be  affured,  when  alum 
is  obtained  from  any  of  thefe  fubftances,  that  its  forma¬ 
tion  was  effected  by  pot-afh.  The  quantity  of  alum 
will  immediately  fhow  in  what  proportion  this  alkali  ex- 
ifted  in  the  fubftances  analy  fed. 

6.  The- alum  of  commerce  ought  not  to  be  confider- 
-ed  as  a  fimple  fait,  but  as  a  combination  in  the  ftatc 

of.  a  triple  and  fometimes  quadruple  lalt  of  fulphate  of 
alumine;  fulphate  of  pot-afh,  or  of  ammoniac.  Among 
thefe  laft  we  may  diftinguifh  two  fpecies;  the  one  with¬ 
out  excefs  of  acid,  infoluble  in  water  and  infipid,  being 
what  is  improperly  called  alum  faturated  with  its  own 
earth  ;  and  the  other,  which  contains  an  excefs  of  acid 
foluble  in  water,  very  fapid  and  aftringent,  is  the  Com¬ 
mon  alum. 

There  is  likewife  a  pure  fulphate  of  alumine,  very 
aftringent,  very  difficult  of  cryftallization,  in  the  fonn 
of  brilliant  pearl- colon  red  plates  without  confidence, 


at  the  fame  time  with  other  bales,  that  we  muft  diftin¬ 
guifh  feven  ftates  in  this  combination,  and  that  it  is  ne¬ 
ceffary  to  exprefs  them  according  to  the  rules  of  the 
methodical  nomenclature.  Here  follow  the  feries,  the 
nature,  and  the  names  of  thefe  feven  fulphates  of  alu- 
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Sulphate  of  alumine,  or  the  artificial  combination 
of  fulphuric  acid  and  alumine.  This  fait  is  aftringent; 
it  eryftallizes  in  lamina?  or  flexible  leaves,  foluble  In  wa¬ 
ter.  It  has  never  been  deferibed  nor  named  by  che- 
mifts.  2.  Acid  fulphate  of  alumine  is  the  foregoing 
fait,  with  excefs  of  acid,  from  which  it  differs  by  red¬ 
dening  blue  vegetable  colours.  It  is^  eahly  made  by 
diffolving  that  fait  in  the  fulphuric  acid,  but  it  is  not 
eafy  to  convert  this  into  the  neutral  fulphate. of  alumine 
but  by  boiling  it  a  long  time  with  its  earth.  This  fait, 
like  the  fir  lb  has  not'  been  deferibed.  3.  Saturated 
fulphate  of  alumine  and  of  pot-afh  is  the  alum  of  the 
chemifts  faturated  with  its  earth.  It  is  pulverulent* 
infipid,  infoluble,  not  cryftallizabfe,  and  is  eafily  con¬ 
verted  into  true  alum  by  the  addition  of  fulphuric  acid. 

4.  The  acid  fulphate  of  alumine  and  of  pot-afh  greatly 
refembles  common  alum,  and  is  eafily  prepared  chemi¬ 
cally  ;  but  M.  Vauquelin  found  no  alum  but  that  or 
La  Tolfa  which  is  exadty  of  the  fame  nature  with  it. 

5.  The  acid  fulphate  of  alumine  and  of  ammoniac  has 
all  the  properties  of  alum,  and  may  be  ufed  for  the 
fame  purpofes ;  but  though  it  is  eafily  made  in  the  la¬ 
boratories,  our  author  never  found  it  pure  in  commerce. 

6.  The  acid  fulphate  of  alumine,  pot-afh,  and  ammo¬ 
niac.  It  is  remarkable  enough,  fays  M.  Vauquelin, 
that  this  fhould  be  the  nature  of  the  alum  molt  fre¬ 
quently  made  in  the  arts,  and  that  to  exprefs  its  com¬ 
bination  fo  many  words-  fhould  be  neceffary.  This, 
however,  may  be  avoided,  by  referving  the  name  of 
alum  to  this  fubftance,  which  will  be  fufficient  to  di¬ 
ftinguifh  it  perfectly.  7*  The  acidulous  fulphate  of 
alumine  and  of  pot-afh,  our  author  fays,  he  is  lefs  ac¬ 
quainted  with  than  with  the  preceding  feries..  The 
name  by  which  lie  charaaerizes  it  was  fuggefted  to  him, 
and  he  thinks  it  proper,  becaufe  by  adding  to  the  folu¬ 
tion  a  fmall  quantity  of  pot-afh  more  than  is  neceffary 
to  obtain  oaahedral  cryftals,  it  manifeftly  paffes  to  the 
cubic  form. 

From  thefe  dedu&ions,  the  phyfician,  the  chemift, 
and  the  manufaaurer,  with  whom  the  ufes  of  alum  are 
greatly  multiplied,  will  hereafter  poffefs  a  knowledge  of 
the  fubftance  they  employ,  and  may  appreciate  its  cf- 
feas  on  the  animal  economy,  and  other  bodies  to  which 
it  is  fo  frequently  applied.  See  Annates  de  Ch'unie ,  xxiu 
258,  and  Nicholfori’s  Journal,  Vol.  I.  p.  3*^’  &c* 
ALUMINE,  one  of  the  fimple  earths.  See  Che¬ 
mistry*  in  this  Supplement. 

AMICABLE  numbers  hafe  been  defined,  and  the 
firft  pair  of  them  given  in  the  Encyclopaedia.  The  fe- 
cond  pair  of  amicable  numbers  are  17296  and  18416  ; 
and  the  third  pair  are  9363584  and  9437°5^- 

Dr  Hutton  informs  us,  that  thefe  three  pairs  of  ami¬ 
cable  numbers,  with  the  properties  from  which  they  re¬ 
ceive 
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.Amicable,  ceive  their  name,  were  found  out  by  F.  Scliooten,  as 
can."'  ? ?Pears  from  SeA'  ‘x-  of  h'9  Exercitationes  Mathematics. 

t - y -  To  find  the  firft  pair,  lie  puts  4.x  and  4 jib,  or  a'x  and 

(?y%  for  the  two  numbers  where  a— then  making 
each  of  thefe  equal  to  the  Aim  of  the  aliquot  parts  of 
the  other,  gives  two  equations,  from  which  are  found 
the  values  of  *  and  2,  and  confequently  afiuming  a  pro- 
per  value  for  y,  the  two  amicable  numbers  themfdves 
4*v  and  4 yz. 

In  like  manner  for  the  other  pairs  of  fuch  numbers  ; 
in  which  he  finds  it  neceffaiy  to  afiume  1 6x  and  l6yz, 
or  a“x  and  a*y~  for  the  fecond  pair,  and  1  28a-  and  1 28yz 


or  a7:<  and  a1  y%  for  the  third  pair. 

Schooten  then  gives  this  pra&ical  rule,  from  Def- 
cartes,  for  finding  amicable  numbers,  viz.  affume  the 
number  2,  or  fome  power  of  the  number  2,  fuch  that  if 
unity  or  1  be  fubtradted  from  each  of  thefe  three  following 
quantities,  viz.  from  3  times  the  aflumed  number,  alfo 
irom  6  times  the  aflumed  number,  and  from  18  times 
the  fquare  of  the  aflumed  number,  the  three  remainders 
may  be  all  prime  numbers ;  then  the  laft  prime  number 
being  multiplied  by  double  the  aflumed  number,  the 
produft  will  be  one  of  the  amicable  numbers  fought, 
and  the  fum  or  its  aliquot  parts  will  be  the  other. 
That  is,  if  a  be  put  =  the  number  2,  and  n  fome 
liitepr  number,  fuch  that  3a11—  1,  and  6an—  1,  and 
j  8^/*n —  t  be  all  three  prime  numbers;  then  isTS^'TZY 
X2an  one  of  the  amicable  numbers  ;  and  the  fum  of  its 
aliquot  parts  is  the  other. 

AMSTERDAM  and  St  Paul,  are  two  iflands  in 
the  South  Sea,  lying  in  the  fame  degree  of  longitude, 
and  generally  confounded  with  each  other.  The  Dutch 
navigators  have  given  the  name  of  Jmjlenhtm  to  the 
northern,  and  of  6't  Paul  to  the  fouthern  ifland,  and 
Captain  Cook  conforms  to  that  appellation.  Mod  other 
Enghfh  navigators,  and  particularly  Meffrs  Cox  and 
Mortimer,  with  Sir  George  Staunton,  reverfe  the 
names,  calling  the  fouthern  ifland  Amfterdam  and  the 
other  St  Paul.  At  this  fouthern  ifland  the  Lion  man 
of  war  flopped  on  her  voyage  to  China  with  Lord  Ma¬ 
cartney,  the  late  ambaflador  to  the  court  of  Pekin, 
which  gave  an  opportunity  to  the  men  of  fcience  in  the 
tram  of  the  amhafTador  to  examine  the  ifiand  with  more 
.11  anc*  attention  than  probably  it  had  ever  been  exa¬ 
mined  before. 

Pr  G,llan>  "’h"  was  appointed  phyfician  to  the  em- 
bally,  as  well  for  his  knowledge  of  chemiltry  as  for  his 
medical  /kill,  is  confident  that  the  ifland  of  Amfterdam 
is  the  prod u ft  of  fubterraneons  fire,  as  it  bears  in  every 
part  of  it  evident  marks  of  volcanic  eruption.  “  On 
the  weft  and  fouth-weft  fides  (lays  he)  there  are  four 
imall  cores  regularly  formed,  with  craters  in  their  cen¬ 
tres,  in  which  the  lava  and  other  volcanic  fubftances 
have  every  appearance  of  recent  formation.  The  heat 
continues  (till  fo  great,  and  fuch  a  quantity  of  elaftic 
vapours  ifTues  through  numberlefs  crevices,  that  there 
can  be  no  doubt  of  their  having  been  very  lately  in  a 
hate  of  eruption.  In  a  thermometer  placed  upon  the 
iurface,  the  qnickfilver  rofe  cor.ftantly  to  180  decrees, 
and  when  funk  a  little  into  the  allies,  it  advanced  to  212 
degrees.  It  certainly  would  have  rifen  /till  higher;  but 
the  fcale  being  graduated  only  to  the  point  of  boiling 
water,  and  the  length  of  the  tube  proportioned  to  that 
extent,  the  thermometer  was  immediately  withdrawn, 
leit  the  increaling  expanfion  of  the  qnickfilver  ftiould 
own..  Voi.  I.  Part  I. 
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burft  thc.glars.  The  ground  was  felt  tremulous  tinder  Amfter. 
f  eet_;  a  tlone  thrown  violently  upon  it  returned  a  d2m- 

r a  u  Td  ’  alK  t  le  heat  was  fo  intenfe  for  a  con. '  v - J 

fiderable  diftance  around,  that  the  foot  could  not  be 
kept  fora  quarter  of  a  minute  in  the  fame  pofition  with, 
out  being  fcorched  But  the  great  crater  on  the  ealt- 
ern  fide,  now  full  of  water,  ,s  by  far  the  Weft  here, 
or  perhaps  elfewhere,  and  is  of  an  aftonifliing'fize,  con. 
fiderably  exceeding  in  diameter  thofe  of  Etna  or  Vefu- 
vius._  I  he  quantity  of  matter  to  be  thrown  up,  which 
required  fo  w.dc  an  onfice  for  its  palfagc,  and  the  force 
with  which  fuch  matter  was  impelled,  in  order  to  over- 
come  the  refillance  of  the  fuperincumbent  earth  and 
iea,  mint  have  been  indeed  prodigious. 

“  I  his  vaft  crater,  according  to  the  ufnal  method  of 
computing  the  antiquity  of  volcanoes,  muft  have  been 
formed  at  a  very  remote  period.  The  lava  all  around 
ns  fides  is  much  decompofed,  and  has  mouldered  into 
dull,  which  lies  onjlie  Iurface  in  many  parts  to  a  con- 
fiderable  depth.  j.  lie  decompofitioii  has  fupplied  a  rich 
loil  for  the  long  grafs  growing  on  the  fides  of  the  era- 
ter,  and  has  even  fpread  over  moft  parts  of  the  ifiand. 

I  lie  fibrous  roots  of  the  grafs,  extending  in  all  direc¬ 
tions  through  the  decompofed  lava  and  volcanic  allies, 
and  mixed  in  a  decaying  ftate  with  the  vegetable  mould, 
produced  from  the  annual  putrefatKon  of  the  leaves 
and  .talks,  have  formed  a  laver  of  foil  feveral  feet  deco 
all  over  the  ifland.  But  as  it  has  nothing  except  its 
own  weight  to  comprcfs  it  together,  it  is  of  a  light 
fpouay  texture,  with  very  little  cohefion,  and  in  many 
places  furrowed  and  interfeaed  by  the  fiimmer  rains, 
an.;  the  torrents  occaftoned  by  the  melting  of  the  fnow 
which  lies  upon  it  in  the  winter,  from  three  to  four 
feet  thick,  m  all  thofe  places  where  the  fiibterraneous 
heat  is  not  great  enough  to  prevent  its  accumulation. 

I11  fome  parts  thefe  furrows  and  cavities  are  deeoer  than 
the  level  of  the  common  channel  ;  hence  they  ftrve  the 
purpole  of  fmall  natural  refervoirs.  The  water  flows 
into  t.icm  from  all  the  neighbouring  ground  ;  and  33 
their  fides  are  fhaded,  and  almoft  covered  over  by  the 
leaves  of  the  long  grafs,  growing  from  their  edges  in 
oppofite  directions,  the  rays  of  the  fun  are  excluded, 
and  very  little  19  loft  by  evaporation.  Thefc  refervoirs, 
however,  are  very  fmall,  and  but  few  in  number;  the 
fat-gelt  could  not  contain  more  than  three  or  four  lioef- 
hcads  of  water  ;  and  there  is  none  elfe  to  be  found  ex- 
cept  m  the  f'prings  on  the  fides  of  the  large  crater.  ’ 

,  ‘‘  The  foil  everywhere  being  light  and  fpongy,  and 
full  of  holes,  formed  m  it  by  fea-birds  for  nelts,  is  very 
troub.efome  to  walk  upon ;  the  foot  breaks  through  the 
furface,  and  finks  deep  at  every  fteo  ;  a  circnmftance 
which  renders  the  journey  acrofs  the  ifland  uncommonly 
fatiguing,  although  it  be  fcarcely  three  miles  from  the 
edge  of  the  great  crater  to  the  oppofite  weft  fide. 

1  1 1  ere  is  one  place  near  the  centre  of  the  ifland,  ex- 
tending  about  200  yards  in  length,  and  fomewhat  lefsin 
breadth,  where  particular  caution  is  necefi'ary  in  walking 
over  it.  From  this  fpot  a  hot  frefh  fpring  is  fuppofed 
to  derive  its  fource,  finding  its  way  through  the  inter- 
ftices  of  the  lava  to  the  great  crater,  and  burfting  out 
a  little  above  the  water  covenner  its  bottom.  Tlie 
heat  in  this  upper  fpot  is  too  great  to  admit  of  vegeta- 
Uon.  The  furface  is  covered  with  a  kind  of  mud  or 
palte  formed  from  the  afhes,  moiftened  by  fleam  con. 
llantly  rifing  from  below.  When  the  wud  is  removed, 
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the  vapour  {flues  forth  with  violence,  and  in  fome  parts 
copioufly-  This  mud  is  fo  hot,  that  a  gentleman  who 
'  inadvertently  ftepped  into  it,  had  his  foot  feverely  fcald- 
ed  by  it.  The  fame  caufe?  which  have  prevented  vege¬ 
tation  on  this  fpot,  have  had  the  fame  effe&  on  the 
four  cones  recently  thrown  up.  Their  furfaces  are  co¬ 
vered  with  afhes  only;  nor  is  there  the  leafl  appearance 
even  of  mofs  on  the  furrounding  lava,  for  the  produc¬ 
tion  of  which  there  does  not  appear  to  have  ehpied  a 
fufhclent  length  of  time  fmce  the  cones  were  formed  : 
but  this  is  not  the  cafe  with  the  lava  of  the  great  pri¬ 
mary  crater;  for  in  thofe  parts  of  it  where  the  edges 
are  more  perpendicular,  and  where  confequently  the 
mouldering  decompofed  earth,  having  no  bails  to  iup- 
port  it,  Aides  down  the  fldes  of  the  rock,  pretty 
mofs  was  generally  found  growing  upon  it.  All  the 
fprings  or  refervoirs  of  hot  water,  except  one  only,  were 
brack ifli.  One  fpring  derives  its  fource  from  the  high 

ground  and  ridges  of  the  crater.  The  water  m  it,  m- 
ftead  of  boiling  upwards  through  the  ftones  and  mud,  33 
in  the  other  fprings,  flows  downward  with  a  coniider- 
able  velocity,  in  a  fmall  cblkaed  ftream.  Its  tempera, 
lure  has  been  found  not  to  exceed  i  i  2  degrees.  I  he 
hand  could  be  eafily  kept  in  it  for  a  coniiderable  time. 
It  is  a  pretty  ftrong  chalybeate.  The  Tides  of  the  rock 
vher.cc  it  iflues,  and  of  the  cavity  into. which  it  falls, 
are  incrufted  with  ochre  depoflted  from  it.  # 

“  When  the  great  crater  is  viewed  from  the  high 
ground,  it  appears  to  have  been  originally  a  perfect 
circle,  but  to  have  been  encroached  upon  by  the  fea  on 
the  caftern  fide,  where  the  flood  tide  ftrikes  violently. 
The  rocks  of  lava  which  formed  the  edge  of  the  crater 
on  that  fide  have  fallen  down.  The  depth  of  the  wa¬ 
ter  in  the  crater  is  about  170  feet,  rendering  the  whole 
height  of  the  crater,  fiom  the  bottom  to  its  upper  ridge, 
nearly  if  not  quite  poo  feet.  The  lofty  rocks  forming 
this  ridge  are  the  higheft  parts  of  the  ifland,  which 
fee  ms  to  have  been  originally  produced  by  the  melted 
lava  flowing  down  on  all  fldes  from  hence.  Thus  there 
is  a  gradual  flope  from  the  edges  of  the  crater  to  the 
fea ;  and  the  lava,  though  very  irregular,  and  lying  in 
mixed  ruin  and  confufion  immediately  around  the  cra¬ 
ter,  affumes  a  more  uniform  appearance  at  fome  diftance, 
layer  refling  regularly  upon  layer,  with  a  gradual  decli¬ 
vity  the  whole  way  down  to  the  fea.  This  difpofition 
0f  the  layers  is  particularly  obfervable  in  the  weft  fide, 
where  they  happen  to  terminate  in  an  abrupt  precipice. 
The  eruptions  that  took  place  at  different  periods  ap¬ 
pear  here  diftin&ly  marked  by  the  different  layers  that 
are  found  with  regular  diviflons  between  them  ;  the 
glaffy  lava  being  undermoft,  the  compadl  next,  the  cel¬ 
lular  lava  next  above,  over  it  the  volcanic  afhes  and 
lighter  fubftances,  and  a  layer  of  vegetable  mould  co¬ 
vering  the  whole.” 

The  ifland  appears  indeed  in  fuch  a  ftate  of  volcanic 
inflammation,  that  from  the  fhips  decks  at  night  were 
obferved,  noon  the  heights  of  the  ifland,  feveral  fires  if- 
fuins  out  of  the  crevices  of  the  earth,  more  coniiderable, 
but  in  other  refpeds  re  fembling  fome  what  the  nightly 
flames  at  Pietra  Mala,  in  the  mountains  between  Flo¬ 
rence  and  Bologna,  or  thofe  near  Bradley  in  Lancafhire, 
occasioned  by  fome  of  the  coal-pits  having  taken  Are. 
In  the  day  nothing  more  than  fmoke  could  be  per- 
ceived. 

The  length  of  the  ifland  from  north  to  fouth  is  up- 
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wards  of  four  miles,  its  breadth  from  eaff  to  weft  about 
two  miles  and  a  half,  and  its  circumference  eleven  miles, 
comprehending  a  furface  of  about  eight  fqua re  miles, 
or  5120  acres,  almoft  the  whole  of  which  is  covered 
with  a  fertile  foil.  The  ifland  is  inacceflible  except  on 
the  eaft  fide,  where  the  great  crater  forms  a  harbour, 
the  entrance  to  which  is  deepening  annually,  and  might 
by  the  aid  of  art  be  made  fit  for  the  paflage  of  large 
(hips.  The  tides  run  in  and  out  at  the  rate  of  three 
miles  an  hour,  and  rife  perpendicularly  eight  or  nine 
feet  on  the  full  and  change  of  the  moon  ;  a  northerly 
wind  making  the  higheft  tide.  The  water  is  eight  or 
ten  fathoms  deep  clofe  to  the  edge  of  the  crater  ;  and 
in  the  bafon  formed  by  the  crater  itfelf,  the  variation 
of  the  compafs  was  found  to  be  nineteen  degrees  and 
fifty  minutes  weftward  of  the  north  pole. 

On  the  ifland,  which  has  no  native  inhabitants,  were 
found  three  Frenchmen  and  two  natives  of  England, 
who  at  the  end  of  the  A  merican  war  had  emigrated  to 
Bofton.  The  whole  five  had  come  lait  from  the  Ifle  of 
France  in  the  Indian  Ocean,  and  had  been  left  on  the 
ifland  of  Amfterdam,  about  five  months  before  the  ar¬ 
rival  of  the  Lion,  for  the  purpofe  of  procuring  a  cargo 
of  2^000  feal-ikins  for  the  Canton  market,  which,  as 
they  had  already  procured  800c,  they  hoped  to  com- 
plete  in  about  ten  months  more.  The  vefftl  which 
brought  them  from  the  Ifle  of  France  was  gone  to 
Nootka  Sound,  with  a  view  of  bringing  a  quantity  of 
lea-otter  fklns  to  China  ;  and  afterwards  of  calling  tor 
the  cargo  of  feal  fkins  at  this  place,  to  be  carried  to 
China  likewife  ;  proceeding  thus  alternately  to  Nootka 
and  Amfterdam  ifland  as  long  as  the  owners  fhould  find 
their  account  in  it. 

The  feals,  whofe  flans  are  thus  an  article  of  com¬ 
merce,  are  found  here  in  greater  numbers  in  the  fum- 
mer  than  in  the  winter,  when  they  generally  keep  in 
deep  water,  and  under  the  weeds,  which  fhelter  them 
from  the  inclemency  of  the  weather.  In  the  fummer 
months  they  come  alhore,  fometimes  in  droves  of  800  or 
ioco  at  a  time,  out  of  which  about  100  are  deftroyed, 
that  number  being  as  many  as  five  men  can  fkin  and 
peg  down  to  dry  in  the  courfe  of  a  day.  Little  of  the 
oil  which  thefe  animals  might  furnifh  is  collected,  for 
want  of  calks  to  put  it  in  ;  part  of  the  beft  is  boiled, 
and  feives  thofe  people  inftead  of  butter.  The  feal  of 
Amfterdam  is  the  phoca  utfma  of  Linnaeus.  The  fe¬ 
male  weighs  ufually  from  70  to  120  pounds,  and  is 
from  three  to  five  feet  in  length,  but  the  male  is  con- 
fiderably  larger.  In  general  they  are  not  fhy:  fome- 
times  they  "plunge  into  the  water  inftantly  upon  any 
one's  approach,  but  at  other  times  remain  fleadily  on 
the  rocks,  bark,  and  rear  themfelves  up  in  a  menacing 
pofture  ;  but  the  blow'  of  a  flick  upon  the  nofe  feemed 
fufficient  to  difpatch  them.  As  the  fleins  alone  were 
the  objedts  wanted,  the  carcafes  were  left  on  the  ground 
to  putrify  at  leifure,  ftrewed  in  fuch  numbers  as  to  ren¬ 
der  it  difficult  to  avoid  treading  on  them  in  walking 
along.  The  people  thus  employed  were  remarkable  for 
the  Squalor  and  filth  of  their  perfons,  clothes,  and  dwel¬ 
ling  ;  yet  none  of  them  feemed  defirous  of  leaving  the 
place  before  the  bufinefs  they  came  upon  fhould  be 
completed.  One  of  them,  an  Englifhman,  who  had 
been  a  coniiderable  time  upon  the  ifland  on  a  forme? 
adventure,  gave  but  an  unfavourable  account  of  the 
weather  during  the  winter  months,  which  are  always 
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Amfter-  bolflerous,  with  hail  and  (now  ;  but  in  fummer  he  ac- 
knowledged  it  to  be  very  fine. 

Anada  ic.^  'fhe  iea  fUpplJes  this  ifland  with  great  varieties  of 
excellent  fifh,  particularly  a  kind  of  cod,  which  was 
equally  relifhed  whether  frefh  or  falted.  Cray  fifh  were 
in  fuch  abundance  on  the  bar  acrofs  the  entrance  into 
the  crater,  that  at  low  water  they  might 'be  taken  with 
the  hand  ;  and  at  the  anchorage  of  the  fhips,  when  baf- 
kets,  in  which  were  proper  baits,  were  let  down  into 
the  fea,  they  were  in  a  few  minutes  drawn  up  filled  with 
cray  fifh.  This  circumftance  is  the  more  extraordinary, 
that  in  the  fame  place  were  found  abundance  of  (harks 
and  dog  fifh  of  uncommon  fize,  which  are  known  to  be 
fo  voracious  and  fuch  enemies  to  all  other  fifh.  The 
bafon  of  the  crater  abounds  with  tench,  bream,  and 
peich  ;  and  the  perion  who  with  a  hook  and  line  has 
caught  any  of  thel'e  fifh  in  the  cold  water  of  the  bafon, 
may  with  a  flight  motion  of  his  hand  let  them  drop 
into  the  adjoining  hot  fpring  already  mentioned,  in 
which  they  will  be  boiled  and  rendered  fit  for  eating  in 
the  fpace  of  fifteen  minutes.  This  was  often  pra&ifed 
by  the  gentlemen  of  the  embafTy,  and  furnifhed  them 
at  once  with  a  fmgular  amufement  and  a  highly  relifhed 
repaft. 

Of  all  the  birds  which  frequent  this  ifland,  fo  extra¬ 
ordinary  in  its  origin,  formation,  and  appearance,  not 
one  is  common  to  the  fame  degree  of  latitude  in  the 
northern  hemifphere.  Of  the  larger  kind  were  feveral 
fpecics  of  the  albatrofs  ;  on  examining  one  of  which, 
diftinguifhed  by  the  name  of  exulans ,  it  was  found,  that 
in  dead  of  having  only  the  rudiments  of  a  tongue,  as 
naturalifls  generally  fuppofe,  it  had  one  equalling  half 
the  length  of  the  bill.  Another  large  bird  is  like  wife 
common  here,  called  the  great  black  petrel ,  or  procellaria 
eqiiinodiahs  of  Linnaeus.  It  is  the  determined  enemy 
of  the  albatrofs,  as  well  as  of  the  blue  petrel  of  Amftcr- 
dam,  or  procellaria  forjlert.  This  blue  petrel,  which  is 
about^the  fize  of  a  pigeon,  conllitutes  the  principal  food 
of  the  feal-catchers  on  the  ifland.  During  the  day-time 
they  hide  themfelvcs  in  the  ground,  in  order  to  efcape, 
if  poflible,  their  deflroyer  the  black  petrel.  At  night 
they  come  abroad,  and  thence  are  termed  night  birds  by 
the  people  at  Amflerdam  ;  but  being  fond  of  flocking 
to  any  light,  they  fall  into  another  fnare  laid  for  them 
by  the  feal-catchers,  who  kindle  torches  to  attradl  them, 
and  then  kill  them  in  multitudes.  The  prettied  of  the 
feathered  tribe,  inhabiting  or  vifiting  Amflerdam,  is  the 
fdver  bird,  or  Jlerna  hirundoy  about  the  lize  of  a  large 
f wallow  or  fwift,  with  a  forked  or  fwallow  tail.  The 
bill  and  legs  are  of  a  bright  crimfon  colour,  the  belly 
white,  and  the  back  and  wings  of  a  bluifli  afh  colour. 
This  bird  fubfifts  chiefly  on  (mail  fifh,  which  it  picks 
up  as  they  arc  fwimming  over  the  fur  face  of  the  water. 

This  Angular  ifland  lies  in  38°  42'  S.  Lat.  and  in 
76°  54'  E.  Long,  from  Greenwich.  St  Paul’s,  or  the 
ifland  lying  in  fight  and  to  the  northward,  differed  in 
appearance  materially  from  Amflerdam.  It  prefen  ted 
ho  very  high  land,  or  any  rifing  in  a  conic  form ;  and 
feemed  to  be  overfpread  with  fhrubs  or  trees  of  a  mid¬ 
dling  fize.  It  was  laid  to  abound  with  frefh  water, 
but  to  have  no  good  anchorage  near  it,  nor  any  place 
of  eafy  landing. —  Sir  Geotge  Staunton's  Account  of  an 
Embaffy  to  the  Emperor  of  China . 

ANACLASTIC  curves,  a  name  given  by  M.  de 
Mairan  to  certain  apparent  curves  formed  at  the  bottom 
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of  a  veffel  full  of  water,  to  an  eye  placed  in  the  air ;  or  Anaphora 
the  vault  of  the  heavens,  feen  by  refraction  thiough  the  II 
atmofphere.  Anderforu 

ANAPHORA,  in  aflrology,  the  fecond  houfe,  or 
that  part  of  the  heavens  which  is  30  degrees  from  the 
horofeope.  The  term  anaphora  is  alfo  fometimes  ap¬ 
plied  promifcuoufly  to  fome  ot  the  fucceeding  houfes, 
as  the  5th,  the  8th,  and  the  11th.  In  this  ienfe  ana¬ 
phora  is  the  fame  as  epanaphora ,  and  (lands  oppofed  to 
cataphora . 

ANASTROUS  stgns,  in  aftronomy,  a  name  given 
to  the  duodecatemoria ,  or  the  twelve  portions  of  the  eclip¬ 
tic,  which  the  figns  pofTeffed  anciently,  but  have  fince 
deferted  by  the  preceflion  of  the  equinox. 

ANCHOR  of  a  ship,  is  an  fnftrument  which,  as 
it  is  commonly  made,  has  been  fufficieritly  deferibed  in 
the  Encyclopsedia.  An  improvement,  however,  has 
been  propofed  on  its  conflru&ion  by  Mr  James  Stuard 
of  the  pari fii  of  St  Anne,  Middlefex,  who  obtained  a 
patent  for  his  invention,  dated  Feb.  9.  1796. 

The  whole  of  this  invention  confifts  in  making  the 
anchor  with  one  fluke  or  arm  inilead  of  two,  and  con¬ 
triving  to  load  that  fluke  or  arm  in  fuch  a  manner  as  to 
make  it  always  fall  the  right  way.  With  this  view  Mr 
Stuard  would  have  the  {hank  of  the  anchor  made  very 
fhort,  that  ic  may  cant  the  more  when  fufpended  by  the 
cable  ;  and  lie  would  have  the  arm  and  it  made  of  bars 
in  one  length,  that  there  may  be  no  (hoot  or  joining  in 
the  whole  inftrument.  The  bend  of  the  fliank  and  arm 
he  would  have  rounded,  and  not  angular  as  in  the  com¬ 
mon  anchor  ;  and  on  this  bend  he  would  have  a  fmall 
(hackle,  or  two  plates  with  ?.  fmall  bolt  between  them, 
for  the  buoy-rope  to  be  made  fail  to.  Inilead  of  wood, 
he  propofes  for  the  flock  of  the  anchor  a  bar  of  wrought 
iron,  loaded  or  covered  at  the  ends  with  knobs  of  ca ft 
iron  ;  and  he  would  have  the  palm  of  the  fluke  or  arm 
either  to  be  compofed  entirely  of  cail  iron,  or  to  be  a 
call  iron  (hell  filled  with  lead.  This  weight  of  the  palm, 
the  fhortnefs  of  the  {hank,  and  the  flrudure  of  the 
flock,  will  no  doubt  make  the  anchor  fall  the  right  way; 
which,  having  no  upper  fluke,  will  never  be  tripped  by 
the  cable  taking  hold  of  it  on  the  (hip’s  Twinging,  nor 
will  it  prove  fo  dangerous  as  the  common  anchor  to 
fuch  yeffels  as  may  happen  to  ground  by  it. 

ANDERSON  (Alexander),  an  eminent  mathema¬ 
tician,  was  born  at  Aberdeen  towards  the  end  of  the 
16th  century.  "Where  he  was  educated,  or  under  what 
mailers,  we  have  not  learned ;  probably  he  fludied  the 
belles  lettres  and  philofophy  in  the  univerfity  of  his  na¬ 
tive  city,  and,  as  was  the  pra&ice  in  that  age  of  all  who 
could  afford  it,  went  afterwards  abroad  for  the  cultiva¬ 
tion  of  other  branches  of  fcience.  But  wherever  he 
may  have  fludied,  his  progrefs  in  fcience  raufl  have 
been  rapid  ;  for,  early  in  the  17th  century,  we  find  him 
profeflor  of  mathematics  in  the  univerfity  of  Paris, 
where  he  publifhed  feveral  ingenious  works;  and  among 
others,  I.  Supplementum  Apollonii  Redivivi ;  five  analy- 
fis  problematis  haHenus  dsfulerati  ad  Apollonii  Pergai  doc - 
trinam  vws-tov,  a  Marino  Ghetaldo  Patritio  Ragufino 
hujufque ,  non  ita  pridem  rejlitutam .  In  qua  exhibetur  me¬ 
chanic  e  aqualitatum  ter  tit  gradus  five  folidarum ,  in  quibus 
magnitudo  omnino  data ,  a  quatur  homogene  £  fub  altera  tan • 
turn  coejfcitnte  ignoto .  Huic  fubnexa  ejl  variorum  proble- 
matum practice,  Paris,  161  2,  in  4to. — 2.  Air to\oytu:  pro 
Zetetico  Apolloniani  problematis  a  fe  jam  pridem  edito  in 
B  2  fnpplcmento 
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And  ei-fcn,  fuppkmento  Apollonii  Redivivi.  Ad  clariflimum  et  ortia - 

,  Anh*rga*  itjjimum  virvm  M annum  Ghetaldum  Patritium  Ragufinum . 
v  L  In  qua  ad  ea  qua  obiter  mihi  perjlrinxit  Ghciaklus  refpon- 
detur ,  et  analytices  clarivs  detegiiur,  Paris,  1615,  in 
^to. — 3.  Francijci  Viet a  Fontenacenfis  de  JEquationum 
Recognitione  et  Fmendatione  F rad  at  us  duo ,  with  a  dedi¬ 
cation,  preface,  and  appendix,  by  himfelf.  Paris,  1615,  in 
4to. — 4.  Vieta’s  Angulares  Sediones ;  to  whicli  he  added 
demonftrations  of  his  own.  Our  profeffor  was  coufin  ger¬ 
man  to  Mr  David  Anderfon  of  Finfhaugli,  a  gentleman 
who  alfo  poffeffed  a  fingular  turn  for  mathematical 
knowledge.  This  mathematical  genius  was  hereditary 
in  the  family  of  the  Anderfons;  and  from  them  it  feems 
to  have  been  tranfmitted  to  their  descendants  of  the 
name  of  Gregory,  who  have  for  fo  many  generations 
been  eminent  in  Scotland  as  profeffors  either  of  mathe¬ 
matics,  or,  more  lately,  of  the  theory  and  pra&ice  of 
phylic.  The  daughter  of  the  David  Anderfon  juft  men¬ 
tioned,  was  the  mother  of  the  celebrated  James  Gregory, 
inventor  of  the  reflecting  telefcope;  and  obferving  in  her 
fbn,  while  yet  a  child,  a  fhong  propenfity  to  mathema¬ 
tical  ftudies,  (he  inftru&ed  him  in  the  elements  of  that 
fcience  herfelf.  From  the  fame  lady  defeended  the  late 
Dr  Reid  of  Glafgow,  who  was  not  lefs  eminent  for  his 
knowledge  of  mathematics  than  for  his  writings  as  a 
metaphyfician. 

Theprecife  dates  of  Alexander  Andeifon’s  birth  and 
death,  we  have  not  learned  either  from  Dempfter, 
Mackenzie,  or  Dr  Hutton,  who  feems  to  have  ufed 
every  endeavour  to  procure  information  ;  nor  are  fuch 
of  his  relations  as  we  have  had  an  opportunity  of  con- 
fulting,  fo  well  acquainted  with  his  private  hiftory  as 
we  expe&ed  to  find  them. 

ANH1NGA,  in  ornithology,  a  fpecies  of  the  peli- 
canus  ;  conlifts  of  four  known  varieties,  two  peculiar  to 
America,  one  to  Senegal,  and  the  fourth  to  the  region 
about  the  Cape  of  Good  Hope.  This  laft  is  thus  de- 
feribed  by  Le  Vaillant  in  his  New  Travels  into  the  In¬ 
terior  Parts  of  Africa. 

u  The  denomination  of  Slange-Hals -  Voogel ,  given  to 
it  by  the  Hottentots,  charade  rifes  the  anhinga  in  a  ve¬ 
ry  fimple  and  accurate  manner.  Buffon,  who  was 
ftruck  with  the  conformation  peculiar  to  birds  of  this 
kind,  ha3  delineated  them  by  a  fimilar  expreffion. 

Plate  IU.  *  The  anhinga  (fays  he)  exhibits  a  reptile  grafted  on 
the  body  of  a  bird.’  Indeed  there  is  no  perfon  who, 
upon  feeing  the  head  and  neck  only  of  an  anhinga, 
while  the  reft  of  the  body  is  hid  among  the  foliage  of 
the  tree  on  which  it  is  perched,  would  not  take  it  for 
one  of  thofe  ferpents  accuftomed  to  climb  and  refide  in 
trees  ;  and  the  miftake  is  fo  much  the  eafier,  as  all  its 
tortuous  motions  fingularly  favour  the  illufion.  In 
whatever  fituation  the  anhinga  may  be  feen,  whether 
perched  on  a  tree,  fwimming  in  the  water,  or  flying  in 
the  air,  the  moft  apparent  and  remarkable  part  of  its 
body  is  fure  to  be  its  long  and  flender  neck,  which  1*3 
continually  agitated  by  an  ofcillatory  motion,  unlefs  in 
its  flight,  when  it  becomes  immoveable  and  extended, 
and  forms  with  its  tail  a  perfe&ly  ftraight  and  horizon¬ 
tal  line. 

u  The  true  place  which  nature  feems  to  have  afiign- 
cd  to  the  anhingas,  in  the  numerous  clafs  of  the  palmi¬ 
pedes,  is  exadly  between  the  cormorant  and  the  grebe. 
They  partake  indeed  equally  of  both  tliefe  genera  of 
birds,  having  the  ftraight  fleeter  bill  and  the  long  neck 
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of  the  latter  ;  while  they  approach  the » former  by  the  Anhinga. 
conformity  of  their  feet,  the  four  toes  of  which  are  .11 
joined  by  a  Angle  membrane.  They  partake  alfo  of  Antimeter 
the  cormorant  by  their  flight  ;  having  like  it  the  wings 
larger  and  fitter  for  the  puipofe  than  thofe  of  the  grebe, 
which  are  fliort  and  weak.  7'he  tail  of  the  anhinga  is 
extremely  long  ;  a  charaCIeriftic  very  fingular  and  re¬ 
markable  in  a  water  .fowl,  and  which  ought,  it  would 
ieem,  to  render  them  totally  diftinCt  from  diving  birds* 
which  in  general  have  little  or  no  tail.  By  this  trait 
they  approach  ftill  nearer  to  the  cormorants  ;  for  tho’ 
the  tails  of  the  latter  are  fhorter,  the  tails  of  both  have 
a  great  refemblance  to  each  other,  fince  their  quills  are 
equally  flrong,  elaftic,  and  proper  to  form  a  rudder  when 
thefe  fowls  fwim  through  the  water  in  purfuit  of  fifh, 
which  conftitute  their  principal  nourifhment.  When 
the  anhinga  feizes  a  fifh,  he  fwallows  it  entire  if  it  be 
final]  enough,  and  if  too  large  he  carries  it  off  to  a  rock 
or  the  ftump  of  a  tree,  and  fixing  it  under  one  of  his 
feet,  tears  it  to  pieces  with  his  bill. 

“  7  hough  water  is  the  favourite  element  of  this  bird, 
it  builds  its  neft  and  rears  its  young  on  locks  and  trees; 
but  it  takes  great  care  to  place  them  in  fuch  a  manner, 
that  it  can  precipitate  them  into  a  river  as  foon  as  they 
are  able  to  fwim,  or  the  fafety  of  the  little  family  may 
require  it.” 

1  he  male  anhinga  differs  from  the  female,  which  is 
fmaller,  in  having  the  whole  under  part  of  the  body, 
from  the  breaft  to  the  root  of  the  tail,  of  a  beautiful 
black,  while  the  latter  has  the  fame  parts  of  a  yellow 
ifabella  colour.  It  has  alfo,  on  each  fide  of  its  neck,  a 
white  ft  ripe,  which  extends  from  the  eye  to  the  middle 
of  its  length,  and  interfeCh  a  reddifh  ground.  A  very 
fingular  charaCleriftic,  common  to  all  the  anhingas,  is 
that  of  having  the  feathers  of  the  tail  deeply  ftriated, 
and  as  it  were  ribbed.  It  is  a  very  fagacious  bird,  ef- 
pecially  when  furprifed  fwimming  ;  for  its  head  is  the 
only  part  which  it  expofes  above  the  water;  and  the 
fportiman  once  mifs  that  part,  the  anhinga  pluftges  out 
of  fight  entirely,  and  never  more  fhows  itfelf  but  at  very 
great  diftances,  and  then  no  longer  at  a  time  than  is  ab- 
iolutely  neceffary  for  breathing. 

ANTECEDENTAL  calculus.  See  Calculus 
in  this  Supplement. 

ANTES,  in  architecture,  fmall  pilaftres  placed  at  the 
corners  of  buildings. 

ANTICS,  in  architecture,  figures  of  men  and  ani 
mals  placed  as  ornaments  to  buildings. 

ANTI  CUM,  in  architecture,  a  porch;  alfo  that  part 
of  a  temple  which  lies  between  the  body  of  the  temple 
and  the  portico,  and  is  therefore  called  the  outer 
temple. 

ANTIMETER,  or  Reflecting  Sector,  an  in- 
flrument  invented  by  Mr  William  Garrard,  for  the  pur- 
pofe  of  meafuring  angles,  particularly  fmall  ones,  with 
a  greater  degree  of  accuracy  than  can  be  done  by  Had¬ 
ley’s  quadrant  or  by  the  fextant. 

The  frame  of  this  inftrument  is  fimilar  to  that  of 
Hadley’s  quadrant,  having  two  radii,  a  limb,  and  bra¬ 
ces  ;  but  with  this  difference,  that  the  further  radius  is 
produced  upwards  of  four  inches  beyond  the  centre  of 
motion  of  the  index ;  and  the  great  fpeculum,  or  what 
is  called  the  index-glafs  in  Hadley’s  quadrant,  being 
placed  there,  is  called  the  upper  centre*  In  this  inftru- 
rnent  there  is  no  proyilion  for  the  back  observation. 

The 
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Antimeter.  Ihe  horizon-glafs  is  like  that  in  Hadley's  quadrant ; 

*  *  '  ^ere  are  two  light  vanes,  to  fuit  two  different  fitual 

lions  of  the  large  fpeculum  or  obj e£  glafs  :  thefe  vanes 
are  adapted  to  receive  a  fmall  telcicope.  On  the  centre 
of  the  index,  where  the  index-glafs  of  Hadley’s  qua- 
drant  is  fixed,  is  a  brafs  or  bell-metal  femicircle,  two 
inches  in  diameter,  and  one-eighth  of  an  inch  thick  : 
this  femicircle  is  ferewed  fail  to  the  index,  in  fuch  a 
manner  that  the  axis  of  the  index  is  a  tangent  to  it. 
On  the  upper  centre  are  two  circular  brafs  plates,  which 
revolve  concentrically,  either  together  or  feparately. 
The  under  plate  has  a  lever,  or  part  perpendicular  to 
the  plane  of  the  inftrument,  projecting  downwards,  a 
little  beyond  the  lower  centre  :  this  lever  is  aded  upon 
by  the  femicircular  plate  at  the  lower  centre,  to  which 
it  is  always  kept  clofe  by  a  fpring  on  the  other  fide. 
In  the  upper  ot  the  above  mentioned  circular  plates  are 
two  circular  perforations  or  flits,  through  one  of  which 
a  ferew  takes  into  the  head  of  the  inftrument,  and  thro' 
the  other  a  icrew  takes  into  the  lower  moveable  plate. 
The  large  fpeculum  is  faftened  to  the  upper  plate  ;  and 
by  the  above  mentioned  ferews  the  pofition  of  this  glafs 
may  be  altered.  A  circular  plate  is  fixed  to  the  lower 
centre  by  three  pillars  :  in  its  centre  is  a  nut  to  admit 
a  ferew,  by  which  the  plate  carrying  the  large  fpecu¬ 
lum  may  be  faftened  here  occafionally. 

The  fcale  on  the  limb  is  divided  into  45  equal  parts 
or  degrees,  and  not  into  halt  degrees  as  is  the  cafe  in 
Hadley’s  quadrant,  by  reafon  of  the  double  refledtion. 
Thefe  divifions  are  numbered  in  a  retrograde  order  ; 
Eero  being  at  the  extremity  of  the  further  radius! 
Although  the  limb  contains  45  degrees,  yet  thegreateft 
angle  which  can  be  meafured,  the  large  fpeculum  re¬ 
maining  fixed  to  the  circular  plate,  is  10“  18'  2H.8  ; 
the  diftance  between  the  two  centres  being  four  inches, 
and  the  radius  of  the  femicircle  one  inch.  Agreeable 
to  thefe  dimenfions,  the  inventor  has  given  a  table  ex¬ 
hibiting  the  value  of  each  primary  divifion  on  the  limb; 
he  hath  alio  given  a  more  ample  table,  adapted  to  a  di¬ 
ftance  between  the  centres  of  three  times  the  radius  of 
the  femicircle,  which  he  fays  hath  been  found  the  moll 
couvenient  in  pra&ice.  If  an  angle  greater  than  io°  r8/ 
is  wanted,  it  may  be  meafured  by  the  method  of  antici¬ 
pation^  as  the  inventor  calls  it,  which  is  as  follows  : 
JLet  the  icrew  which  fafteiis  the  two  circular  plates  on 
the.  upper  centre  be  made  faft,  and  looien  the  icrew 
which  fallens  the  upper  circular  plate  to  the  inftru¬ 
ment  :  Now  adjuft  the  glaffes  by  the  ufual  method  ; 
bring  forward  the  index  to  any  given  divifion  on  the 
limb,  and  make  it  faft;  alfo  fallen  the  icrew  which  was 
before  loofe,  and  loofen  the  other  ferew;  then  bring  the 
index  to  zero,  and  proceed  as  before. 

The  inventor  gives  the  following  dire&ions  for  ad- 
jufting  and  ufing  the  inftrument. 

The  firft  thing  to  be  attended  to  is,  to  fet  the  hori¬ 
zon-glafs  perpendicular  to  the  plane  of  the  inftrument, 
which  is  performed  as  follows  :  Hold  the  inftrument 
with  its  plane  perpendicular  to  the  horizon,  and  look 
over  backwards  into  the  glafs  and  beyond  it.  If  the 
limb  of  the  inftrument  appears  in  a  right  line  with  its 
refledlion,  the  glais  is  upright ;  but  if  it  does  not  ap¬ 
pear  fojoofen.or  tighten  the  little  ferew  on  the  foot  of 
the  glais  until  it  be  adjniled:  Then  with  the  inftrument, 
as  in  taking  an  altitude,  look  through  the  fight  vane 
or  telefcope  at  fome  diftant  objefl,  with  the  index  fixed 
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in  any  intended  fituatlon;  the  two  ferews  at  the  upper  Artipard. 
centre  being  loofe,  turn  the  glafs  about  till  the  fame  Iels- 
object  appears  nearly  in  the  fame  part  of  the  horizon-  ' - * - * 

♦lT  u-  A**1,  r°  d  il  ln  a  horizontal  pofition,  and  adjuft 
the  obje&.glals  or  large  fpeculum  with  the  ferews  which 
are  behind  and  before,  on  the  foot  of  it,  till  the  obieft 
and  ns  reflection  are  feen  in  the  fame  horizontal  line 
r  b  'v>th  the  inftrument  upright,  turn  the  tangent- 
icrew  belonging  to  the  horizon-glafs  at  the  back  of  the 
inftrument,.  until  there  be  a  perfeft  coincidence  of  the 
object  and  its  reflection  that  way,  and  the  adjuttmentt. 
are  complete. 

ANTIPARALLELS,  in  geometry,  are  thofe  lines 
which  make  equal  angles  with  two  other  lines,  but  con¬ 
trary  ways;  that  is,  calling  the  former  pair  the  firft  and 
fecond  lines,  and  the  latter  pair  the  third  and  fourth 
lines,  if  the  angle  made  by  the  firft  and  third  lines  be 
equal  to  the  angle  made  by  the  fecond  and  fourth,  and 
contrarnvife  the  angle  made  by  the  firft  and  fourth  equal 
to  the  angle  made  by  the  fecond  and  third;  then  each 
pair  of  lines  are  antiparallels  with  refpect  to  each  other 
'flz\  o'6  and  ^econ^»  and  the  third  and  fourth.  So, 
if  AB  and  AC  be  any  two  lines,  and  FC  and  FE  be  Nate  lr* 
two  others,  cutting  them  fo,  fig-  5- 

tliat  the  angle  B  is  equal  to  the  angle  E, 
and  the  angle  C  is  equal  to  the  angle  D; 
then  BC  and  DE  are  antiparallds  with  refpect  to  AB 
and  AC  ;  alfo  thefe  latter  are  antiparallels  with  regard 
to  the  two  former.  It  is  a  property  of  thefe  lines,  that 
each  pair  cuts  the  other  into  proportional  fegments,  ta¬ 
king  them  alternately, 

viz.  AB  :  AC  :  :  AE  :  AD  :  :  DB  :  EC, 
and  FE  :  FC  :  :  FB  :  FD  :  :  DE  :  BC. 

APERTURE,  in  optics,  has  been  defined  in  the 
Encyclopaedia,  but  no  rule  was  given  there  for  finding 
a  juft  aperture.  As  much  depends  upon  this  circum- 
ftance,  our  optical  readers  will  be  pleafed  with  the  fol¬ 
lowing  practical  rule  given  by  Dr  Hutton  in  his  Mathe¬ 
matical  Dictionary.  “  Apply  feveral  circles  of  dark 
paper,  of  various  fizes,  upon  the  face  of  the  glafs,  from 
the  breadth  of  a  flraw  to  fuch  as  leave  only  a  fmall  hole 
in  the  glafs ;  and  with  each  of  thefe,  feparately,  view 
fome  diftant  objea,  as  the  moon,  ftars,  &c.  then  that 
aperture  is  to  be  cliofen  through  which  they  appear  the 
moft  diftin&ly. 

“  Huygens  firft  found  the  ufe  of  apertures  to  con¬ 
duce  much  to  the  perfection  of  telelcopes;  and  he  found 
by  experience  ('Dr's//,  prop.  56.),  that  the  beit  aper¬ 
ture  for  an  objed-glafs,  for  example  of  30  feet,  is  to  be 
determined  by  this  proportion,  as  30  to  3,  fo  is  the 
fquare  loot  ot  30  times  tire  diftance  of  the  focus  of  any 
lens  to  its  proper  aperture  :  and  that  the  focal  diltances 
of  the  eye- glaffes  are  proportioned  to  the  apertures. 

And  M.  Auzout  fays  he  found,  by  experience,  that  the 
apertures  of  telefcopes  ought  to  be  nearly  in  the  iub- 
duplicate  ratio  of  their  lengths.  It  has  alfo  been  found 
by  experience,  that  objeft-gldfl'es  will  admit  of  greater 
apertures,  if  the  tubes  be  blacked  within  fide,  and  their 
paffage  fuinifned  with  wooden  rings. 

“  It  is  to  be  noted,  that  the  gi eater  or  lefs  aperture 
of  an  objeft-gl.ifs,  docs  not  increafe  or  diminifh  the  vi- 
fible  area  of  ti  e  objeft  ;  all  that  is  effected  by  this  is 
the  admittance  of  more  or  fewer  rays,  and  confequeutly 
the  more  or  lefs  bright  the  appearance  of  the  objeCt. 

But  the  largenels  of  the  aperture  or  focal  diftance  caufes 

the 
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Apocataf-  the  Irregularity  of  ita  refractions.  Hence,  In  viewing 
rafis  Venus  through  a  telefcope,  a  much  kfs  aperture  is  to 
A}[h  be  ufed  than  for  the  moon,  or  Jupiter,  or  Saturn,  be- 
*  y—  caufe  her  light  is  fo  bright  and  glaring.^  And  this  cir- 
cumftance  fomewhat  invalidates  and  difturbs .  Azout’s 
proportion,  as  is  fhown  by  Dr  Hook,  Phil.  Tianf. 
N°  4.” 

APOCATASTASIS,  or,  as  it  fhould  be  written, 

A ro k ata sta si s,  is  a  Greek  word  employed  in  the 
language  of  aftronomers,  to  denote  the  period  of  a  pla¬ 
net,  or° the  time  it  takes  to  return  to  that  point  of  the 
zodiac  whence  it  fet  out. 

APOTOME,  is  a  term  employed  by  Euclid  to  de¬ 
note  the  difference  between  two  lines  or  quantities  which 
are  only  commenfnrable  in  power.  Such  is  the  diffe¬ 
rence  between  i  and  a/2,  or  the  difference  between  the 
fide  of  a  fquare  and  its  diagonal.  .  The  doCtrine  of  apo* 
torr.es  in  lines,  as  delivered  by  this  ancient  mathemati¬ 
cian  in  the  tenth  book  of  his  Elements,  is  a  very  cu¬ 
rious  'ubjeCi,  and  has  always  been  admired  by  fuch  as 
under ftood  it.  The  firft  algebraical  writers  in  Europe, 
fuch  as  Lucas  de  Burgo,  Cardan,  Tartalea,  Sthelius, 
&c.  employed  a  confiderable  portion  of  their  works  on 
an  algebraical  expolition  of  that  which  led  them  to  the 
doctrine  of  furd  quantities. 

APPARENT  conjunction  of  the  planets,  is  when 
a  right  line,  fuppoted  to  be  drawn  through  their  centres, 
paffts  through  the  eye  of  the  fpeCtator,  and  not  through 
the  centre  of  the  earth  And,  in  general,  the  apparent 
conjunction  of  any  objeCts,  is  when  they  appear  or  are 
placed  in  the  fame  right  line  with  the  eye. 

Apparent  Diameter  of  a  planet  or  other  heavenly 
body,  is  not  the  real  length  of  the  diameter  of  that  body, 
but  the  angle  which  it  fubtends  at  the  eye,  or  under 
which  it  appears. 

Apparent  Dijlancc,  is  that  which  we  judge  an  objeCt 
to  be  from  us,  when  feen  afar  off ;  and  which  is  almoft 
always  very  different  from  the  true  diffance. 

Apparent  Figure ,  is  the  figure  or  fliape  under  which 
an  objeCt  appears  when  viewed  at  a  diftance  ;  and  is 
often  very  different  from  the  true  figure.  Thus  a 
itraight  line,  viewed  at  a  diftance,  may  appear  but  as  a 
point ;  a  fur  face,  as  a  line  ;  and  a  folid,  as  a  furface. 

Apparent  Motion ,  is  either  that  motion  which  we 
perceive  in  a  diftant  body  that  moves,  the  eye  at  the 
fame  time  being  either  in  motion  or  at  reft; ;  or  that 
motion  which  an  objeCt  at  reft  feems  to  have,  while  the 
eye  itielf  only  is  in  motion. 

Apparent  Place  of  a  Planet ,  Sc c.  in  aftronomy,  is 
that  point  in  the  furface  of  the  fphere  of  the  world 
where  the  centre  of  the  luminary  appears  from  the  fur- 
face  of  the  earth. 

APPARITION,  in  aftronomy,  denotes  a  liar’s  or 
other  luminary’s  becoming  vifible,  which  before  was  hid. 
So,  the  heliacal  rifing,  is  rather  an  apparition  than  a  pro¬ 
per  rifmg. 

Arch  de-  ARCH,  in  building,  is  an  artful  difpofition  and  ad- 
fined  juftment  of  feveral  itones  or  bricks,  generally  in  a  bow¬ 
like  form,  by  which  their  weight  produces  a  mutual 
preffure  and  abutment ;  fo  that  they  not  only  fupport 
each  other,  and  perform  the  office  of  an  entire  lintel, 
but  may  be  extended  to  any  width,  and  made  to  carry 
the  molt  enormous  weights. 

In  thofe  mild  climates  which  feem  to  have  been  the 
firft  inhabited  parts  of  this  globe,  mankind  flood  more 
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in  need  of  fhade  from  the  fun  than  of  fhelter  from  the  t  Arch.  ^ 
inclemency  of  the  weather.  A  very  fmall  addition  to  *  J 
the  fhade  of  the  woods  ferved  them  for  a  dwelling.  Hlftory  of 
Sticks  laid  acrofs  from  tree  to  tree,  and  covered  with  architec- 
brnffiwood  and  leaves,  formed  the  firft  houfes  in  thofe  ture  con- 
delightful  regions.  As  population  and  the  arts  WltU 

ved,  thefe  huts  were  gradually  refined  into  commodious 
dwellings.  The  materials  were  the  fame,  but  more  art¬ 
fully  put  together.  At  laft  agriculture  led  the  inhabi¬ 
tants  out  of  the  woods  into  the  open  country.  The 
connexion  between  the  inhabitant  and  the  foil  became 
now  more  conftant  and  more  interefting.  The  wifli 
to  preferve  this  connexion  was  natural,  and  fixed  efta- 
blifhments  followed  of  courfe.  Durable  buildings  were 
more  defirable  than  thofe  temporary  and  perifhable  cot¬ 
tages—  flone  was  fubftituted  for  timber. 

But  as  thefe  improved  habitations  were  gradual  re¬ 
finements  on  the  primitive  hut,  traces  of  its  conftru&ion 
remained,  even  when  the  choice  of  more  durable  mate¬ 
rials  made  it  in  lome  meafure  inconvenient.  Thus  it 
happened,  that  while  a  plain  building,  intended  for  ac¬ 
commodation  only,  confifted  of  walls,  pierced  with  the 
neceffary  doors  and  windows,  an  ornamented  building 
had,  fuperadded  to  thefe  effentials,  columns,  with  the 
whole  apparatus  of  entablature,  borrowed  from  the 
wooden  building,  of  which  they  had  been  effential  parts, 
gradually  rendered  more  fnitable  to  the  purpofes  of  ac¬ 
commodation  and  elegance.  3 

This  view  of  ornamental  architecture  will  go  far  to  Origin  of 
account  for  fome  of  the  more  general  differences  of  na* 
tional  ftyle  which  may  be  obferved  in  different  parts  of 
the  world.  The  Greeks  borrowed  many  of  their  arts 
from  their  Afiatic  neighbours,  who  had  cultivated  them 
long  before.  It  is  highly  probable  that  architecture 
travelled  from  Perfia  into  Greece.  In  the  ruins  of  Shu- 
ffian,  Perfepolis,  or  Tchilminar,  are  to  be  feen  the  firft 
models  of  every  thing  that  diftinguifhes  the  Grecian  ar¬ 
chitectures.  Theie  is  no  doubt,  we  fuppofe,  among 
the  learned,  as  to  the  great  priority  of  thefe  monuments 
to  any  thing  that  remains  in  Greece  ;  specially  if  we 
take  into  account  the  tombs  011  the  mountains,  which 
have  every  appearance  of  greater  antiquity  than  the  re¬ 
mains  of  Perfepolis.  In  thofe  tombs  we  fee  the  whole 
ordonnance  of  column  and  entablature,  juft  as  they  began 
to  deviate  from  their  firft  and  neceffary  forms  in  the 
wooden  buildings.  We  have  the  architrave,  frize,  and 
corniche  ;  the  far- projecting  mutules  of  the  Tnfcan  and 
Doric  orders  ;  the  modillions  no  kfs  diftiriCt ;  the  rudi¬ 
ments  of  the  Ionic  capital ;  the  Corinthian  capital  in 
perfection,  pointing  out  the  very  origin  of  this  orna¬ 
ment,  viz.  a  number  of  long  graceful  leaves  tied  round 
the  head  of  the  column  with  a  fillet  (a  cultom  which  we 
know  to  have  been  common  in  their  temples  and  ban¬ 
queting  rooms).  Where  the  diftance  between  the  co¬ 
lumns  is  great,  fo  that  each  had  to  fupport  a  weight  too 
great  for  one  tree,  we  fee  the  columns  cluftered  or  flu¬ 
ted,  &c.  In  fhort,  we  fee  every  thing  of  the  Grecian 
architecture  but  the  flopcd  roof  or  pediment ;  a  thing 
not  wanted  in  a  country  where  it  hardly  ever  rains.  ^ 

The  ancient  Egyptian  architecture  feems  to  be  a  re-  Egyptian, 
finement  on  the  hut  built  of  clay,  or  unbnrnt  bricks 
mixed  with  ftraw —  every  thing  is  maffive,  clumfy,  and  ti¬ 
mid — fmall  intercolumnations,  and  hardly  any  projections.  5 

The  Arabian  architecture  feems  a  refinement  on  the  Arabian* 
tent.  A  mofque  is  like  a  little  camp,  confiding  of  aand< 

number 
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Arch,  number  of  little  bell  tents,  fluck  clofe  together  round  a 
great  one.  A  caravan fer ay  is  a  court  furrounded  by  a 
row  of  fuch  tents,  each  having  its  own  dome.  The 
Greek  church  of  St  Sophia  at  Conftantinople  has  imi¬ 
tated  this  in  fome  degree;  and  the  copies  from  it,  which 
have  been  multiplied  in  Ruffia  as  the  facred  form  for  a 
Chriftian  church,  have  adhered  to  the  original  model  of 
cluilered  tents  in  the  drifted  manner.  We  are  fome- 
limes  difpofed  to  think  that  the  paintedglafs  (a  fafhion 
brought  from  the  Eaft)  was  an  imitation  of  the  painted 
^  hangings  of  the  Arabs. 

chinefe  ar-  The  Chinefe  archite&ure  is  an  evident  imitation  of  a 
chittdure.  wooden  building.  Sir  Geo.  Staunton  fays,  that  the  An¬ 
gular  form  of  their  roofs  is  a  prof  fed  imitation  of  the 
cover  of  a  fquare  tent. 

In  the  (lone-buildings  of  the  Greeks,  the  roofs  were 
Imitations  of  the  wooden  ones;  hence  the  lintels,  flying 
corniches,  ceilings  in  compartments,  & c. 

The  pediment  of  the  Greeks  feems  to  have  fuggefted 
the  greatefl  improvement  in  the  art  of  building.  In 
cre&ing  their  fmall  houfes,  they  could  hardly  fail  to  ob- 
ferve  occafionally,  that  when  two  rafters  were  laid  to¬ 
gether  from  the  oppofite  walls,  they  would,  by  leaning 
Plate  I.  on  each  other,  give  mutual  fupport,  as  in  fig.  T .  Nor 
7  is  it  unlikely  that  fuch  a  fituation  of  ftones  as  is  repre- 
in  fig.  2.  would  not  unfrequently  occur  by  acc i- 
arc  U  dent  to  mafors.  This  could  hardly  f:il  of  exciting  a 
little  attention  and  reflexion.  It  was  a  pretty  obvious 
refledion,  that  the  hones  A  and  C,  by  overhanging, 
leaned  againfl  the  intermediate  ftone  B ,  and  gave  it 
fome  fupport,  and  that  13  cannot  get^dovvn  without 
thrufting  afide  A  and  C,  or  the  piers  which  fupport 
them.  This  was  an  approach  to  the  theory  of  an  arch; 
and  if  this  be  combined  with  the  obfervation  of  fig.  i. 
we  get  the  difpofition  reprefented  in  fig.  3.  having  a 
perpendicular  joint  in  the  middle,  and  the  principle  of 
the  arch  is  completed.  Obferve  -that  this  is  quite  diffe¬ 
rent  from  the  principle  of  the  arrangement  in  fig.  2. 
In  that  figure  the  flones  a6l  as  wedges,  and  one  cannot 
get  down  without  thrufting  the  reft  afide  ;  the  fame 
principle  obtains  in  fig.  4.  confiding  of  five  arch  ftones; 
but  in  fig.  3.  the  ftones  B  and  C  fupport  each  other  by 
their  mutual  prefture  (independent  of  their  own  weight), 
arifing  from  the  tendency  of  each  lateral  pair  to  fall  out¬ 
wards  from  the  pier.  This  is  the  principle  of  the  arch, 
and  would  fupport  the  key-ftone  of  fig.  4.  although  each 
of  its  joints  were  perpendicular,  by  reafon  of  the  great 
fri&ion  arifing  from  the  horizontal  thruft  exerted  by 
the  adjoining  ftones. 

This  was  a  moft  important  difeovery  in  the  art  of 
building  ;  for  now  a  building  of  any  width  may  be 
s  roofed  with  ftone. 

Grecian.  We  are  difpofed  to  give  the  Greeks  the  merit  of  this 
difeovery  ;  for  we  obferve  arches  in  the  moft  ancient 
buildings  of  Greece,  fuch  as  the  temple  of  the  fun  at 
Athens,  and  of  Apollo  at  Didymos ;  not  indeed  as 
roofs  to  any  apartment,  nor  as  parts  of  the  ornamental 
defign,  but  concealed  in  the  walls,  covering  drains  or 
other  neceftary  openings  ;  and  we  have  not  found  any 
real  arches  in  any  monuments  of  ancient  Perfia  or  E- 
gypt.  Sir  John  Chardin  fpeaks  of  numerous  and  ex- 
tenfive  fubterranean  paffages  at  Tchelminar,  built  of  the 
moft  exquifite  mafonry,  the  joints  fo  exacl,  and  the 
ftones  fo  beautifully  dreffed,  that  they  look  like  one 
continued  piece  of  polifiied  marble :  but  he  nowhere 
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fays  that  they  are  arched  ;  a  circumftance  which  we  Arch, 
think  he  would  not  have  omitted — no  arched  door 
or  window  is  to  be  feen.  Indeed  one  of  the  tombs 
is  faid  to  be  arch-roofed,  but  it  is  all  of  one  folid 
rock.  No  trace  of  an  arch  is  to  be  feen  in  the  ruins  of 
ancient  Egypt  ;  even  a  wide  room  is  covered  with  a 
Angle  block  of  ftone.  In  the  pyramids,  indeed,  there 
are  two  galleries,  whole  roofs  con  Aft  of  many  pieces  ; 
but  their  confti  uftion  puts  it  beyond  doubt  that  the 
builder  did  not  know  what  an  arch  was  ;  for  it  is  co¬ 
vered  in  the  manner  reprefented  in  fig.  5.  where  every 
proje&ing  piece  is  more  than  balanced  behind,  fo  that 
the  whole  aukward  inafs  could  have  flood  on  two  pil¬ 
lars.  The  Greeks  therefore  feem  entitled  to  the  honour 
of  the  invention.  The  arched  dome,  however,  feem3  to 
have  arifen  in  Etuiria,  and  originated  in  all  probability 
from  the  employment  of  the  augurs,  whofe  bul'inefs  it 
was  to  obferve  the  (light  of  birds.  Their  ftations  for 
this  purpofe  were  temp! a,  fo  called  a  templando,  “  on  the 
fummits  of  hills/’  To  (helter  fuch  a  perfon  from  the 
weather,  and  at  the  fame  time  allow  him  a  full  prolpetfl 
ot  the  country  around  him,  no  budding  was  fo  proper  as 
a  dome  fet  on  columns;  which  accordingly  is  the  figure 
of  a  temple  in  the  moft  ancient  monuments  of  that  coun¬ 
try.  We  do  not  recollect  a  building  of  this  kind  in 
Greece  except  that  called  the  Lanthern  of  Demofhenesr 
wdiieh  is  of  very  late  date,  whereas  they  abounded  in 
Italy.  In  the  later  monuments  and  coins  of  Italy  or  of 
Rome,  we  commonly  find  the  Etrufcan  dome  and  the 
Grecian  temple  combined ;  and  the  famous  pantheon 
was  of  this  form,  even  in  its  moft  ancient  (late. 

It  does  not  appear  that  the  arch  was  confidered  as  a 
part  of  the  ornamental  architecture  of  the  Greeks  during 
the  time  of  their  independency.  It  is  even  doubtful 
whether  it  was  employed  in  roofing  their  temples.  In 
none  of  the  ancient  buildings  where  the  roof  is  gone, 
can  there  be  feen  any  rubbifti  of  the  vault,  or  mark  of  g 
the  fpring  of  the  arch.  It  is  not  unfrequent,  however,  It  was  nfed 
after  the  Roman  conquefts,  and  may  be  feen  in  Athens,  ft  ft  ft  only 
Delos,  Palmyra,  Balbek,  and  other  places.  It  is  veryj”  fridges 
frequent  in  the  magnificent  buildings  of  Rome  ;  fuch 
as  the  Colifeum,  the  baths  of  Dioclefian,  and  the  tri¬ 
umphal  arches,  where  its  form  is  evidently  made  the 
object  of  attention.  But  its  chief  employment  was  in 
bridges  and  aqueducls  ;  and  it  is  in  thofe  works  that 
its  immenfe  utility  is  the  moft  confpicuous:  For  by  this 
happy  contrivance  a  canal  or  a  road  may  be  carried 
acrofs  any  ftream,  where  it  would  be  almoft  impoffible 
to  eredl  piers  fuftlciently  near  to  each  other  for  carrying 
lintels.  Arches  have  been  executed  1 30  feet  wide,  and 
their  execution  demoiiftrates  that  they  may  be  made 
four  times  as  wide. 

As  fuch  ftupendous  arches  are  the  greateft  perform-  oifficulty 
ances  of  the  mafonic  art,  fo  they  are  the  moft  difficult  0f  con ftruc* 
and  delicate.  When  we  reflect  on  the  immenfe  quan-tingit. 
tity  of  materials  thus  fufpended  in  the  air,  and  compare 
this  with  the  fmall  cohefion  which  the  firmed  cement 
can  give  to  a  building,  we  (hall  be  convinced  that  it  is 
not  by  the  force  of  the  cement  that  they  are  kept  to¬ 
gether  ;  they  (land  fall  only  in  confequence  of  the 
proper  balance  of  all  their  parts.  Therefore,  in  order 
to  ere£t  them  with  a  well-founded  confidence  of  their 
durability,  this  balance  (hould  be  well  underftood  and 
judicioujly  employed.  We  doubt  ijot  but  that  this  was. 
underftood  in  fome  degree  by  the  engineers  of  antiqui¬ 
ty. 
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Arch.  tv.  But  they  have  left  us  none  of  cheir  knowledge. 
'**  v— .  They  rnuft  have  had  a  great  deal  of  mechanical  know- 

Skill  ard  fcdge  before  they  could  ere£f  the  magnificent  and  beau- 
inyftcries  tiful  buildings  wliofe  ruins  ftill  enchant  the  world ;  but 
<  f  rhe  Dio- they  kept  it  among  themfelves.  We  know  that  the 
nvGaca  Dionyfiacs  of  Ionia  were  a  great  corporation  of  archi¬ 
tects  and  engineers,  who  undertook,  and  even  monopo¬ 
lized,  the  building  of  temples,  ftadiums,  and  theatres, 
precisely  as  the  fraternity  of  mafons  in  the  middle  ages 
monopolized  the  building  of  cathedrals  and  conventual 
churches.  Indeed  the  Dionyfiacs  refembled  the  myfti- 
cal  fraternity  now  called  free  mafons  in  many  important 
particulars.  They  allowed  no  flrangers  to  interfere  in 
their  employment;  they  recognifed  each  other  by  fig  ns 
and  tokens;  they  profeffed  certain  myfterious  doftrines, 
under  the  tuition  and  tutelage  of  Bacchus,  to  whom 
they  built  a  magnificent  temple  at  Teos,  where  they  ce¬ 
lebrated  his  myfteries  as  folemn  fetlivals;  and  they  called 
all  other  men  profane,  becaufe  not  admitted  to  thefe 
myfteries.  But  their  chief  my fteries  and  mo(l  impor¬ 
tant  fecrets  feem  to  be  their  mechanical  and  mathemati¬ 
cal  fciences,  or  all  that  academical  knowledge  which 
forms  the  regular  education  of  a  civil  engineer.  We 
'know  that  the  temples  of  the  gods  and  the  theatres  re¬ 
quired  an  immer.fe  apparatus  of  machinery  for  the  cele¬ 
bration  of  fome  of  their  myfleries  ;  and  that  the  Dio¬ 
nyfiacs  contracted  for  thofe  jobs,  even  at  far  diftant 
places,  where  they  had  not  the  privilege  of  building  the 
edifice  which  wa3  to  contain  them.  This  is  the  moil 
likely  way  ot  explaining  the  very  fmall  quantity  of  me¬ 
chanical  knowledge  that  is  to  be  met  with  in  the  wri¬ 
tings  of  the  ancients.  Even  Vitruvius  does  not  appear 
to  have  been  of  the  fraternity,  and  fpeaks  of  the  Greek 
architects  in  terms  of  refpeft  next  to  veneration.  The 
Collegium  Murariorum ,  or  incorporation  of  mafons  at 
Rome,  docs  not  feem  to  have  fhared  the  fecrets  of  the 
Dionyfiacs. 

The  art  of  building  arches  has  been  mod  affiduoufly 
cultivated  by  the  affociatcd  builders  of  the  middle  ages 
fierier  ou  ^  Chriftian  church,  both  Saracens  and  Chriftians, 
th^middic  an^ they  feem  to  have  indulged  in  it  with  fondnefs:  they 
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*ges  'multiplied  and  combined  arches  without  end,  placing 
them  in  every  poffible  fituation. 

Having  ftudied  this  branch  of  the  art  of  building 
with  fo  much  attention,  they  were  able  to  ereft  the 
mof!  magnificent  buildings  with  materials  which  a  Greek 
or  Roman  architect  could  have  made  little  or  no  ufe  of. 
Better  than  There  is  infinitely  more  fcientific  fkill  difplayed  in  a 
*>T  t] vc  Gothic  cathedral,  than  in  all  the  buildings*  of  Greece 
^tomans*11  anc^  ^ome*  Indeed  thefe  laft  exhibit  very  little  know¬ 
ledge  of  the  mutual  balance  of  arches,  and  are  full  of 
grofs  blunders  in  this  rcfpe&  ;  nor  could  they  have  re¬ 
filled  the  fhock  of  time  fo  long,  had  they  not  been  al¬ 
moft  folid  maffes  of  done,  with  no  more  cavity  than  was 
T4  indifpenfably  neceffary. 

Dcfe&s  of  #  Anthemius  and  Ifidorus,  whom  the  Emperor  Jufti- 
the  church  nian  had  felc&ed  as  the  mofl  eminent  architeds  of 
of  $t  Sophia  Greece  for  building  the  celebrated  church  of  St  Sophia 
thiople.  311  at.Conftantinople,  feem  to  have  known  very  little  of 
this  matter.  Anthemius  had  boafted  to  Juftinian,  that 
he  would  outdo  the  magnificence  of  the  Roman  pan¬ 
theon,  for  he  would  hang  a  greater  dome  than  it  aloft 
in  the  air.  Accordingly  he  attempted  to  raife  it  on 
the  heads  of  four  piers,  diflant  from  each  other  about 
fee  tf  and  about  the  fame  height.  He  had  probably 


feen  the  magnificent  vaultings  of  the  temple  of  Mars  the 
Avenger,  and  the  temple  of  Peace  at  Rome,  the  thrufts 
of  which  are  withftood  by  two  maffes  of  folid  wall, 
which  join  the  fide  walls  of  the  temple  at  right  angles, 
and  extend  fidewife  to  a  great  diftance.  It  was  evident 
that  the  walls  of  the  temple  could  not  yield  to  the  pref- 
fure  of  the  vaulting  without  pufhing  thefe  immenfe  but- 
treffes  along  their  foundations.  He  therefore  placed 
four  buttreffes  to  aid  his  piers.  They  are  almoft  folid 
maffes  of  ftone,  extending  at  leaff  90  feet  from  the  piers 
to  the  north  and  to  the  fouth,  forming  as  it  were  the 
fine  walls  of  the  crof3.  They  effeftually  fecured  them 
from  the  thrufts  of  the  two  great  arches  of  the  nave 
which  1  import  the  dome  ;  but  there  was  no  fuch  pro- 
vifion  again  ft  the  pufli  of  the  great  north  and  foutk 
arches.  Anthemius  trufted  for  this  to  the  half  dome, 
which  covered  the  femicircular  eaft  end  of  the  church, 
and  occupied  the  whole  eaftern  arch  of  the  great  dome. 
But  when  the  dome  was  finifhed,  and  had  flood  a  few 
months,  it  pufhed  the  two  eaftern  piers  with  their  but¬ 
treffes  from  the  perpendicular,  making  them  lean  to  the 
eaftward,  and  the  dome  and  half  dome  fell  in.  Ifidorus, 
who  fucceeded  to  the  charge  on  the  death  of  Anthe- 
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mi  us,  ftrengthened  the  piers  on  the  eaft  fide,  by  filling 
up  fome  hollows,  ard  again  raifed  the  dome.  But 
things  gave  way  before  it  was  clofed  ;  and  while  they 
were  building  in  one  part  it  was  falling  in  in  another. 

The  pillars  and  walls  of  the  eaftern  femicircular  end 
were  much  (haltered  by- this  time.  Ifidorus  feeing  that 
they  could  give  no  refiftance  to  the  pufh  which  wa3  fo 
evidently  dire&ed  that  way,  ere&ed  fome  clumfy  but¬ 
treffes  on  the  eaft  wall  of  the  fquare  which  furrounded 
the  whole  Greek  crofs,  and  was  roofed  in  with  it,  frrrm- 
iug  a  fort  of  cloifter  round  the  whole.  Thefe  buttreffes, 
fpanning  over  this  cloifter,  leaned  againft  the  piers  of 
the  dome,  and  thus  oppofed  the  thrufts  of  the  great 
north  and  fouth  arches.  The  dome  was  now  turned 
for  the  third  time,  and  many  contrivances  were  adoDted 
for  making  it  extremely  light.  It  was  made  offenfively 
flat  ;  and,  except  the  ribs,  it  was  roored  with  pumice 
ftone;  but,  notwithftanding  thefe  precautions,  the  arches 
fettled  fo  as  to  alarm  the  architects,  and  they  made  all 
hire  by  filling  up  the  whole  from  top  to  bottom  with 
arcades  in  three  ftories.  The  loweft  arcade  was  very 
lofty,  fupported  by  four  noble  marble  columns,  and  thus  - 
preserved,  in  fome  meafure,  the  church  in  the  form  of 
a  Greek  crofs.  The  ftory  above  formed  a  gallery  for 
the  women,  and  had  fix  columns  in  front,  fo  that  they 
did  not  bear  fair  on  thofe  below.  The  third  ftory  was 
a  dead  wall  filling  up  the  arch,  and  pierced  with  three 
rows  of  fmall  ill-fhaped  windows.  In  this  unworkman¬ 
like  fhape  it  has  flood  till  now,  and  is  the  oldeft  church 
in  the  world;  but  it  is  an  ugly  mifhapen  mafs,  more  re- 
fembling  an  overgrown  potter’s  kiln,  fui rounded  with 
furnaces  pieced  and  patched,  than  a  magnificent  temple. 

We  have  been  thus  particular  in  our  account  of  it,  be¬ 
caufe  thishiftory  of  the  building  (hows  that  the  ancient 
archite&s  had  acquiied  no  diftinCt  notions  of  the  aCtion 
of  arches.  Almoft  any  mafon  of  our  time  would  know, 
that  as  the  fouth  arch  would  pufh  the  pier  to  the  eaft¬ 
ward,  while  the  eaft  arch  pufhed  it  to  the  fouthward, 
the  buttrefs  which  was  to  withftand  thefe  thrufts  muft 
not  be  placed  on  the  fouth  fide  of  the  pier,  but  on  the  TS 
fouth-eaft  fide,  or  that  there  muft  be  an  eaftern  as  well Such  a*  ar® 
as  a  fouthern  buttrefs.  No  fuch  blunders  are  to  be  feen  Gothic 
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A?cK  in  a  Gothic  cathedral.  Some  of  them  appear,  to  a  care- 
*****-sr~*  lefs  fpeftator,  lobe  very  maffive  and  cl  unify  5  but  when 
judicioufiy  examined,  they  will  be  found  very  bold  and 
light,  being  pierced  in  every  di  reft  ion  by  arcades,  and 
the  walls  are  divided  into  cell;  like  a  honeycomb,  fo 
that  they  are  very  ftiff,  while  they  are  very  light. 

About  the  middle,  or  rather  towards  the  end,  of  Eft 
century,  when  the  Newtonian  mathematics  opened  the 
road  to  true 'mechanical  feience,  the  conllruftion  of 
arches  engtofled  the  attention  of  the  firfi  mathematicians. 
DrHooUe%The  firft  hint  of  a  principle  that  we  have  met  with  is 
principle  of  Dr  Hooke’s  afleition,  that  the  figure  into  which  a  chain 
Arches  r0pe>  perfe^]y  flexible,  will  arrange  itfelf  when  fuf* 

pended  from  two  hooks,  is,  when  inverted,  the  proper 
form  for  an  arch  compofed  of  Hones  of  uniform  weight. 
This  he  affirmed  on  the  fame  principle  which  is  made 
ufe  of  in  the  Encyclopaedia  Britannica  in  the  article 
Roof,  §  25.  viz.  that  the  figure  which  a  flexible  fef- 
toon  of  heavy  bodies  afTumes,  when  fufptnded  from  two 
points,  is,  when  inverted,  the  proper  form  for  an  arch 
of  the  fame  bodies,  touching  each  other  in  the  fame 
points ;  becaufe  the  forces  with  which  they  mutually 
prefs  on  each  other  in  this  laft  cafe,  are  equal  and  op- 
pofite  to  the  forces  with  which  they  pull  at  each  other 
in  the  cafe  of  fufpenfi on. 

This  principle  is  flriftly  juft,  and  may  be  extended 
to  every  cafe  which  can  be  propofed.  We  recollcft  fee¬ 
ing  it  propofed,  in  very  general  terms,  in  the  St  James’s 
Chronicle  in  1759,  when  plans  were  forming  for  itlack- 
friar’s  Bridge  in  London;  and  fince  it  is  perhaps  equal, 
in  praftical  utility,  to  the  moll  elaborate  invtftigations 
of  the  mathematicians,  ©ur  readers  will  not  be  difpleafed 
27  with  a  more  particular  account  of  it  in  this  place. 
Explained,  Let  ABC  (fig.  6.)  be  a  parcel  of  magnets  of  any 
fize  and  fhape,  and  let  us  fuppofe  that  they  adhere  with 
great  force  by  any  points  of  contaft.  They  will  com- 
pofe  fuch  a  flexible  feftoon  as  we  have  been  fpeaking 
of,  if  fufpended  from  the  points  A  and  C.  If  this  fi¬ 
gure  be  inverted,  pteferving  the  fame  points  of  contaft, 
they  will  remain  in  equilibrio.  It  will  indeed  be  that 
kind  of  equilibrium  which  will  admit  of  no  difturbance, 
and  which  may  be  called  a  tottering  equilibrium.  If  the 
form  be  altered  in  the  fmalleft  degree,  by  varying  the 
points  of  contaft  (which  indeed  are  points  in  the  figure 
of  equilibration ) ,  the  magnets  will  no  more  recover  their 
foimer  pofition  than  a  needle,  which  we  liad  made  to 
ftand  on  its  point,  will  regain  its  perpendicular  pofition 
after  it  has  been  difturbed. 

But  if  we  fuppofe  planes  de,fg,  hi ,  &c.  drawn,  that 
the  points  of  mutual  contaft  a ,  b ,  c,  each  bifefting  the 
angle  formed  by  the  lines  that  unite  the  adjoining  con¬ 
taft  s  (fg,  for  example,  bifefting  the  angle  formed  by 
a  by  be),  and  if  we  fuppofe  that  the  pieces  are  changed 
for  others  of  the  fame  weights,  but  having  fiat  Tides, 
which  meet  in  the  planes  de^fgy  hi ,  &c.  it  is  evident 
that  we  fhall  have  an  arch  of  equilibration,  and  that  the 
arch  w  ill  have  fome  {lability,  or  will  bear  a  little  change 
of  form  without  tumbling  down  :  for  it  is  plain  that 
the  equilibrium  of  the  original  feftoon  obtained  only  in 
the  points  /?,  b>  c,  of  contaft,  where  the  prefiures  were 
perpendicular  to  the  touching  furfaces;  therefore  if  the 
curve  a ,  bt  c ,  (till  pafies  through  the  touching  furfaces 
perpendicularly,  the  conditions  that  are  required  for 
equilibrium  flill  obtain.  The  cafe  is  quite  fimilar  to 
that  of  the  (lability  of  a  body  refting  on  a  horizontal 
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plane.  If  the  perpendicular  through  the  centre  of  gra-  A 

vity  falls  within  the  bafe  of  the  body,  it  will  not  only  ' - 

ftand,  but  w  ill  require  fome  force  to  puffi  it  over.  In 
the  original  feftoon,  if  a  fmall  weight 'be  added  in  any 
part,  it  will  clung c  the  form  of  the  curve  of  ecmiiibra- 
tion  a  little,  by  changing  the  points  of  mutual  contaft. 

This  new  curve  will  gradually  feparate  from  the  former 
curve  as  it  recedes  from  A  or  C.  In  like  manner,  when 
the  feftoon  is  fet  up  as  an  arch,  if  a  (mail  weight  be 
laid  on  any  part  of  it,  it  will  bring  the  whole  to  the 
ground,  becaufe  the  fhifting  of  the  points  of  contaft 
wall  be  juft  the  contrary  to  what  it  ffiould  be  to  fuit 
the  new  curve  of  equilibration.  But  if  the  fame  wei  lit 
be  laid  on  the  fame  part  of  the  arch  now  conftrufted 
with  flat  joints,  it  will  be  fuftained,  if  the  new  curve  of 
equilibration  flill  pafies  through  the  touching  furfaces. 

Thefe  conclufions,  which  aie  very  obvioufly  dedu- 
cible  from  the  principle  of  the  feftoon,  fkw  us,  without 
any  further  difeuffion,  that  the  longer  the  joints  are, 
the  greater  will  be  the  {lability  of  the  arch,  or  that  it 
will  require  a  greater  force  to  break  it  down.  There¬ 
fore  it  is  of  the  greateft  importance  to  have  the  arch 
{tones  as  long  as  economy  will  permit;  and  this  was  the 
great  ufe  of  the  ribs  and  other  apparent  ornaments  in 
the  Gothic  architefture.  The  great  projections  ofthofe 
ribs  augmented  their  ftiffnefs,  and  enabled  them  to  flip- 
port  the  unadorned  copartments  of  the  roof,  compoied 
of  very  fmall  ftones,  fddom  above  fix  inches  thick. 
Many  old  bridges  are  flill  remaining,  which  are  ftreAgth- 
ened  in  the  fame  way  by  ribs. 

Having  thus  explained,  in  a  very  familiar  manner, 
the  liability  of  an  arch,  we  proceed  to  give  the  fame 
popular  account  of  the  general  application  of  the  prin¬ 
ciple. 

Suppofe  it  to  be  required  to  afeertain  the  form  of  an  An1J 
arch  which  (hall  have  the  fpan  AB  (fig.  7.),  and  the  plied, 
height  F8,  and  which  fhall  have  a  road* way  of  the  di- 
menfions  CDE  above  it.  Let  the  figure  ACDEB  be 
inverted,  fo  as  to  form  a  figure  AcdcV>.  Let  a  chain 
of  uniform  thicknefs  be  fufpended  from  the  points  A 
and  B,  and  let  it  be  of  fuch  a  length  that  its  lower 
’point  will  hang  at,  or  rather  a  little  below,/,  corre- 
fpondmg  to  E.  Divide  AB  into  a  number  of  equal 
parts,  in  the  points  1,  2,  3,  dec.  and  draw  vertical  lines, 
cutting  the  chain  in  the  correfponding  points  j,  2,  3, 

&c.  Now  take  pieces  of  another  chain,  and  hang  them 
on  at  the  points  I,  2,  3,  dec.  of  the  chain  A / BT  This 
will  alter  the  form  of  the  curve.  Cut  or  trim  thefe 
pieces  of  chain,  till  their  lower  ends  all  coincide  with 
the  inverted  road- way  cde.  The  greater  lengths  that 
are  hung  on  in  the  vicinity  of  A  and  B  will  pull  down 
thefe  points  of  the  chain,  and  caufe  the  middle  point  f 
(which  is  lefs  loaded)  to  rife  a  little,  and  will  brin.r  it 
near  to  its  proper  height. 

It  is  plain  that  this  procefs  will  produce  an  atch  of 
perfeft  equilibration  ;  but  fome  farther  considerations 
are  neceffary  for  making  it  exaftly  fnit  our  purpofe. 

It  is  an  arch  of  equilibration  for  a  bridge,  that  is  fo 
loaded  that  the  weight  of  the  arch  ftones  is  to  the 
weight  of  the  matter  with  which  the  haunches  and 
crown  are  loaded,  as  the  weight  o*  the  chain  A  f  B  is 
to  the  fum  of  the  weights  of  all  the  little  bits  of  chain 
very  nearly.  But  this  propoition  is  not  known  before¬ 
hand;  we  muft  therefore  proceed  in  the  follow  ing  man¬ 
ner  :  Adapt  to  the  curve  produced  in  this  way  a  tl.u  k- 
C  lifts 
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Arch.  ne*s  of  the  arch  Hones  as  great  as  are  thought  fufficient  to 
enfure  liability  ;  then  compute  the  weight  of  the  arch 
ftones,  and  the  weight  of  the  gravel  or  rubbifh  with 
which  the  haunches  are  to  be  filled  up  to  the  road- way. 
if  the  proportion  of  thefe  two  weights  be  the  fame  with 
the  proportion  of  tlie  weights  of  chsin,  we  may  reft  fa- 
tisfied  with  the  curve  now  found  ;  but  it  different,  we 
can  eafily  calculate  how  much  muft  be  added  equally  to, 
or  taken  from,  each  appended  bit  of  chain,  in  order  to 
make  the  two  proportions  equal.  Having  altered  the 
appended  pieces  accordingly,  we  fhall  get  a  new  curve, 
which  may  perhaps  require  a  very-fmall  trimming  of 
the  bits  of  chain  to  make  them  fit  the  road- way.  This 
curve  will  be  infinitely  near  to  the  curve  wanted. 

We  have  pra&ifed  this  method  for  an  arch  of  60 
feet  fpan  and  21  feet  height,  the  arch  ftones  of  which 
were  only  two  feet  nine  inches  long.  It  was  to  be 
loaded  with  gravel  and  {hi vers.  We  made  a  previous 
computation,  on  the  fuppofition  that  the  arch  was-  to 
be  nearly  elliptical.  The  diftance  between  the  points 
I,  2,  3,  &c.  were  adjufted,  fo  as  to  determine  the  pro¬ 
portion  of  the  weights  of  chain  agreeable  to  the  fuppo- 
iition.  The  curve  differed  confiderably  from  an  ellipfe, 
making  a  confiderable  angle  with  the  verticals  at  the 
ipring  of  the  arch.  The  real  proportion  of  the  weights 
of  chain,  when  ail  was  trimmed  fo  as  to  fuit  the  road¬ 
way,  was  confiderably  different  from  what  was  expect¬ 
ed.  It  was  adjufted.  The  adjuftment  made  very  little 
change  in  the  curve.  It  would  not  have  changed  it 
two  inches  in  any  part  of  the  real  arch.  When  the 
procefs  was  completed,  we  conftrudled  the  curve  ma¬ 
thematically.  It  did  not  differ  fenfibly  from  this  mecha¬ 
nical  conftruftion .  This  was  very  agreeable  informa¬ 
tion  ;  for  it  fhowed  us  that  the  firfl  curve,  formed  by 
about  two  hours  labour,  on  a  fuppofition  confiderably 
different  from  the  truth,  would  have  been  fufftciently 
exadl  for  the  purpofe,  being  in  no  place  three  inches 
from' the  accurate  curve,  and  therefore  far  within  the 
joints  of  the  intended  arch  ftones.  Therefore  this  pro- 
,  cel's,,  which  any  intelligent  mafon,  though  ignorant  of 
mathematical  fcier.ce,  may  go  through  with  little  trouble, 
will  give  a  very  proper  form  for  an  arch  iubjedl  to  any 
ip  conditions. 

The  chief  The  chief  defedl  of  the  curve  found  in  this  way  is  a 
fhe^curve  W3nt  elegance>becaufe  it  does  not  fpring  at  right  angles 
found  ac-  to  horizontal  line;  but  this  is  the  cafe  with  all  curves 
coiding  to.  of  equilibration,  as  we  (hall  fee  by  and  by.  It  is  not  mate- 
this  prin-  rial :  for,  in  the  very  neighbourhood  of  the  piers,  we  may 
give  it  any  form  we  pleafe,  becaufe  the  mafonry  is  folid 
in  that  place;  nay,  we  apprehend  that  a  deviation  from 
the  curve  of  equilibration  is  proper.  The  conftrudlion 
of  that  curve  fuppofes  that  the  preffure  on  every  part 
of  the  arch  is  vertical  ;  but  gravel,  earth,  and  rubbifh, 
exert  fomewhat  of  a  liydroftatical  preffure  laterally  in 
the  a&  of  fettling,  and  retain  it  afterwards.  This  will 
require  fome  more  curvature  at  the  haunches  of  an  arch 
to  balance  it  ;  but  what  this  lateral  preffure  may  be, 
cannot  be  deduced  with  confidence  from  any  experi¬ 
ments  that  we  have  feen.  We  are  inclined  to  think 
that  if,  inftead  of  dividing  the  horizontal  line  AB  in 
the  points  I,  2,  3,  &c.  we  divide  the  chain  itfelf  into 
equal  parts,  the  curve  will  approach  nearer  to  the  pro¬ 
per  form. 

After  this  familiar  ftatement  of  the  general  principle, 
it  is  now  time  to  coniider  the  theory  founded  on  it 
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more  in  detail.  This  theory  aims  at  fuch  an  adjuft-  Arch, 
ment  of  the  pofition  of  the  arch  ftones  to  the  load  on  ~~  J 
every  part  of  the  arch,  that- all  fhall  remain  in  equili- on 
brio,  although  the  joints  be  perfectly  polifhed,  and  with-  this  prin- 
out  any  cement.  The  whole  may  be  reduced  to  twociple. 
problems.  The  firfl  is  to  determine  the  vertical  pref¬ 
fure.  or  load  on  every  point  oc  a  line  of  a  given  form, 
which  will  put  that  line  in  equilibrio.  The  iecond  is 
to  determine  the  form  of  a  curve  which  fhall  be  in  equi- 
librio  when  loaded  in  its  different  points,  according  to 
any  given  law. 

The  whole  theory  is  deducible  from  §  27.  of  the  ar¬ 
ticle  Roof.  The  fundamental  propofition  in  that  lec¬ 
tion  Hates  the  proportions  between  the  various  preflures 
or  thrufts  which  are  exerted  at  the  angles  of  an  aifem- 
blage  of  beams  or  other  pieces  of  folid  heavy  matter, 
freely  moveable  about  thofe  angles,  as  fo  many  joints, 
but  retaining  their  pofition  by  the  equilibrium  of  thofe 
preffures.  It  is  there  demonftrated,  “  that  the  thruft 
at  any  angle,  if  eftirnated  in  a  horizontal  direction,  is 
the  fame  throughout,  and  may  be  reprefented  by  any  ho¬ 
rizontal  KneBT,  fig.  8.  (  Roofs,  fig.  10  Pi.  CCCCXL  ); 
and  that  if  a  vertical  line  QJhS  be  drawn  through  T, 
the  thruft  exerted  at  any  angle  D  by  the  piece  CD,  in 
its  own  direction,  will  then  be  reprefented  by  BR, 
drawn  parallel  to  CD  ;  and  in  like  manner,  that  the 
thruft  in  the  dire&ion  ED  is  reprefented  by  BS,  Sec.  ; 
and,  daftly,  that  the  vertical  thrufts  or  loads,  at  each 
angle  B,  C,  D,  by  which  all  thefe  other  preffures  are 
excited,  are  reprefented  by  the  portions  QC,  CR,  RS, 
of  the  vertical  intercepted  by  thofe  lines  ;  that  is,  all 
thefe  preffures  are  to  the  uniform  horizontal  thruft  as 
the  lines  which  reprefent  them  are  to  BT.  The  hori¬ 
zontal  thruft,  therefore,  is  a  very  proper  unit,  with 
which  we  may  compare  all  the  others.  Its  magnitude 
is  eafily  deduced  from  the  fame  propofition  ;  for  QS  is 
the  fum  of  all  the  vertical  preffures  of  the  angles,  and 
therefore  repvefents  the  weight  of  the  whole. affemblage. 

Therefore  as  QS  is  to  B T,  fo  is  the  weight  of  the  whole 
to  the  horizontal  thruft.  21 

To  accommodate  this  theory  to  the  confirmation  of  Accommo- 
a  curvelineal  arch  vault,  let  us  firfl  fuppofe  the  vault  t0foaihuc  ^ 
be  polygonal,  compofed  of  the  cords  of  the  elementary  tlon  (  f  an 
arches.  Let  AVE  (fig.  9.)  be  a  curvelineal  arch,  of  arch  vault, 
which  V  is  the  vertex,  and  VX  the  vertical  axis,  which 
we  fhall  confider  as  the  axis  or  abfeiffa  of  the  curve, 
while  any  horizontal  line,  fuch  as  HK,  is  an  ordinate 
to  the  curve.  About  any  point  C  of  the  curve  as  a 
centre  deferibe  a  circle  BLD,  cutting  the  curve  in  B 
and  D.  Draw  the  equal  cords  CB,  CD.  Draw  alfo 
the  horizontal  line  CF,  cutting  the  circle  in  F.  De- 
feribe  a  circle  BCDQjpafiing  through  B,  C,  D.  Its 
centre  O  will  let  in  aline  COQ^,  which  bifefls  the 
angle  BCD,  and  C  d ,  which  touches  this  circle  in  C, 
will  bifedl  the  angle  b  C  d ,  formed  by  the  equal  cords 
BC,  CD.  Draw  CLP  perpendicular  to  c  b ,  and  DP 
perpendicular  to  CD,  meeting'  CL  in  P.  Through  L 
draw  the  tangent  GLM,  meeting  CD  in  G,  and  the 
vertical  line  CM  in  M.  Draw  the  tangent  F  a,  cutting 
the  cords  BC,  CD,  in  b  and  dy  and  the  tangent  to  the 
circle  BCDQJn  c .  Laftly,  draw  parallel  to  b  c< 

From  what  is  demonftrated  in  $  27.  of  the  article 
Roof,  it  appears,  that  if  BC,  CD  be  two  pieces  of  an 
equilibrated  heavy  polygon,  and  if  CF  reprefent  the  ho¬ 
rizontal  thruft  in  every  angle  of  the  polygon,  C  d  and 

Ob 
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C  b  will  feverally  reprefent  the  thrufts  exerted  by  the 
w  pieces  DC,  BC,  and  that  b  d ,  or  CN,  will  reprefent  the 
weight  lying  on  the  angle  BCD,  by  which  thofe  thrufts 
are  balanced. 

As  the  reader  may  not  have  the  article  Roof  at 
hand,  this  equilibrium  may  be  recalled  to  his  remem* 
brance  in  the  following  manner  :  Produce  d  C  to  o,  fo 
that  C 0  may  be  equal  to  C  d.  Draw  bn  to  the  verti¬ 
cal  parallel  to  d  B,  and  join  n  0 .  It  is  evident  that 
In  g  C  is  a  parallelogram,  and  that  n  C  (  ==  b  d)  rz  CN. 
Now  the  thruit  or  fupport  of  the  piece  BC  is  exerted 
In  the  dirc&ion  C  /,  while  that  of  DC  is  exerted  in  the 
direction  C  o.  Thefe  two  thrufts  are  equivalent  to  the 
thruft  in  the  diagonal  C  n ;  and  it  is  with  this  com¬ 
pound  thrufl  that  the  load  or  vertical  preffure  CN  is  in 
immediate  equ  il  i  b r in m . 

Becaufe  b  CL,  NCF.  are  right  angles,  and  FCL  is 
common  to  both,  the  angles  b  CF  and  MCL  are  equal. 
Therefore  the  right  angled  triangles  l  CF  and  MCL 
are  limiter.  And  lince  CF  is  equal  to  CL,  c  b  is  equal 
to  CM.  It  is  evident  that  the  triangles  GCM  and 
dC N  are  fimilar.  Therefore  CG  :  C  d  rr  CM  :  CN, 

CbxCd 

=  C  b  :  CN.  Therefore  we  have  CN  =  — — .  But 


ARC 

Therefore  we  have  ER  : 


E  p  Rad.  :  Arch. 


angle  AEG 
Sec.  Kiev. 

If  therefore  the  arch  is  kept  in  equilibrio  by  the  ver¬ 
tical  preffure  of  a  wall,  we  mud  have  the  height  of  the 

SecF  Elcv. 

wall  above  any  point  proportional  to  ]^"  0f  — - 

Cor.  I.  If  OS  be  drawn  perpendicular  to  the  verti¬ 
cal  CS,  CS  will  be  half  the  vertical  cord  of  the  equi- 
curve  circle.  The  angle  OCS  is  equal  to  c  CF,  that* is, 
to  the  angle  of  elevation.  Therefore  1  :  Sec.  Elev. 
=  CS  :  CO,  and  the  fecant  of  elevation  may  be  expref- 
_  CO  .  COJ 

fed  by  and  its  cube  by-g^r  Therefore  the  height 

CO3  CO2 

of  wall  is  proportional  to - or  to  - ,  or 

1  r  CS3  X  CO  CS’ 

CO1 _  Sec.*  of  Elev 

CS2  X  CS*  °  Vett.  Cord  of  Curv. 

Cor.  II.  If  we  make  the  arch  VC  —  z,  the  abfcilfa 
VH  —  x,  the  ordinate  HC  ~y,  the  radius  ofculi  CO 
and  the  \  vertical  cord  CS  =.  s ,  the  height  o:  wall  pref- 
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CG 

becaufe  CDP  ard  CLG  are  right  angles,  and  therefore 
equal,  and  the  angle  GCP  is  common  to  the  two  tri¬ 
angles  GCL,  PCD,  and  CD  is  equal  to  CL,  we  have 

CbxCd 

CG  equal  to  CP.  Therefore  CN  =  — — .  Alfo, 

fince  CDP  is  a  right  angle,  DP  meets  the  diameter  in 
Q^,  the  oppofite  point  of  the  circumference,  and  the 
angle  DQC  is  equal  to  DC  d,  or  DC<£  (becaufe  h  C  d 
is  bife&ed  by  the  tangent),  that  is,  to  PCO  (becaufe 
the  right  angles  /  CP,  cDO  are  equal,  and  cDT*  is  com¬ 
mon  ).  Therefore  PQ^is  equal  to  PC;  and  if  PO  be 
drawn  perpendicular  to  CQ^,  wiH  bifedt  it,  and  O  is 
the  centre  of  the  circle  BCDQB. 

Now  let  the  points  B  and  D  continually  approach  to 
C  (by  diminifhing  the  radius  of  the  fmall  circle),  and 
ultimately  coincide  with  it.  It  is  evident  that  the 
circle  BCDQ^is  ultimately  the  equicurve  circle,  and 
that  PC  ultimately  coincides  with  OC,  the  radius  of 
curvature.  Alfo  C  b  X  C  d  becomes  ultimately  Cc2. 
Therefore  CN,  the  vertical  load  on  any  point  of  a  curve 
Cr* 

o*  equilibration,  is  =  ^dTCi^" 

It  is  farther  evident,  that  CF  is  to  Cc  as  radius  to 
the  fecant  of  the  elevation  the  tangent  above  the  ho¬ 
rizon.  Therefore  we  have  the  load  on  any  point  of 

Sec.2  Eltw. 

the  curve  always  pioportional  to  Curv" 

This  load  on  every  elementary  arch  of  the  wall  is 
commonly  a  quantity  of  iolid  matter  incumbent  on  that 
element  of  the  curve,  and  preffing  it  vertically  ;  and  it 
may  be  conceived  as  made  up  of  a  number  of  heavy 
lines  handing  vertically  on  it.  Thus,  if  the  element  Ee 
of  the  curve  were  lying  horizontally,  a  little  parallelo¬ 
gram  RE  e  r,  ftandin.?  perpendicularly  on  it,  would  re¬ 
prefent  its  load.  But  as  this  element  E  e  has  a  hoping 
pofition,  it  is  plain  that,  in  order  to  have  the  lame 
quantity  of  heavy  matter  preffing  it  vertically,,  the 
height  of  the  parallelogram  mull  be  increated  till  it 
meets  in  *  p,  the  line  R  ‘  drawn  parallel  to  the  tangent 
EG.  It  is  evident  that  the  angle  RE  p  is  equal  to  the 


fing  on  any  point  is  proportional  to  — ;  or  to  — , 
;*+>•  -  -  -  -  ~v’r  -  .?* 


or 


Therefore,  when  the  equation  of  the  curve 

yy 

is  given,  and  the  height  of  wall  on  any  one  point  of  it 
is  alfo  given,  we  can  determine  it  for  any  other  point : 
for  the  equation  of  the  curve  will  always  give  11s  the  re¬ 
lation  of  z,  x ,  and y,  and  the  value  of  r  or  s.  This  may 
be  illuftrated  by  an  example  or  two.  For  this  purpofe 
it  will  generally  be  moft  convenient  to  affume  the  height 
above  the  vertex  V  for  the  unit  of  computation  The 
thicknefs  of  the  arch  at  the  crown  is  commonly  deter¬ 
mined  by  other  ciicumftanccs.  At  the  vertex  the  tan¬ 
gent  to  the  arch  is  horizontal,  and  therefore  the  cube 
of  the  fecant  is  unity  or  1.  Call  the  height  of  wall, 
at  the  crown,  H,  and  let  the  radius  of  curvature  in  that 
point  be  R,  and  its  half  cord  R  (it  being  then  coinci¬ 
dent  with  the  radius),  and  the  height  on  any  other 

point  h .  We  have  —  =  H  :  />,  and  h  =  H  X  ■ 


y3r 


R 


R 


X  — .  The  other  formula  gives  h  =  H  X  -r~X  • 

r  1  S  24. 

Examp .  x.  Suppofe  the  arch  to  be  a  fegment  of  ail?uftrated 
circle,  as  in  fig.  10.  where  A  E  is  the  diameter,  and  O  exam- 
the  centre  In  this  arch  the  curvature  is  the  famel>les‘ 


throughout,  or  —  1. 


Therefore  h  =  HX~,  or 

y 3 

z  HX Cube  Sec.  Elev. 

This  gives  a  very  fimple  calculus.  To  the  logarithm 
of  H  add  thrice  the  logarithm  of  the  fecant  of  elevation. 
The  firm  is  the  logarithm  of  h . 

It  gives  alfo  a  very  fimple  conftru&ion.  Draw  the 
vertical  CS,  cutting  the  horizontal  diameter  in  S.  Draw 
ST,  cutting  the  radius  OC  perpendicularly  in  f.  Draw 
the  horizontal  line  T  *,  cutting  the  vertical  in  z.  Join 
js  o.  Make  C  u  =  V  <u,  and  draw  u  x  parallel  to  *  0 . 
C  c  muft.  be  made  =  C  jc.  The  demonfiration  is  evi¬ 
dent. 

It  is  very  eafy  to  fee  that  if  CV  is  an  arch  of  6o°, 
and  V  v  is  TVh  of  the  Points  v  and  ^  wil1  be  on 
a  level ;  for  the  fecant  oi  CV  is  twice  CO,  and  there¬ 
fore  C  c  is  8  times  V  which  is  VH. 

C  a 


The 
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The  dotted  line  vgcf  is  drawn  according  to  this 
'  calculus  or  conftrufiiou.  It  falls  confiderably  below 
the  horizontal  line  in  the  neighbourhood  of  c ;  and  then, 
paffing  very  obliquely  through  c,  it  rifes  rapidly  to  an 
unmeafurable  height,'  becaufe  the  vertical  line  through 
A  is  its  aflymptote.  This  muft  evidently  be  the  cafe 
with  every  curve  which  fprings  at  right  angles  with  a 
horizontal  line. 

It  is  plain  that  if  v  V  be  greater,  all  the  other  ordi¬ 
nates  of  the  curve  v g  cf>  reding  on  the  circumference 
AVE,  will  be  greater  in  the  fame  proportion,  and  the 
curve  will  cut  the  horizontal  line  drawn  through  v  in 
fome  point  nearer  to  v  than  c  is.  Hence  it  appears 
that  a  circular  arch  cannot  be  put  in  equilibrio  by 
building  on  it  up  to  a  horizontal  line,  whatever  be  its 
fnan,  or  whatever  be  the  thickrefs  at  the  crown.  We 
have  ften  that  when  this  thicknefs  is  only  Tr7th  of  the 
radius,  an  arch  of  120  degrees  will  be  too  much  loaded 
at  the  flanks.  This  thicknefs  is  much  too  fmall  for  a 
bridge,  being  only  TlTth  of  the  fpan  CM,  whereas  it 
fhould  have  been  almoft  double  of  this,  to  bear  the  ine¬ 
qualities  of  weight  that  may  occafionally  be  on  ir. 
When  the  crown  is  made  {till  thinner,  the  outline  is  fl ill 
more  depreffed  before  it  rifes  again.  There  is  therefore 
a  certain  fpan,  with  a  corrcfponding  thicknefs  at  the 
crown,  which  will  deviate  lead  of  all  from  a  horizontal 
line.  This  is  an  arch  of  about  54  degrees,  the  thick¬ 
nefs  at  the  crown  being  about  one-fourth  of  the  fpan, 
which  is  extravagantly  great.  It  appears  in  general  there¬ 
fore,  that  the  circle  is  not  a  curve  fuited  to  the  pur- 
pofes  of  a  bridge  or  an  arcade,  which  requires  an  out¬ 
line  nearly  horizontal. 

Examp .  2.  Let  the  curve  be  a  parabola  AVE  (fig.  1 1 .), 
of  which  V  is  the  vertex,  and  DG  the  direftrix.  Draw 
the  diameters  DCF,  GVN,  the  tangents  CK,  VP,  and 
the  ordinates  VF  and  CN.  It  is  well  known  that  GV 
is  to  DC  as  VP3  to  CK2,  or  as  CN2  to  CK2.  Alfo 
2  GV  is  the  radius  of  the  ofculating  circle  at  V,  and 
2  DC  is  one-half  of  the  vertical  cord  of  the  ofculating 
circle  at  C.  Therefore  CN1 :  CK2  (or  y1  : 

and  s  xz  *t-R.  But  C  c,  or  h  rr  H  X  ?— ’« 
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1  =  HX- 


=  Hx- 
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The  eonverfe  of  the  problem,  namely,  to  find  the 
form  of  the  arch  when  the  figure  of  the  back  of  it  is 
given,  is  the  mod  ufual  qileftion  of  the  two,  at  lead  in  Tq  ^  ^ 
cafes  which  are  mod  important  and  mod  difficult.  Of  form  of  an 
thefe  perhaps  bridges  are  the  chief.  Here  the  neccffity  arch  when 
of  a  road-way,  of  cafy  and  regular  afeent,  confines  us1^6  ^.gur® 
to  an  outline  nearly  horizontal,  to  which  the  curve  of?* 
the  arch  mud  be  adapted.  This  is  the  mod  difficult 
problem  of  the  two;  and  we  doubt  whether  it  can  be 
folved  without  employing  infinite  approximating  feriefes 
inftcad  of  accurate  values. 

Let  ave  (fig.  12.)  be  the  intended  outline  or  ex- 
trados  of  the  arch  AVE,  and  let  v  Q^be  the  common 
axis  of  both  curves,  From  c  and  C,  the  corrcfponding 
points,  draw  the  ordinates  c  h9  CH.  Let  the  thicknefs 
v  V  at  the  top  be  ai  the  abfeifla  v  h  be'  ==  «,  and  VH 
=  x,  and  let  the  equal  ordinates  c  h ,  CH  be  y ,  and  the 
arch  VC  be  k. 


Then,  by  the  general  theorem,  c  C  = - ,  r  being 

ry* 

the  radius  of  curvature. 


%*)  —  R  :  s , 
Therefore 


r=  H.  Therefore 


This,  by  the  common  rules,  is 
This  gives  us  c  C  ==  JLl 


x  y 


OX 


y  x  ■ 

—  y  x  - 


y 

iixC: 


where  C  is  a  condant  quantity. 


found  by  taking  the  real  value  of  c  C  in  V,  the  vertex 
of  the  curve.  But  it  is  evident  that  it  is  alfo  a  -f-  x 


Therefore  a  +  x  —  u 


—  y  *  —  xy 


*c,~9 


X  fluxion  of- 


Cc  =  *V. 

It  follows  from  this  invefiigation,  that  the  back  or 
extrados  of  a  parabolic  arch  of  equilibration  mud  be  pa¬ 
rallel  to  the  arch  or  foffit  itfelf;  or  that  the  thicknefs  of 
the  arch,  edimated  in  a  vertical  dire&ion,  mud  be  equal 
throughout ;  or  that  the  extrados  is  the  fame  parabola 
with  the  foffit  or  intrados. 

We  have  fele&ed  thefe  two  examples  merely  for  the 
fimplicity  and  perfpicuity  of  the  folutiens,  which  have 
been  effedfed  by  means  of  elementary  geometry  only, 
indead  of  employing  the  analytical  value  of  the  radius 


If  we  now  fubditute  the  true  value  of  u  (which  is 
given,  becauie  the  extrados  is  fuppofed  to  be  of  a  known 
form),  exprefled  in  terms  of  y,  the  refulting  equation 
will  contain  nothing  but  x  andj,  with  their  firfl  and 
fecond  fluxions,  and  known  quantities.  From  this  equa¬ 
tion  the  relation  of  x  and^ymud  be  found  by  fuch  methods 
as  feem  bed  adapted  to  the  equation  of  the  extrados. 

Fortunately  the  procefs  is  more  Ample  and  eafy  in  the 
mod  common  and  ufeful  cafe  than  we  flieuld  expedl 
from  this  general  rule.  We  mean  the  cafe  where  the 
extrados  is  a  draight  line,  efpecially  when  this  is  hori¬ 
zontal.  In  this  cafe  a  is  equal  to  0. 

Example .  To  find  the  form  of  the  balanced  arch 
AVE  (fig.  13  ),  having  the  horizontal  line  cv  for  its  pfete  IL 
extrados. 

Keeping  the  fame  notation,  we  have  u  =  0 ,  and 
C  .  * 

therefore  a  4*  x  zz  -r  X  fluxion  of—r* 


A  flume  y  =- 


then  - 


C'U'y  ,  .  C  vv 

— that  is  a  4*  x  zz  — ; — . 


and  E  X  fluxion  of-J9 

y  y 


Therefore  a  x  +  xx 


of  the  ofculatory  circle  viz. 


_  which  would  =  anc*  ^y  taking  the  fluents,  we  have  2  a  x  4  x* 


y  x  —  x  y 

have  involved  us  at  lead  in  the  elements  of  fecond 
fluxions.  We  have  alfo  preferred  fimplicity  to  elegance 
in  the  invefiigation,  becaufe  we  wifh  to  inftrudt  the 
pra&ical  engineer,  who  may  not  be  a  proficient  in  the 
higher  mathematics. 


=  C 


and 


2  a  x  -f  x 


C 


Confequently, 


\/  C  x 

y  = 


of 


V  2  a  x  X  x7 
this,  we  have 


-^beingrr  Taking  the  fluent 
y  =5  >/  C  X  L  (2  a 


+  2 


+  2 
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But  at  the  vertex,  where  x  o>  but  this  thicknefa  is  fo  great  as  to  make  it  unfit  for  a 


The  corre&ed  fluent  is 


a  -f-  x  +  V  2  a  x  -j- 


A 

^rek  4*  2  ^  2  +  ad) 

B^v_mn  we  havey  =  \/CxL(2 a). 

therefore  y  zz  C  X  L 

u 

It  only  remains  to  find  the  conftant  quantity  C. 
This  we  readily  obtain  by  fele&ing  fome  point  of  the 
extrados  where-the  values  of-x  andy  are  given  by  par¬ 
ticular  circumftances  of  the  cafe.  Thus,  when  the 
fpan  2  s  and  height  h  of  the  arch  are  given,  we  have 

i  =  ✓  C  XL  f  ),  and  confe- 

V  a  ' 


Arch. 


quently  a/Qzz- 


c 


h  +  */ la  h  -f-  h7- 


)' 


Therefore 


fa  -(-  #  +  2  a  x  -f- 


the  general  value  of  v  =  s  X- 


•  h  +  1  a  h  -f-  h* 


a  -f-  h  .4“  2  a  h  4-  hz 


(- _ 

xLa  *f-  x  -f-  s/  2  a  x  -4-  x2^ 


r 


As  an  example  of  the  ufe  of  this  formula,  we  fubjoin 
a  table  calculated  by  Dr  Hutton  of  Woolwich  for  an 
arch,  the  fpan  of  which  is  joo  feet  and  the  height  40, 
which  are  nearly  the  dimenfions  of  the  middle  arch  of 
Blackfri  .rs  Bridge  in  London. 
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Defe&s  of 
the  Catina- 
mn  curve. 


y 

X 

y 

X 

y 

X 

0 

6,000 

21 

10,381 

36 

21,774 

2 

6,035 

22 

10,858 

37 

22,948 

4 

6,144 

23 

1 1,368 

38 

24,190 

6 

6,324 

24 

11,91 1 

39 

25,505 

8 

6,580 

25 

12,489 

40 

26,894 

10 

6,914 

26 

13,106 

41 

28,364 

!  2 

7*330 

27 

13.76 1 

42 

29,9 '9 

*3 

7*57 1 

28 

14.457 

43 

3^563 

l4 

7**34 

29 

1 5» 1 96 

44 

33»299 

lS 

8,7  20 

3° 

15,980 

45 

35? 1 3  5 

1 6 

8,430 

31 

1 6,8 1 1 

46 

37*075 

17 

8,766 

32 

17,693 

47 

39,126 

18 

9,168 

33 

18,627 

48 
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The  figure  for  this  propofiiiion  is  exa&ly  drawn  ac¬ 
cording  to  thefe  dimenfiens,  that  the  reader  may  judge 
of  it  as  an  objed  of  fight.  It  is  by  no  means  deficient 
in  gracefulnefs,  and  is  abundantly  roomy  for  the  paflage 
of  craft ;  fo  that  no  objection  can  be  offered  againll  its 
being  adapted  on  account  of  its  mechanical  excellency. 

The  reader  will  perhaps  be  furprifed  that  we  have 
made  no  mention  of  the  celebrated  Catenarean  curve, 
which  is  commonly  faid  lobe  the  bed  form  for  an  arch’; 
but  a  little  refledion  will  convince  him,  that  although 
it  is  the  only  form  for  an  arch  confiding’  of  dones  of 
equal  weight,  and  touching  each  other  only  in  Angle 
points,  it  cannot  fait  an  arch  which  mud  be  filled  up  in 
the  haunches,  in  order  to  form  a  road- way.  He  will 
be  more  furprifed  to  hear,  after  this,  that  there  is  a 
certain  thicknefs  at  the  crown,  which  will  put  the  Ca- 
tenarea  in  equilibrio,  even  with  a  horizontal  road- way 
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bridge,  being  fuch  that  the  preffure  at  the  vertex  is 
equal  to  the  horizontal  thrud.  This  would  have  been 
about  37  feet  in  the  middle  arch  of  Blackfriars  Bridge. 

The  only  fituation  therefore  in  which  the  Catenarean 
form  would  be  proper,  is  an  arcade  carrying  a  height  of 
dead  wall  ;  but  in  this  fituation  it  would  be  very  un¬ 
graceful.  Without  troubling  the  reader  with  the  in- 
vedigation,  it  is  diffident  to  inform  him  that  in  a  Ca¬ 
tenarean  arch  of  equilibration  the  abfeiffa  VH  is  to  the 
abfeifla  v  h  in  the  condant  ratio  of  the  horizontal  thrud 
to  its  excefs  above  the  preffure  on  the  vertex. 

This  much  will  ferve,  we  hope,  to  give  the  reader  a  Inutility  of 
clear  notion  of  this  celebrated  theory  of  the  equilibrium^6  com“ 
of  arches,  one  of  the  mod  delicate  and  important  appli- 
cations  of  mathematical  fcience.  Volumes  have  been bration. 
written  on  the  fubjed,  and  it  dill  occupies  the  atten¬ 
tion  of  mechanicians.  But  we  beg  leave  to  fay,  with 
great  deference  to  the  eminent  perfons  who  have  profe- 
cuted  this  theory,  that  their  fpeculations  have  been  of 
little  fervice,  and  are  little  attended  to  by  the  practi¬ 
tioner.  Nay,  we  may  add,  that  Sir  Chridopher  Wren, 
perhaps  the  mod  accomplifhed  architect  that  Europe 
has  feen,  feems  to  have  thought  it  of  little  value  :  for, 
among  the  fiagments  which  have  been  preferved  of  his 
dudies,  there  are  to  be  feen  fome  imperfed  differtations 
on  this  very  fubjed,  in  which  he  takes  no  notice  of  this 
theory,  and  confiders  the  balance  of  arches  in  quite  an¬ 
other  way.  Thefe  are  collected  by  the  author  of  the 
account  of  Sir  Chridopher  Wren’s  family.  This  man’s 
great  fagacity,  and  his  great  experience  in  building,  and, 
dill  more  his  experience  in  the  repairs  of  old  and  crazy 
fabrics,  had  fhown  him  many  things  very  inconfident 
with  this  theory,  which  appears  fo  fpecious  and  fafe. 

The  general  faCts  which  occur  in  the  failure  of  old 
arches  are  highly  indruCtive,  and  deferve  the  mod  care¬ 
ful  attention  of  the  engineer;  for  it  is  111  this  date  that 
their  defeCts,  and  the  procefs  of  nature  in  their  deftruc- 
tion,  are  mod  didindly  feen.  We  venture  to  affirm*  - 
that  a  very  great  majority  of  thefe  fads  are  irreconcile- 
able  to  the  theory.  The  way  in  which  circular  arches 
commonly  fail,  is  by  the  finking  of  the  crown  and  the 
rifiug  of  the  flanks.  It  will  be  found  by  calculation T 
that  in  mod  of  the  cafes  it  ought  to  have  been  jud  the 
contrary.  But  the  cleared  proof  is,  that  arches  very 
rarely  fail  where  their  load  differs  mod  remarkably  irom 
that  which  this  theory  allows.  Semicircular  arches  have 
dood  the  power  of  ages,  as  may  be  feen  i>  the  bridges 
of  ancient  Rome,  and  in  the  numerous  arcades  which 
the  ancient  inhabitants  have  ereded.  Now  all  arches 
which  fpring  perpendicularly  from  the  horizontal  line, 
require,  by  this  theory,  a  load  of  infinite  height ;  and, 
even  to  a  confiderable  didance  from  the  fpringing  of  the 
arch,  the  load  neceflary  for  the  theoretical  equilibrium  * 
is  many  times  greater  than  what  is  ever  laid  on  thofe 
parts  ;  yet  a  failure  in  the  immediate  neighbourhood  of 
the  fpring  of  an 'arch  is  a  mod  rare  phenomenon,  if  it 
ever  was  obferved.  Here  is  a  mod  remarkable  devia¬ 
tion  from  the  theory  ;  for,  as  is  already  obferved,  the 
load  is  frequently  not  the  fourth  part  of  what  the  theory 
requires. 

Many  other  fads  might  be  adduced  which  fhow  great 
deviations  from  the  legitimate  refults  from  the  theory. 

We  hope  to  be  excufed,  therefore,  by  the  mathemati¬ 
cians  for  doubting  of  the  juitnefs  of  this  theory.  We 

do 
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t  Arch,  do  not  think  it  erroneous,  but  defeXive,  leaving  out 
^  ’  circumftances  which  we  apprehend  to  be  of  great  im- 

Its  defe&r.  Portance;  and  we  imagine  that  the  defeXs  of  the  theory 
have  arifen  from  the  very  anxiety  of  the  mechanicians 
to  make  it  perfeX.  The  arch  ftones  are  fuppofed  to 
be  perfectly  fmooth  or  polifhed,  and  not  to  be  connect¬ 
ed  by  any  cement,  and  therefore  to  fuftain  each  other 
merely  by  the  equilibrium  of  their  vertical  prefTure. 
The  theory  enfures  this  equilibrium,  and  thi3  only, 
leaving  unnoticed  any  other  caufes  of  mutual  aXion. 

The  authors  who  have  written  on  the  fubjeX  fay  ex- 
preftly,  that  an  arch  which  thus  i chains  itfclf  mult  be 
flronger  than  another  which  would  not ;  becanfc  when, 
in  imagination,  we  fuppofe  both  to  acquire  connection 
by  cement,  the  fir  ft  preserves  the  influence  of  this  con¬ 
nexion  unimpaired  ;  whereas  in  the  other,  part  of  the 
cohefion  is  wafted  in  counteraXing  the  tendency  of 
feme  parts  to  break  off  from  the  reft  by  their  want  of 
equilibrium.  This,  is  a  very  fpecious  argument,  and 
would  be  juft,  if  .the  forces  which  are  mutually  exerted 
between  the  parts  of  the  arch  in  its  fettled  Hate  were 
merely  vertical  preffures,  or,  where  different,  were  in- 
confiderable  in  comparifon  with  thofe  which  are  really 
attended  to  in  the  conftruXion. 

But  this  is  by  no  means  the  cafe.  The  forms  which 
the  ufes  for  which  arches  are  ereXed  oblige  us  to  adopt, 
and  the  loads  laid  on  the  different  points  of  the  arch, 
frequently  deviate  confiderably  from  what  are  neceffary 
for  the  equilibrium  of  vertical  preffures.  The  varying 
load  on  a  bridge,  when  a  great  waggon  paffes  along  it, 
fometimes  bears  a  very  fenlible  proportion  to  the  weight 
of  that  paint  of  the  arch  on  which  it  refts.  It  is  even 
very  doubtful  whether  the  preffures  which  are  occa- 
fioned  by  the  weight  of  the  fluff  employed  for  fillin  g  up 
the  flanks  really  aX  in  a  vertical  direXion,  and  in  the 
proportion  which  is  fuppofed  We  are  pretty  certain 
that  this  is  not  the  cafe  with  fand,  gravel,  fat  mould, 
and  many  fubftances  in  very  general  ufe  for  this  pur- 
pofe.  When  this  is  the  cafe,  the  preffures  fuftained 
by  the  different  parts  of  the  arch  are  often  very  incon- 
fiftent  with  the  theory — a  part  of  the  arch  is  over¬ 
loaded,  and  tends  to  fall  in,  but  is  prevented  by  the  ce¬ 
ment.  This  part  of  the  arch  therefore  aX*  on  the  re* 
moter  parts  by  the  intervention  of  the  parts  between, 
employing  thofe  intermediate  parts  as  a  kind  of  levers 
to  break  the  arch  in  a  remote  part,  juft  as  a  lintel  would 
be  broken.  We  apprehend  that  a  mathematician  would 
be  puzzled  how  to  explain  the  (lability  of  an  arch  cut 
out  of  a  folid  and  uniform  mafs  of  rock.  His  theory 
confiders  the  mutual  thrufts  of  the  arch  ftones  as  in  the 
direXlon  of  the  tangents  to  the  arch.  Why  fo  ?  be* 
caufe  he  fnppofes  that  all  his  polifhed  joints  are  perpen¬ 
dicular  to  thofe  tangents.  But  in  the  orefent  cafe  he 
has  no  exifting  joints  ;  and  there  Teems  to  be  nothing  to 
direX  his  imagination  in  the  affumption  of  joints,  which, 
however,  ate  abfolutely  liecefTary  for  employing  his 
theory,  becaufe,  without  a  fuppofttion  of  this  kind,  there 
feems  no  conceiving  any  mutual  abutment  of  the  arch 
ftones.  A  fit  a  common,  but  intelligent,  mafon  what 
notion  he  forms  of  filch  an  arch  ?  We  apprehend  that 
he  will  conflder  it  as  no  arch,  but  as  a  lintel,  which 
may  be  broken  like  a  wooden  lintel,  and  which  refills 
entirely  by  its  cohefion.  He  will  not  readily  conceive 
that,  by  cutting  t  he  under  fide  of  a  ftone  lintel  into  an 
arched  form,  and  thus  taking  away  more  than  half  of 
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its  fubftance,  he  has  changed  its  nature  of  a  lintel,  or  Arch, 
given  it  any  additional  ftrength.  Nor  would  there  be 
any  change  made  in  the  way  in  which  fuch  a  mafs  of 
ftone  would  refill  being  broken  down,  if  nothing  were 
done  but  forming  the  under  fide  into  an  arch.  If  the 
lintel  be  fo  laid  on  the  piers  that  it  can  be  broken  with¬ 
out  its  parts  pufhing  the  piers  afide  (which  will  be  the 
cafe  if  ft  lies  on  the  piers  with  horizontal  joints),  it  will 
bieak  like  any  other  lintel;  but  if  the  joints  are  direX- 
ed  downwards,  and  converging  to  a  point  within  the 
arch,  the  broken  ftone  (luppofe  it  broken  at  the  crown 
by  an  overload  in  that  part)  cannot  be  preffed  down 
without  forcing  the  piers  outwards.  Now,  in  this  mode 
of  aXing,  the  mind  cannot  trace  any  thing  of  the  ftati- 
cal  equilibrium  that  we  have  proceeded  on  in  the  fore¬ 
going  theory.  The  two  parts  of  the  broken  lintel  feem 
to  pufh  the  piers  afide  in  the  fame  maimer  that  two 
rafters  pufh  outwards  the  walls  of  a  lioufe,  when  their 
feet  are  not  held  together  by  a  tye-beam.  If  the  piers 
cannot  be  pufhed  afide  (as  when  the  arch  abuts  on  two 
folid  rocks),  nothing  can  piefs  down  the  crewn  which 
does  not  crufh  the  ftone. 

This  concluf  on  will  be  ftriXly  true  if  the  arch  is  of 
fuch  a  form  that  a  ftraight  line  drawn  from  the  crown 
to  the  pier  lies  wholly  within  the  folid  mafonry.  Thus 
if  the  vault  confift  of  two  ftraight  ftones,  as  in  fig.  I . 
or  if  it  confift  of  feveral  ftones,  as  in  fig.  14.  difpofed 
in  two  ftraight  lines,  110  weight  laid  on  the  crown  can 
deftroy  it  in  any  other  w?ay  but  by  crufhing  it  to 
powder.  _  ‘  29 

But  when  ftraight  lines  cannot  be  drawn  from  the  Wheu  it  is 
ovei loaded  part  to  the  firm  abutments  through  the  fo-  to  be  called 
lid  mafonry,  and  when  the  cohefion  of  the  parts  is  not  o^he'buii* 
able  to  withftand  the  tranfverfe  drains,  we  muft  call  the 
principles  of  equilibrium  to  our  aid  ;  andj  in  order  to 
employ  them  with  fafety,  we  muft  conflder  how  they 
are  modified  by  the  excitement  of  the  cohering  forces. 

The  cohefion  of  the  ftones  with  each  other  by  ce¬ 
ment  orotherwife,  has,  in  almofl  every  fituation,  a  bad 
effeX.  It  enables  an  overload  at  the  crown  to  break 
the  arch  near  the  haunches,  caufing  thofe  parts  to  rife, 
and  then  to  fpread  outwards,  juft  as  a  Manfarde  or 
Kirb  roof  would  do  if  the  trufs-beam  which  conneXs 
the  heads  of  the  lower  rafters  were  fawn  through.  This 
can  be  prevented  only  by  loading  that  part  move  than 
is  requifite  for  equilibi  ium.  It  would  be  prudent  to  do 
this  to  a  certain  degree,  becaufe  it  is  by  this  cohefion 
that  the  crown  always  becomes  the  weakeft  part  of  the 
arch,  and  fuffers  more  by  any  occaftonal  load. 

We  expeX  that  it  will  be  faid  in  anfwer  to  all  this, 
that  the  cohefion  given  by  the  ftrongeft  cement  that 
we  can  employ,  nay  the  cohefion  of  the  ftone  itfelf,  is 
a  mere  nothing  in  comparifon  with  the  enormous  thrufts 
that  are  in  a  flate  of  continual  exeition  in  the  different 
parts  of  an  arch.  This  is  very  true  ;  but  there  is  an¬ 
other  force  which  produces  the  fame  effeX,  and  which 
increafes  nearly  in  the  proportion  that  thofe  thrufts  in- 
creafe,  becaufe  it  arifes  from  them.  This  is  the  friXion 
of  the  ftones  on  each  other.  In  dry  freeftone  this  fric¬ 
tion  confiderably  exceeds  one  half  of  the  mutual  pref- 
fure.  The  refleXing  reader  will  fee  that  this  produces 
the  fame  effeX,  in  the  cafe  under  conflderation,  that  co¬ 
hefion  would  do  ;  for  while  the  arch  is  in  the  aX  of 
failing,  the  mutual  prefTure  of  the  arch  ftones  is  aXing 
with  full  force,  and  thus  produces  a  friXion  more  than 

adequate 
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Arch.  adequate  to  all  the  effe&s  we  have  been  fpeaking 

^  r  When  thefe  circumftances  are  confidered,  we  imagine 
the  break-  that  it  will  appear  that  an  arch,  when  expoled  to  a 
jng  of  an  gre^t  overload  on  the  crown  (or  indeed  on  any  part), 
arch.  divides,  of  itielf,  into  a  number  of  parts,  each  of  which 

contains  as  many  arch  (tones  as  can  be  pierced  (To  to 
(peak)  by  one  ftraight  line,  and  that  it  may  then  be 
confidered  as  nearly  in  the  fame  fituation  with  a  poly¬ 
gonal  arch  of  long  (tones  butting  on  each  other  like  fo 
many  beams  in  a  Norman  roof  (lee  Roof,  n°  49.),  but 
without  their  braces  and  ties.  It  tends  to  break  at  all 
thofe  angles ;  and  it  is  not  fnfficiently  refilled  there, 
becaufe  the  materials  with  which  the  flanks  are  filled 
up  have  fo  little  cohefion,  that  the  angle  feels  no  load 
except  what  is  immediately  above  it ;  whereas  it  fhould 
be  immediately  loaded  with  all  the  weight  which  is  dif- 
fufed  over  the  adjoining  fide  of  the  polygon.  This  will 
be  the  cafe,  even  though  the  curvelineal  arch  be  per- 
fediy  equilibrated.  We  recoiled  forne  circumftances  in 
the  failure  of  a  confiderable  arch,  which  may  be  worth 
mentioning.  It  had  been  built  of  an  exceedingly  foft 
and  friable  (tone,  and  the  arch  ftones  were  too  (hort. 
About  a  fortnight  before  it  fell,  chips  were  obferved 
to  be  dropping  o(F  from  the  joints  of  the  archllones 
about  ten  feet  on  each  fide  of  the  middle,  and  alfo  from 
another  place  on  one  fide  of  the  arch,  about  twenty 
feet  from  its  middle.  The  mafons  in  the  neighbourhood 
prog noftica ted  its  fpeedy  downfal,  and  laid  that  it 
would  feparate  in  thofe  places  where  the  chips  were 
breaking  off.  At  length  it  fell ;  but  it  firft  fplit  in 
the  middle,  and  about  15  or  16  feet  on  each  fide,  and 
alfo  at  the  very  fpringing  of  the  arch.  Immediately 
before  the  fall  a  fhivering  or  crackling  noife  was  heard, 
and  a  great  many  chips  dropped  down  from  the  middle 
between  the  two  places  from  whence  they  had  dropped 
a  fortnight  before.  The  joints  opened  above  at  thofe 
new  places  above  two  inches,  and  in  the  middle  of  the 
arch  the  joints  opened  below,  and  in  about  five  minutes 
after  this  the  whole  came  down.  Even  this  movement 
was  plainly  diflinguifhable  into  two  parts.  The  crown 
funk  a  little,  and  the  haunches  rofe  very  fenfibly,  and 
in  this  (late  it  hung  for  about  half  a  minute.  The 
arch  (tones  of  the  crown  were  hanging  by  their  up¬ 
per  corners.  When  thefe  fplintered  off,  the  whole  fell 
down. 

We  apprehend  that  the  procedure  of  nature  was  fome- 
v/hat  in  this  manner.  Straight  lines  can  be  drawn 
within  the  archllones  from  A.  (fig.  15.)  to  B  and  D, 
and  from  thofe  points  to  C  and  E.  Each  of  the  por¬ 
tions  ED,  DA,  AB,  BC,  refift  as  if  they  were  of  one 
(lone,  compofing  a  polygonal  vault  ED  ABC.  When 
this  is  overloaded  at  A,  A  can  defeend  in  no  other  way 
than  by  pufhing  the  angles  B  and  D  outwards,  caufing 
the  portions  BC,  DE,  to  turn  round  C  and  E.  This 
motion  muff  raife  the  points  B  and  D,  and  caufe  the 
arch  ftones  to  prefs  on  each  other  at  their  inner  joints 
b  and  d.  This  produced  the  copious  fplintering  at  thofe 
joints  immediately  preceding  the  total  downfal.  The 
fplintering  which  happened  a  fortnight  before  arofe  from 
this  circumftance,  that  the  lines  AB  and  AD,  along 
which  the  pit-fltire  of  the  overload  was  propagated,  were 
tangents  to  the  foffit  of  the  arch  in  the  points  F,  H, 
and  G,  and  therefore  the  drain  lay  all  on  thofe  corners 
of  the  arch  ftones,  and  fplintered  a  little  from  off  them 


till  the  whole  took  a  firmer  bed.  The  fnbfequent  phe-  Arch, 
nomena  are  evident  confequences  of  this  diltnbution  and 
modification  of  preffurc,  and  can  hardly  be  explained  in 
any  other  way;  at  lead  not  on  the  theoretical  principles 
already  fet  forth  :  for  in  this  bridge  the  loads  at  B  and 
D  were  very  con fiderably  greater  than  what  the  equili¬ 
brium  required  ;  and  we  think  that  the  fir  ft  obferved 
fplintering  at  H,  F,  and  G,  was  mod  iriftrudivc,  (bow¬ 
ing  that  there  was  an  extraordinary  preftureat  the  inner 
joints  in  thofe  places,  which  cannot  be  explained  by  the 
ufual  theory. 

Not  latisfied  with  this  (ingle  ob'ervation,  after  this 
way  of  explaining  it  occurred  to  us,  and  not  being  able 
to  find  any  fimilar  fad  on  record,  the  writer  of  this  ar¬ 
ticle  got  fome  fmall  models  of  arches  executed  in  chalk, 
and  (nbjeded  them  to  many  trials,  in  hopes  of  collect¬ 
ing  fome  general  laws  of  the  internal  workings  of  arch¬ 
es  which  finally  produce  their  dovvnhl.  He  had  the 
pleafure  of  obferving  the  above  mentioned  eifeumftan- 
ces  take  place  very  regularly  and  uniformly,  when  he 
overloaded  the  models  at  A.  The  arch  always  broke 
at  fome  place  B  confiderably  beyond  another  point  F, 
where  the  fird  chipping  had  been  obferved.  This  is  a 
method  of  trial  that  deleaves  the  attention  both  of  the 
fpecnlatiil  and  the  praditioner. 

If  thefe  reflections  are  any  thing  like  a  juft  account 
of  the  procedure  of  nature  in  the  failure  of  an  arch,  it 
is  evident  that  the  ingenious  mathematical  theory  of 
equilibrated  arches  is  of  little  value  to  the  engineer. 

We  ventured  to  fay  as  much  already,  and  we  refted  a 
good  deal  on  the  authority  of  Sir  Chriftopher  .Wren. 

He  was  a  good  mathematician,  and  delighted  in  the  ap¬ 
plication  of  this  fcience  to  the  arts.  He  was  a  celebra¬ 
ted  architeCl;  and  his  reports  on  the  various  works  com¬ 
mitted  to  his  charge,  (how  that  he  was  in  the  continual 
habit  of  making  this  application.  Several  fpecimens 
remain  of  his  own  methods  of  applying  them.  The  roof 
of  the  theatre  of  Oxford,  the  roof  of  the  cupola  of 
St  Paul’s,  and  in  particular  the  mould  on  which  he 
turned  the  inner  dome  of  that  cathedral,  are  proofs  of 
his  having  ftudied  this  theory  moft  attentively.  He 
fiourifhed  at  the  very  time  that  it  occupied  the  attention 
of  the  greateft  mechanicians  of  Europe  ;  but  there  is 
nothing  to  be  found  among  his  papers  which  (hows 
that  he  had  paid  much  regard  to  it.  On  the  contrary, 
when  he  has  occafion  to  deliver  his  opinion  for  the  in- 
ftrudion  of  others,  and  to  explain  to  the  Dean  and 
Chapter  of  Weftminfter  his  operations  in  repairing  that 
collegiate  church,  this  great  archited  confiders  an  arch 
juft  as  a  fenfible  and  fagacious  mafon  would  do,  and 
very  much  in  the  way  that  we  have  juft  now  been  treat¬ 
ing  it:  (See  Account  of  the  Family <  of  JVren ,  p.  356, 

&c. )  Supported  therefore  by  finch  authority,  we  would 
recommend  this  way  of  confidering  an  arch  to  the  ftudy 
of  the  mathematician  ;  and  we  would  defire  the  expe¬ 
rienced  mafon  to  think  of  the  moft  efficacious  methods 
for  refilling  this  tendency  of  arches  to  rife  in  the  flanks. 
Unfortunately  there  feems  to  be  no  precife  principle  to 
point  out  the  place  where  this  tendency  is  moft  remark¬ 
able. 

We  are  therefore  highly  pleafed  with  the  ingeniout 
contrivance  of  Mr  Mylne,  the  archited  of  Blackfriars 
Bridge  in  London,  by  which  he  determines  this  point 
with  precifion,  by  making  it  impoffible  for  the  over¬ 
loaded  arch  to  ipring  in  any  other  place.  Having  thus 
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Conft  ruc¬ 
tion  of 


confined  the  failure  to  a  particular  fpot,  he  with  equal 
i*^*'r***^  art  oppofes  a  reiiilance  which  he  believes  to  be  fuffi- 
cient  ;  and  the  prefent  condition  of  that  noble  bridge, 
which  does  not  in  any  place  fhow  the  fmalleft  change 
of  lhape,  proves  that  he  wa3  not  miftaken.  Looking 
on  this  work  as  the  fir  ft,  or  at  leaft  the  fecond,  fpeci- 
men  of  mafonic  ingenuity  that  is  to  be  feen  in  the 
world,  we  imagine  that  our  readers  will  be  pleafed  with 
a  particular  account  of  its  mod  remarkable  circum- 
ftances. 

The  fpan  la  (fig.  16  )  of  the  middle  arch  is  100 
feet,  and  its  height  DV  is  40,  and  the  thicknefs  KV 
BUckfriars  0f  the  crown  is  fix  feet  feven  inches.  Its  form  is  nearly 
IU  elliptical ;  the  part  AVZ  being  an  arch  of  a  circle 
whofe  centre  is  C,  and  radius  56  feet,  and  the  two  la¬ 
teral  portions  A  k  B  and  Z  a  E  being  arches  deferibed 
with  a  radius  of  35  feet  nearly.  The  thicknefs  of  die 
pier  at  a  b  is  19  feet.  The  thicknefs  of  the  arch  in- 
creafes  from  the  crown  V  to  Y,  where  it  is  eight  or 
nine  feet.  All  the  arch  Hones  have  their  joints  direfted 
to  the  centres  of  their  curvature.  The  joints  are  all 
joggled,  having  a  cubic  foot  of  hard  done  let  half  way 
into  each.  By  this  contrivance  the  joints  cannot  Aide, 
nor  can  any  weight  laid  on  the  crown  ever,  break  the 
arch  in  that  part,  if  the  piers  do  not  yield  ;  for  a 
draight  line  from  the  middle  of  KV  to  the  middle  of 


built  up  to  their  intended  height,,  the  thruft  of  the 
arches  fqucczes  the  rubble- work -horizontally,  after  the  * 
mortar  has  fet,  but  before  it  has  dried  and  acquired  its 
utmod  hardnefs.  Its  bond  is  broken  by  this  motion, 
and  it  is  fqneezed  up,  and  never  acquires  its  former  firm* 
nefs.  This  is  effectually  prevented  by  the  preffure  ex* 
erted  by  the  back  o-  the  inverted  arch. 

Above  this  counter  arch  is  another  mafs  of  courfed 
rubble,  and  all  is  covered  by  a  horizontal  cotirfe  of  large 
blocks  of  Portland  done,  butting  againd  the  back  of 
the  arch' done  ZI  and  its  correfponding  one  in  the  ad¬ 
joining  arch.  This  courfe  connects  the  feet  ©f  the  two 
arches,  preserves  the  rubble- work  from  too  great  com- 
preifion,  and  protects  it  from  foaking  water.  This  lad 
circumdance  is  important ;  for  if  the  water  which  falls 
on  the  road- way  is  not  carried  off  in  pipes,  it  foaka 
through  the  gravel  or  other  rubbifh,  reds  on  the  mortar, 
and  keeps  it  continually  wer  and  foft.  It  cannot  efcape 
through  the  joints  of  good  mafonry,  ar.d  therefore  fills 
up  this  part  like  a  funnel. 

Suppoftng  the  adjoining  arch  fallen,  and  all  tumbled 
off  that  is  not  withheld  by  its^fituation,  there  will  Bill 
remain  in  the  pier  a  rnafs  of  about  3500  tons.  The 
weight  of  the  portion  VY  is  about  2000  tons.  The 
directions  of  the  thrrids  RY  and  YF  are  fuch,  that  it 
would  require  a  load  of  4500  tons  on  VY  to  overturn 


Arch. 


the  joint  YI  is  contained  within  the  folid  mafonry,  and  the  pier  round  F.  This  exceeds  V\  by  2500  ton3;  a 
does  not  even  come  near  the  inner  joints  of  the  arch  weight  incomparably  greater  than  any  that  can  ever  be 


{tones.  Therefore  the  whole  redds  like  one  done,  and 
can  be  broken  only  by  crufhing  it.  The  joint  at  Z  is 
very  nearly  perpendicular  to  a  line  YF  drawn  to. the 
outer  edge  of  .  the  foundation  of  the  pier.  By  this  it 
was  intended  to  take  off  all  tendency  of  the  preffure  on 
the  joint  d Z  to  overfet  the  pier;  for  if  we  fuppofe,  ac¬ 
cording  to  the  theory  of  equilibration,  that  this  preffure 
13  neceffarily  exerted  perpendicularly  to  the  joint,  its 
direction  paffes  through  the  fulcrum  at  F,  round  which 
it  is  thought  that  the  pier  muff  turn  in.  the  aft  of  over- 
fetting.  This  precaution  was  adopted,  in  order  to  make 
the  arch  quite  independent  of  the  adjoining  arches  ;  fo 
that  although  any  of  them  {hould  fall,  this  arch  fhould 
run  no  rifle. 

Still  farther  to  fecure  the  independence  of  the  arch, 
the  following  conftruftion  was  praftifed  to  unite  it  into 
one  mafs,  which  {hould  rife  all  together.  All  below  the 
line  a  b  is  built  oflarge  blocks  of  Portland  done,  dove¬ 
tailed  with  found  oak.  Four  places  in  each  courfe  are 
interrupted  by  equal  blocks  of  a  hard  done  called  Ken- 
ttjh  rag,  funk  half  way  in  each  courfe.  Thefe  aft  as 
joggles,  breaking  the  courfes,  and  preventing  them  from 
Aiding  laterally. 

The  portion  a  Y  of  the  arch  is  joggled  like  the  up¬ 
per  part.  The  interior  part  is  filled  up  with  large  blocks 

Kentifli  rag,  forming  a  kind  of  courfed  rubble- work, 
the  courfes  tending  to  the  centres  of  the  arch.  The 
-under  corner  of  each  arch  done  projefts  over  the  one 
below  it.  By  this  form  it  takes  fad  hold  of  the  rubble- 
work  behind  it.  Above  this  rubble  there  is  conftruft- 
ed  the  inverted  arch  I  e  G  of  Portland  done.  This  arch 
{hares  the  preffure  of  the  two  adjoining  arches,  along 
with  the  arch  {tones  in  Y a  and  in  Go.  Thus  all  tend 
together  to  coinprefs  and  keep  down  the  rubble- work 
in  the  heart  of  this  part  of  the  pier.  This  is  a  very 
ufe fill  precaution  ;  for  it  often  happens,  that  when  the 
centres  of  the  arches  are  (truck,  before  the  piers  arc 


laid  on  it. 

Such  is  the  ingenious  condruftion  of  Mr  Mylne.  It 
evidently  proceeds  on  the  principles  recommended  above; 
principles  which  have  occurred  to  his  experience  and 
fagacious  mind  during  the  courfe  of  his  extenfive  prac¬ 
tice.  We  have  feen  attempts  by  other  engineers  to 
with  Hand  the  horizontal  thruft  s  of  the  arch  by  mean3 
of  counter  arches  inferted  in  the  fame  manner  as  here, 
but  extending  much  farther  over  the  main  arch  ;  but 
they  did  not  appear  to  be  well  calculated  for  producing 
this  effeft.  A  counter  arch  fpringing  from  any  point 
between  Y  and  V  has  no  tendency  to  hinder  that  point 
from  riling  by  the  linking  of  the  crown  ;  and  fuch  a 
counter  arch  will  not  refill  the  precifely  horizontal  thrud 
fo  well  as  the  ilraight  courfe  of  Mr  Mylne. 


3* 


The  great  incorporation  of  architefts  who  built  the  Origin  of 
cathedrals  of  Europe  departed  entirely  from  the  llyles  die  Gothic 
of  ancient  Greece  and  Rome,  and  introduced  another,  arclles#  , 
in  which  arcades  made  the  principal  part  Not  finding 
in  every  place  quarries  Irom  which  blocks  could  be 
railed  in  abundance  of  fufficient  fixe  for  forming  the  far- 
projefting  corniches  of  the  Greek  orders,  they  lelin- 
quilhed  thole  proportions,  and  adopted  a  ffyle  of  orna¬ 
ment  which  required  no  fuch  projections  :  and  having 
fubdituted  arches  for  the  horizontal  architrave  or  lintel, 
they  were  now  able  to  ereft  buildings  of  vaft  extent 
with  lpacious  openings,  and  all  this  with  very  Imali 
pieces  of  {tone.  The  form  which  had  been  adopted  tor 
a  Chiiftian  temple  occalioned  many  interfeftions  of 
vaultings,  and  multiplied  the  arches  exceedingly.  Con- 
dant  praftice  gave  opportunities  of  giving  every  pofiible 
variety  of  thefe  interfeftions,  and  taught  the  art  ot  ba¬ 
lancing  arch  againd  arch  in  every  variety  of  fituation. 

An  art  fo  multifarious,  and  fo  much  out  of  the  road 
of  ordinary  thought,  could  not  but  become  an  object, 
of  fond  ftudy  to  the  architefts  mod  eminent  for  inge¬ 
nuity 
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Arch,  nuity  and  invention.  Becoming  thus  the  dupes  of  their 
^  own  ingenuity,  they  were  fond  of  difplaying  it  even 
when  not  neceffary.  At  laft  arches  became  their  princi¬ 
pal  ornament,  and  a  wall  or  ceiling  waj  not  thought  dref- 
fed  out  as  it  fhould  be  till  filled  full  of  mock  arches, 
eroding  and  butting  on  each  other  in  every  direction. 
In  this  procefs  in  their  ceilings  they  found  that  the  pro¬ 
jecting  mouldings,  which  we  now  call  the  Gothic  trace¬ 
ry,  formed  the  chief  fupports  of  the  roofs.  The  plane 
fuifaces  included  between  thofe  ribs  were  commonly 
vaulted  with  very  fmall  ftoues,  feldom  exceeding  fix  or 
eight  inches  in  thicknels.  This  tracery  therefore  was 
not  a  random  ornament.  Evtry  rib  had  a  polition  and 
direction  that  \va3  not  only  proper,  but  even  neceffary. 
Habituated  to  this  fcientific  arrangement  of  the  mould¬ 
ings,  they  did  not  deviate  from  it  when  they  ornament¬ 
ed  a  fmooth  furface  with  mock  arches  ;  and  in  none  of 
the  highly  ornamented  ancient  buildings  will  we  find 
Degenera-  any  falfe  pofitions.  This  is  by  no  means  the  cafe  in 
<cy  of  that  many  of  the  modern  imitations  of  Gothic  archite&lire, 
£y*e*  even  by  our  belt  architects.  Ignorant  of  the  directing 
principle,  or  not  attending  to  it,  in  their  ftucco  work, 
they  pleafe  the  unlkilled  eye  with  pretty  radiated  fi¬ 
gures  ;  but  in  thefe  we  frequently  fee  fuch  abutments 
of  mouldings  as  would  infallibly  break  the  arches,  if 
thefe  mouldings  were  really  performing  their  ancient 
office,  and  iupporting  a  vaulting  of  confiderable  extent. 
Nay,  this  began  even  before  the  Gothic  ftyle  was  finally 
abandoned.  Several  inftances  are  to  be  found  in  the 
highly  enriched  vaultings  of  New  College,  and  Chrift 
Church  in  Oxford,  in  St  George’s  Chaoel  at  Wind  for, 
and  Henry  VII.’s  Chapel  in  Weftminfter. 

We  call  the  middle  ages  rude  and  barbarous ;  but 
there  was  furely  much  knowledge  in  thofe  who  could 
execute  fuch  magnificent  and  difficult  works.  The 
working  drafts  which  were  neceffary  +or  fuch  varieties 
of  oblique  interfeClions  muft  have  required  confiderable 
fkill,  and  would  at  prefent  occupy  many  very  expenfive 
volumes  of  mafons  jewels ,  and  carpenters  manuals ,  and 
the  like.  All  this  knowledge  was  kept  a  profound  ie- 
cret  by  the  corporation,  and  on  its  breaking  up  we  had 
all  to  learn  again. 

There  is  no  appearance,  however,  that  thofe  archi¬ 
tects  had  ftudied  the  theory  of  equilibrated  arches. 

J  hey  had  adopted  an  arch  which  was  very  ftrong,  and 
permitted  confiderable  irregularities  of  preffure — we 
mean  the  pointed  atch.  The  very  deep  mouldings  with 
34  which  it  was  ornamented,  made  the  arch  ftones  very 
Great  fkill  l°ng  m  proportion  to  the  fpan  of  the  arch.  But  they 
the  a-  had  ftudied  the  mutual  thruft  of  arches  on  each  other 

architect!  Wlt^-  8reat  care  ’  anc^  ^ey  contrived  to  make  every  in. 

vention  for  this  purpofe  become  an  ornament,  fo  that 
the  eye  required  it  as  a  neceffary  part  of  the  building. 
Thus  we  frequently  fee  fmall  buildings  having  buttreffes 
at  the  Tides.  Thefe  are  neceffary  in  a  large  vaulted 
building,  for  withftanding  the  outward  thruft  of  the 
vaulting ;  but  they  are  uielefs  when  we  have  a  flat  ceil¬ 
ing  within.  Pinnacles  on  the  heads  of  the  buttreffes 
are  now  confidcred  as  ornaments ;  but  originally  they 
were  put  there  to  increale  the  weight  of  the  burtrefs : 
even  the  great  tower,  in  the  centre  of  a  cathedral, 
which  now  conftitutes  its  great  ornament,  is  a  load  al- 
mofl  indifpenfably  neceffary,  for  enabling  the  four  prin¬ 
cipal  columns  to  withftand  the  combined  thruft  of  the 
aifles,  of  the  nave,  and  tranfeptg.  In  fhort,  the  more 
£upm,.  Vol.  I.  Part  I. 


clofcly  we  examine  the  ornaments  of  this  architecture,  Arch, 
the  more  fhall  we  perceive  that  they  are  effentiai  parts,  — ~ v“— «■ 
or  derived  from  them  by  imitation  ;  and  the  more  we 
confider  the  whole  ftyle  of  it,  the  more  clearly  do  we 
fee  that  it  is  all  deduced  from  the  relifh  for  arcades,  in¬ 
dulged  in  the  extreme,  and  pufhed  to  the  limit  of  pof- 
Ability  of  execution. 

35 

•  There  is  another  fpecies  of  arch  which  muft  not  be  Dome  or 
overlooked,  namely,  the  Dome  or  Cupola,  with  all  its  cupola 
varieties,  which  include  even  the  pyramidal  fteeple  or 
fpire. 

.It  is  evident  that  the  eredion  of  a  dome  is  alfo  a 
fcientific  art,  proceeding  on  the  principles  of  equilibra- 
tion,  and  that  thefe  principles  admit  and  require  the 
fame  or  fimilar  modifications,  in  confequence  of  the  co- 
hefion  and  friction  of  the  materials.  At  fir  ft  fight,  too, 
a  dome  appears  a  more  difficult  piece  of  work  than  a 
plain  arch ;  but  when  we  obferve  potters  kilns  and 
glafshoufe  domes  and  cones,  of  vaft  extent,  ereCted  by 
ordinary  bricklayers,  and  with  materials  vaftly  inferior 
in  iize  to  what  can  be  employed  in  common  arches  of 
equal  extent,  we  muft  conclude  that  the  circumftancc  of 
curvature  in  the  horizontal  direction,  or  the  abutment 
of  a  circular  bafe,  gives  fome  affiftance  to  the  artift.  Of 
this  we  have  complete  demonftration  in  the  cafe  of  the 
cone.  We  know  that  a  vaulting  in  the  form  of  a  pent 
roof  could  not  be  executed  to  any  confiderable  extent, 
and  would  be  extremely  hazardous,  even  in  the  fmallell 
dimenfions ;  while  a  cone  of  the  greateft  magnitude  can 
be  raifed  with  very  fmall  ftones,  provided  only  that  we 
prevent  the  bottom  from  flying  out,  by  a  hoop,  or  any 
fimilar  contiivance.  And  when  we  think  a  little  of  the  Of  eafier 
matter,  we  fee  plainly,  that  if  the  horizontal  fedion  bec!  nlimc- 
perfeCtly  round,  and  the  joints  be  all  dire&ed  to  the.^01Ja^att 
axis,  they  all  equally  endeavour  to  Aide  inwards,  wliile  ai^in 
no  reafon  can  be  offered  why  any  individual  ftone  fhould 
prevail.  They  are  all  wedges,  and  operate  only  as 
wedges.  When  we  confider  any  Angle  courfe,  there¬ 
fore,  we  fee  that  it  cannot  fall  in,  even  though  it  may 
be  part  of  a  curve  which  could  not  fland  as  a  common 
arch  ;  nay,  we  fee  that  a  dome  may  be  conftruded,  ha¬ 
ving  the  convexity  of  the  curve,  by  the  revolution  of 
which  it  is  formed,  turned  towards  the  axis,  fo  that  the 
outline  is  concave.  We  fhall  afterwards  find  that  this 
is  a  ftronger  dome  by  far  than  if  the  convexity  were 
outwards,  as  in  a  common  arch.  We  fee  alfo  that  a 
cone  may  be  loaded  on  the  top  with  the  greateft  weight, 
without  the  fmalleft  danger  of  forcing  it  down,  io 
long  as  the  bottom  courfe  is  firmly  kept  from  burfling 
outwards.  The  ftone  lanthern  on  the  top  of  St  Paul's 
cathedral  in  London  weighs  feveral  hundred  tons,  and 
is  carried  by  a  brick  cone  of  eighteen  inches  thick,  with 
perfect  fafety,  as  long  as  the  bottom  courfe  is  prevent¬ 
ed  from  burftiug  outwards.  The  reafon  is  evident : 

The  preffure  on  the  top  is  propagated  along  the  cone 
in  the  direction  of  the  flant  fide  ;  and,  fo  far  from  ha¬ 
ving  any  tendency  to  break  it  in  any  part,  it  tends  ra¬ 
ther  to  prevent  its  being  broken  by  any  irregular  pref¬ 
fure  from  foreign  caufes. 

For  the  fame  reafons  the  o&agonal  pyramids,  which  pro  .^cotlm 
form  the  fpires  of  Gothic  architecture,  are  abundantly  ruction  of 
firm,  although  very  thin.  The  fides  of  the  fpire  of  diagonal 
Salifbury  cathedral  are  not  eight  inches  thick  after  thePyrami(k* 
odagon  is  fully  formed.  It  is  proper,  however,  to  di- 
D  red 
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Arch.  redl  the  joint?  to  the  axis  of  the  pyramid*  £nd  to  make 
the  courting  joints  perpendicular  to  the  flant  fide,  be- 
caufe  the  proje&ing  mouldings  which  run  along  the 
angle*  are  the  abutments  on  which  the  whole  pannel 
depends.  A  confidernble  art  is  neceffary.for  fupporting 
thofe  pannels  or  fides  of  the  oftagon  which  fpring  from 
the  angles  of  the  fquare  tower.  This  is  done  by  be¬ 
ginning  a  very  narrow  pointed  arch  on  the  fquare  tower 
at  a  gr-eat  diflance  below  the  top  ;  fo  that  the  legs  of 
the  arch  being  very  long,  a  ftraight  line  may  be  drawn 
from  the  to /of  the  keyftone  of  the  arch  through  the 
whole  arch  ftones  of  the  legs.  By  this  difpofition  the 
thrufts  anting  from  the  weight  of  thefe  four  pannels  are 
made  to  meet  on  the  matfive  mafonry  in  the  middle  of 
the  fides  of  the  tower,  at  a  great  diftance  below  the 
fpringing  of  the  fpire.  This  part,  being  loaded  with 
the  great  mafs  of  perpendicular  wall,  is  fully  able  to 
withfland  the  horizontal  thruft  from  the  legs  of  thofe 
arches.  In  many  fpires  thefe  thrufts  arc  {till  farther  re- 
' lifted  by  iron  bars  which  crofs  the  tower,  and  are  hook¬ 
ed  into  pieces  of  brais  firmly  bedded  in  the  mafonry  of 
the  lides.  #  # 

Examples  There  is  much  nice  balancing  of  this  kind  to  be  ob- 
of fuch con- ferved  in  the  highly  ornamented  open  fpires;  fuch  as- 
ftrudiion.  tkofe  of  Bruffels,  Mechlin,  Antwerp,  &c.  We  have 
not  many  of  this  fort  in  Britain.  In  thofe  of  great 
magnitude,  the  judicious  eye  wilt  difcover  that  parts, 
which  a  common  fpe&ator  would  confider  are  mere  or¬ 
naments,  are  neceffary  for  completing  the  balance  of  the 
whole.  Tall  pinnacles,  nay,  even  pillars- carrying  eata- 
blatures  and  pinnacles',  arc  to  be  feeii  Handing  on  the 
middle  of  the  {lender  leg  of  an  arch.  On  examination, 
we  find  that  this  is  neceiTary,  to  prevent  the  arch  from 
fpringing  upwards  in  that  place  by  the  preffure  at  the 
crown.  The  fteeple  of  the  cathedral  of  Mechlin  was  the 
rooft  elaborate  piece  of  architecture  in  this  tafte  in  the 
woild,  and  was  really  a  wonder  ;  but  it  was  not  calcu- 
*  lated  to  withftand  a  bombardment,  which  deftroyed  it 
in  1578. 

Such  frequent  examples  of  irregular  and  whimfical 
buildings  of  this  kind,  fhow  that  great  liberties  may  be 
taken  with  the  principle  of  equilibration  without  rifle, 
if  we  take  care  to  fecure  the  bafe  from  being  thruft 
outwards.  This  may  always  be  done  by  hoops,  which 
can  be  concealed  in  the  mafonry ;  whereas,  in  common 
arches,  thefe  ties  would  be  vifible,  and  would  offend  the 
eye. 

It  is  now  time  to  attend  to  the  principle  of  equili¬ 
brium,  as  it  operates  in  a  fimple  circular  dome,  and  to 
determine  the  thicknefs  of  the  vaulting  when  the  curve 
is  given,  or  the  curve  when  the  thicknefs  is  given. 

Plate  If.  Therefore,  let  B  b  A  (fig.  17.)  be  the  curve  which  pro- 
39  duces  the  dome  by  revolving  round  the  vertical  axis  AD. 
Stability  of  We  fhall  fuDpofe  this  curve  to  be  drawn  through  the 
a  dome  de-  ml^gle  Qf  the  arch  Hones,  and  that  the  courfing  or 
pends  on  horj20ntal  joints  are  every  where  perpendicuar  to  the 
curve.  We  fhall  fuppofe  (as  is  always  the  cafe)  that 
the  thicknefs  KL,  HI,  &c.  of  the  arch  ftones  is  very 
fmall  in  comparifon  with  the  dimenfions  of  the  arch. 
If  we  confider  any  portion  HA  h  of  the  dome,  it  is 
plain  that  it  preffes  on  the  courfe,  of  which  HL  is  an 
arch  Hone,  in  a  dire&ion  b  C  perpendicular  to  the  joint 
HI,  or  in  the  dire&ion  of  the  next  fuperior  element 
/3  b  of  the  curve.  As  we  proceed  downwards,  courfe  af¬ 
ter  courfe,  we  fee  plainly  that  this  dire&ion  mull 
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change,  becaufe  the  weight  of  each  courfe  is  fuperadded 
to  that  of  the  portion  above  it,  to  complete  the  preffure 
on  the  courfe  *  below.  Through  B  draw  the  vertical 
line  BCG,  meeing  fib,  produced  in  C.  We  may  take 
^to  prefs  the  preffure  of  all  that  is  above  it,  propa¬ 
gated  in  this  direction  to  the  joint  KB.  We  may  alfo 
fuppofe  the  weight  <vf  the  courfe  HL  united  in  b9  and 
a&ing  on  the  vertical.  Let  it  be  reprefented  by  h  F. 

If  we  form  the  parallelogram  b  FGC,  the  diagonal  b  G 
will  reprefent  the  dirt&ion  and  intenfity  of  the  whole 
preffure  on  the  joint  KL.  Thus  it  appears  that  this 
preffure  is  continually  changing  its  direction,  and  that 
the  line,  which  will  always  coincide  with  it,  mud  be  & 
curve  concave  downward.  If  this  be  precifely  the 
curve  of  the  dome,  it  will  be  an  equilibrated  vaulting  ; 
but  fo  far  from  being  the  ftrongeft  form,  it  is  the 
weakeft,  and  it  is  the  limit  to  an  infinity  of  others,  which 
are  all  ftronger  than  it.  This  will  appear  evident,  if 
we  fuppofe  that  b  G  does  not  coincide  with  the  curve 
Ab  B,  but  paffes  without  it.  As  we  fuppofe  the  arch 
ftones  to  be  exceedingly  thin  from  infide  to  outfide,  it  is 
plain  that  this  dome  cannot  Hand,  and  that  the  weight  of 
the  upper  part  will  prefs  it  down,  and  fpring  the  vault¬ 
ing  outwards  at  the  joint  KL.  But  let  us  fuppofe,  on 
the  other  hand,  that  b  G  falls  within  the  curvelineal  cle¬ 
ment  b  B.  litis  evidently  tends  to  pufti  the  arch  ftone 
inward,  toward  the  axis,  and  would  caufe  it  to  Hide  in, 
fince  the  joints  are  fuppofed  perfectly  fmooth  and  flip¬ 
ping.  But  fince  this  takes  place  equally  in  every  Hone 
of  this  courfe,  they  mid  all  abut  on  each  other  in  the 
vertical  joints,  fqueezing  them  (irmly  together.  There¬ 
fore,  refolving  the  thruft  b  G  into  two,  one  of  which  is 
perpendicular  to  the  joint  KL,  and  the  other  parallel  to 
it,  we  fee  that  this  laft  thruft  is  withftood  by  the  verti¬ 
cal  joints  all  around,  and  there  remains  only  the  thruft 
in  the  dire&ion  of  the  curve.  Such  a  dome  mud  there¬ 
fore  be  firmer  than  an  equilibrated  dome,  and  cannot 
be  fo  eafily  broken  by  overloading  the  upper  part* 

When  the  curve  is  concave  upwards,  as  in  the  lower 
part  of  the  figure,  the  line  b  C  always  falls  below  b  B, 
and  the  point  C  below  B.  When  the  curve  is  concave 
downwards,  as  in  the  upper  part  of  the  figure,  'bO 
paffes  above,  or  without  b  B.  The  curvature  may  be 
fo  abrupt,  that  even  V  G'  fhall  pafs  without  'b  B  ,  and 
the  point  Gr  is  above  B'.  It  is  alfo  evident  that  the 
force  which  thus  binds  the  ftones  of  a  horizontal  courfe 
too-etlier,  by  pufhing  them  towards  the  axis,  will  be 
greater  in  fiat  domes"  than  in  thofe  that  are  more  con¬ 
vex;  that  it  will  be  flill  greater  in  a  cone  ;  and  greacer 
ft  ill  in  a  curve  whofe  convexity  is  turned  inwards:  for 
in  this  laft  cafe  the  line  b  G  will  deviate  moft  remark¬ 
ably  from  the  curve.  Such  a  dome  will  ftand  (having 
polifhed  joints)  if  the  curve  fprings  from  the  bale  with 
any  elevation,  however  fmall  ;  nay,  fince  the  fridlion  of 
two  pieces  of  ftone  is  not  lefs  than  half  ol  their  mutual 
preffure,  fuch  a  dome  will  ftand,  although,  the  tangent 
to  the  curve  at  the  bottom  fhould  be  horizontal,  pro¬ 
vided  that  the  horizontal  thruft  be  double  the  weight 
of  the  dome,  which  may  eafily  be  the  cafe  if  it  do  not 
rife  high. 

Thus  we  fee  that  the  {lability  of  a  dome  depends  on  Different 
very  different  principles  from  that  of  a  common  arch,*™^1^^ 
and  is  in  general  much  greater.  It  differs  alfo  in  ano-mon  arck> 
ther  very  important  circumftance,  viz.  that  it  may  be 
open  in  the  middle  :  for  the  nppermoil  courfe,  by  tend¬ 
ing 
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A^h.  ing  equally  in  every  part  to  Hide  in  toward  the  axis, 
'  p redes  all  together  in  the  vertical  joints,  and  a&s  on  the 
next  courfe  like  the  key  done  of  a  common  arch. 
Therefore  an  arch  of  equilibration,  which  is  the  weak- 
eil  of  all,  may  be  open  in  the  middle,  and  carry  at  top 
another  building,  (uch  as  a  lanthern,  if  its  weight  do 
not  exceed  that  of  the  circular  ferment  of  the  dome  that 
is  omitted.  A  greater  load  than  this  would  indeed 
break  the  dome,  by  caufmg  it  to  fpring  up  in  fome  of 
the  lower  courfes;  but  this  load  may  be  increafed  if  the 
curve-  is  flatter  than  the  curve  of  equilibration  :  and 
any  load  whatever,  which  will  not  crufh  the  (tones  to 
powder,  may  be  fet  on  a  truncate  cone,  or  on  a  dome 
formed  by  a  curve  that  is  convex  toward  the  axis  ;  pro¬ 
vided  always  that  the  foundation  be  effe&ually  prevent¬ 
ed  from  flying  out,  either  by  a  hoop,  or  by  a  fufficient 
mafs  of  folid  pier  on  which  it  is  fet.  We  have  mention¬ 
ed  the  many  failures  which  happened  to  the  dome  of 
St  Sophia  in  Conftantinople.  We  imagine  that  the 
thrud  of  the  great  dome,  bending  the  eaftern  arch  out¬ 
ward  as  foon  as  the  pier  began  to  yield,  dedroyed  the 
half  dome  which  was  leaning  on  it,  and  thus,  almoft  in 
an  inftanU  took  away  the  eaftern  abutment.  We  think 
that  this  might  have  been  prevented,  without  any  change 
in  the  injudicious  plan,  if  the  dome  had  been  hooped 
with  iron,  as  was  pra&ifed  by  Michael  Angelo  in  the 
vaftly  more  ponderous  dome  of  St  Peter’s  at  Rome,  and 
4!  by  Sir  Chriftopher  Wren  in  the  cone  and  the  inner 


Excellency  dome  of  St  Paul’s  at  London.  The  weieht  of  the 
^“latter  confiderably  exceeds  3000  tons,  and  they  occa¬ 
sion  a  horizontal  thrufl:  which  is  nearly  Half  this  quan¬ 
tity,  the  elevation  of  the  cone  being  r.bout  6o°.  This 
being  diftributed  round  the  circumference,  occaflons  a 

drain  on  the  hoop  =:  — 1 —  of  the  thrud,  or  nearly 
2  x  22 

238  tons.  A  fquarc  inch  of  the  word  iron,  if  well 
forged,  will  carry  25  tons  with  perfe&  fafety;  therefore 
a  hoop  of  7  inches  broad  and  inches  thick  will  com¬ 
pletely  fecuiethis  circle  from  burding  outwards.  It  is, 
however,  much  more  completely  fecured ;  for  befides  a 
hoop  at  the  bafe  of  very  nearly  thefe  dimenfions,  there 
are  hoops  in  different  courfes  of  the  cone  which  bind  it 
into  one  mafs,  and  ceufe  it  to  prefs  on  the  piers  in  a  di¬ 
rection  exaCtly  vertical.  The  only  thrufts  which  the 
piers  fuftain  are  thofe  from  the  arches  of  the  body  of 
the  church  and  the  tranfepts.  Thefe  are  mod  judi- 
cioufly  directed  to  the  entering  angles  of  the  building, 
and  are  there  reflded  with  infuperable  force  by  the 
whole  lengths  of  the  walls,  and  by  four  folid  maffes  of 
mafonry  in  the  corners.  Whoever  confiders  with  at¬ 
tention  and  judgment  the  plan  of  this  cathedral,  will  fee 
that  the  thrufts  of  thefe  arches,  and  of  the  dome,  are 
incomparably  better  balanced  than  in  St  Peter’s  church 
at  Rome.  But  to  return  from  this  fort  of  digreflion. 

We  have  feen  that  if  b  G,  the  thrufl  compounded  of 
the  thrud  b  C,  exerted  by  all  the  courfes  above  HL.LK, 
and  if  the  force  b  F,  or  the  weight  of  that  courfe,  be 
everywhere  coincident  with  £B,  the  element  of  the 
curve,  we  (hall  have  an  equilibrated  dome  ;  if  it  falls 
within  it,  we  have  a  dome  which  will  bear  a  greater 
load  ;  and  if  it  falls  without  it,  the  dome  will  break  at 
the  joint.  We  mud  endeavour  to  get  analytical  expref- 
iions  of  thefe  conditions.  Therefore  draw  the  ordinates 
b  Z  b ",  BDB",  C  d  C".  Let  the  tangents  at  b  and  bff 
meet  the  axis  in  M,  and  make  M.O,  MP,  each  equal  to 
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b  c,  and  complete  the  parallelogram  MOKP,  and  draw  Arch. 

CQj>erpendicular  to  the  axis,  and  produce  b  F,  cutting  - v — 

the  ordinates  in  E  and  e.  It  is  plain  that  MN  is  to 
MO  as  the  weight  of  the  arch  HA  h  to  the  thrud  b  c 
which  it  exerts  on  the  joint  RL  (this  thrud  being  pro¬ 
pagated  through  the  courfe  HJLK)  ;  and  that  MCL, 

iTffAH13!  I'*’  ^  reprefent  the  weight  of  the 

Let  AD  be  called  *,  and  DB  be  called  y.  Then 
be  =  x,  and  e  C  (becaufe  b  c  is  in  the  dire&ion  of 
the  ^lenient  &  b).  It  is  alfo  plain,  that  if  we  make  y 
conftant,  BC  is  the  fecond  fluxion  of  or  BC  =:  *, 
and  be  and  BE  may  be  confidercd  as  equal,  and  taken 

indiferiminately  for  *.  We  have  alfo  b  C  =  f  x2  -f  y\ 

Let  d  be  the  depth  or  thicknefs  HI  of  the  arch  dones. 

Then  d  vAx1  +  f  will  reprefent  the  trapezium  HL  ; 
and  lince  the  circumference  of  each  courfe  increafes  in 

the  proportion  of  the  radius  y,  dyf x2  +  y1  will  ex- 
prefs  the  whole  courfe.  If  J'  be  taken  to  reprefent  the 

fum  or  aggregate  of  the  quantities  annexed  to  it,  the 
formula  will  be  analogous  to  the  fluent  of  a  fluxion,  and 

A  <7?  y-  will  reprefent  the  whole  mafs,  and  alfo 
the  weight  of  the  vaulting,  down  to  the  joint  HI. 

Therefore  we  have  this  proportion  fdy  s/  x1 ~+y 

:  dy  s/ x*  +  y*  =  b  e  i  b  F,  —  be  :  C  G,  r=  t  d:  C  G, 

=  *  :  C  G-  Therefore CG  =  dl±  ^ +/. 

J'dy  s/  x'  4.  y* 

If  the  curvature  of  the  dome  be  prccifely  fuch  as 
puts  it  in  equilibrium,  but  without  any  mutual  preffurc 
in  the  verticaljoints,  this  value  ofOG  mull  be  equal  to 
CB,  or  to  the  point  G  coinciding  with  B.  This 

dy  x  s/  -y* 
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condition  will  be  expreffed  by  the  equation 


fdy  \/ x*+y% 


s/  x7 


+  J2 


2=  .v,  or,  more  conveniently,  by  ......  _ 

f  dy  fx2-{-y2  x 

But  this  form  gives  only  a  tottering  equilibrium,  inde¬ 
pendent  of  the  fri&ion  of  the  joints  and  the  cohefion  of 
the  cement.  An  equilibrium,  accompanied  by  fome  firm 
dability,  produced  by  the  mutual  preffuie  of  the  verti- 

dy  s/  x 2 


cal  joints,  may  be  expreffed  by  the  formula 


+  yz 


►  or  by 


d  y  s/  x2 


J dy  f  x'-+y* 


+  y*  


rr  =-r-d - ,  where  t  is  fome 


*  Jdy  >/*'+/ 

variable  pofitive  quantity,  which  increafes  when  x  in¬ 
creafes.  This  lad  equation  will  alfo  txprefs  the  equi¬ 
librated  dome,  if  /  be  a  conftant  quantity,  becaufe  in 

this  cafe  is  n  0. 
t 


(hall 


Since  a  firm  dability  requires  th at^L^— ^  AJlj- 

J dy  f  x~  +  y2 
;be  greater  than  x}  and  C  G  mud  be  greater  than  C  B  : 
i  fence  we  learn,  that  figures  of  too  great  curvature, 
v.hofe  fides  defeend  too  rapidly,  are  improper.  Alio, 

J)  2  iiUCv 
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'fince  liability  requires  that  we  have 


dyff  *’  +jl 


greater  than  fly  s/  x*  +y\  we  learn  that  the  upper  part 
of  the  dome  mud  not  be  made  very  heavy.  .  This,  by 
diminifhing  the  proportion  of  b  F  to  b  C,  diminifhes  the 
angle  c  b  G,  and  may  fet  the  point  G  above  B,  which 
will  infallibly  fpring  the  dome  in  that  place.  We  fee 
here  alfo,  that  the  algebraic  analyfis  expreffes  that  pe¬ 
culiarity  of  dome-vaulting,  that  the  weight  of  the  up¬ 
per  part  may  even  be  fuppreffed 
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dome,  whofe  outline  is  an  undulated  curve,  maybe  made 
abundantly  firm,  cfpecially  if  the  upper  part  be  convex 
and  the  lower  concave  outwards.  _. 

The  chief  difficulty  in  the  cafe  of  this  analyfis  arifes 
from  the  necdlity  of  expreffing  the  weight  of  the  in¬ 
cumbent  part,  or  \f  dy*/ xz  +  y2.  This  requires  the 
meafurement  of  the  conoidal  furface,  which,  in  moffi 


The  fluent  of  the  equation 


dy  y/x*  +  f 


fdy  \f  +  / 
It  is  L  f dys/x*  -f  f_ 


•+7 


_ L  y  +  La  This  give  us  L>J 


is  moft  eafily  found.  It  is  L J  dy*J  x*  +  f  -  L  x  + 
L  t,  where  L  is  the  hyperbolic  logarithm  of  the  quan¬ 
tity  annexed  to  it.  If  we  confider  y  as  conftant,  and 
corred  the  fluent  fo  as  to  make  it  nothing  at  the  vertex, 

it  may  be  exprefled  thus,  I  fdy  sf  x1  -f-  y2  —  I.  ^ = L  x 

fdy  \f  £  +/-T.f  t, 

.  _ _  .  a  y 

and  therefore  /  $-. 

a  <  y. 

This  laft  equation  will  eafily  give  us  the  depth  of 
vaulting,  or  thieknefs  d  of  the  arch,  when  the  curve  is 

^  .  n  .  .  d\J  +  f  x  +  /  * 

given.  For  its  fluxion  is  s,y... - rL  — - - > 

a  y 

a  t  X  -4-  at  X  _  ,  _  .  ~  .  1 

an =  >  which  is  all  exprefled  in  known 

y  y  v  *2-f/ 

quantities  ;  for  we  may  put  in  place  of  t  any  power  or 
function  of  x  or  of  y ,  and  thus  convert  the  expreffion 
into  another,  which  will  Hill  be  applicable  to  all  forts  of 
curves. 


Inftead  of  the  fecond  member— 


night  e 


ploy  - ,  where p  is  fome  number  greater  than  unity. 
a; 

This  will  evidently  give  a  dome  having  liability  ;  be- 
dy  x  y /  **  +  y2 
fdy  s/  x1  +  y% 

greater  than  *.  This  will  give  d  = 


caufe  the  original  formula 


will  then  be 


p  a  x?  1 


Each 


yyp  v  ■ x*+y2 

of  thefe  forms  has  its  advantages  when  applied  to  par- 
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cafes,  can  be  had  only  by  approximation  by  means  of 
infinite  feriefes  We  cannot  expedl  that  the  generality 
of  practical  builders  are  familiar  with  this  branch  of  ma¬ 
thematics,  and  therefore  will  not  engage  in  it  here  ;  but 
content  ourfelves  with  giving  fuch  inftances  as  can  be 
underflood  bv  fuch  as  have  that  moderate  mathematical 
knowledge  which  every  man  fhould  puffins  who  takes 
the  name  of  engineer. 

The  furface  of  any  circular  portion  of  a  fphere  is  ve¬ 
ry  eafily  had,  being  equal  to  the  circle  deferibed  with  a 
radius  equal  to  the  chord  of  half  the  arch.  This  ra¬ 
dius  is  evidently  =r  f  *2  +  y2. 

In  order  to  difeover  what  portion  of  a  hemifphere 
may  be  employed  (for  it  is  evident  that  we  cannot  em¬ 
ploy  the  whole)  when  the  thieknefs  of  the  vaulting  is 
uniform,  we  may  recur  to  the  equation  or  formula 

= (dyff. 


-JdysJ  x*4-y’.  Let  a  be  the  radius 
x 

of  the  hemifphere.  We  have  x  =  — — ^ 
d1  y* 


and 
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Subftituting  thefe  values  in  the  formula. 
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we  obtain  the  equation  y 2 
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eafily  obtain  the 
—  a*  a 


fluent  of  the  fecond  member  =  as 
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ticular  cafes.  Each  of  them  alfo  gives  d  —  .  - - — 

yy 

when  the  curvature  is  fuch  as  is  in  precife  equilibrium. 
And,  laftly,  if  d  be  conffiant,  that  is,  if  the  vaulting  be 
of  uniform  thieknefs,  we  obtain  the  form  of  the  curve, 

becaufe  then  the  relation  of  x  to  .v  and  toy  is  given. 

The  chief  ufe  of  this  analyfis  is  to  difeover  what 
curves  are  improper  for  domes,  or  what  portions  of 
given  curves  may  be  employed  with  fafety.  Domes  are 
generally  built  for  ornament  ;  and  we  fee  that  there  is 
great  room  for  indulging  our  fancy  in  the  choice.  All 
curves  which  are  concave  outwards  will  give  domes  of 
great  firmnefs. :  They  are  alfo  beautiful.  The  Gothic 


-  y-,  and  y  a  s/ —  4  +  ^  i-  Therefore 

if  the  radius  of  the  fphere  be  1,  the  half  breadth  of  the 

dome  muft  not  exceed  f  i  ^  or  0,786,  and 
the  height  will  be  618.  The  arch  from  the  vertex  is 
about  s  1 0  49'.  Much  more  of  the  hemiiphere  cannot 
ftand,  even  though  aided  by  the  cement,  and  by  the 
fri&ion  of  the  courfing  joints.  This  laft  circumftancc, 
by  giving  connexion  to  the  upper  parts,  caufes  the 
whole  to  prefs  more  vertically  on  the  courfe  below,  and 
thus  diminifhes  the  outward  thruft  ;  but  it  at  the  fame 
time  diminifhes  the  mutual  abutment  of  the  vertical 
joints,  which  is  a  great  caufe  of  firmnefs  in  the  vault¬ 
ing.  A  Gothic  dome,  of  which  the  upper  part  is  a 
portion  of  a  fphere  not  exceeding  450  from  the  vertex, 
and  the  lower  part  is  concave  outwards,  will  be  very 
ftrong,  and  not  ungraceful.  .  ^ 

But  the  public  tafte  has  long  reje&ed  this  form,  anffiDome  of 
'  feems  rather  to  feled  more  elevated  domes  than  this  por-St  Jeter’s 
tion  of  a  fphere;  becaufe  a  dome,  when  feen  from  a3 
fmall  di fiance,  always  appears  flatter  than  it  really  is.  ^ 

The  dome  of  St  Peter’s  is  nearly  an  ellipfoid  externally, 
of  which  the  longer  axis  is  perpendicular  to  the  horizon. 

It  is  very  ingenioufly  conflru&ed.  It  fprings  from  the 
bafe  perpendicularly,  and  is  very  thick  in  this  part. 

After  rifing  about  50  feet,  the  vaulting  feparates  into 
two  thin  vaultings,  which  gradually  feparate  from  each 
other.  Thefe  two  fhells  are  conne&ed  together  by  thin 
partitions,  which  are  very  artificially  dovetailed  in  both, 
and  thus  form  a  covering  which  is  extremely  ftiff,  while 
it  is  very  light.  Its  great  ftiffneis  was  neceffary  for  en¬ 
abling  the  crown  of  the  dome  to  carry  the  elegant  fione 

lanthern 
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lanthern  with  fafety.  It  Is  a  wonderful  performance, 
w and  has  not  its  equal  in  the  world  ;  but  it  is  an  enor¬ 
mous  load  in  companion  with  the  dome  of  St  Paul’s, 
and  this  even  independent  of  the  difference  of  fize.  If 
they  were  of  equal  dimenfions,  it  would  be  at  lead  five 
times  as  heavy,  and  is  not  fo  firm  by  its  gravity  ;  but 
as  it  is  conneded  in  every  part  by  iron  bars  (lodged  in 
the  folid  mafonry,  and  well  fecmed  from  the  weather  by 
having  lead  melted  all  round  them),  it  bids  fair  to  lalt 
for  ages,  if  the  foundations  do  not  fail. 

Ir  a  circle  be  delcribed  round  a  centre  placed  any- 
plate  II.  where  ii^  the  tranfverfe  axis  AC  (fig.  18.  N°  1.)  of  an 
ellipfe,  fo  as  to  touch  the  ellipfe  in  the  extremities  B,  b> 
of  an  ordinate,  it  will  touch  it  internally,  and  the  circu¬ 
lar  arch  B  ah  will  be  wholly  within  the  elliptical  arch 
B  A  b .  Therefore,  if  an  elliptical  and  a  fpherical  vault¬ 
ing  fpring  from  the  fame  bafe,  at  the  fame  angle  with 
the  lioiizon,  the  fpherical  vaulting  will  be  within  the  el¬ 
liptical,  will  be  flatter  and  lighter,  and  therefore  the 
weight  of  the  next  courfe  below  will  bear  a  greater  pro¬ 
portion  to  the  thruft  in  the  diicdion  of  the  curve  ; 
therefore  the  fpherical  vaulting  will  have  more  liability. 
Oh  the  contrary,  and  for  fnnilar  reafons,  an  oblate  el¬ 
liptical  vaulting  is  preferable  to  a  fpherical  vaulting 
fpringing  with  the  fame  inclination  to  the  horizon. 
(Fig.  1 8.  N°  2.) 

Dimenfions  Pcrfuaded,  that  what  has  been  faid  on  the  fubjeft 
of  the  belt  .convinces  the  reader  that  a  vaulting  perfectly  equilibra- 
fonii  of  a  ted  throughout  is  by  no  means  the  bed  form,  provided 
that  the  bafe  is  fecured  from  feparating,  we  think  it  un- 
necefTary  to  give  the  inveftigation  of  that  form,  which 
has  a  confiderable  intiicacy  ;  and  fhall  content  ourfelves 
with  merely  giving  its  dimenfions.  The  tliicknefs  13 
fuppofed  uniform  The  numbers  in  the  firft  column  of 
the  table  exprefs  the  portion  of  the  axis  counted  from 
the  vertex,  and  thofe  of  the  fecond  column  are  the 
lengths  of  the  ordinates. 
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The  curve  delineated  in  fig.  19.  is  formed  according 
to  thefe  dimenfions,  and  appears  deftitute  of  graceful- 
refs  5  becaufe  its  curvature  changes  abruptly  at  a  little 
diftance  from  the  vertex,  fo  that  it  has  fome  appearance 
of  being  made  up  of  different  curves  pieced  together. 
But  if  the  middle  be  occupied  by  a  lanthern  of  equal,, 
or  of  fmaller  weight,  this  defed  will  ceaie,  and  the  whole 
will  be  elegant,  nearly  relembling  the  exterior  dome  of 
St  Paul’s  in  London. 

Advantages _  It  is  not  a  fmall  advantage  of  dome- vaulting  that  it 
of  dome-  is  lighter  than  any  that  can  cover  the  fame  area.  If, 
auituigi  moreover,  it  be  fpherical,  it  will  admit  confiderable  va¬ 

rieties  of  figure,  by  combining  different  fpheres.  Thus, 
a  dome  may  begin  from  its  bafe  as  a  portion  of  a  large 
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hemifphere,  and  may  be  broken  off  at  any  horizontal  Arch. 

courfe,  and  then  a  fimilar  or  a  greater  portion  of  a  imal- - " J 

ler  fpherc  may  fpring  from  this  courfe  as  a  bate.  It 
alfo  bears  being  interfered  by  cylindrical  vaultings  in 
every  direction,  and  the  interfedions  arc ,  exad  circles, 
and  always  have  a  pleafing  effed.  It  alfo  fprings  molt 
gracefully  from  the  heads  of  .mall  piers,  or  from  the 
corners  of  rooms  of  any  polygonal  ftnipe;  and  the  arches 
formed  by  its  interfedions  with  the  walls  are  always  cir- 
cular  and  graceful,  forming  very  handfome  fpandrels  in 
every  pofition.  For  thefe  reafons  Sir  Chrifloplier  Wren 
employed  it  in  all  his  vaultings,  and  he  has'  exhibited 
many  beautiful  varieties  in  the  tranfepts  and  the  aifles 
of  St  Paul’s,  which  are  highly  worthy  of  the  obferva- 
tion  o^  architects.  Nothing  can  be  more  graceful  than 
the  vaultings  at  the  ends  of  the  lV'rth  and  ibuth  tran¬ 
fepts,  efpecially  as  finifhed  off  in  the  fine  infide  view 
publifhed  by  Gwynn  and  Wale.  Ac 

We  conclude  this  article  with  obferving,  that 
connexion  of  the  parts,  arifing  from  cement  and  from?™0*  und 
fridion,  has  a  great  effed  on  dome  vaulting.  In  the  ^evau^ 
fame  way  as  in  common  arches  and  cylindrical  vaulting,  ing. 
it  enables  an  overload  on  one  place  to  break  the  dome 
in  a  diftant  place.  But  the  refinance  to  this  effed  is 
much  greater  in  dome- vaulting,  becaufe  it  operates  all 
round  the  overloaded  part.  Hence  it  happens  that  domes 
are  much  lefs  {hattered  by  partial  violence,  fuch  as  the 
falling  of  a  bomb  or  the  like.  Lar^e  holes  may  be  bro¬ 
ken  in  them  without  much  affeding  the  reft  ;  but,  ou 
the  other  hand,  it  greatly  dimimfhes  the  ftrength  which 
fhould  be  derived  from  the  mutual  preffure  in  the  verti¬ 
cal  joints..  Fridion  prevents  the  Aiding  in  of  the  arch 
hones  which  produces  this  mutual  preffure  in  the  verti¬ 
cal  joints,  except  in  the  very  higheft  courfes,  and  even 
there  it  greatly  diminifhes  it.  Thefe  caufes  make  a 
great  change  in  the  form  which  gives  the  greatefl 
ftrength  ;  and  as  their  laws  of  adion  are  buc  very  im- 
perfedly  underftood  as  yet,  it  is  perhaps  impoffible,  in 
the  prefent  ftate  o':  our  knowledge,  to  determine  this 
form  with  tolerable  precifion.  We  fee  plainly,  how¬ 
ever,  that  it  allows  a  greater  deviation  from  the  beft: 
form  than  the  other  kind  of  vaulting,  and  domes  may 
be  made  to  rife  perpendicular  to  the  horizon  at  the 
hafe,  although  of  no  great  thicknels;  a  thing  which 
mnft  not  be  attempted  in  a  plane  arch.  The  immenfe 
addition  of  ftrength  which  may  be  deiived  from  hoop¬ 
ing,  largely  compenfates  for  all  defeats;  and  there  is 
hardly  any  bounds  to  the  extent  to  which  a  very  thin 
dome- vaulting  may  be  carried,  when  it  is  hooped  or 
framed  in  the  diredion  of  the  horizontal  courfes.  The 
roof  of  the  Halle  du  Bled  at  Paris  is  but  a  foot  thick, 
and  its  diameter  is  more  than  200,  yet  it  appears  to 
have  abundannt  ftrength.  It  is,  on  the  whole,  a  noble 
fpecimen  of  architedure^ 
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We  muft  not  conclude  this  article  without  taking Tht  iron 
notice  of  that  magnificent  and  elegant  arch  which  has^rid^eat 
been  ereded  in  caft  iron  at  Weremouth,  near  Sunder- defcribedl^ 
land,  in  the  county  of  Durham.  The  inventor  and  ar- 
chited  is  Rowland  Bur  don.,  Elq;  one  of  the  repre- 
fentatives  of  that  county  in  the  prefent  Parliament. 

This  aich  is  a  fegment  of  a  circle  whofe  diameter  is 
about  444  feet.  The  ipan  or  cord  of  the  arch  is  2 36 
feet,  and  its  verfed  fine  or  fpring  is  34  feet.  It  fprings 
at  the  elevation  of  60  feet  from  the  furface  of  the  ri* 

ver 
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ver  at  low  water,  fo  that  veffels  of  200  or  pet  haps  300 
tons  burden  may  pafs  under  it  in  the  middle  of  the 
ilream,  -and  even  50  feet  on  each  fide  of  it. 

The  fweep  of  the  arch  confifts  of  a  feries  of  frames  of 
call  iron,  which  butt  on  each  other,  in  the  fame  man* 
ner  as  the  voulfoirs  o^a  ftone  atcli.  One  of  thele 
frames  pr  blocks  (as  we  (hall  call  them  in  future)  is  repre- 
fented  in  fig.  1.  as  feen  in  front.  It  is  cad  in  one  piece; 
and  confids  of  three  pieces  or  arms  BC,  BC,  BC,  the 
middle  one  of  which  is  two  feet  long,  the  upper  being 
fomewhat  more,  and  the  lower  fomewhat  lefs,  becaufe 
their  extremities  are  bounded  by  the  radius  drawn  from 
the  cent  re  of  the  arch.  Thefe  arms  are  four  inches  fquare, 
and  are  connected  by  other  pieces  KL,  of  Inch  length 
that  the  whole  length  of  the  block  is  five  feet  in  the  di¬ 
rection  of  the  radius.  Each  arm  has  a  flat  groove  on  each 
fide,  which  is  expreffed  by  the  darker  fhading,  three  inches 
broad  and  three  fourths  of  an  inch  deep.  A  feCtion  of 
this  block,  through  the  middle  of  KL,  is  reprefented 
by  the  light-fhaded  part  BBB,  in  which  the  grooves  are 
more  didindtly  perceived.  Thefe  grooves  are  intended 
for  receiving  flat  bars  of  malleable  iron,  which  are  em¬ 
ployed  for  connecting  the  different  blocks  with  each 
other.  Fig.  2.  represents  two  blocks  united  in  this 
manner.  For  this  .purpofe  each  arm  has  two  fquare 
bolt- holes.  The  ends  of  the  arms  being  nicely  trimmed 
off,  fo  that  the  three  ends  butt  equally  clofe  on  the 
ends  of  the  next  block  ;  and  the  bars  of  hammered  iron 
being  alfo  nicely  fitted  to  their  grooves,  fo  as  to  fill 
them  completely,  and  have  their  bolt-holes  exaCtly  cor- 
refponding  to  thofe  in  th«  blocks,  they  are  put  toge¬ 
ther  in  fuch  a  manner  that  the  joints  or  meetings  of  the 
malleable  bars  may  fall  on  the  middle  between  the  bolt¬ 
holes  in  the  arms.  Flat  headed  bolts  of  wrought  iron 
are  then  put  through,  and  keys  or  forelocks  are  driven 
tlnough  the  bolt  tails,  and  thus  all  is  firmly  wedged  to¬ 
gether,  binding  each  arm  between  two  bars  of  wrought 
iron.  Thefe  bars  are  of  fuch  length  as  to  conned  fe- 
veral  blocks. 

In  this  manner  a  feries  of  about  1 25  blocks  are:  joined 
together,  fo  as  to  form  the  precife  curve  that  is  in¬ 
tended.  This  feries  may  be  called  a  rib,  and  it  Hands 
in  a  vertical  plane.  The  arch  confifts  of  fix  of  thefe 
ribs,  diftant  from  each  other 'five  feet.  Thefe  ribs  are 
connected  together  fo  as  to.  form  an  arch  of  32  feet  in 
breadth*  in  the  following  manner. 

Fig.  3.  reprefents  one  of  the  bridles  or  crofs  pieces 
_  which  conned  the  different  ribs,  as  it  appears  when 
-  viewed  from  below.  It  is  a  hollow  pipe  of  call  iron, 
four  inches  in  diameter,  and  has  at  each  end  two  pro¬ 
jecting  fhoulders,  pierced  with  a  bolt-hole  near  their  ex¬ 
tremities,  fo  that  the  diftance  between  the  bolt-holes  in 
the  fhoulders  of  one  end  is  equal  to  the  diftance  between 
the  holes  in  the  arms  of  the  blocks,  or  the  holes  in  the 
wrought  iron  bars.  -In  the  middle  of  the  upper  and  of 
the  underline  of  each  end  may  be  obfervtd  a  tquare  pro¬ 
minence,  more  lightly  fhaded  than  the  reft.  Thele  pro¬ 
jections  alfo  advance  a  little  beyond  the  fiat  of  the  fhoul¬ 
ders,  forming  between  them  a  (hallow  notch,  about  an 
inch  deep,  which  receives  the  iron  of  the  arms,  where 
they  butt  on  each  other,  and  thus  gives  an  additional 
fnninefs  to  the  joint.  The  manner  in  which  the  aims 
axe  thus  gvafped  by  thefe  notches  in  the  bridles  is  more 
ddlindly  feen  In  fig.  2.  at  the  letter  FI  in  the  middle  of 
the  upper  rail. 
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The  rib  having  been  all  trimmed  and  put  together, 
fo  a3  to  form  the  exad  curve,  the  bolts  are  all  taken  *“ 
out,  and  the  horizontal  bridles  are  theii  fet  on  in  their 
places,  and  the  bolts  are  again  put  in  and  made  fall  by 
the  forelocks.  The  bolts  now  pafs  through  the  fhoul¬ 
ders  of  the  bridles,  through  the  wrought  iron  bars,  and 
through  the  caft  iron  arm  that  is  between  them,  and 
the  forelocks  bind  all  fail  together.  The  manner  in 
which  this  connection  is  completed  is  diftindly  feen  in 
fig.  2.  which  (hows  in  perfpedive  a  double  block  in 
front,  and  a  (ingle  block  behind  it  The  butting  joints 
of  the  two  front  blocks  are  at  the  letters  E,  E,  E;  the 
holes  in  the  ftioulders  of  the  horizontal  crofs  pieces  are 
at  FI. 

This  conftruCtion  is  beautifully  fimple  and  veryjudi-ft< 
A  vaft  addition  of  ftrength  and  of  ftiffnefs  is 
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procured  by  lodging  the  wrought  iron  bars  in  grooves 
formed  in  the  caft  iron  rails;  and  for  this  purpofe  it  is  of 
great  importance  to  make  the  wrought  iron  bars  fill  the 
grooves  completely,  and  even  to  be  fo  tight  as  to  re¬ 
quire  the  force  of  the  forelocks  to  draw  them  home  to 
the  bottom  of  the  grooves.  There  can  be  no  doubt  but 
that  this  arch  is  able  to  -withftand  an  enormous  pref- 
fure,  as  long  as  the  abutments  from  which  it  fprings  do  * 
not  yield  Of  this  there  ?is  hardly  any  rifle,  becaufe 
they  are  maffes  of  rock,  faced  with  about  four  or  five 
yards  (in  fome  places  only)  of  folid  block  mafonry. 

The  mutual  thrufts  of  the  rrameS  are  all  in  the  direction 
•of  the  rails,  fo  that  no  part  bears  any  tranfveife  ftrain. 

We  can  hardly  conceive  any  foice  that  can  overcome 
ithe  ftrength  of  thofe  arms  by  preffure  orcrufhing  them. 

The  manner  in  which  the  frames  are  connected  into  one 
rib,  effectually  fecures  the  butting  joints  from  flipping  ; 
and  the  accuracy  with  which  the  whole  can  be  execu¬ 
ted,  fecures  us  againft  any  warping  or  deviation  of  a  rib 
from  the  vertical  plane. 

But  when  we  coniider  the  prodigious  fpan  of  this 
arch,  and  reflebt  that  it  is  only  five  feet  thick,  it  fhould 
feem  that  the  moft  perfeCl  equilibration  is  indifpenfably 
neceffary.  It  is  but  like  a  film,  and  muft  be  fo  fiipplc 
that  an  overload  on  any  part  muft  have  a  great  ,  ten¬ 
dency  to  bend  it,  and  to  caufe  it  to  rife  in  a  diftant 
part;  and  this  effeCt  is  increaied  by  the  very  firm- 
nefs  with  which  the  whole  flicks  together.  The  over¬ 
loaded  part  ads  on  a  diftant  part,  tending  to  break 
it  with  all  the  energy  of  a  long  lever.  This  can  be 
prevented  only  by  means  of  the  ftiffnefs  of  the  diftant 
part.  It  is  very  true,  the  arch  cannot  break  in  the  ex- 
trados  except  by  tearing  afunder  the  wrought  iron  bars 
w  hich  conneCt  the  blocks  along  the  upper  rail,  and  each 
of'  thefe  requires  more  than  a  hundred  tons  to  tear  -it 
afunder ;  yet  an  overload  of  five  tons  on  any  rib  at  its 
middle  will  produce  this  ftrain  at  twenty  feet  from  the 
fides,  fuppeiing  the  fides  held  firm  in  their  pofition.  It 


were  dtii ruble  therefore  that  fomething  were  done  to 
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ftiffen  the  arch  at  the  fides,  by  the  manner  of  filling  up 
the  fpandrels,  or  fpace  between  the  arch  and  the  road¬ 
way.  This  is  filled  up  in  a  manner  that  is  extremely  Though  in 
light  and  pleafirig  to  the  eye,  namely,  by  large  caft  iron  <*’e.pu,ri  j- 
ciicles,  which  touch  the  extrados  oi  the  arch  and  toucli^1  ai 
the  roahway.  The  road-way  refts  on  them  as  on  fo  haps  af  im- 
many  -hoops,  while  they  rcil  on  the  back  of  the  arch,  provemeni 
and  alfo  touch  each  othei  laterally.  We  cannot  think 
that  this  contributes  to  the  ftrength -cs  the  arch;  for 
thefe  hoops  will  be  eafily  compreffed  a-  the  points’  of 
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conta6l,  and,  changing  their  fhape,  will  oppofe  very- 
little  refiftance.  We  think  that  this  part  of  the  arch 
might  have  been  greatly  ftiffened  and  ftrengthened,  by 
conne&ing  it  with  the  road  way  by  trufted  frames,  in 
the  fame  way  that  a  judicious  carpenter  would  have  fra¬ 
med  a  roof.  If  a  ftrong  call  iron  pillar  had  been  made 
to  reft  on  the  arch  at  about  20  feet  from  the  impoft, 
and  been  placed  in  the  direction  of  a  radius,  the  top  of 
this  pillar  might  have  been  connedled  by  a  diagonal  bar 
of  wrought  iron  with  the  impoft  of  the  arch,  and  with 
the  crown  of  the  arch  by  another  ft  ring  or  bar  of  the 
frme  materials.  Tliefe  two  ties  would  caufe  the  radial, 
pillar  to  prefs  ftrongly  on  the  back  of  the  arch,  and 
they  mull  be  torn  af'under  before  it  could  bend  in  that 
place  in  the  fmalleft  degree.  Suppofing  them  of  the 
lame  dimenfions  as  the  bars  in  the  arrm,  their  portion 
would  give  them  near  ten  times  the  force  for  refilling  the 
ilrain  produced  by  an  overload  on  the  crown. 

This  beautiful  arch  contains  only  26 0  tons  of  iron, 
of  which  about  55  are  wrought  iron.  The  fuperftruc- 
ture  is  of  wood,  planked  over  a-top.  This  floor  is  co¬ 
vered  with  a  coating  of  chalk  and  tar,  on  which  is  laid 
the  materials  for  the  carriage  road,  confuting  of  marie, 
limeftone,  and  gravel,  with  foot-ways  of  flag-ftones  at 
the  Tides.  The  weight  of  the  whole  did  not  exceed  a 
thoufand  tons ;  whereas  the  hVhtefl  ftone  arch  which 
could  have  been  erefted  would  have  weighed  fifteen 
thoufand.  It  was  turned  on  a  very  light  but  ft  iff  fcaf- 
folding,  moft  judicioufly  conftrudled  for  the  prefervation 
of  its  form,  and  for  allowing  an  uninterrupted  paffage 
for  the  numerous  fhips  and  fmall  craft  which  frequent 
the  bufy  harbour  of  Sunderland.  The  mode  of  framing 
the  arch  was  fo  fimple  and  eafy,  that  it  was  put  up  in 
ten  days  !  without  an  accident  ;  and  when  all  was  fi- 
niflied,  and  the  fcaffolding  removed,  the  arch  did  not 
fenfibly  change  its  form.  The  whole  work  was  execu¬ 
ted  in  three  years,  and  coft  about  L  26,000. 

ARCHITEC  FURE  is  an  art  of  fo  much  import¬ 
ance,  and  capable  of  fo  many  embellifhments,  as  to 
have  employed  the  attention  and  talents  of  men  of 
fcience  in  almoft  every  age,  and  in  every  country. 

It  is  generally  thought-  to  have  been  carried  to  the 
utreoft  perfection  among  the  Greeks  and  Romans; 
and  it  has  been  the  aim  of  the  moft  eminent  archite&s 
of  modern  times  to  imitate  with  fidelity  the  buildings  of 
thofe  accomplifhed  nations.  There  is,  however,  another 
fpecies  of  architecture,  which  was  introduced  into  Eu¬ 
rope  in  the  middle  ages,  and  is  of  fuch  a  nature  as  to 
ftrike  every  unprejudiced  obferver  with  admiration  and 
aftonifhment.  The  architecture  to  which  we  allude 
has  been  called,  perhaps  with  little  propriety, 

Gothic SfRctnTEC'TURE.  It  is  that  which  is  to  be  viewed 
in  all  our  ancient  cathedrals,  and  in  other  large  buildings, 
which  have  been  erected  from  the  middle  of  the  1 2th  to 
the  beginning  of  the  1 6th  century.  That  fuch  edifices 
have  been  conflructed  on  principles  of  fcience,  has  been 
fhown  elfewhere  (fee  Roof,  Eticycl.  and  Arch,  in  this 
Suppl. )  :  but  a  queftion  ftill  piefents  itfelf  to  the  inquiii- 
tive  mind,  How  came  fuch  ftructures  to  be  thought 
oi  by  a  people  whom  we  are  accuftomed  to  call  igno- 
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rant  and  barbarous  ?w  i  his  queftion  has  occupied  the  Arthitec* 
attention  of  many  ingenious  men,  who  have  attributed  ture* 
the  Gothic  ftyle  of  building,  f'ome  to  neceflity,.  and  v 
others  to  an  imitation  of  the  works  of  nature.  That* 
where  materials  are  bad,  larger  edifices  can  be  eredled 
in  the  Gothic  than  in  the  Grecian  ftyle,  has  been  made 
fnfticiently  evident  in  the  articles  to  which  we  have  re¬ 
ferred  j  and  that  neceflity  is  the  parent  of  invention,  is 
an  adage'  which  has  been  too  long  received  to  be  now 
called  in  queftion.  But  whence  came  the  peculiarities  of 
the  Goth;c  ornaments  in  building,  the  pointed  arch, 
and  the  double  row  of  cluftered  pillars  compofed  of 
flender  fhafts,  which,  reaching  from  the  ground  almoft 
to  the  roof  of  the  building,  are  there  fptead  out  in  all 
diredlior.s,  forming  the  ribs  or  groins  of  a  vaulted 
roof? 

The  moft  fatisfa&ory  folution  of  this  queftion  which 
we  have  feen,  is  in  a  memoir  publifhed  in*  the  fourth 
volume  of  the  Tran  factions  of  the  Royal  Society  of  E- 
dinburgh,  by  Sir  James  EIall,  Bart,  with  whofe  per- 
miffton  the  following  abftrndl  is  laid  before  our  readers. 

‘‘  Although  the  conneftion  between  beauty  and 
utility  be  ftill  involved  in  fuch  obfeurity,  that  we 
are  unable  to  decide  concerning  the  univerfality  of 
that  conne&ion,  of  one  thing  we  are  certain,  that, 
in  a  work  intended  to  anfvver  fome  uferul  purpofe, 
whatever  vifibly  countera&s  that  purpofe  always  occa- 
ftons  deformity.  Hence  it  is,  that,  even  where  orna- 
ment  is  principally  intended,  the  oftenfibly  ufeful  objedl 
of  the  work,  if  it  have  any  fuch,  muft  be  provided  for, 
in  the  firft  place,  in  preference  to  every  other  confider- 
ation. 

“  But  in  moft  ufeful  works,  fome  parts  occur,  the 
fhape  of  which  is  quite  indifferent  with  refpe&  to  the 
propofed  utility,  and  which,  therefore,  the  art  ill  is  at 
liberty  to  execute  as  he  pieafes :  a  liberty  which  has 
opened  a  wide  field  to  the  tafte  and  invention  of  inge¬ 
nious  men  of  every  age  and  country,  who  have  turned 
their  attention  to  the  compofition  of  ornaments  ;  and 
whofe  exertions  have  been  more  or  lefs  influenced  by 
the  ftate  of  civilization  in  which  they  lived.  It  would 
feem,  however,  if  we  may  judge  by  thofe  various  ef¬ 
forts,  that  little  has  been  effe&cd  by  mere  human  in¬ 
genuity  ;  fince  we  fee  that  recourfe  has  been  had,  al¬ 
moft  univerfally,  to  nature,  the  great  and  legitimate 
fource  of  beauty  ;  and  that  ornament  has  been  attau> 
ed  by  the  imitation/  of  obje&s,,  to  which  foe  has  given 
a  determinate  and  chara&eriftic  form. 

“  Where  the  materials  employed  are  themfelves  pof- 
fefted  of  variety  and  elegance,  the  attainment  of  this  ob¬ 
ject  requires  little  or  no  alteration  of  their  natural  forms. 

Thus  cups  are  made  of  fhells,  of  cocca  nut3,  or  of  oftrich 
eggs  ;  the  character  and  beauty  of  which  depend  upon 
the  natural  form  of  the  materials  :  and  in  the  cafe  of 
the  bottles  ufed  by  the  Roman  Catholic  pilgrims,  an 
example  occurs  of  an  utenfil,  in  which  the  natural  form 
has  undergone  little  or  no  variation,  fince  it  confifts  of 
the  hard  outward  fkin  of  a  gourd,  of  the  fame  fhape  in 
which  it  grew  upon  the  plant  (a).  This  left  clafs  of 
forms  has  been  introduced,  by  imitation,  into  works 

compofed 


(a)  (<  Even  in  this  cafe,  however,  the  natural  form  undergoes  a  certain  degree  of  modification,  by  the  device 
employed  to  produce  the  neck  of  the  bottle.  The  fruit,  while  fmall  and  tender,  is  furrounded  with  a  firing;, 
which  remaining  during  its  growth,  prevents  the  part,  thus  bound,  from  fweliing  with  the  reft.” 
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Architect  compofed  of  (hapelefs  materials 
t  ture*  ,  cups  In  the  form  of  thofe  made  of  (hells, 

*  difhes  of  (tone  ware  in  the  form  ofbafkets. 

“  As  ftone  is  not  naturally  poflefled  of  any  peculiar 
fhape,  and  as  the  uCeful  objed  propofed,  by  flrudures 
formed  of  of  it,  may  be  accomplifhed  in  various  ways, 
very  great  latitude  is  left  to  the  invention  of  the  artift. 
We  fee,  accordingly,  that  in  every  country  where  much 
refinement  has  been  introduced,  qreat  pains  have  been 
bellowed  in  ornamenting  ftcvne  buildings,  with  figures 
reprefenting  various  natural  objeds ;  whilft  the  build¬ 
ing  itfelf  lias  been  executed  in  imitation  ol  a  flrudure, 
compofed  of  materials  which  naturally  pofiefs  a  deter¬ 
minate  and  charaderiftic  form.  Such  was  the  method 
followed  by  the  architeds  of  ancient  Greece,  who  con 
ilruded  temples,  and  other  public  edifices,  in  imitation 
of  a  ruftic  fabric,  compofed  of  fqunre  beams,  fupported. 
upon  round  polls  or  Hems  o(  trees,  and  who  derived  the 
numerous  ornaments  of  that  beautiful  flyle  from  cir- 
cumftances  which  would  naturally  take  place  in  inch  a 
flrudure. 

“  A  faint  and  diftant  refemtlance,  however,  of  the 
original,  has  generally  been  found  to  anfwer  all  the  end 
propofed  by  the  imitation  ;  a  refemblance,  which  may 
fometimes  be  traced  in  the  general  dillribution  of  the 
edifice,  fometimes  in  its  minute  parts,  and  not  unfre- 
quently  in  both. 

«•  But  the  forms  of  nature  thus  introduced  have  been 
greatly  modified  by  thofe  of  mafonry.  lor  though 
ftone  is  by  nature  (hapelefs,  yet,  in  the  courfe  of  prac¬ 
tice,  many  peculiar  forms  have  been  long  eftablifhed, 
and  currently  employed,  in  working  it ;  fuch  as  flraight 
lines,  plain  furfaces,  (quafe  angles,  and  various  mould- 
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Thus  we  have  fi'ver  equal  to  that  between  the  rows,  and  each  poll  being 
and  fruit-  railed  above  the  ground  to  a  height  equal  to  three  of 
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thofe  intervals :  then  a  fet  a*  long  and  flexible  rods  of  U 

willow  being  applied  to  each  pofl,  let  them  be  thruft 
into  the  ground  at  its  bale,  and  bound  to  it  by  two 
tyings,  one  near  the  ground,  and  another  at  two-thirds 
of  its  height ;  the  rods  being  left  loofe  from  this  laft 
point  upwards,  and  free  to  be  moved  in  any  direction, 

Lee  three  rods  be  conneded  with  each  outfide  comer 
poft,  and  five  with  each  of  the  others,  and  let  their  po- 
fition  be  fuch  as  to  cover  the  infide  of  the  poft,  fo  that 
when  feen  from  between  the  rows  the  lower  part  of 
each  poft  fhall  be  concealed  from  the  view,  and  prefent 
the  appearance  of  a  bundle  of  rods  (fig  i.)  Plate  V, 

Things  being  thus  difpofed,  the  (keleton  of  a  thatch¬ 
ed  roof  may  be  formed  by  means  of  the  loofe  ends  of 
the  rods.  A  rod  from  one  of  the  polls  being  fo  bent 
as  to  meet  a  fimilar  one  from  the  poft  immediately  op- 
polite  to  it,  in  the  middle  of  the  (pace  between  them, 
let  the  two  rods  be  made  to  crofs  each  other,  and  let 
them  be  bound  together  at  their  crofting  (fig.  2.),  and 
we  (hall  have  the  ex?.d  form  of  the  Gothic  arch.  The 
fame  being  done  with  each  pair  of  oppofite  polls,  and  a 
fet  of  pointed  arches  being  formed,  let  them  be  connect¬ 
ed  together  by  means  of  a  flraight  pole  laid  upon  the 
forks  of  the  crofting  rods,  and  bound  to  each  of  them, 
as  in  fig.  3  :  then  let  a  loofe  rod  be  brought  from 
each  of  any  two  contiguous  pofts  in  the  fame  row,  fo 
as  to  form  a  pointed  arch,  fimilar  to  that  juft  defcribed, 
and  nearly  of  the  fame  height.  This  being  done  with 
evety  two  contiguous  pofts  (fig.  4«)»  and  a  new  ^et 
pointed  arches  being  thus  produced,  (landing  oppofite 
to  each  other  in  pairs,  let  each  pair  be  hound  by  a  ho 


lmes,  plain  lurlaces,  lquare  angles,  ana  various  inouiu-  —  —  r—  ** -  ' 

ings  uferd  to  foften  the  e fifed  of  abrupt  terminations:  rizontal  pole  lying  on  the  oppofite  *orks,  and  eroding 
-ji  _r  ...u •  i.  mnilupo  rtf  n i rnn.  the  longitudinal  oole  defcribed  above. 


all  of  which,  originating  in  motives  of  mechanical  con 
venience,  and  of  Ample  ornament,  had.  in  very  early 
times,  been  appropriated  to  mafonry,  and  confidered  as 
eftential  in  every  finished  work  of  ftone  ;  fo  that,  when 
the  imitation  of  nature  was  introduced,  thefe  mafontc 
forms  Hill  maintained  their  ground,  and,  being  blended 
with  the  forms  of  nature,  the  two  clafifes  reciprocally 
modified  each  other. 

“  This  combination  of  art  with  nature,  oF  which  we 
fee  the  mod  perfed  example  in  the  Corinthian  capital, 
produces  what  are  called  architedonic  forms,  in  which 
the  variety  of  nature,  being  fubjeded  to  the  regularity 
of  art,  the  work  acquires  that  peculiar  charader  which, 
in  a  natural  objed,  we  confider  as  offenfive,  under  the 
name  of  formality  ;  but  which,  in  architedure ,  we  ad¬ 
mire  as  a  beauty,  under  the  name  of  fymmetry  :  .  thus, 
we  reprobate  the  formality  of  an  avenue,  and  praiie  the 
fymmetry  of  a  colonnade. 

“  Such  is  the  nature  of  architedonic  imitation  ;  a 
device  which  probably  originated  in  accident,  but  to 
which  architedure  is  indebted  for  its  higheft  attain¬ 
ments/ ’ 

As  the  ftone  edifices  of  ancient  Greece  were  con- 
ftruded  in  imitation  of  a  wooden  fabric,  compofed  of 
fquare  beams  laid  at  right  angles  on  round  ports  or 
ftems  of  trees.  Sir  Ja  es  conceives  that  the  Gothic  fa¬ 
brics  with  pointed  arches  have  been  executed  in  imita¬ 
tion  of  a  rullic  dwelling,  conftruded  in  the  following 
manner  :  Suppofe  a  fet  of  round  pofts  driven  firmly  in 
to  the  ground  in  two  oppofite  rows,  the  interval  be¬ 
tween  the  neighbouring  pofts  in  the  fame  row  being 


the  longitudinal  pole  defcribed  above. 

«  Two  of  the  rods  of  each  corner  poft,  and  three  of 
thofe  of  each  of  the  others,  being  thus  difpofed  of,  we 
have  one  of  each  corner  poft  and  two  of  each  middle 
poft  ft  ill  to  employ,  which  is  done  as  follows  :  A  pair 
of  thefe  unoccupied  rods  being  brought  from  any  two 
pofts  which  (land  diagonally  to  each  other,  and  made 
to  meet  in  the  middle,  not  as  in  the  firft  cafe  crofting 
in  an  angle,  but  fide  by  fide,  forming  a  femicircle,  and 
joined  together  after  the  manner  of  a  hoop  ;  and  the 
fame  being  done  with  every  pair  of  diagonal  pofts  (fig. 
5.),  the  whole  rods  will  have  been  employed. 

In  this  manner  a  frame  would  be  conttruded  fit  to 
fupport  thatch  or  other  covering  ;  and  fuch  a  one  has 
probably  been  ofien  ufed.  It  would  feem,  however, 
that,  for  the  fake  of  ftrength,  the  number  of  rods  has 
been  increafed  in  each  duller,  by  the  introdudion,  be- 
tween  every  two  of  them,  of  an  additional  rod,  which 
rifing  with  them  to  the  roof,  ftill  continues  its  middle 
pofition,  as  they  fpread  afunder,  and  meets  the  l 
zontal  pole  at  an  intermediate  point.  This  is  fhown 
in  fig.  6.  which  is  drawn  with  its  covering  of  thatch  ; 
and,  from  the  imitation  of  a  dwelling  fo  conftruded, 
we  may  eafily  trace  the  three  leading  charaderiftics  of 
Gothic  architedure,  the  pointed  arch,  the  cluftered  co¬ 
lumn,  and  the  branching  r6of,  as  exhibited  in  fig.  7.” 

Upon  the  fame  principles  Sir  Jams  Hall,  with  much 
ingenuity,  accounts  for  the  peculiar  forms  of  the  Go¬ 
thic  door,  the  Gothic  window,  and  the  pointed  fpire: 
but  it  is  not  our  intention  to  fuperfede  the  neceflity  of 
having  recourfe  to  his  memoir*  but  to  excite  the  delire 
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Architect  of  our  readers  to  perufe  as  well  that  paper  as  a  larger 
tu  re  work  which  he  promifes  on  t  he  fame  fubjeft,  and  in  which 
Arithmetic. wc  not  ^llt  t^ieT  W1^  f-nri-  both  entertainment  and 

imlruftion.  We  (hall  conclude  this  article,  therefore, 
with  an  experimental  proof  of  the  juftnefs  of  his  hypo¬ 
thecs. 

In  the  greater  part  of  our  late  attempts  at  Gothic 
architecture,  it  is  allowed  by  every  man  of  tafte  that  we 
have  failed.  The  failure  is  to  be  accounted  for  by  the 
buildings  having  been  conflrufted  upon  no  confident  prin¬ 
ciple,  applicable  to  every  part  of  them,  but  upon  a  fervile 
copying  of  ancient  edifices,  of  which  the  ftrufture  was 
little  underftood  by  the  copiers.  Sir  James  Hall,  how¬ 
ever,  by  applying  his  theory  to  practice,  has  conflrufted  a 
building  in  this  ftyle,  which  has  far  furpaffed,  he  fays,  his 
own  expedition,  and  has  certainly  gained  the  approba¬ 
tion  of  every  man  of  tafte  and  fcience  by  whom  wc 
have  had  occaiion  co  hear  it  mentioned.  “  A  fet  of 
pods  of  aft.,  about  three  inches  in  diameter,  were  placed 
in  two  rows,  four  feet  afunder,  and  at  th^  interval  of 
four  feet  in  the  rows  ;  then  a  number  of  (lender  and  ta¬ 
pering  willow  rods,  ten  feet  in  length,  were  applied  to 
the  polls,  and,  in  the  manner  which  we  have  deferibed, 
formed  into  a  frame,  wdiich  being  covered  with  thatch, 
produced  a  very  fubdaritial  roof,  under  which  a  perfon 
can  walk  with  eafe. 

“  This  little  ftru&ure  exhibits,  in  miniature,  all  the 
•charafteriftic  features  of  the  Gothic  dyle.  It  is  in  the 
^form  of  a  crofs,  with  a  nave,  a  choir,  and  a  north  and 
fouth  tranfept.  The  thatch,  being  fo  difpofed  on  the 
frame  as  not  to  hide  the  rods  of  which  it  is  compofed, 
they  reprefent  accurately  the  pointed  and  femicircular 
arches,  and  all  the  other  peculiarities  of  a  groined  roof.” 

ARCTUS,  a  name  given  by  the  Greeks  to  two  con- 
flellations  of  the  northern  hemifphere,  by  the  Latins 
called  Ursa  Major  and  Minor ,  and  by  us  the  Greater 
and  LeJJer  Bear. 

Binary  ARITHMETIC.  See  Binary  Arithmetic , 
Encycl. 

Duodecimal  Arithmetic ,  is  that  which  proceeds  from 
12  to  12,  or  by  a  continual  fubdivifion  according  to  iz. 
This  is  greatly  ufed  by  mod  artificers  in  calculating  the 
quantity  of  their  work  ;  as  bricklayers,  carpenters,  pain¬ 
ters,  tilers,  &c. 

Harmonical  Arithmetic ,  is  fo  much  of  the  doftrine 
of  numbers  as  relates  to  the  making  the  comparifons, 
reduftions,  See.  of  mufical  intervals. 

Arithmetic  of  Infnites ,  is  the  method  of  fumming 
up  a  feries  of  numbers,  of  which  the  number  of  terms 
is  infinite.  This  method  was  firft  invented  by  Dr  Wal¬ 
lis,  as  appears  by  his  treatife  on  that  fubjeft;  where 
he  (hows  its  ufes  in  geometry,  in  finding  the  areas  of 
Jfnperficies,  the  contents  of  folids,  &c.  But  the  method 
ot  fluxions,  which  is  a  kind  of  univerfal  arithmetic  of 
infinites,  performs  all  thefe  more  eafily,  as  well  as  a 
great  many  other  things,  which  the  former  will  not 
reach. 

Logijlical  Arithmetic ,  a  name  fometimes  employed 
for  the  arithmetic  of  iexagefimal  fractions,  ufed  in  aftro- 
uomical  computations.  Shakerly,  in  his  'Tabula  BrU 
tannica ,  has  a  table  of  logarithms  adapted  to  fexagefi- 
mai  fraftions,  which  he  calls  logijlical  logarithms ;  and 
the  expeditious  arithmetic,  obtained  by  means  of  them, 
he  calls  logijlical  arithmetic .  The  term  logijlical  arith - 
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meticy  however,  or  logjljcs,  has  been  ufed  by  Vieta  and  Arithmetic 
others  for  the  rules  of  computations  in  algebra.  11 

Political  Arithmetic.  See  Political  Arithmetic  .  Ar  cd%  . 
Encycl. 

Sixagejtmal Arithmetic .  Sec  Arithmetic  (Hill.) 

Encycl.  {  J  ' 

Tetraftic  Arithmetic ,  is  that  in  which  only  the  four 
char-afters  o,  r,  2,  3,  are  ufed.  A  treatife  of  this  kind 
of  arithmetic  is  extant  by  Erhard  or  Echard  Weigel. 

But  both  this  and  binary  arithmetic  are  little  better 
than  curiofities,  efpccially  with  regard  to  oraftice  ;  as 
all  numbers  are  much  more  compendioufly  and  conve¬ 
niently  exploded  by  the  common  decuple  feale. 

Univerfal  Arithmetic^  is  the  name  given  by  New¬ 
ton  to  the  fcience  of  algebra  ;  of  which  he  left  at  Cam¬ 
bridge  an  excellent  treatife,  being  the  text-book  drawn 
up  for  the  ufe  of  his  lefturcs,  while  he  was  profeffor  of 
mathematics  in  that  univerfity. 

ARITHMETICAL  complement,  of  a  loga¬ 
rithm,  is  what  the  logarithm  wants  of  jo’ocooo,  See. 
and  the  eaficfl  way  to  find  it  is,  beginning  at  the 
left  hand,  to  fubtraft  every  figure  from  9,  and  the  lafl 
from  10. 

ARTl!.DI  (John),  was  born  in  the  year  1705,  in 
the  province  of  Angermania,  in  Sweden.  From  na¬ 
ture  he  inherited  an  ardent  paflion  for  all  branches  of 
natural  hiflory,  but  he  excelled  moll  in  that  branch  of 
it  which  is  termed  ichthyology.  In  1724  lie  went  to 
Eudy  at  the  univerfity  of  Upfal,  where  fome  years  after¬ 
wards  he  gained  the  f  riendfhip  of  the  immortal  Linnjeus, 
who  narrates  the  principal  events,  of  his  life  in  the  fol¬ 
lowing  animated  terms. 

“  In  1728  (fays  Linmeus)  I  came  from  Lund  to 
Upfal.  I  wifhed  to  devote  myfclf  to  medicine.  I  in¬ 
quired  who,  at  that  univerfity,  excelled  mod  for  his 
knowledge  :  every  one  named  Artedi.  I  was  impa¬ 
tient  to  fee  him.  I  found  him  pale,  and  in  great  di- 
ft  refs  for  the  lofs  of  his  father,  with  his  thin  hair  ne- 
glefted.  He  refembkd  the  portrait  of  Ray  the  natu- 
ralift.  His  judgment  was  ripe,  his  thoughts  profound, 
his  manners  fimple,  his  virtues  antique.  The  converfa- 
tion  turned  upon  ftones,  plants,  animals.  I  was  enchant¬ 
ed  with  his  obfervations,  equally  ingenious  and  new  ; 
for  at  the  very  firft  he  was  not  afraid  to  communicate 
them  to  me  with  the  utmoft  franknefs.  I  defired  his 
friendfhip,  he  allied  mine.  From  that  moment  we  form¬ 
ed  a  friendfhip  ;  which  we  cultivated  .with  the  greateft: 
ardour  for  feven  months  at  Upfal.  I  was  his  beft  friend, 
and  I  never  had  any  who  was  more  dear  to  me.  How 
fweet  was  that  intimacy  !  With  what  pleafure  did  wc 
fee  it  increafe  from  day  to  day  !  The  difference,  even 
of  our  characters,  was  ufeful  to  us.  His  mind  was  more 
fevere,  more  attentive  ;  he  obferved  more  flowly,  and 
with  greater  care.  A  noble  emulation  animated  11s. 

As  I  defpaired  of  ever  becoming  as  well  inftrnfted  in 
chcmiftry  as  he,  I  abandoned  it  ;  he  alfo  ceafed  to  ftu- 
dy  botany  with  the  fame  ardour,,  to  which  I  had  devo¬ 
ted  myfdf  in  a  particular  manner.  We  continued  thus 
to  ftudy  different  branches  or  fcience;  and  when  one  of 
us  excelled  the  other,  he  acknowledged  him  for  his 
mafter.  We  difputed  the  palm  in  ichthyology  ;  but 
foon  I  was  foiccd  to  yield,  and  1  abandoned  that  part 
of  natural  hiftory  to  him,  as  well  as  the  amphibia.  I 
fucceeded  better  than  he  in  the  knowledge  of  birds  and 
E  in  lefts, 
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infers,  and  he  no  longer  tried  to  excel  in  thefe  branch¬ 
es.  We  marched  together  as  equals  in  lithology,  and 
the  hiftory  of  quadrupeds.  When  one  of  us  made  an 
ebfervation,  he  communicated  it  to  the  other :  fcarce  a 
day  palfed  in  which  one  did  not  learn  from  the  other' 
fome  new  and  intereding  particular.  Thus  emulation 
excited  our  induftry,  and  mutual  afliftance  aided  our  ef¬ 
forts.  In  fpite  of  the  didance  of  our  lodgings,  we  fa-w 
each  other  every  day.  At  lad  I  fet  out  for  Lapland  ; 
he  went  to  London.  He  bequeathed  to  me  liis  manu* 
fer  pts  ar.d  his  books. 

“  In  3735  I  went  to  Leyden,  where  I  found  Ar- 
tedi.  I  recounted  my  adventures  ;  he  communicated  his 
to  me.  He  was  not  rich,  and  therefore  was  unable  to 
be  at  the  expence  of  taking  his  degrees  in  phyfic.  I 
recommended  him  to  Seba,  who  engaged  him  to  publiih 
his  work  on  fifhes.  Artedi  went  to  join  him  at  Am- 
fterdam. 

<(  Scarcely  had  I  finifhed  my  Funclamenia  Botanica . 
I  communicated  it  to  him;  he  let  me  fee  his  Philofophia 
Ichthyologic  a  Pie  prepofed  to  finifh  as  quickly  as  pof- 
fible  the  work  of  Seba,  and  to  put  the  lad  hand  to  it. 
He  fliowed  me  all  his  manuferipts  which  I  had  not  feen  : 
I  was  preffed  in  point  of  time,  and  began  to  be  impa¬ 
tient  as  being  detained  fo  long.  t  Alas!  if  I  had  known 
this  was  the  lad  time  I  fhould  fee  him,  how  fhould  I 
have  prolonged  it! 

“  Some  days  after,  as  he  returned  to  fup  with  Seba, 
the  night  being  dark,  he  fell  into  the  canal.  Nobody 
perceived  it,  and  he  peridied.  Thus  died,  by  water, 


this  great  ichthyologid,  who  had  ever,  delighted  in  that  Artedi. 
element.” 

Of  the  works  of  this  eminent  naturalid  there  have  been 
two  editions,  of  which  the  former  was  publifhed  by 
Linnaeus  in  1738,  and  the  latter  by  Dr  VVaibaum  of 
Lubeck,  in  the  years  1788,  1789,  and  1792.  Thi3 
edition,  which  is  by  much  the  mod  valuable,  is  in  three 
volumes  410  ;  of  which  the  fird  contains  the  hidory  of 
the  fcience  of  ichthyology,  commencing  feveral  years 
before  the  Chridian  era,  and  coming  down  to  the  pre- 
fent  times.  The  fecond  prefents  to  the  reader  the 
Philofophia  Ichthyologica  of  Artedi,  improved  by  Wal- 
baum,  who  was  benefited  by  the  waitings  of  Monro, 
Camper,  Kaetfeuter,  and  others.  Here  alfo  are  added 
tables  containing  the  fydem  of  fifhes  by  Ray,  Dale, 
SchaefHr,  Linnaeus,  Govvan,  Scopola,  Klein,  and  Gro- 
novius.  The  third  volume,  which  completes  the  col- 
le&iou  of  Artedi’s  works,  contains  the  technical  defini¬ 
tions  of  the  fcience.  After  the  generic  and  individual 
characters,  come  the  names  and  Latin  phrafes  of  Ar¬ 
tedi ;  the  fynonymes  of  the  bed  nnturalifts;  the  vulgar 
names  in  Englifh,  German,  Swedidi,  Ruffian,  Daniih, 
Norwegian,  Dutch,  and  Samoyed ;  the  feafon  and  the 
countries  where  every  kind  is  found,  their  varieties, 
their  defeription,  and  obfervations.  The  modern  difeo- 
veries,  even  to  our  own  times,  arc  added ;  fo  that  in 
this  part  is  collected  the  obfervations  of  Gronovius, 
Brunich,  Penant,  Forder,  Klein,  Bloch,  Gmeiin,  Hai- 
felquid,  Brouffonet,  Lefke,  Buifh,  Linnaeus,  and  other 
great  examiners  of  nature.. 
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JS  a  fcience  which  has  been  cultivated  from  the  ear- 
lied  ages,  and  is  converfant  about  the  mod  fublime 
objeCts  of  inquiry  which  can  employ  the  mind  of  man. 
It  has  accordingly  been  treated  at  great  length  in  the 
Encyclopaedia  Britanniea  ;  but,  in  the  opinion  of  fome 
of  the  mod  judicious  readers  of  that  work,  the  compiler 
of  the  fydem  which  is  there  delivered  has  failed  in  his 
attempt  to  give  a  perfpicuous  and  connected  view  of  the 
t  fcience  in  its  prefent  date  of  improvement.  This  defeat 
Obje<5t  of  it  is  our  duty  to  remedy.  Our  objeCt,  therefore,  in  this 
this  article.  fapplementary  article,  will  be  to  bring  into  one  point  of 
view  the  phyfical  fcience  which  may  be  derived  from 
the  confideration  of  the  celedial  motions  ;  that  is,  to 
deduce  from  the  general  laws  of  thofe  motions  the  in¬ 
ferences  with  refpeCt  to  their  fuppofed  caufes,  which 
conditute  the  philofophy  of  the  adronomer. 

The  caufes  of  all  phenomena  are  not  only  inferred 
from  the  phenomena,  but  are  chara&erifed  by  them  ; 
and  we  can  form  no  notion  of  their  nature  but  what  we 
conceive  as  competent  to  the  phenomena  themfelves. 
The  adronomical  phenomena  are  affumed  to  be  the  mo¬ 
tions  of  the  bodies ,  which  we  call  the  fun ,  the  planets ,  the 
comets ,  Sc c.  The  notion  which  we  exprefs  by  the  word 
body  in  the  prefent  cafe,  is  fuppofed  to  be  the  fame  with 
that  which  we  form  of  other  objects  around  us,  to 
which  we  give  the  fame  name  ;  fuch  as  dones,  dicks,  the 
bodies  of  animals,  &c.  Therefore  the  notion  which  we 
have  of  the  caufes  of  the  celedial  motions  mud  be  the 
fame  with  that  which  we  have  of  the  caufes  of  motion 


in  tliofe  more  familiar  bodies.  All  men  feem  to  have  Metaphor! 
agreed  in  giving  the  name  forces,  or  moving  forces,^  ufe  of 
to  the  caufes  of  thofe  familiar  motions.  This  is  a  fi.cheteini 
gurative  or  metaphorical  term.  The  true  and  original 
meaning  of  it  is,  the  exertion  which  we  are  confcious  of 
making  when  we  ourfelves  put  other  bodies  in  motion. 

Force,  when  ufed  without  figure*  always  fignifies  the 
exertion  of  a  living  and  afting  tiling.  We  are  more 
intereded  in  thofe  productions  of  motion  than  in  any 
other,  and  our  recoiled  ions  of  them  are  more  numerous. 

Hence  it  has  happened  that  we  ufe  the  fame  term  to 
exprefs  the  caufe  of  bodily  motion*  in  general,  and  fay 
that  a  magnet  has  force,  that  a  fpring  has  force,  that 
a  moving  body  has  force. 

Our  own  force  is  always  exerted  by  tbe  intervention  of 
our  own  body  ;  and  we  find  that  the  fame  exertion  by 
which  we  move  a  done,  enables  U9  to  move  another 
man  ;  therefore  we  conceive  his  body  to  refemble  a 
done  in  this  rcfpeCt,  and  that  it  alfo  requires  the  exer¬ 
tion  of  force  to  put  it  in  motion.  But  when  we  refled: 
on  our  employment  of  force  for  producing  motion  in  a. 
body,  we  find  ourfelves  puzzled  how  to  account  for  the 
motion  of  our  own  bodies.  Here  we  perceive  no  in¬ 
tervening  exertion  but  that  of  willing  to  do  it ;  yet  we 
find  that  we  cannot  move  it  as  we  pleafe.  We  alfo  find 
that  a  greater  motion  requires  a  greater  exertion.  It 
is  therefore  to  this  exertion  that  the  reflecting  man  re¬ 
drains  the  term  force  ;  and  he  acknowledges  that  every 
other  ufe  of  it  is  metaphorical,  and  that  it  is  a  reiem- 
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blance  in  tlie  ultimate  efFe&  alone  which  difpofes  us  to 
■employ  the  term  in  filch  cafes  :  but  we  find  no  great 
inconvenience  in  the  want  of  another  term. 

We  farther  find,  that  our  exertion  is  neceffary,  not 
only  for  producing  motion  where  there  was  none  be¬ 
fore,  but  alfo  for  producing  any  change  of  motion  ; 
and  accurate  obfervation  fhows  us,  that  the  fame  force 
is  required  for  changing  a  motion  by  any  given  quan- 
tity,  as  for  producing  that  quantity  where  there  was 
none  before. 

Laftly,  we  are  confcious  of  exerting  force  when  we 
refill  the  exerted  force  of  another;  and  that  an  exertion, 
perfe&ly  limilar  to  this,  will  prevent  lome  very  familiar 
tendencies  to  motion  in  the  bodies  around  us:  thus  an 
exertion  is  neceffary  for  carrying  a  weight,  that  is,  for 
preventing  the  fall  of  that  weight. 

All  thefe  refemblances  between  the  effects  of  our  for¬ 
cible  exertions  and  the  changes  of  motion  which  ac¬ 
company  the  meeting,  and  fometimes  the  mere  vicinity 
of  other  bodies,  juflify  us  in  the  ufe  of  this  figurative 
language.  The  refemblance  is  found  to  be  the  more 
perfect  as  we  obferve  it  with  more  care,  and,  in  fhort, 
appears  to  be  without  exception.  Bodies  are  therefore 
faid  to  n8  on  each  other,  to  refijl  each  other,  to  refijl  a 
change  of  motion.  See. 

Therefore,  wherever  we  obferve  a  change  of  motion, 
we  infer  the  exifter.ee  and  exertion  of  a  changing  force; 
and  we  infer  the  dire&ion  of  that  exertion  from  the  di- 
redion  of  the  change  ;  and  the  quantity  of  the  exer¬ 
tion,  or  intenfity  of  the  force,  from  the  quantity  of  the 
change. 

The  ftudy  of  the  caufes  of  the  celeftial  motions  is 
therefore  hardly  different  from  the  ftudy  of  the  motions 
themfelves ;  fmee  the  agency,  the  kind,  and  the  degree 
of  the  moving  force,  are  immediate  inferences  from  the 
exiftence,  the  kind,  and  the  quantity  of  the  change  of 
^  motion. 

3V(r  nation  Our  notion  of  a  moving  power  is  that  of  a  power 
>fa  moving  which  produces  motion,  that  is,  a  fuccefiive  change  of 
ower.  place.  Continuation  of  the  motion  produced  is  there¬ 

fore  involved  in  the  very  notion  of  the  produdion  of 
motion  ;  therefore  the  continued  agency  of  the  moving 
power,  or  of  any  power,  is  not  neceffary  for  the  conti¬ 
nuation  of  the  motion.  Motion  is  considered  as  a  ftate 
or  condition  of  the  body  ;  there  is  not  any  exertion  of 
power  therefore  in  the  continuation  of  motion  :  But 
every  change  is  indicative  of  a  changing  caufe ;  and 
v/hen  the  change  is  the  fame,  in  all  its  circumftances, 
the  caufe  is  neceffarily  conceived  to  be  the  fame  or 
equal. 

The  condition  of  a  body,  in  refped  of  motion,  can 
differ  from  that  of  another  equal  body  only  in  its  di- 
redion  and  in  its  velocity.  If  the  diredions  are  the 
fame,  the  difference  of  conditions  can  only  be  in  the 
difference  of  velocity.  One  body  has  a  determination, 
by  which  it  would  deferibe  ten  feet  uniformly  in  a  fe- 
cond,  if  nothing  changed  this  determination  ;  the  other 
^  has  a  determination,  by  which  it  would  deferibe  twenty 
leafure  of^et  in  a  fecond.  Each  of  thefe  determinations  are  fup- 
ioving  pofed  to  be  the  effeds  of  forces  ading  fimilarly  in  every 
>rces.  refped.  Therefore  thefe  determinations  arc  the  only 
meafures  of  thefe  two  forces  ;  that  is,  moving  forces  arc 
conceived  by  us  as  having  the  proportion  of  the  veloci¬ 
ties  which  they  produce  in  a  body  by  ading  in  a  man¬ 
ner  perfedly  fimilar. 


We  can  conceive  a  force  adling  equally  or  unequally. 

If  we  fuppofe  it  to  adt  equally  or  uniformly,  we  fup- 
poie  that  in  equal  times  it  produces  equal  effefts  ;  that 
is,  equal  determinations,  or  equal  changes  of  determina. 
tion.  We  have  no  other  notion  of  equality  or  unifor¬ 
mity  of  adf ion.  T  herefore  it  mufl  produce  equal  aujr- 
mentations  or  diminutions  of  velocity  in  equal  times ; 
therefore  it  muft  produce  an  uniformly  accelerated  or  re¬ 
tarded  motion.  Uniformly  accelerated  or  retarded  mo- Accelera¬ 
tion  is,  therefore,  the  mark  of  uniform  or  unvaried  ac-  e<;  rno  i  n 
tion.  In  fuch  a  motion,  the  changes  of  velocity  are then,ailiof 
proportional  to  the  times  from  the  beginning  of  the  ac-^^ 
tion  ;  and  if  the  motion  has  begun  from  reft,  the  whole  ^  ^ 
acquired  velocities  are  proportional  to  the  times  from 
the  beginning  of  the  motion  In  this  caie,  the  fpaces 
deferibed  are  as  the  fquares  of  the  times  from  the  be¬ 
ginning  of  the  motion  ;  and  thus  we  arrive  at  an  often- 
lible  mark  of  the  unvaried  adion  of  a  moving  force, 
viz.  lpaces  increasing  in  the  duplicate  ratio  of  the  times: 
for  fpace  and  time  are  all  that  we  can  immediately  ob¬ 
ferve  in  any  motion  that  is  continually  varying  ;  the 
velocity  or  determination  is  only  an  inference,  on  the 
fuppofition  that  the  motion  continues  unchanged  for 
fome  time,  or  that  all  adion  Ceafes  for  fome  time. 

This  abftrad  reafoning  is  perfedly  agreeable  to  every 
phenomenon  that  we  can  obferve  with  diftindnefs. 

Thus  we  cannot,  or  at  lead  we  do  not,  conceive  the 
weight  of  a  body  to  vary  its  adion  during  the  fall. 

We  confider  this  weight  as  the  caufe  of  the  fall — as  the 
moving  force  -  and  we  conceive  it  to  ad  uniformly. 

And,  in  tad,  a  body  falling  freely,  defciibes  lpaces 
which  are  proportional,  not  to  the  times,  but  to  the 
fquares  of  the  times,  and  the  fall  is  a  motion  uniformly 
accelerated.  In  like  manner,  the  motion  of  a  body 
riling  in  the  air,  in  oppofition  to  gravity,  is  uniformly- 
retarded.  £ 

1  his  kind  of  motion  alfo  gives  us  a  certain  meafure  And  plves 
of  the  acquired  velocity,  although  there  is  not,  in  rad,a  meafure 
any  fpace  obferved  to  be  uniformly  deferibed  during 
any  time  whatever.  In  this  motion  we  know  that  thejocky.  ^ 
final  determination,  produced  by  the  accumulated  or 
continued  adion  of  the  unvaried  force,  is  fuch  that  the 
body  would  deferibe  uniformly  twice  the  fpace  which  it 
has  deferibed  with  the  accelerated  motion. 

And  it  i*3  by  this  method  that  we  obtain  the  fimpleft 
meafure  of  any  moving  force,  and  can  compare  it  with 
another.  If  we  obferve  that  by  the  adion  of  one  force 
(known  to  be  uniform  by  the  fpaces  being  proportion¬ 
al  tcv  the  fquares  of  the  times)  ten  reet  have  been  de- 
feribed  in  a  fecond,  and  that  by  the  unilorm  adion  of 
another  force  eighty  feet  are  deferibed  in  two  feconds, 
we  know  that  the  lafl  force  is  double  of  the  firft  ;  ror 
in  the  fecond  motion,  80  feet  were  deicribed  in  two  fe¬ 
conds,  and  therefore  20  feet  of  this  were  deferibed  in 
the  fir  ft  fecond  (becaufe  the  motion  is  uniformly  acce¬ 
lerated)  ;  and  at  the  end  of  a  fecond,  the  firfl  body  had 
a  determination  by  which  it  would  deferibe  20  feet 
uniformly  in  a  fecond ;  and  the  fecond  body  had  ac¬ 
quired  a  determination  by  which  it  would  have  de¬ 
feribed  40  feet  uniformly  in  the  next  fecond,  had  not 
the  moving  force  continued  to  a6t  on  it,  and  made  it 
really  deferibe  60  feet  with  an  accelerated  motion. 

Becaufe  halves  have  the  fame  proportions  with  the 
units  of  which  they  are  the  halves,  it  is  plain  that  we 
may  take  the  fpaces,  deferibed  in  equal  times  with  mo- 
E  Z  tiong 
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tion3  uniformly  accelerated,  as  meafure*  ^of  the  forces 
which  have  produced  thofe  motions.  a  he  velocities 
y  generated  are,  however,  the  bell  meafures.  ^  #  . 

Meafare  .  f  When  the  a&ions  of  forces  are  not  uniform,  it  is 
the  velocity  mort  difficult  to  learn  what  is  the  meafure  of  the  velo- 
producc(!  ‘  -  -  •  "*'* 
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produce*!  i  x  produced  by  their  accumulated  action.  But  it  can 
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not  u:.i-  he  deternraed  with  equal  accuracy;  that  is,  we  can  de¬ 
form  termiue  what  is  the  velocity  which  would  have  been  pro¬ 

duced  by  the  uniform  a&ion  of  the  force  during  the  lame 
ti;  .e,  and  therefore  we  obtain  a  meafure  of  the  'orce. 
Mathematicians  are  farther  able  to  demonftrate,  that  if 
forces  vary  their  corWued  a&ion  in  any  manner  what¬ 
ever,  the  properties  of  the  fpaces  deferibed  by  two  bo¬ 
dies  in  equal  times  approaches  nearer  and  nearer  to  the 
proportion  of  the  'paces  which  they  would  deferibe  in 
thole  times  by  the  unite -m  a&ion  of  the  forces?  as  the 
times  them  lelves  are  (mailer;  and  therefore  whenever 
we  can  point  out  the  ultimate  ratio  of  the  fpaces  de¬ 
feribed  in  eoual  tiroes,  thefe  times  being  diminifhed 
without  end,  we  obtain  the  ratio  of  the  forces. 

Motions  may  be  changed,  not  only  in  quantity,  by 
acceleration  or  retardation,  but  alfo  in  diredfion,^by  de¬ 
flecting  a  body  from  its  former  direction.  When  a 
PI  te  VI  kody,  moving  uniformly  in  the  dire&ion  AB^fig.  *•), 
has  its  motion  changed  in  the  point  B,  and,  inftead  of 
deferibing  BC  uniformly  in  the  next  moment  with  the 
former  velocity,  deferibes  BD  uniformly  in  that  mo¬ 
ment,  it  is  plain  that  the  motion  BD  will  be  the  fame, 
■whether  the  body  had  begun  to  move  in  A,  or  in  F, 
or  in  G,  or  in  B,  provided  only  that  its  determination 
to  move,  or  its  velocity,  be  the  fame  in  all  thofe  points. 
Complete  the  parallelogram  BCDE.  It  is  well  known, 
that  if  one  force  ad  on  the  body  which  would  make  it 
deferibe  BC,  and  another  which  would  make  it  deferibe 
Intensity  BE,  the  body  will  deferibe  BD.  Hence  we  learn, 
and  direc-  that  when  a  body  has  the  motion  BC  changed  into  the 
tion  of  de-  motion  BD,  it  has  been  a&ed  on  in  the  point  B  by  a 
ileCling  £orce  wh;ch  Would  have  earned  a  body  at  reft  in  B  to 
forces.  deferibe  BE.  Thus  we  can  difeover  the  intensity 
and  direction  of  the  tranfverfe  force  which  produces 
any  defle&ion  from  the  former  dire&ion.  In  general, 
the  force  is  that  which  would  have  produced  in  a  body 
at  reft  that  motion  BE,  which,  when  compounded  with 
the  former  motion  BC,  produces  the  new  motion  BD. 

There  two  principles,  viz.  i ft,  that  forces  are  pro¬ 
portional  to  the  velocities  which  they  produce  in  the 
fame  circumftances,  and,  2d,  the  compofition  of  mo¬ 
tion  or  forces,  will  ferre  for  all  the  phyfical  inveftiga- 
tions  in  aftronomy.  All  the  celeftial  motions  are  curvi- 
lfneal,  and  therefore  are  inftances-  of  continual  deflec¬ 
tion,  and  of  the  continual  action  of  tranfverfe  or  defle&- 
ing  forces.  We  muft  therefore  endeavour  to  obtain  a 
General  meafure  of  fuch  continual  defle&ing  forces. 
Meafure  of  Let  two  bodies  A  and  a  (fig.  2.)  deferibe  in  the  fame 
thefe  forces  t;me  the  arches  AC,  ac  of  two  circles.  They  are  de- 
ebtained.  fle&ed  from  the  tangents  AB,  ah .  Let  us  fuppofe  that 
the  dire&ion  of  the  defle&ing  forces  is  known  to  be 
that  of  the  chords  AE,  ae  of  thefe  circles.  Let  thefe 
be  called  the  deflective  chords.  Draw  CB,  c  b,  pa¬ 
rallel  to  AE,  a  e,  and  CD,  c  d  parallel  to  AB,  a  b. 
Join  AC,  ac ,  CE,  and  re.  It  is  plain  that  the  angle 
BAC  is  equal  to  the  angle  CEA  in  the  alternate  feg- 
ment.  Therefore  ACD  is  alfo  equal  to  it ;  and,  be- 
caufe  the  angle  CAD  is  common  to  the  two  triangles 
CAD  and  EAC,  thefe  two  triangles  are  fimilar,  and 


and  b  c  =  —  . 


firm* 

But  AD  and  a  d  are  refpec- 
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r  nn  I  AC2  a  c~ 
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tively  equal  to  BC  and  b  c •  Therefore  BC 
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BC:^  =  ACc  Xae  :  ac'X  AE.  But  BC  and  be 
being  refpe&ively  equal  to  AD  and  a  */,  are  equal  to 
the  (paces  through  which  the  defle&ing  forces  would 
have  impelled  the  bodies  from  a  hate  of  reft  in  the  time 
of  deferibing  the  arches  AC,  a  c.  Therefore,  when 
th&e  times  are  diminifhed  without  end,  the  ultimate  ra¬ 
tio  of  AD  and  ad  is  the  ratio  of  the  forces  which  de- 
fk&  the  bodies  in  the  points  A  and  a.  But  it  is  evi¬ 
dent  that  the  ultimate  ratio  of  AC  to  a  C  is  the  ratio  of 
the  velocity  in/ the  point  A  to  the  velocity  in  the  point 
a  ;  becaufe  thefe  arches  are  fuppofe  d  to  be  deferibed  in 
the  fame  or  equal  times.  Therefore  the  defle&ing  for¬ 
ces,  by  which  bodies  are  made  to  deferibe  arches  o£ 
circles,  are  to  each  other  a3  the  fquares  of  the  velocities 
dire&ly,  and  as  the  defle&ive  cords  of  thofe  circles  in- 
.  verfely.  This  ratio  may  be  expreffed  fymbolically  thus* 

Y  :  f  zz  Y.  •  ZL;  or  thus,  in  a  proportional  equation* 

C  c 
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It  is  eafy  to  fee  that  in  this  laft  formula /  express 
dire&ly  the  line  b  c,  or  the  (pace  through  which  the 
body  is  a&ually  made  to  deviate  Bom  re&ilineal  motion 
in  the  time  of  deferibing  the  arch  a  c.  It  is  a  third 
proportional  to  ae  the  defle&ive  chord,  and  ac  the  arch 
of  the  circumference  deferibed  in  a  fmail  moment  off 
time.  This  is  the  meafure  afforded  immediately  by  ob- 
fervation.  We  have  ohferved  the  arch  A.C  that  is  de¬ 
feribed,  and  know  the  dire&ion  and  the  length  of  AE 
from  fome  circumftar.ces  of  the  cafe.  The  formula  which 
comes  to  us,  when  treating  this  queftion  by  the  help  of 

2  Vz 

fluxions,  is/=  • — ’.  This  is  perhaps  a  more  proper 

expreflion  of  the  phyfical  fa&  ;  for  it  exprefles  twice 
the  line  b  c ,  or  the  meafure  of  the  velocity  which  the 
defle&ing  force  would  have  generated  in  the  body  by 
a&ing  on  it  during  the  time  of  its  deferibing  the  arch 
a  c.  But  it  is  indifferent  which  meafure  we  take,  pro¬ 
vided  we  always  take  the  fame  meafure.  Theifirft  ma¬ 
thematicians,  however,  have  committed  miftakes  by  mix¬ 
ing  them. 

The  planets,  however,  do  not  deferibe  circles :  but 
all  the  curves  which  can  be*  deferibed  by  the  a&ion  ot 
finite  defle&ing  forces  are  of  fuch  a  nature,  that  we  can 
deferibe  a  circle  through  any  point,  having  the  fame 
tangent,  and  the  fame  curvature  which  the  planetary 
curve  has  in  that  point,  and  which  therefore  ultimately 
coalefces  with  it.  This  being  the  cafe,  it  is  plain  that 
the  planet,  while  paffing  through  a  point  of  the  curve, 
and  deferibing  an  indefinitely  (mail  arch  of  it,  is  in  the 
fame  condition  as  if  deferibing  the  coincident  arch  of 
the  equicurve  circle.  Hence  we  obtain  this  moft  gene¬ 
ral  propoiition,  that  the  tranfverfe  force  by  which  a  pla¬ 
net  is  made  to  deferibe  any  curve ,  is  direBly  as  the  f quart 
of  its  velocity ,  and  in  verfely  as  the  dejtefiive  chord  of  the 
equicurve  circle. 

Farther ;  The  velocity  of  a  body  in  any  point  A 

l  fur 
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(fig.  2.)  of  the  curve,  is  equal  to  that  which  the  deflec- 
five  force  in  that  point  would  generate  in  the  body  by 
aCling  uniformly  on  it  along  AF,  one- fourth  part  of 
the  ddkdive  cord  AE  or  the  equicurve  circle.  It  is 
the  fame  which  the  body  would  acquire  at  F,  after  a 
uni  ormiy  accelerated  motion  along  AF. 

For  it  is  certain  that  there  is  fome  length  AF,  fuch 
that  the  velocity  acquired  at  F  is  the  fame  with  the  ve¬ 
locity  in  the  point  A  of  the  curve.  Draw  FG  parallel 
to  the  tangent,  and  join  AG.  Make  the  arch  ACI 
~  2AF.  Then,  becaufe  the  fpace  described  with  a 
uniformly  accelerated  motion  is  one  half  of  the  fpace 
which  would  be  uniformly  deferibed  with  the  final  ve¬ 
locity,  the  arch  ACI  would  be  uniformly  deferibed 
with  the  velocity  which  the  body  has  at  A  in  the  time 
that  AF  is  deferibed  with  the  uniformly  accelerated  mo¬ 
tion  ;  and  the  arch  AB  will  be  to  the  arch  AI  as  the 
time  of  defcribing  AB  to  that  of  deferibing  A I  ;  that 
is,  as  the  time  of  falling  through  AD  to  that  of  falling 
through  AF.  But  the  motion  along  AF  being  uni¬ 
formly  accelerated,  the  fpaces  are  as  the  fquares  of  the 
times.  Therefore  AD  is  to  AF  as  the  fquare  of  the 
arch  AC  to  the  fquare  of  the  arch  A I.  But  AD  is 
to  AF  as  the  fquare  of  the  chord  AC  is  to  the  fquare 
of  the  chord  AG;  Therefore  the  arch  AC  is  to  the 
chord  AC  as  the  arch  AI  is- to  the  chord  AG.  But  the 
arch  and  chord  AC  are  ultimately  in  the  ratio  of  equa¬ 
lity.  Therefore  the  chord  AG  is  equal  to  the  arch  AI. 
Therefore  AG  is  double  of  AF.  But  becaufe  the  tri- 
angles  FAG  and  GAE  are  fimilar,  AF  is  to  AG  as 
AG  to  AE  ;  and  therefore  AE  is  double  of  AG  and 
quadruple  of  AF.  Therefore  the  velocity  at  A  in  the 
curve  is  that  which  would  be  produced  by  the  uniform 
impulfe  of  the  defleCtjng  fo fee  along  the  fourth  part  of 
10  the  deflective  chord  of  the  equicurve  circle. 

Two  tfefifl  Thefe  two  affections  or  properties  of  curvilineal  mo- 
c ur v i iTieal ^ * 0 n s  are  the  mo^  extenfive  ufe,  and  give  an  eafier  fo- 

siotions.  lut*on  °f  m°ff  queftions  than  we  obtain  by  the  more 
ufual  methods,  and  deferve  to  be  kept  in  remembrance 
by  fuch  as  engage  much  in  the  difeuflion  of  queftions 
of  this  kind. 

Thus  the  inveftigaiion  of  the  forces  which  regulate 
the  planetary  motions,  is  reduced  to  the  tafk  of  difeo- 
vering  the  velocity  of  the  planet  in  the  different  points 
of  its  mbit,  and  the  curvature  in  thofe  points,  and  the 
n  pofition  of  the  defleCtive  chords* 

Phyfjcal  The  phyiical  fei  ence  of  aftronomy  muficonfift  in  the 
A^nce  difcovery*of  the  general  laws  which  can  be  affirmed  with 
'  refpeCt-to  the  exertion  of  thofe  forces,  whether  with  re- 
fpeCt  to  their  direction  or  the  intenfity  of  their  aCtion. 
If  the  mechanician  can  do  more  than  this,  and  (how  that 
every  motion  that  is  obferved  is  an  immediate  or  remote 
confequeuce  of  thofe  general  laws,  he  will  have  comple- 
Com*  leted  ^lC  ^c^ence>  und  explained  every  appearance, 
ty  Newton  This  has  accordingly  been  done  by  Sir  Ifaac  Newton 
and  Iris  followers.  Sir  Ifaac  Newton  has  difeovered  the 
general  laws  which  regulate  the  exertions  of  thofe  forces 
which  produce  the  planetary  motions,  by  reafoning  from 
general  phenomena  which  had  been  obfeived  with  a  cer¬ 
tain  precifion  before  his  time  ;  and  has  alfo  fhown  that 
certain  considerable  deviations  from  the  generality  which 
be  fuppofed  to  be  perfeCt  were  neceffary  confequences 
cf  the  very  univerfality  of  the  phyiical  law,  although  the 
phenomenon  was  not  fo  general  as  was  at  fiift  imagined, 
lie  ha3  gone  farther,  and  has  pointed  out  fome  other 


minute  deviations  which  muff  refult  from  the  phyfical 
law,  but  which  the  art  of  obfervation  was  not  then  fuf- 
ficiently  advanced  to  difeover  in  the  phenomena.  This 
excited  the  efforts  of  men  of  fcience  to  improve  the  art 
of  astronomical  obfervation  ;  and  not  only  have  the  inti-  His  £3., 
mations  of  Newton  been  verified  by  modern  obfervation,  ers.  ° 
but  other  deviations  have  been  difeovered,  and,  in  pro- 
cefs  of  time,  have  alfo  been  fhown  to  be  confequences 
of  the  fame  general  law  of  agency  :  And,  at  this  pre. 
fent  day,  there  is  not  a  fingle  anomaly  of  the  planetary 
motions  which  has  not  been  ftiown  co  be  a  modification 
of  one  general  law  which  regulates  the  aCtion  ;  and 
therefore  charaCterifes  the  nature  of  that  fingle  force 
which  actuates  the  whole  fyftem  of  the  fun,  and  his  at¬ 
tending  planets  and  comets. 

It  was  a  moft  fortunate  circumftance  that  the  confti- 
tutmn  of  the  folar  fyftem  was  fuch  that  the  deviations 
from  the  general  law  are  not  very  confiderable.  The 
cafe  rrught  have  been  far  otherwife,  although  the  law,  . 
or  nature  of  the  planetary  force,  were  the  fame,  and 
the  fyftem  had  been  equally  harmonious  and  beautiful. 

Had  two  or  three  of  the  planets  been  vaftly  larger  than 
they  are,  it  would  have  been  extremely  difficult  to  dif¬ 
eover  any  laws  of  their  motion  fufficiently  general  to 
have  led  to  the  fufpicion  or  the  difeovery  of  the  univer- 
fal  law  of  action,  or  the  fpecific  circumftance  in  the  pla¬ 
netary  force  which  diftinguifhes  it  from  all  others,  and 
charaCterifes  its  nature.  But  the  three  laws  of  the  pla¬ 
netary  motions  difeovered  by  Kepler  were  fo  nearly 
true,  at  leaft  with  refpeCt  to  the  primary  planets,  that 
the  deviations  could  not  be  obferved,  and  they  were 
thought  to  be  exaCt.  It  was  on  the  fuppofition  that 
they  were  exafl,  that  Newton  affirmed  that  they  were 
only  modifications  of  one  law  ftill  more  general,  nay 
univerfal. 

We  fhall  follow  in  order  the  fteps  of  this  inveftiga- 
tiom 

Sir  Ifaac  Newton  took  it  for  granted,  that  the  fun  The  fiepr* 
and  planets  confided  of  matter  which  refembled  thofe  by  which 
bodies  which  we  daily  handle,  at  leaft  in  reipeCl  of Pro~ 
their  mobility;  and  that  the  forces  which  agitate cee'ied* 
them,  confidered  merely  as  moving  forces,  but  without 
confidering  or  attending  to  their  mode  of  opera¬ 
tion,  were  to  be  inferred,  both  as  to  their  direction 
and  as  to  their  intenfity,  from  the  changes  of  motion 
which  were  aferibed  to  their  agency.  He  firft  endea¬ 
voured  to  difeover  the  direction  of  that  tranfverle  force 
by  which  the  planets  are  made  to  deferibe  curve  lines. 

Kepler’s  fiift  law  furniftied  him  with  ample  means  for 
this  difeovery.  Kepler  had  difeovered,  that  the  right 
line  joining  the  fun  and  any  planet  deferibed  areas  propor¬ 
tional  to  the  tunes,  Newton  demonftrated,  that  if  a  bo¬ 
dy  was  fo  carried  round  a  fixed  point  fitiiated  in  the 
plane  of  its  motion,  that  the  right  line  joining  it  with 
that  point  deferibed  areas  proportional  to  the  times, 
the  force  which  deflected  it  from  an  uniform  rectilineal 
motion  was  continually  directed  to  that  fixed  point. 

This  makes  the  2d  propofition  of  his  immortal  work 
The  Mathematical  Principles  of  Natural  Philofophy ,  and 
it  is  given  in  the  article  Astronomy  of  the  Encyclo¬ 
paedia  Britannica,  §  260. 

Hence  Sir  liaac  Newton  inferred,  that  the  primary 
planets  were  retained  in  their  orbits  by  a  force  conti¬ 
nually  direCted  to  the  fun  ;  and,  becaufe  Kepler’s  law 
of  motion  was  alfo  obferved  by  the  fecundary  planets- 
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in  their  revolutions  round  their  refpedlive  primary  pla- 
i  nets,  this  inference  was  extended  to  them. 

Centripetal  From  .the  circumftance  that  the  planetary  deflecting 
forces.  forces  in  the  different  points  of  the  orbit  are  always  di¬ 
rected  toward  one  point  as  to  a  centre,  they  have  been 

16  ca'led  CENTRIPETAL  FORCES. 

Velocity  of  From  this  proportion  may  be  deduced  a  corollary 
th-k’iff  m  w^ich  eftablifhes  a  general  lav/  of  the  motion  of  any 
rert  po;nt«  planet  the  different  parts  of  its  orbit,  namely,  that 
©fits orbit,  the  velocity  which  a  planet  has  in  the  different  points 
of  its  path  are  inverfely  proportional  to  the  perpendi¬ 
culars  drawn  from  the  fun  on  the  tangents  to  the  orbit 
in  thofe  points  refpectively.  For,  let  AB,  a  b  (fig.  3.) 
be  two  arches  (extremely  fmall),  defer  ibed  in  equal  times, 
thefe  arches  muff  be  ultimately  proportional  to  the  ve¬ 
locities  with  which  they- are  deferibed.  Let  SP,  Sp 
be  perpendicular  to  the  tangents  AP,  ap.  The  tri¬ 
angles  A  SB,  a  S  b  are  equal,  becaufe  equal  areas  are 
defciibed  by  the  radii  vebtores  SA,  S  a>  in  equal  times: 
but  in  equal  triangles,  the  bafes  AB,  a  b>  are  recipro¬ 
cally  ?■:  their  heights  SP,  S />•,  or  AB  :  ab  zz  Sp  :  SP. 

This  corollary  gives  us  another  exprefiion  of  the  ra¬ 
tio  of  the  centripetal  forces  in  different  points  A  and  a  of 
a  curve.-  We  faw  by  a  former  proportion,  that  the  force 
at  A  (fig.  2.)  is  to  the  force  at  a  as  AC 2Xae  to 
ar  X  AE,  which  we  may  exprefs  thus:  F  :f  =r  V* 
Xc  :  v2X  C  If  we  exprefs  the  perpendiculars  SP,  Sp 
(in  fig.  3.)  by  the  fymbols  P,^>,  we  have  V2 :  v1  zz  p1 :  P2, 
and  therefore  F  :  f  pl  X  c  :  P2  X  C.  The  centripetal 
forces  in  different  points  of  an  orbit  are  in  the  ratio  com¬ 
pounded  of  the  inverfe  duplicate  ratio  of  the  perpendiculars 
drawn  to  the  tangents  in  thofe  points  from  the  centre  of 
forces ,  and  the  inverfe  ratio  of  the  defective  chords  of  the 
equicurve  circles. 

We  are  now  in  a  condition  to  determine  the  law  of 
action  of  the  centripetal  force  by  which  a  planet  is  re¬ 
tained  in  its  orbit  round  the  fun,  or  the  relation  which 
peval  force,  fubfiffs  between  the  intenfity  of  its  action  and  the  di- 
ftance  of  the  planet  from  the  fun  :  for  we  know  the  el¬ 
liptical  figure  of  the  orbit,  and  we  can  draw  a  tangent 
to  it  in  any  point,  and  a  perpendicular  from  the  fun  to 
that  tangent. 

Kepler’s  fecond  law  or  obfervation  of  the  planetary 
motions  was,  that  each  primary  planet  deferibed  an  ellipfe , 
having  the  fun  in  one  focus .  It  is  eafy  to  {how,  even 
without  any  knowledge  of  the  geometrical  properties  of 
the  ellipfe,  what  is  the  proportion  of  the  intenfities  of 
the  deflecting  force  at  the  aphelion  and  perihelion  (fee 
fig.  4  )  At  thofe  two  points  of  the  orbit,  the  motion 
of  the  planet  is  at  right  angles  to  the  line  joining  it 
with  thle  fun.  Theretoie,  fince  the  areas  deferibed  in 
equal  times  are  equal,  the  arches  deferibed  in  equal  times 
muff  be  inverfely  at  the  difiances  from  the  fun  ;  ©r  the 
velocities  muft  be  inverfely  as  the  diftances  trom  the 
fun.  But  the  curvature  in  the  aphelion  and  perihelion 
is  the  fame  ;  and  therefore  the  diameters  of  the  equi¬ 
curve  circles  in  thofe  points  are  equal.  But  thofe  dia¬ 
meters  are.  in  this  particular  cafe,  what  we  called  the 
deflective  chords.  Therefore,  calling  the  aphelion  and 
perihelion  diftances  D  and  d ,  the  velocities  in  the  aphe¬ 
lion  and  perihelion  V  and  v,  let  the  common  deflective 
chord  be  C.  Then  we  have  F  :  f  zz  V2  X  C  :  v1  X  C, 

V2 :  v11,  zz  d 2  :  D2.  That  is,  the  forces  which  de¬ 
flect  the  planet  in  the  aphelion  and  perihelion  are  in. 
verfely  as  the  fquares  of  the  diftances  from  the  fun.  A 


Law  of 
a<5ti  n  of 
th^  ctntri 
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-  perfon  almoft  ignorant  of  mathematics  may  fee  the  truth 
of  this  by  looking  into  a  table  of  natural  verfed  fines. 

He  will  obferve,  that  the  verfed  fine  of  one  degree  is 
quadruple  the  verfed  fine  of  half  a  degree,  and  fixteen 
times  the  verfed  fine  of  a  quarter  of  a  degree  ;  in  fhort, 
that  the  verfed  fines  of  fmall  arches  are  in  the  propor¬ 
tion  of  the  fquares  of  the  arches.  Now  fince  the  arches 
deferibed  in  equal  times  are  inverfely  as  the  diftances, 
their  verfed  fines  are  inverfely  as  the  fquares  of  the  di¬ 
ftances.  But  thefe  verfed  fines  are  the  fpaces  through 
which  the  centripetal  forces  at  the  aphelion  and  peri¬ 
helion  defied!  the  planet  from  the  tangent.  There¬ 
fore,  &c. 

Thus  we  have  found,  that  in  the  aphelion  and  peri¬ 
helion  the  centripetal  force  acts  with  an  intenfity  that 
is  proportional  to  the  fquares  of  the  diftances  inverfely. 

As  thefe  are  the  extreme  fituations  of  a  planet,  and  33 
the  proportion  of  the  aphelion  and  perihelion  diftances 
are  confiderably  different  in  the  different  planets,  and 
yet  this  law  of  action  is  obferved  in  them  all,  it  is  rea- 
fonable  to  imagine  that  it  holds  true,  not  in  thofe  filia¬ 
tions  only,  but  in  every  intermediate  fituation.  But  a 
conjecture,  however  probable,  is  not  lufficient,  when 
we  aim  at  accurate  Icience,  and  it  is  neceffary  to  exa¬ 
mine  whether  this  law  of  action  is  really  obferved  in 
every  point  of  the  elliptical  orbit.  ,g 

For  this  purpofe  it  is  neceffary  to  mention  fome  geo-Dem  nftra- 
metrical  properties  of  the  ellipfe.  Therefore  let  ADBEtedwithre- 
(fig.  4.)  be  the  elliptical  orbit  of  a  planet  or  comet,  to 
having  the  fun  in  the  locus  S.  Let  AB  be  the  tranf-  d  * 
verfe  axis,  and  DE  the  conjugate  axis,  and  C  the  centre. 

Let  P  be  any  point  of  the  ellipfe.  Draw  PS  through 
the  focus.  Draw  the  tangent  PN,  and  SN  from  the 
focus,  perpendicular  to  PN.  Draw  PQ^perpendicular 
to  PN,  meeting  the  tranfverfe  axis  in  Draw  QQ 
parallel  to  PN,  meeting  PS  in  O.  Alfo  draw  Qlv  per¬ 
pendicular  to  PS.  Bifect  PO  in  T. 

It  is  demonftrated  in  the  treatifes  of  conic  fections, 
that  PO  is  one  half  of  the  chord  of  the  equicurve  or  of- 
dilating  circle  drawn  through  the  point  P.  Therefore 
PO  is  one  half  oi  the  deflective  chord  of  the  planetary 
orbit.  It  is  alfo  demonftrated,  that  PR  is  one  half  of 
the  parameter  or  latus  reblum  of  the  tranlverie  axis  AB, 
or  that  it  is  the  third  proportional  to  AC  and  DC. 

Therefore  PR  or  Dr  is  of  the  fame  conftant  magni¬ 
tude,  in  whatever  part  of  the  circumference  the  point 
P  is  taken. 

It  is  evident  that  the  triangles  NSP,  KPQj  and 
QPO,  are  all  iimilar,  by  reafon  of  the  parallels  PN,  QO, 
and  the  right  angles  SNP,  PRQ,  PQO.  Therefore 
we  have  PR  :  PQ^rz  PQj  PO.  Therefore  PR  :  PO 
=  PR1 :  PQ%  -  SN2 :  SP*.  Therefore  PR  X  SP2 
=z  PO  X  SN2.  But  the  latus  rebtum  L  is  equal  to 
twice  PR,  and  the  deflective  chord  C  is  equal  to  twice 
PO.  Therefore  L  X  SP2  =  CX  SN2.  But  we  have 
feen,  that  when  a  curve  is  deferibed  by  means  of  a  cen¬ 
tripetal  force,  fo  that  areas  are  deferibed  proportional 
to  the  times,  and  therefore  the  velocities  are  reciprocal¬ 
ly  proportional  to  the  perpendiculars  drawn  from  the 
centre  of  forces  to  the  tangents,  the  forces  are  inverfely 
proportional  to  C  X  SN2.  Therefore,  in  the  elliptical 
motion  of  the  planets,  the  forces  are  inverfely  propor¬ 
tional  to  L  X  SP* ;  and  fince  L  is  a  conftant  quantity, 
the  centripetal  forces  are  inverfely  proportional  to  SP2, 
or  to  the  fquares  of  the  diftances  from  the  fun. 

Thus 
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Thus  it  appears  that,  with  refpedl  to  any  individual 
planet,  the  centripetal  force  which  continually  deflects 
it  from  the  tangent  to  its  orbit  diminifhes  in  the  inverie 
^  duplicate  ratio  of  the  diftance  from  the  fun.  The  fame 
motion1  d^ng  18  ohferved  to  be  very  nearly  true  in  the  moon’s 
the  moon  motion  round  the  earth,  and  in  the  motion  of  fisch  fa 
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tellites  of  Jupiter  and  Saturn  as  defcribe  orbits  which  are 
fenfibly  elliptical.  It  is  alfo  ohferved  in  the  motion  of 
the  comets,  at  leaf!  in  that  which  appeared  in  1682  and 


in  1759. 

It  was  therefore  very  natural  for  Sir  Ifaac  Newton  to 
examine  whether  the  like  diminution  of  force  obtained 
in  the  a&ion  of  this  force  on  different  planets  ;  that  is, 
whether  the  defle&ioh  of  the  earth  from  the  tangent  of 
its  orbit  was  to  the  firmiltaneous  defledtion  of  Jupiter 
as  the  fquare  of  Jupiter’s  diflance  from  the  fnn  to  the 
fquare  of  the  earth's  diftance.  This  was  very  probable, 
but  by  no  means  certain.  Its  probability  is  very  great 
indeed,  when  we  know  that  a  comet  moves  fo  in  its  or¬ 
bit  that  its  defle&ions  in  equal  times  are  inverfeiy  as 
the  fquares  of  its  didances  from  the  fun,  and  that  the 
comet  pafles  through  the  orbits  of  all  the  planets  ;  and 
when  at  the  fame  diftance  from  the  fun  as  any  one  of 
them,  it  luffers  the  fame  deflection  with  it.  Newton 
therefore  calculated  the  aCtual  fimultaneous  deflections 
of  the  different  planets,  and  found  them  agreeable  to 
this  law.  But  it  was  defirable  to  obtain  a  demonftra- 
tion  of  this  important  propofition  in  general  terms.  This 
'non (t rated  was  fupplied  by  Kepler’s  third  general-  obfervation  of 
\n  general  t|ie  motions,  viz.  that  the  fquares  of  the  periodic  times  of 
the  different  planets  were  proportional  to  the  cubes  of  their 
mean  dflances  from  the  fun .  The  orbits  of  the  planets 
are  lo  nearly  circular,  that  we  may  fuppofe  them  ex¬ 
actly  fo  in  the  prefect  qneftion,  without  any  remark¬ 
able  error.  In  this  cafe,  then,  the  deflective  chords  are 
the  diameters  of  the  orbits  (for  DS  is  equal  to  AC), 
and  are  proportional  to  the  diftances,  which  are  their 
halves.  The  centripetal  forces,  being  proportional  to 
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y  are  proportional  to  -j,  when  d  is  the  radius  of  the 


*  7  '  r‘~x  w  d 

orbit,  or  the  mean  diftance  from  the  fnn.  But  the  ve¬ 
locity  in  a  circular  orbit  is  as  the  circumference  direCtly, 
and  as  the  time  of  a  revolution  inverfeiy.  Therefore, 
d* 

mftead  of  we  may  write  -y,  and  then  the  forces  will 

be  proportional  to-^~,  or  to  that  is,  dire&ly  as  the 

diftance3,  and  inverfeiy  as  the  fquares  of  the  times  of  re¬ 
volution.  But,  by  Kepler’s  obfervation,  / 2  is  propor¬ 
tional  to  d*.  Therefore  the  centripetal  forces  are  pro¬ 
portional  to  or  to  ;  that  is,  inverfeiy  as  the 
dJ  d%  J 

fquares  of  the  mean  diftances  from  the  fun. 

But  ftnee  the  orbits  of  the  planets  are  not  accurate 
circles,  this  determination  is  but  an  approximation  to 
the  truth,  and  therefore  iiifufEcient  for  the  foundation 
of  fo  important  a  propofition  ;  at  any  rate,  it  will  not 
apply  to  the  comets,  vvhofe  orbits  are  very  far  from  be¬ 
ing  circular.  We  muft  obtain  a  more  accurate  demon- 
il  ration. 

1  herefore  draw  SD  (flg.  4. )  to  the  extremity  of  the 
conjugate  axis,  and  bifeCt  it  in  /.  About  S,  with  the 
radius  SD,  defcribe  the  circle  DFG.  Let  D  d,  D  *  be 
equal  fmail  arches  of  the  eliipfe  and  the  circle.  Join 
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dS,  S  S.  It  is  well  known  that  DS  is  half  of  the  chord 
ot  the  equicurve  circle  at  D,  and  therefore  D  t  is  one 
fourth  part  of  it.  It  has  been  demonftr ated,  that  the 
velocity  in  any  point  D  of  a  curve,  deferibed  by  means 
°‘  a  defle&ing  force,  is  that  which  the  force  in  that 
point  would  communicate  to  it  by  uniformly  impelling 
it  along  the  fourth  part  of  the  defleaive  chord,  that  is, 

^Ut  'D0C^  rev°Jve(3  round  S  in  a  circle 
DFG,  its  velocity  in  that  circle  would  be  that  which 
the  deflecting  force  would  communicate  to  it  by  uni¬ 
formly  impelling  it  along  one-fom  th  of  the  diameter,  that 
is,  along  D  t.  Therefcie  the  planet,  if  prop  fled  in  die 
ci region  D  with  the  velocity  which  it  has  in  the 
point  D  of  the  eliipfe,  would  defcribe  the  circle  DFG 
by  the  addon  of  the  centripetal  force.  Farther,  it 
would  defcribe  it  in  the  fame  time  that  it  deferibes  the 
elbpfe  ;  for  became  the  velocities  are  equal,  the  areas 
DS</,  DS  t  are  deferibed  in  the  fame  time.  But  the 
bafes  Dr/,  DJ  being  equal,  thefe  areas  are  as  their 
heights  S  n  (or  CD),  and  SD  (or  CA).  But  becaufe 
the  diameter  of  the  circle  is  equal  to  AB,  the  area  of 
the  whole  elliple  is  to  the  area  of  the  circle  as  CD  is  to 
CA  ;  that  is,  as  the  area  DS  d  to  the  area  DS  J  de¬ 
feribed  in  the  fame  time.  Therefore  the  elliptical  and 
circular  areas  are  iimilar  portions  of  the  eliipfe  and  cir¬ 
cle  ;  and  therefore  the  times  of  deferibing  them  are  fi- 
milar  portions  of  the  whole  revolutions  in  the  eliipfe 
and  111  the  circle.  Therefore  thefe  revolutions  are  per¬ 
formed  in  equal  times. 

And  thus  it  follows,  that  if  all  the  planets  and  co- 
nets  were  projected,  when  at  their  mean  diftances  from 
tire  fun,  perpendicularly  to  the  radii  vetlores,  they  would 
defcribe  circles  round  the  fun,  and  the  fquares  of  their 
periodic  times  would  be  proportional  to  the  cubes  of 
their  mean  diftances  from  the  fun,  as  Kepler  has  ofc- 
ferved  ;  and  therefore  the  centripetal  forces  would 
be  inverfeiy  as  the  fquares  of  their  diftances  from  the 
fun. 

t  They  are  not  different  forces  therefore  which  retain  the  Aft  the  pi., 
different  planets  in  their  refpe&ive  orbits,  but  one  force,  :.t  ts  main! 
acting  by  the  fame  law  upon  them  all.  We  may  either  e!^  *n  Teir 
conceive  it  as  an  attradive  force,  exerted  by  the  fun,  or  e{l,e<5ljve 
as  a  tendency  in  each  planet;  nay,  nothin*  hinders  usoneand^h^ 
from  conceiving  it  as  a  force  external,  both  to  fun  and  fame  forced 
planets,  impelling  them  towards  the  fun.  It  may  be 
the  impulfe  of  a  ftream  ot  fluid  moving  continually  to¬ 
ward  the  lun.  Sir  Ifaac  Newton  did  not  concern  him- 
felf  with  this  queftion,  but  contented  himfelf  with  the 
diicovery  or  the  law  according  to  which  its  a&ion  was 
exerted.  The  fteps  of  this  inveftigation  fhowed  him, 
that  a  body,  projeCled’in  any  direction  whatever,  and 
with  any  velocity  whatever,  and  fubje&ed  to  the  a&ion 
of  a  force  dire&ed  to  the  fnn,  and  inverfeiy  proportion* 
al  to  the  fquare  of  the  diftance  from  the  fun,  wiil  nc- 
ceflarily  deicribe  a  conic  feftion,  having  the  fun  in  the 
focus.  This  will  be  a  parabola,  if  the  velocity  of  pro¬ 
jection  be  that  which  the  centripetal  force  in  that  place 
would  communicate  to  the  body  by  a&ing  on  it  uni¬ 
formly  along  a  line  equal  to  half  its  diftance  from  the 
fun.  If  the  velocity  be  greater  than  this,  the  path  will, 
be  a  hyperbola  ;  if  the  velocity  be  lefs  than  this,  the 
path  will  be  an  elliptical  orbit,  in  which  the  body  will' 
revolve  for  ever  round  the  fun. 

The  3d  Keplerean  law  is  alfo  obferved  in  the  revolu¬ 
tions  of  the  fat cllites  of  Jupiter,  Saturn,  and  the  lately 
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tlifcovercd  planet ;  and  we  muft  infer  from  it,  that  they 
are  retained  in  their  orbits  round  their  re(pe£live  pri¬ 
mary  planets,  by  forces  whofe  intenfity  decreafes  ac¬ 
cording  to  the  fame  law  of  the  diftances.  Alio  the 
elliptical  motion  of  the  moon  round  the  earth,  fhows 
that  the  force  by  which  (he  is  retained  in  her  orbit  va¬ 
ries  in  the  fame  proportion  of  the  diftances.  But  when 
we  compare  the  motion  of  a  fatellite  of  Jupiter  with 
that  of  one  of  the  fatellites  of  the  other  two  planets, 
we  find  that  the  proportion  does  not  hold.  We  (hall 
find,  that,  at  equal  diftances  from  Jupiter  and  Saturn, 
the  force  toward  Jupiter  is.almoil  thrice  as  great  as  the 
force  toward  Saturn.  We  (hall  aifo  find  that  the  force 
toward  Jupiter  is  three  hundred  times  greater  than  the 
force  which  retains  the  moon  in  its  elliptical  orbit  round 
the  earth,  when  a&ing  at  the  fame  diftance. 

Since  a  force  dire&ed  to  the  fun,  and  inverfely  as  the 
fquare  of  the  diftance,  is  thus  found  to  pervade  all  the 
planetary  orbits,  it  is  highly  improbable  that  it  will  not 
atl'eci  the  fecondary  planets  alio.  The  moon  accompa¬ 
nies  the  earth  in  its  motion  round  the  fun.  It  may  ap¬ 
pear  fufneient  for  this  purpofe,  that  the  moon  be  re¬ 
tained  in  its  orbit  by  a  force  dire&ed  to  the  earth.  Were 
the  moon  connected  with  the  earth  by  a  rope  or  chain, 
this  would  be  true  ;  for  the  earth  could  get  no  motion 
without  dragging  the  moon  along  with  it :  but  it  is 
quite  otherwise  with  bodies  moving  in  free  fpace,  with¬ 
out  any  material  connections.  When  a  body  that  is 
moving  uniformly  in  a  flraight  line  is  accompanied  by 
another  which  deferibes  around  it  areas  proportional  to 
the  times,  the  force  which  continually  deflects  this  fa¬ 
tellite  is  always  diredted  to  the  moving  central  body. 
The  fa  tel-  This  is  eafily  feen  ;  for'  whatever  be  the  mutual  aCtion 
lues  of  all  of  two  bodies,  and  their  relative  motions  in  confequence 
the  pbnets  0f  tpjs  aCtion,  if  the  fame  velocity  be  impreffed  at  once 
iMbjcd-dt°on  toth  bodies  in  the  fame  direction,  their  mutual  ac- 
Ichun  ^  tions  and- relative  motions  will  be  the  fame  as  they 
would  have  been  without  this  common  impulfe.  Thus 
every  thing  is  done  in  a  fhip  that  is  failing  fteadily  in 
the  fame  manner  as  if  fhe  were  at  reft.  If  therefore  the 
moon  be  obferved  to  deferibe  areas  round  the  earth, 
which  are  precifely  proportional  to  the  times,  while  the 
earth  moves  in  an  orbit  round  the  fun,  we  mult  infer 
that  the  moon  receives,  in  every  inftant,  an  impulie  the 
fame  in  every  refped  with  what  the  earth  receives  at 
the  fame  inftant ;  or  that  the  moon  is  aCted  on  by  a 
force  parallel  to  the  earth’s  diftance  from  the  fun,  and  pro¬ 
portional  to  the  fquare  of  that  diftance  inverfely.  Now 
N  this  is  very  neatly  true  of  the  lunar  motions  ;  and  we 
mull  infer  that  the  moon  is  fubjeCted  to  this  folar  ac¬ 
tion,  or  this  tendency  to  the  fun.  The  fame  mud  be 
affirmed  of  the  fatellites  of  the  other  planets. 

But  a  force  inverfely  proportional  to  the  fquare  of 
the  earth’s  diftance  from  the  fun  is  not  what  the  univer- 
fality  of  the  law  requires :  It  muft  be  inverfely  as  the 
fquare  of  the  moon’s  diftance  from  the  fun  :  and  it  mult 
not  be  parallel  to  the  earth’s  diftance  from  the  fun,  but 
muft  be  direCled  toward  the  fun  *,  and  therefore,  in  the 
quadratures,  it  muft  converge  to  the  earth’s  radius  vec¬ 
tor.  Therefore,  fmee  a  force  having  the  above  men¬ 
tioned  conditions  will  allow  the  defeription  of  areas 
round  th  arth  exactly  proportional  to  the  times,  a 
force  aCting  on  the  moon,  inverfely  proportion?!  to  the 
fquare  of  her  diftance  from  the  fun,  and  direCled  exaCt- 
Jv  to  the  fun,  is  incompatible  with  the  accurate  cllipti- 
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cal  motion  round  the  earth.  At  new  moon,  her  ten-  2.1  < 
dency  to  the  fun  exceeds  the  earth’s  tendency  to  him, 
and  this  excels  will  dimimih  her  tendency  to  the  earth,  ,,f  ^  T  | 
and  her  motion  will  be  lefs  incurvated,  lo  that  (he  moon's  | 
will  retire  a  little  from  the  earth.  At  full  moon,  the  motion 
earth’s  tendency  to  the  fun  exceeds  the  moon’s  tenden¬ 
cy  to  him,  and  the  earth  will  feparate  a  little  from  the 
moon,  fo  that  the  relative  orbit  will  again  be  lefs  inenr- 
vated.  In  the  quadratures,  the  impulfe  pn  the  moon  is 
indeed  equal  to  that  on  the  earth,  but  not  parallel,  and 
tends  Xo  make  the  moon  approach  the  earth,  and  increafe  1 
the  curvature  of  her  orbit.  In  other  foliations  of  the 
moon,  this  want  of  equality  and  parallelifm  of  the  forces 
aCfing  on  t lie  earth  and  moon,  mull  produce  other  dif* 
turbances  of  the  regular  elliptical  motion. 

Newton  faw  this  at  once  ;  and,  to  his  great  delight, 
he  faw  that  the  great  deviations  from  regular  motion, 
which  had  been  difeovered  by  Ptolemy  and  Tycho  Brahe, 
called  the  Annual  Equation ,  the  Variation ,  and  the  Evcc- 
tion, were  fuch  as  moft  obvioufly  lefulted  from  the  re¬ 
gular  influence  o'f  the  fun  on  the  moon.  The  firfl  de¬ 
viation  from  the  regular  elliptical  motion  is  occafioned 
by  the  increafe  of  the  fun’s  difturbing  force  as  the  earth 
approaches  the  perihelion;  and  it  enlarges  the  lunar  or¬ 
bit,  by  diminifhing  the  tendency  to  the  earth,  and  in- 
creafes  the  pei  iodic  time.  The  fecond  arifes  from  the 
.direction  of  the  difturbing  foice,  by  which  it  accelerates 
the  moon’s  angular  motion  in  the  fecond  and  fourth 
quadrants  of  her  orbit,  and  retards  it  in  the  firft  and 
third.  7  he  laft  affe&s  the  eccentricity  of  the  orbit,  by 
changing  the  ratio  of  the  whole  or  compound  tendency 
of  the  moon  to  the  earth  in  her  perigee  and  apogee. 

This  fuccefs  incited  him  to  an  accurate  examination  of 
the  confequences  of  this  influence.  It  is  the  boaft  ofMaybecall 
this  difeovery  of  the  law  of  the  planetary  deft edlions,  cnlatcd  j 
that  all  its  effedls  may  be  calculated  with  the  utmoft  Pre*  ; 
precifion.  The  part  of  the  moon’s  defleflion  toward011011* 
the  fun,  which  is  neither  equal  nor  parallel  to  the  (imul- 
taneous  deflection  of  tire  earth,  may  be  feparated  from 
the  part  which  is  equal  and  parallel  to  it,  and  it  may 
be  called  the  fun’s  difturbing  force.  Its  proportion  to 
the  moon’s  defle&ion  towards  the  earth  may  be  accu¬ 
rately  afcertained,  .  and  its  inclination  to  the  line  of  the 
moon’s  motion  in  every  point  of  her  orbit  may  be  point¬ 
ed  out.  This  being  done,  the  accumulated  effedl  of 
this  difturbing  force  after  any  given  time,  however  va¬ 
riable,  both  in  direction  and  intenfity  during  this  time, 
may  be  determined  by  the  39th  and  other  proportions  of 
the  firft  book  of  the  Mathematical  Principles  of  Natural 
Philofophy.  And  thus  may  the  moon’s  motion,  when 
fo  difturbed,  be  determined  and  compared  with  her  mo¬ 
tion  really  obferved. 

All  this  has  been  done  by  Sir  Ifaac  Newton  with  the 
moft  aflonifhing  addrels  and  fagacity,  fua  mathefi  factm 
prefer ente,  partly  in  the  Principia,  and  partly  in  his 
Lunje  Theoria.  This  inveftigation,  whether  vve  con- 
fider  the  complete  originality  of  the  whole  procefs,  or 
the  ingenuity  of  the  method,  or  the  fagacity  in  feeing 
and  clearly  diferiminatiug  the  different  circumflances  of 
the  queftion,  or  the  wonderful  fertility  of  refource,  or 
the  new  and  moft  refined  mathematical  principles  and 
methods  that  he  employed — muft  ever  be  confidered  as 
the  moll  brilliant  fpecimen  of  human  invention  and  rea- 
foning  that  ever  was  exhibited  to  the  world. 

In  this  inveftigation  Newton  not  only  determined  the 
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quantity,  the  period,  arc!  tire  changes  of  thofe  Inequa¬ 
lities,  which  had  been  fo  confiderablc  and  remarkable  as 
to  be  observed  by  former  aftrcmomers,  and  this  with  an 
exaXnefs  f3r  furpaffing  what  could  ever  be  attained  by 
mere  observation  ;  but  he  aUo  pointed  out  Several  other 
periodical  inequalities,  which  were  too  imall,  and  too 
much  implicated  with  the  reft,  ever  to  be  difeovered  or 
to  be  feparated  from  them  We  do  not  fay  that  lie 
completed  the  theory  of  the  lunar  motions ;  but  he 
pointed  out  the  methods  of  in ve (ligation,  and  he  fur- 
nift  ed  all  the  means  of  profecuting  it,  by  giving  the 
world  the  elements  of  a  new  fpecies  of  mathematics, 
without  which  it  would  have  been  in  vain  to  attempt  it. 
Both  this  new  mathematics,  and  the  methods  of  apply¬ 
ing  it  to  fucli  queftions,  have  been  affiduoufly  ftudied 
and  improved  by  the  great  mathematicians  of  this  cen¬ 
tury  ;  and  the  lunar  theory  has  been  carried  to  fuch  a 
degree  x>f  perfeXion,  that  we  can  compute  her  place  in 
the  heavens  for  any  paft  age  without  deviating  above 
one  minute  of  a  degree  from  the  aXuai  obfervation. 

There  is  one  empirical  equation  of  the  moon’s  mo¬ 
tion  which  the  comparifon  of  ancient  and  modern  eclip- 
fes  obliges  the  aftronomers  to  employ,  without  being 
able  to  deduce  it,  like  the  reft,  a  priori ,  from  the  theory 
of  an  univerfal  force  inverfely  proportional  to  the  fquare 
/(ecu-  °*  ^ie  (lift3006*  ft  has  therefore  been  confidered  as  a 
equa-  ftumbiing  block  in  the  Newtonian  philofophy.  This 
of  the  is  what  is  called  the  fecular  equation  of  the  ?noon9s  mean 
n  s  motion .  The  mean  motion  is  deduced  from  a  compari- 

n  l"  fon  of  diftant  obfervations.  The  time  between  them, 
being  divided  by  the  number  of  intervening  revolutions, 
gives  the  average  time  ©f  one  revolution,  or  the  mean 
lunar  period.  When  the  ancient  Chaldean  obfervations 
are  compared  with  thofe  of  Hipparchus,  we  obtain  a 
certain  period  ;  when  thofe  of  Hipparchus  are  compa¬ 
red  with  fome  in  the  9th  century,  we  obtain  a  period 
fomewhat  fhoiter  ;  when  the  lad  are  compared  with 
thofe  of  Tycho  Brahe,  we  obtain  one  dill  fhorter  ;  and 
when  Brahe’s  are  compared  with  thofe  of  our  day,  we 
obtain  the  (horted  period  of  all— and  thu3  the  moon’s 
mean  motion  appears  to  accelerate  continually;  and  the 
accelerations  appear  to  be  in  the  duplicate  ratio  of  the 
times.  The  acceleration  for  the  century  which  ended 
in  1700  is  about  9  feconds  of  a  degree ;  that  is  to  fay, 
the  whole  motion  of  the  moon  during  the  17th  centu¬ 
ry  mud  he  increafed  9  feconds,  in  order  to  obtain  its 
motion  during  the  18th  ;  and  as  much  mud  be  taken 
from  it,  or  added  to  the  computed  longitude,  to  obtain 
its  motion  during  the  i6tii;  and  the  double  of  this  mud 
be  taken  from  the  motion  during  the  16th,  to  obtain 
its  motion  during  the  15th,  fee.  Or  it  will  be  fuflicient 
to  calculate  the  moon’s  mean  longitude  for  any  time 
pad  or  to  come  by  the  fecular  motion  which  obtains  in 
lire  prefent  century,  and  then  to  add  to  this  longitude 
the  produX  of  9  feconds,  multiplied  by  the  fquare  of 
the  number  of  centuries  which  intervene.  Thus  having 
found  the  mean  longitude  for  the  year  1200,  add  9  fe¬ 
conds,  multiplied  by  36,  for  fix  centuries.  By  this  me¬ 
thod  we  (hall  make  our  calculation  agree  with  the  mod 
ancient  and  all  intermediate  obfervations.  If  we  negleX 
this  correction,  we  (hall  differ  more  than  a  degree  from 
the  Chaldean  obfervations  cf  tlie  moon’s  place  in  the 
heavens. 

7  he  mathematicians  having  fucceeded  fo  completely 
in  deducing  all  the  obferved  inequalities  of  the  planeta- 
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ry  motions,  from  the  Angle  principle,  that  the  defleX- 
iug  forces  diminilhed  in  the  inverfe  duplicate  ratio  of 
the  didances,  were  fretted  by  this  exception,  the  reality 
of  which  they  could  not  coated.  Many  opinions  were 
formed  about  its  caufe.  Some  have  attempted  to  de¬ 
duce  it  from  the  aXion  of  the  planets  on  the  moon  ; 
others  have  deduced  it  from  the  oblate  f  rm  of  the 
earth,  and  the  tranflation  of  the  ocean  by  the  tides  ; 
others  have  fuppofed  it  owing  to  the  refiftance  of  the 
ether  in  the  celedial  fpaces  ;  and  others  have  imagined 
that  the  aXion  of  the  defleXing  force  requires  time  for 
its  propagation  to  a  didance:  But  their  deduXions  have 
been  proved  unfatisfaXory,  and  have  by  no  means  the 
precifton  and  evidence  that  have  been  attained  in  the 
other  quedions  of  phyfical  adronomy.  At  lad  M.  dc 
la  Place,  of  the  Royal  Academy  of  Sciences  at  Paris, 
has  happily  fucceeded,  and  deduced  the  fecular  equation 
of  the  moon  from  the  Newtonian  law  of  planetary  de¬ 
flexion.  It  is  produced  in  the  following  manner.  26 

Suppofe  the  mbon  revolving  round  the  earth,  undi- Deduced 
durbed  by  any  defleXion  toward  the  fun,  and  that  thc^®1^1^ 
time  of  her  revolution  is  exaXly  ascertained.  Now  let  ja^of  pla* 
the  influence  of  the  fun  be  added.  This  diminifhes  her  netary  de- 
tendency  to  the  earth  in  oppofition  and  conjunXion,flecfhon. 
and  increafes  it  in  the  quadratures:  but  the  diminutions 
exceed  the  augmentations  both  in  quantity  and  dura¬ 
tion  ;  and  the  excefs  is  equivalent  to  T-^th  of  her  ten¬ 
dency  to  the  earth.  Therefore  this  diminiftied  tenden¬ 
cy  cannot  retain  the  moon  in  the  fame  orbit  ;  fhe  mud 
retire  farther  from  the  earth,  and  deferibe  an  orbit  which 
is  lefs  incurvated  by  T^rjth  part ;  and  fhe  mail  employ 
a  longer  time  in  a  revolution.  The  period  therefore 
which  vve  obferve,  is  not  that  which  would  have  obtain¬ 
ed  had  the  moon  been  influenced  by  the  earth  alone. 

We  fhouid  not  have  known  that  her  natural  period  was 
increafed,  had  the  difturbing  influence  of  the  fun  re¬ 
mained  unchanged ;  but  this  varies  in  the  inverfe  tri¬ 
plicate  ratio  of  the  earth’s  diflauce  from  the  fun,  and  is 
therefore  greater  in  our  winter,  when  the  earth  is  nearer 
to  the  fun.  This  is  the  fource  of  the  annual  equation, 
by  which  the  lunar  period  in  January  is  made  to  exceed 
that  in  July  nearly  24  minutes.  The  angular  velocity 
of  the  moon  is  diminiftied  in  general  T^,  and  this  nu¬ 
merical  coefficient  varies  in  the  inverfe  ratio  of  the  cube 
of  the  earth’s  diftance  from  the  fun.  If  vve  expand  this 
inverfe  cube  of  the  earth’s  diftance  into  a  feries  arran¬ 
ged  according  to  the  fines  and  cofines  of  the  earth’s 
mean  motion,  making  the  earth’s  mean  diftance  unity, 
v/e  fliall  find  that  the  feries  contains  a  term’ ‘equal  to  4 
of  the  fquare  of  the  eccentricity  of  the  earth’s  orbit. 
Therefore  the  expreffion  of  the  diminution  of  the  moon’s 
angular  velocity  contains  fca  term  equal  to  T4y-  this  ve¬ 
locity,  multiplied  by  4  °f  the  fquare  of  the  earth’s  ec¬ 
centricity;  or  equal  to  the  produX  of  the  fquare  of  the 
eccentricity,  multiplied  by  the  moon’s  angular  velocity, 
and  divided  by  1 19,33  (f  °-  1  79 )*  Did  this  eccentri¬ 
city  remain  conftant,  this  produX  would  alfo  be  con- 
ftant,  and  would  {till  be  confounded  with  the  general 
diminution,  making  a  conftant  part  of  it :  but  the  ec¬ 
centricity  of  the  earth’s  orbit  is  known  to  dimiuifh,  and 
its  diminution  is  the  refult  of  the  univerfality  of  the 
Newtonian  law  of  the  planetary  defleXions.  Although 
this  diminution  is  exceedingly  fmail,  its  efteX  on  the  lu¬ 
nar  motion  becomes  fenfible  by  accumulation  in  the 
courfe  of  ages.  The  eccentricity  diminrfhing,  the  dirnt- 
F  "  nution 
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nution  of  the  moon's  angular  motion  mull  alfo  dimini fh, 
that  is,  the  angular  motion  mult  increafe. 

During  the  i8th  century,  the  fquare  of  the  earth's 
eccentricity  has  diminilhed  o,ocoooi  9325,  the  mean 
diltance  from  the  fun  being  =r  1.  This  has  increafed  the 
angular  motionof  the  moon  in  that  timeo,ooooocoT  285. 
As  this  augmentation  is  gradual,  we  mull  multiply  the 
angular  n  otion  during  the  century  by  the  half  of  this 
quantity,  in  order  to  obtain  its  accumulated  effeCl./  This 
will  be  found  to  be  9'  very  nearly,  which  exceeds  that 
deduced,  from  a  moll  careful  comparifon  of  the  motion 
of  the  lafb  two  centuries,  only  by  a  fra&ion  of  a  fe- 
cond ! 

As  long  as  the  diminution  of  the  fquare  of  the  eccen¬ 
tricity  of  the  earth’s  orbit  can  be  fuppofed  proportion¬ 
al  to  the  time,  this  effecl  will  be  as  the  fquares  of  the 
times.  When  this  theory  is  compared  with  obfeiva- 
tions,  the  coincidence  is  wonderful  indeed.  The  efFeCl 
on  the  moon’s  motion  is  periodical,  as  the  change  of  the 
folar  eccentiicity  is,  and  its  period  includes  millions  of 
years.  Tts  effcCt  on  the  moon’s  longitude  will  amount 
to  feveral  degrees  before  the  fecular  acceleration  change 
to  a  retardation. 

Thofe  who  are  not  familiar  v/ith  the  difquifitions  of 
modern  analyfis,  may  conceive  this  queftion  in  the  fol¬ 
lowing  manner. 

Let  the  length  of  a  lunar  period  be  computed  for  the 
earth’s  dillance  from  the  fun  for  every  day  of  the  year. 
Add  them  into  one  fum,  and  divide  this  by  their  num¬ 
ber  the  quotient  will  be  the  mean  lunar  period.  This 
will  be  found  to  be  greater  than  the  arithmetical  me¬ 
dium  between  the  greateil  and  the  lead.  Then  fuppofe 
the  eccentricity  of  the  earth’s  orbit  to  be  greater,  and 
make  the  fame  computation.  The  average  period  will 
be  found  ft  ill  greater,  while  the  medium  between  the 
greateft  and  lead  periods  will  hardly  differ  from  the 
former.  Something  very  like  this  may  be  obferved 
without  any  calculation,  in  a  cafe  very  fimilar.  The 
angular  velocity  of  the  fun  is  inverfely  as  the  fquare  of 
his  dillance.  Look  into  the  folar  tables,  and  the  great- 
eft  diurnal  motion  will  be  found  3,673",  and  the  lead 
3433"*  The  mean  of  tliefe  is  3553",  but  the  medium 
of  the  whole  is  3548".  Now  make  a  fimilar  obfervation 
in  tables  of  the  motion  of  the  planet  Mars,  whofe  ec¬ 
centricity  is  much  greater.  We  fhall  find  that  the  me¬ 
dium  between  the  greateft  and  lead  exceeds  the  true 
^  medium  of  all  in  a  much  greater  proportion. 

Certainty  Thus  has  the  patient  and  affiduous  cultivation  of  the 
and  utility  Newtpnian  difeoveries  explained  every  phenomenon,  and 
of  this  law.  enabled  us  to  forefee  changes  in  them  which  no  exami¬ 
nation  of  the  pad  appearances,  unaffifted  by  this  theory, 
could  have,  pointed  out,  and  which  mufl  have  exceed¬ 
ingly  embarrafied  future  aftronomers.  This  great  but 
fimple  law  of  defle&ion  reprefents  every  phenomenon  of 
the  fyftem  in  the  moft  minute  clrcumftances.  Far 
from  fearing  that  future  experience  may  overturn  this 
law,  we  may  reft  allured  that  it  will  only  confirm  it 
more  and  more  ;  and  we  may  confide  in  its  moft  remote 
^  conferences  as  if  they  were  a&ually  obferved. 

Reciprocal  It  is  difeovered  by  obfervation,  that  the  defle&ion  of 
defle&ion  the  moon  to  the  earth,  and  of  the  planets  to  the  fun, 
of  heea.  diaj-e  accompanied  by  an  equal  and  oppofite  defk&ion  of 

and  Oi  the  t^ie  eartk  to  ^  moon>  anc*  °f  tbe  fun  to  the  planets, 
fun  and  pla-  The  tendency  of  the  earth  to  the  moon  is  plainly  in- 
net s,  dicated  by  the  rife  of  the  waters  of  the  ocean  under  the 


moon,  and  on  the  oppofite  fide  of  the  earth.  Sir  Ifaae 
Newton  tried  what  fhould  be  the  refult  of  a  tendency  of 
the  water  to  the  moon.  His  inveftigatiou  of  this  quef¬ 
tion  was  very  fimilar  to  that  in  his  lunar  theory.  We 
may  conceive  the  moan  to  be  one  of  many  millions  of 
particles  of  a  fluid,  occupying  a  globe  as  big  as  the  lu¬ 
nar  orbit.  Each  will  feel  a  fimilar  diftur’oing  force, 
which  will  diminifh  its  tendency  to  the  earth  in  the 
neighbourhood  of  the  place  of  conjun&ion  and  oppofi- 
tion,  and  will  increafe  it  in  the  neighbourhood  of  the 
quadratures.  They  cannot  therefore  lemain  in  equili- pro  t 
brio  in  their  fpherical  form;  they  muft  fink  in  the  qua- the  ebii  g 
dratures,  and  rife  in  the  conjunClion  and  oppofition,  till  and  flow* 
their  greater  height  compenfates  for  the  diminifhedm- oi 
weight  of  each  particle.  In  like  manner,  the  waters  of  the^d* 
ocean  muft  fink  on  thofe  partsof  the  earth  where  the  moon 
is  feen  in  the  horizon,  and  muft  rife  in  thofe  which  have 
the  moon  in  the  zenith  or  nadir.  All  thefc  effects  are 
not  only  to  be  feen  in  general,  but  they  may  all  be  cal- 
culated,  and  the  very  form  pointed  out  which  the  fur- 
face  of  the  ocean  muft  aflame  :  and  thus  a  tendency ‘of 
every  particle  of  the  ocean  to  the  moon,  inverfely  pro¬ 
portional  to  the  fquare  of  its  diltance  from  it,  gives  us 
a  theory  of  the  ebbing  and  flowing  of  the  fea.  This  is 
delivered  in  fufificient  detail  in  the  article  Tide  of  the 
Encyclopaedia  Britannica,  and  therefore  need  not  be  in¬ 
filled  on  in  this  place.  The  fame  inference  muft  be 
drawn  from  the  preceftion  of  the  equinoxes  produced 
by  the  a&ion  of  the  moon  on  the  protuberant  matter 
of  our  equatoreal  regions.  See  Precession  in  the 
Encycl.  30 

But  the  mutual  tendency  of  the  earth  and  moon  is  And  bydif- 
clcarly  feen  in  a  phenomenon  that  is  much  more  fimple. ftrent  c.  m- 
Xf  we  compute  the  fun’s  place  in  the  heavens,  on  tlie^l^1  tat,°£ls , 
fuppofition  that  the  earth  deferibes  areas  proportionai0^^^^ 
to  the  times,  we  fhall  find  it  to  agree  with  obfervation  heavens, 
at  every  new  and  full  moon :  But  at  the  firft  quarter 
the  fun  will  be  obferved  about  9  fcconds  too  much  ad¬ 
vanced  to  the  caftward  ;  and  at  the  laft  quarter  he  will 
be  as  much  to  the  weftward  of  his  calculated  place.  In 
all  intermediate  pofitions,  the  deviation  of  the  obferved 
from  the  computed  place  of  the  fun  will  be  9  feconds, 
multiplied  by  the  fine  of  the  moon’s  diltance  from  con¬ 
junction  or  oppofition.  In  fhoit,  the  appearances  will  be 
the  fame  as  if  it  were  not  the  earth  which  deferibed  area3 
proportional  to  the  times  round  the  fun,  but  that  a 
point,  lying  between  the  earth  and  moon,  and  very  near 
the  earth’s  furface*  were  deferibing  the  ellipfe  round 
the  fun,  while  the  earth  and  moon  revolve  round  this 
point  in  the  courfe  of  a  lunation,  having  the  point  al¬ 
ways  in  the  line  between  them,  in  the  fame  manner  as 
if  they  were  on  the  extremities  of  a  rod  which  turns 
round  this  point,  while  $he  point  itfelf  revolves  round 
the  fun. 

This  then  is  the  fad  with  refped  to  the  motions  ; 
and  the  earth  in  a  month  deferibes  an  orbit  round  this 
common  centre  of  the  earth  and  moon.  It  cannot  do 
this  unlefs  it  be  continually  defleded  from  the  tangent 
to  this  orbit ;  therefore  it  is  continually  defleded  to¬ 
ward  the  moon :  and  the  momentum  of  this  defledion, 
that  is,  its  quantity  of  motion,  is  the  fame  with  that  of 
the  moon’s  defledion,  becaufe  their  dillances  from  the 
common  centre  are  as  their  quantities  of  matter  in¬ 
verfely. 

Appearances  perfectly  fimilar  to  thefe  oblige  us  to 

affirm 


affirm  that  the  fun  is  continually  defleXed  toward  the 
planets.  Aftronomical  iiiftruments,  and  the  art  of  ob- 
ferving,  have  been  prodigioufly  improved  iince  Sir  lfaac 
Newton's  time  ;  and  the  moil  fcrupulous  attention  has 
been  paid  to  the  fun’s  motion,  becaufe  it  is  to  his  place 
in  the  univerfe  that  continual  reference  is  made  in  com¬ 
puting  the  place  of  all  the  planets-  He  is  fuppofed  at 
reft  in  the  common  focus  of  all  their  orbits  ;  and  the 
obferved  diftance  of  a  planet  from  the  fun  is  always  con- 
fidered  as  the  radius  vefior.  If  this  be  not  the  cafe, 
the  orbital  motions  contained  in  our  tables  are  not  the 
abfolute  motions  of  the  planets,  nor  the  deflexions  from 


r . . , 

the  tangents  the  real  deflexions  from  abfolute  rectilineal 
and  therefore  the  forces  are  not  fuch  as  we  in- 
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fer  from  thofe  miftaken  defleXions.  Accordingly  Sir 
lfaac  Newton,  induced  by  certain  metaphyfical  confi¬ 
de  rati  ons,  aflumed  it  as  a  law  of  motion,  that  every  ac- 
n#  tion  of  a  body  A  on  another  body  B,  is  accompanied 
by  an  equal  and  contrary  aXion  of  B  on  A.  We  do 
not  fee  the  propriety  of  this  aflertion  as  a  metaphyfical 
axiom.  It  is  perfeXly  conceivable  that  a  piece  of  iron 
will  always  approach  a  magnet  when  in  its  neighbour¬ 
hood  ;  but  we  do  not  fee  that  this  obliges  us  to  aflert 
that  therefore  the  magnet  will  alfo  approach  the  iron. 
Thofe  who  explain  the  phenomena  of  magnetifm  by 
the  impulfe  of  a  fluid,  mult  certainly  grant  that  there  is 
no  metaphyfical  neceffity  for  another  ttream  of  fluid  im¬ 
pelling  the  magnet  toward  the  iron.  And  accordingly 
this,  and  the  fimilar  reciprocity  in  the  phenomena  of 
eleXricity,  have  always  been  confidered  as  deductions 
or  experimental  philofophy;  yet  weobferve  the  fame  re¬ 
ciprocity  in  all  the  aXions  of  fubinnary  bodies ;  and 
32  Newton’s  third  law  of  motion  is  received  as  true,  and 
■wtoriN  admitted  as  a  principle  of  reafoning.  But  we  apnre- 

diatkw  ^  r  WaS,hafty  in.this  Sreat  Philofopher,  and 
unlike  his  fcrupulous  caution,  to  extend  it  to  the  pla- 

netary  motions  He  did,  however,  extend  it,  and  af- 
ferted,  that  as  each  planet  was  deflected  toward  the  fun, 
the  fun  was  equally  (inrefpeXof  momentum)  defle&ed 
toward  each  planet,  and  that  his  real  motion  was  the 
compofition  of  all  thofe  fimultaneous  defleXions.  He 
averted,  that  there  was  a  certain  point  round  which  the 
lun.  and  his  attending  planets  revolved  ;  and  that  the 
oroit  of  a  planet,  which  our  meafurements  determined 
by  continual  reference  to  the  fun  as  to  a  fixed  body, 
was  not  the  true  orbit,  but  confifted  of  the  contempo¬ 
raneous  orbits  of  that  planet  and  of  the  fun  round  this 
fixed  point.  Any  little  feXor  of  the  apparent  orbit 
was  greater  than  the  correfponding  feXor  of  the  pla¬ 
net’s  true  orbit  in  abfolute  fpace,  and  the  apparent  mo¬ 
tion  was  compounded  of  the  true  motion  of  the  planet, 
and  the  opposite  to  the  true  motion  of  the  fun.  After 
a  moft  ingenious  and  refined  inveftigation,  he  fhowed 
that,  notwithftanding  this  great  difference  of  the  Kep- 
lerean  laws  from  the  truth,  the  inference,  with  refpeX 
to  the  law  of  planetary  defleXion,  is  juft,  and  that  not 
only  the  apparent  defleXions  are  in  the  inverfe  dupli¬ 
cate  ratio  of  the  diftances  from  the  fun,  but  that  the 
real  defleXions  vary  in  the  fame  ratio  of  the  diftances 
from  the  fixed  point,  and  alfo  from  the  fun  ;  for  he 
fhewed  that  the  diftances  from  the  fun  were  in  a  con- 
ftant  ratio  to  the  diftances  from  this  point.  He  fhew¬ 
ed  alfo  that  the  fame  forces  which  produced  the  con¬ 
temporaneous  revolution  of  a  planet  and  the  fun  round 
the  centre  of  the  fyftem,  would  produce  a  revolution  of 


^  J-TJ-  X  • 

the  planet  in  a  fimihr  orbit  round  the  fun  (fuppofed 
to  be  held  faft  in  his  place)  at  the  fame  diftance  which 
realiy  obtains  between  them,  with  this  foie  difference, 
that  the  periodic  time  will  be  longer,  in  the  fubch, pli¬ 
cate  ratio  of  the  quantity  of  matter  in  the  fun  to  the 
quantity  of  matter  of  the  fun  and  planet  together.  A- 
reas  will  be  deferibed  proportional  to  the  times,  and  the 
oibit  will  be  elliptical  j  but  the  ratio  of  the  fquares  of 

e  periodic  times  will  net  be  the  fame  with  the  ratio 

eqiiaf  °f  ^  diftanCe3’  unlef3  aI1  the  planets  are 

Thus  was  the  attention  of  aftronomers  direXed  to  a 
number  of  apparent  irregularities  in  the  motion  of  the 
earth,  which  muft*refult  from  this  derangement  of  the 
tun,  which  they  had  imagined  to  remain  tedfaft  in  his 
place.  They  were  told  what  to  expeX,  and  on  what 
pofitions  of  the  planets  the  hind  and  quantity  of  every 
irregularity  depended.  This  was  a  moft  inviting  field 
of  observation  to  a  curious  fpeculatift  ;  but  it  required 
the  niceft  and  moft  expenfive  inftrnments,  and  an  unin¬ 
terrupted  fenesot  long  continued  obfervations,  fufficient 
to  occupy  the  whole  of  a  man’s  time.  Fortunately  the 
accurate  determination  of  the  folar  and  lunar  motions 
were  of  the  utmoft  importance,  nay,  indifpenfably  „e- 
ceuary  for  folving  the  famous  problem  of  the  longitude 
of  a  fhip  ac  fea  :  and  thus  the  demands  of  commercial 
fturope  came  in  aid  of  philofophical  curiofity.  and  oc¬ 
casioned  the  ereXion  of  obfervatories,  tirft  at  Green- 
wich,  and  foon  after  at  Paris  and  other  places,  with  jf- 
tablifhments  for  aftronomers,  who  fhould  carefully  watch 
the  motions  of  the  fun  and  moon,  not  negleXintr  the 
other  planets.  6 

1  he  fortunate  refult  of  all  this  folicitude  has  been  the  C  11  firmed 
comp  ete  eftabiiftiment  of  the  Newtonian  conjtXure  (forM'  obferva 
fo  we  m  uft  ft  ill  think  it),  and  the  verification  of  New-tiou* 
ton  s  aflertion,  that  aXion  was  accompanied,  through 
the  whole  folar  fyftem,  by  an  equal  and  contrary  fe- 
AU  the  inequalities  of  the  folar  motion  pre- 
dieted  by  Newton  have  been  obferved,  although  they 
are  frequently  fo  complicated  that  they  could  never  have 
been  deteXed,  had  not  the  Newtonian  theory  direXed 
us  when  to  find  any  of  them  pretty  clear  of  comolica- 
.  tlon»  a[1g  h°w  to  afeertain  the  accumulated  refult  of 
them  all  in  any  ftate  of  combination. 

But  in  the  courfe  of  this  attention  to  the  motions  of 
the  fun  and  moon,  the  planets  came  in  for  a  fhare,  and 
conliderable  deviations  were  found,  from  the  fuppoii- 
tion  that  all  their  deflections  were  direXed  to  the  fun 
and  were  in  the.  inverfe  duplicate  ratio  of  their  diftances! 

The  nice  obfervation  fhewed,  that  the  Deriod  of  Jupi¬ 
ter  was  fomewhat  fhorter  than  Kepler’s  law  required! 

A  flight  refleXion  fhewed  that  this  was  no  incon- 
nftency  ;  becaufe  the  common  centre  of  the  conjoined 
orbits  of  the  Sun  and  Jupiter  was  fenfibly  diftant  from 
the  centre  of  the  fun,  namely,  about  the  1  tocth  part  of 
the  radius  veaor;  and  therefore  the  real  defleXion  was 
about  a  2  200th  part  lefs  than  was  fuppofed.  It  was  now 
plain  that  the  diftances  to  which  the  Keplerean  law  mud 
be  applied,  are  the  diftances,  not  from  the  fun,  but  from 
the  fixed  point  round  which  the  fun  and  planets  revolve. 

This  difference  was  too  fmall  to  be  obferved  in  Kepler’s 
time;  but  the  feeming  error  is  only  a  confirmation  of 
the  Newtonian  philofophy. 

But  there  are  other  irregularities  which  cannot  be  ex¬ 
plained  in  this  manner.  The  planetary  orbits  change 
F a  their 
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their  pofition  ;  their  apheiia  advance,  their  nodes  recede, 
their  inclination  to  each  other  vary.  The  mean  mo¬ 
tions  of  Saturn  and  Jupiter  are  fubjeft  to  confiderable 
, ,  -changes,  which  are  periodical. 

Deflexion  Sir  Ifaac  Newton  had  no  fooner  difcovered  the  uni- 
of  the  pk-  verfality  aid  reciprocity  of  the  deflections  of  the  pla- 
,‘ct85°-  ,  nets  and  the  fan,  than  he  ;dfo  fufpeXed  that  they  were 
Xr  -continually  dcBefted  towards  each  other  He  ,mtne- 
diatdy  obtained  a  general  notion  of  what  fhould  be 
the  more  general  refults  of  fuch  a  mutual  action.  They 
may  be  conceived  in  this  way. 

Plate  VI  Eet  S  (fig.  v)  reprefent  the  fun,  E  the  earth,  and  I 
*  limiter,  deferring  concentric  orbits  round  the  centre  ot 
the  fyllein.  Make  IS  :  EA  =  EP  :  SI*.  Then,  if 
IS  be  taken  to  reprefent  the  dcfle&ion  of  the  fun  to- 
ward  Jupiter,  E A  will  reprefent  the  defieftion  of  the 
Eatth  to  Jupiter.  Draw  EB  equal  and  parallel  to  SI, 
General  re- and  complete  the  parallelogram  EBAD.  ED  will  re- 
fult  of  fuch  prefent  the  difturbing  force  of  Jupiter.  It  my  be  re- 
mutual  ac-  f0]vecj  fato  EF,  perpendicular  to  ES,  and  EG  in  the  di- 
tlon-  reftion  of  SE.  ‘By  the  fir  ft  of  thefe  the  earth’s  angu¬ 
lar  motion  round  the  fun  is  affe&ed,  and  by  the  fecond 
its  defied  ion  toward  him  is  diminifhed  or  increafed.  _ 

In  confequence  of  this  firft  part  of  the  difturoing 
force,  the  angular  motion  is  increafed,  while  the  earth 
approaches  from  quadrature  to  conjunction  with  Jupi¬ 
ter  (which  is  the  cafe  reprefented  in  the  figure),  and  is 
diminifhed  from  the  time  that  Jupiter  is  in  opposition 
till  the  earth  is  again  in  quadrature,  weftward  of  his 
oppofition.  The  earth  is  then  accelerated  till  Jupiter 
is  in  conjunction  with  the  fun  ;  after  which  it  is  retard¬ 
ed  till  the  earth  is  3gain  in  quadrature.  ... 

The  earth’s  tendency  to  the.  fun  is  diminifhed  while 
Jupiter  is  in  the  neighbourhood  of  his  oppofition  or 
conjunction,  and  increafed  while  he  is  in  the  neighbour¬ 
hood  of  his  ftationary  pofitions.  Jupiter  being  about 
iooo  times  lefs  than  the  fun,  and  5  times  more  remote, 
IS  mint  be  confidered  as  reprefenting  of  the 

earth’s  defleaion  to  the  fun,  and  the  forces  ED  and 
EG  are  to  be  meafured  on  this  feale. 

In  confequence  of  this  change  in  the  earth  s  tenden¬ 
cy  to  the  fun,  the  aphelion  fometiir.es  advances  by  the 
diminution,  and  fometimes  retreats  by  the  augmenta¬ 
tion.  It  advances  when  Jupiter  chances  to  be  in  oppo¬ 
fition  when  the  earth  is  in  its  aphelion  ;  becaufe  this  di¬ 
minution  of  its  defleftion  towards  the  fur.  makes  it  later 
-before  its  path  is  brought  from  forming  an  obtufe  angle 
with  the  radius  -vedor,  to  form  a  right  angle  with  it. 
Becaufe  the  earth’s  tendency  to  the  fun  is,  on  the  whole, 
more  diminifhed  by  the  difturbing  force  ©f  Jupiter  than 
it  is  increafed,  the  aphelion  of  the  earth’s  orbit  advances 

on  the  whole.  .  , 

In  like  manner  the  apheiia  of  the  inferior  planets  ad¬ 
vance  by  the  dittmbing  forces  of  the  fuperior  :  but  the 
aphelion  of  a  fuperior  planet  retreats;  for  thefe  reafons, 
and  becaufe  Jupiter  and  Saturn  are  larger  and  more 
powerful  than  the  inferior  planets,  the  apheiia  of  them 
all  advance  while  that  of  Saturn  retreats. 

In  confequence  of  the  fame  difturbing  forces,  the 
rode  of  the  difturbed  planet  retreats  on  the  orbit  of  the 
difturbing  planet;  therefore  they  all  retreat  on  the  eclip¬ 
tic,  except  that  of  Jupiter,  which  advances  by  retreat¬ 
ing  on  the  orbit  of  Saturn,  from  which  it  fuffers  the 
greateft  difturbance.  This  is  owing  to  the  particular 
pofition  of  the  nodes  and  the  inclinations  of  the  orbits. 
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The  inclination  o'f  a  planetary  orbit  inereafes  while 
the  planet  approaches  the  node,  and  diminilheB  while 

the  planet  retires  from  it.  .  r  .  S6.. 

M  de  la  Place  has  completed  this  deduction  of  theApeculu. 
planetary  inequalities,  by  explaining  a  peculiarity  in  the^ _«• 
motions  of  Jupiter  and  Saturn,  which  has  long  employ- the  motions 
cd  the  attention  of  aitronomers.  The  accelerations  and0f  Jupiter 
retardations  of  the  planetary  motions  depend,  as  has  and  Saturn, 
been  fliown,  on  their  configurations,  or  the  r  elative  quar- 
ters  of  the  heavens  in  which  they  are.  Thofe  of  Mer¬ 
cury,  Venus,  the  Earth,  and  Mars,  arifing  from  their 
mutual  deflexions  ;  and  their  more  remarkable  deflec¬ 
tions  to  the  great  planets  Jupiter  and  Saturn,  nearly 
compenfate  each  other,  and  no  traces  of  them  remain 
after  a  few  revolutions  :  but  the  pofitions  of  the  aphe¬ 
iia  of  Saturn  and  Jupiter  are  fuch,  that  the  retardations 
of  Saturn  fenfibly  exceed  the  accelerations,  and  the  ano- 
maliltic  period  of  Saturn  inereafes  almoft  a  day  every 
century  ;  on  the  contrary,  that  of  Jupiter  diminifhes. 

M  de  la  Place  fhows,  that  this  proceeds  from  the  pofi- 
tiou  of  the  apheiia,  and  the  almoft  perfeX  commenfura- 
bility  of  their  revolutions ;  five  revolutions  of  Jupiter 
'  making  21,675  days,  while  two  revolutions  of  Saturn 
make  21,538,  differing  only  137  days. 

Suppofing  this  relation  to  be  exaX,  the  theory  fhews, 
that  the  mutual  aXion  of  thefe  planets  muff  produce 
mutual  accelerations  and  retardations  of  their  mean  mo¬ 
tions,  and  afeertams  the  periods  and  limits  of  the  fecu- 
lar  equations  thence  arifing.  1  hefe  periods  include  fe* 
veral  centuries©  Again,  becaufe  this  relation  is  not  pre* 
cife,  but  the  odd  days  nearly  divide  the  periods  already 
found,  there  miifl  arife  an  equation  of  this  fecular  equa¬ 
tion,  of  which  the  period  is  immenfely  longer,  and  the 
maximum  very  minute.  He  fhews  that  this  retardation 
of  Saturn  is  now  at  its  maximum,  and  is  diminifhing 
again,  and  will,  in  the  courfe  of  years,  change  to  an 
acceleration.  . 

This  inveftigation  of  the  fra  all  inequalities  is  the  molt 
intricate  problem  in  mechanical  philofophy,  and  has 
been  completed  only  by  very  flow  degrees,  by  the  ar¬ 
duous  efforts  of  the  greateft  mathematicians,  of  whom 
M.  de-la  Grange  is  the  moft  eminent.  Some  of  his  ge¬ 
neral  refults  are  very  remarkable. 

He  demon ftrates,  that  fince  the  planets  move  in  one 
direXion,  in  orbits  nearly  circular,  no  mutual  difturb- 
ances  make  any  permanent  change  in  the  mean  diftan- 
ces  and  mean  periods  of  the  planets,  and  that  the  perio¬ 
dic  changes  are  confined  within  very  narrow  limits.  37 
The  orbits  can  never  deviate  fenfibly  from  circles.  NoneOfdllatk 
of  them  ever  has  been  or  will  be  a  comet  moving  in  C 

very  eccentric  orbit.  The  ecliptic  will  never  coincide"^* 
with  the  equator,  nor  change  its  inclination  above  two 
degrees.  In  fhort,  the  folar  planetary  fyftem  ofcillates, 
as  it  were,  round  a  medium  ftate,  from  which  it  never 
fwerves  very  far. 

This  theory  of  the  planetary  inequalities,  founded  on 
the  univerfal  law  of  mutual  defteXion,  has  given  to  our 
tables  a  precifion,  and  a  coincidence  with  obfervation, 
that  furpaffes  all  expeXation,  and  infures  the  legitimacy 
of  the  theory.  The  inequalities  are  moft  fenfible  in  the 
motions  of  Jupiter  and  Saturn;  and  thefe^prefent  them- 
felves  in  fuch  a  complicated  ftate,  and  their  periods  arc 
fo  long,  that  ages  were  neceffary  for  difeovering  them 
by  mere  obfervation.  In  this  refpeX,  therefore,  the 
theory  has  outftripped  the  obfervatious  on  which  it  is 

founded. 
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S8  founded.  It  is  very  remarkable,  that  the  periods  which 
.uthinti-  tjle  i,1(jians  affign  to  thefe  two  planets,  and  which  ap- 
!ty.  "fthe  beared  fo  inaccurate  that  they  hurt  the  credit  of  the 

.ronoiny. 


feience  of  tliofe  ancient  aflronomers,  are  now  found  pre- 
cifely'  fucli  as  muft  have  obtained  about  three  thoufand 
years  before  the  Chriftian  era;  and  thus  they  give  an 
authenticity  to  that  ancient  aftronomy.  The  periods 
which  any  nation  of  aftronomers  affign  to  thofe  two  pla¬ 
nets  would  afford  no  contemptible  mean  for  determining 
the  age  in  which  it  was  obferved. 

The  following  circumftance  is  remarkable  :  Snppofe 
Jupiter  and  Saturn  in  conjunction  in  the  fir  ft  degree  of 
Aries  ;  twenty  years  after,  it  will  happen  in  Sagitta¬ 
rius;  and  after  another  twenty  years,  it  will  happen  in 
Teo*.  It  will  continue  in  thefe  three  figns  for  200  years. 
In  the  next  200  it  will  happen  in  Taurus,  Capricornus, 
and  Virgo  ;  in  the  next  200  years,  it  will  happen  in 
Gemini,  Aquarius,  and  Libra ;  and  in  the  ne*t  200 
years,  it  will  happen  in  Cancer,  Pifces,  and  Scorpio  : 
Origin  of  then  all  begins  again  in  Aries.  It  is  highly  probable 
the  aftrolo-  t^at  thefe  remarkable  periods  of  the  oppofitions  of  Ju- 
gkal  aivi-  p-ter  and  §aturn>  pi-ogreflive  for  40  year?,  and  ofcilla- 
hemol18  ting  during  160  more,  occafioned  the  aftrological  divi- 
ffon  of  the  heavens  into  the  four  trigons ,  of  fire,  air, 
earth,  and  water.  Thefe  relations  of  the  figns,  which- 
compofe  a  trigon,  point  out  the  repetitions  of  the  chief 
irregularities  of  the  folar  fyftem. 

M.  de  la  Place  obferves  (in  1796),  that  the  laft  dif- 
covered  planet  gives  evident  marks  of  the  a&ion  of  the 
reft ;  and  that  when  thefe  are  computed  and  taken  into 
the  account  of  its  bygone  motions,  they  pht  it  beyond 
doubt  that  it  was  feen  by  Flamftead  in  1690,  by  Mayer 
in  1756,  and  by  Monnier  in  1769* 

A&ion  of  We  have  hitherto  overlooked  the  comets  in  our  ac- 
thc  conuts,  count  of  the  mutual  difturbances  of  the  folar  fyftem. 

Their  number  is  very  great,  and  they  go  to  all  quarters 
of  the  univerfe  :  but  we  may  conclude,  from  the  won¬ 
derful  regularity  of  the  planetary  motions,  when  all  their 
own  mutual  a&ions  are  taken  into  account,  that  the 
quantity  of  matter  in  the  comets  is  very  inconfiderable. 
They  remain  but  a  fhort  time  in  the  neighbourhood  of 
the  planets,  and  they  pafs  them  with  great  rapidity. 
Some  of  them  have  come  very  near  to  Jupiter,  but  left 
no  trace  of  their  aCtion  in  the  motions  of  his  fatellites. 
They  doubtlefs  contribute,  in  general,  to  make  the  ap- 
41  fides  of  the  planetary  orbits  advance. 

They  are  Qn  the  other  hand,  the  comets  may  be  considerably 
thetkneTs  by  the  planets*  The  very  important  phenome¬ 

non  of  the  return  of  the  comet  of  1682,  which  was  to 
decide  whether  they  were  revolving  planets  dcfcribfng 
ellipfes,  or  bodies  which  C2me  but  once  into  the  plane¬ 
tary  regions,  and  then  retired  for  ever,  caufed  the  aft.ro* 
nemers  to  confider  this  matter  with  great  care.  Halley 
“had  fhown,  in  a  rough  way,  that  this  comet  muft  have 
been  confiderably  affeaed  by  Jupiter.  Their  motion 
'near  the  aphelion  muft  be  fo  very  flow,  that  a  very  fmall 
change  of  velocity  or  direaion,  while  in  the  planetary 
regions,  muft  confiderably  affeCt  their  periods.  Halley 
thought  that  the  aaion  of  Jupiter  might  change  it  half 
a  year.  Mr  Clairaut,  by  coniidering  the  difturbing  forces 
cf  Jupiter  and  Saturn  through  the  whole  revolution, 
fhowed  that  the  period  then  running  would  exceed  the 
former  nearly  two  years  (diB  days),  and  affigned  the 
middle  of  April  1759  for  the  time  of  its  perihelion.  It 
really  paffed  its  perihelion  on  the  J2th  of  March,  ihis 
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was  a  wonderful  prccitiou,  when  we  reflect  that  the  co¬ 
met  had  been  feen  but  a  very  few  days  in  its  former 
apparitions. 

A  comet  obferved  by  Mr  Profperin  and  others  in 
1771  lias  greatly  puzzled  the  aftronomers.  Its  motions 
appear  to  have  been  extremely  irregular,  and  it  certainly 
came  fo  near  Jupiter,  that  his  momentary  influence  was 
at  leaft  equal  to  the  fun’s.  It  has  not  been  recognifed 
fince  that  time,  although  there  is  a  great  probability 
that  it  is  continually  among  the  planets.  .  4% 

It  is  by  no  means  impoffible,  nor  highly  improbable, Confe- 
that,  in  the  courfe  of  ages,  a  comet  may  adhially  meet 
one  of  the  planets.  The  effect  of  fuch  a  concourfe  muftp|anet 
be  dreadful;  a  change  of  the  axis  of  diurnal  rotation  meeting, 
muft  refult  from  it,  and  the  fea  muft  defert  its  former 
bed  and  overflow  the  new  equatorial  regions.  The 
fhock  and  the  deluge  muft  deflroy  all  the  works  of  man, 
and  moll  of  the  race.  The  remainder,  reduced  to  mi- 
fery,  muft  long  ftruggle  for  exiflence,  and  all  remem¬ 
brance  of  former  arts  and  events  muft  be  loft,  and  every 
thing  muft  be  invented  anew;  There  are  not  wanting  * 
traces  of  fuch  devaluations  in  this  globe  :  flrata  and 
things  are  now  found  on  .mountain  tops  which  were  cer¬ 
tainly  at  the  bottom  of  the  ocean  in  former  times  ;  re¬ 
mains  of  tropical  animals  and  plants  are  now  dug  up  in  1 
the  circumpolar  regions.  Tempora  mutantur ,  et  nos  mu -  - 
tamur  in  illis* 

It  is  plain,  that  when  we  know  the  dire&ion  and  the 
intenfity  of  the  difturbing  force,  we  can  tell  what  will  * 
be  the  accumulated  effect  of  its  adlion  for  any  time. 

The  dire&ion  is  eafily  determined  by  means  of  the  di- 
ftance  :  but  how  fhall  we  determine  the  intenfity?  Since 
we  fee  that  the  whole  waters  of  the  ocean  are  defle&ed 
toward  the  moon,  and  have  fuch  probable  evidence  that 
planetary  defle&ion  is  mutual ;  it  follows,  that  the  moon 
is  deflt&ed  towards  every  drop  of  water,  and  that  all 
the  matter  in  one  body  is  defle&ed  towards  all  the 
matter  in  another  body  ;  and  therefore  that  the  deflec¬ 
tion  towards  the  fun  or  a  planet  is  greater  or  lefs  in  pro¬ 
portion  to  its  quantity  of  matter.  Hew  ton  indeed 
thought  it  unreasonable  to  fuppofe  that  a  planet .  was 
defk&ed  to  the  centre  of  the  fun,  which  had  no  diftin- 
guiftiing  phyfical  property  ;  and  thought  it  more  pro¬ 
bable  that  the  deflection  of  a  planet  to  the  fun  was  the 
accumulated  deflection  of  every  particle  in  the  planet  to 
every  particle  in  the  fun.  But  he-v/as  too  fcrupulous 
to  take  this  for  granted.  He  therefore  endeavoured  to 
diicover  what  would  be  the  feniibie  defle&ion  of  one 
fohere  to  another,  when  each  confrfted  of  matter,  every 
particle  of  which  was  defle&ed  to  every  particle  of  the 
other  with  an  intenfity  inverfeiy  proportional  to  the  4* 
fn.ua re  of  the  diftance  from  it.  By  help  of  a  moft  beau- Tendency  ^ 
tiful  and  fimple  procefc,  he  difeovered,  that .the  cen- |lndi(.s  to. 
dency  of  a  particle  of  matter  to  a  fpherical  furfoce,  niell,  wardseach 
or  folid,  cf  uniform  denfity  at  equal  diltancea  from  the  other,  di- 
centre,  was  the  fame  as  if  all  the  particles  in  the  fur- * ’ *;)* 
face,  fhell,  or  folid,  were  united  in  its  centre:  hence :  it ^atte,:/aIul 
legitimately  followed,  that  the  mutual  tendency  ol  fphe  *  inverfeiy  as 
rical  furfaces,  Ihells,  or  folids,  was  proportional  to  the  the  fanm 
quantities  of  matter  in  theatmfimg  body,  and  nwerfe- 
ly  as  the  fquare  of  the  diltance  of  their  centres;  ®ndtjiejr  CCI.„. 
thns  the  law  of  attraftion,  competent  to  every  particle trc,. 
of  olanetary  matter,  was  the  fame  with  that  which  was 
obferved  among  fpherical  bodies  conlifting  of  fuch  mat¬ 
ter,  And  it  is  remarkable,  that  the  inverfe  duplicate  ra- 
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tio  of  the  diftances  is  the  only  law  that  will  hold,  both 
with  refpeX  to  Angle  particles  and  to  globes  compofed 
of  fuch  particles.  He  alfo  demonflrated,  that  a  par  ¬ 
ticle  placed  within  a  fphere  was  not  afteXed  by  all  the 
fliell,  which  was  more  diftant  than  itfdf  from  the  cen- 
*  tre,'  being  equally  attraXed  on  every  fide,  and  that  it 

tended  toward  the  centre  of  a  homogeneous  fohere,  on 
the  furface  of  which  it  was  placed,  with  a  force  pro¬ 
portional  to  its  aiftance  from  the  centre. 

Newton  faw  a  cafe  in  which  it  was  pofiible  to  difco- 
ver  whether  the  tendency  of  the  matter  of  which  the 
planets  coniifted  was  directed  to  a  mathematical  centre 
void  of  any  phyfical  properties,  or  whether  it  was  the 
refult  of  its  united  tendency  to  all  the  matter  of  the 
planet.  He  demonflrated,  that  if  the  earth  confided  of 
matter  which  tended  to  the  centre,  it  behoved  it  to  af- 
fume  the  form  of  an  elliptieal  fpheroid,  in  confequence 
of  the  centrifugal  force  ariiing  from  its  diurnal  motion, 
and  that  the  polar  axis  muft  be  to  its  equatorial  diame¬ 
ter  as  577  to  578  ;  but  if  every  particle  tends  to  every 
other  particle  in  the  inverfe  duplicate  ratio  of  the  di- 
flance  from  it,  the  form  mud  dill  be  elliptieal,  but  more 
protuberant,  and  the  polar  axis  mud  be  to  the  equato¬ 
rial  diameter  as  2:0  to  231.  Then  only  will  a  column 
of  water  from  the  pole  to  the  centre  balance  a  column 
from  the  equator  to  the  centre.  He  alfo  fhewed  what 
fhoold  be  the  vibrations  of  pendulums  in.  different  lati- 
‘  tudes,  on  both  fuppofitions.  Mathematicians  were  ea¬ 
ger  therefore  to  make  thofe  experiments  on  pendulums, 
and  to  determine  the  figure  of  the  earth  by  the  meafure- 
ment  of  degrees  of  the  meridian  in  different  latitudes. 
The  refult  of  their  endeavours  has  been  decidedly  in  fa¬ 
vours  of  the  mutual  tendency  of  all  matter.  This  has 
been  farther  confirmed  by  the  obfervations  of  the  ma¬ 
thematicians  who  meafured  the  degrees  of  the  meridian 
in  Peru,  and  by  Dr  M?fkelyne  in  Britain,  who  found 
that  a  pendulum  fufpended  in  the  neighbourhood  of  a 
great  and  folid  mountain,  fenfibly  deviated  from  the 
44  true  vertical,  and  was  defleXed  toward  the  mountain. 
Proport? 01  -  From  a  collective  view  of  all  thefe  circumflances,  Sir 
*f  maMeihi ffaac  New.ton  concluded,  with  great  confidence,  that 
the  f  ,n  and1}1*"  defledion  toward  any  planet  was  the  united  deflec- 
planets  de  tion  toward  every  particle  of  matter  contained  in  it. 
ter nnned.  This  enabled  him  to  determine  the  intenfity  of  the  pla¬ 
netary  diflurbing  forces,  by  previoufly  afeertaking  the 
proportions  of  their  quantities  of  matter.  This-  pro¬ 
portion,  the  difeevery  of  which  feems  above  our  reaeb, 
is  eafily  afeertained  in  all  thofe  bodies  which  have  others 
revolving  round  them  :  for  the  defleXion  of  the  revol¬ 
ving  body,  being  occafioned  by  all  the  matter  in  the 
central  body,  will  be  proportional  (cateris  paribus )  to 
the  quantity  of  matter  in  the  central  body,  and  there¬ 
fore  will  give  us  a  meafure  of  that  quantity.  Would  we 
compare  the  quantity  of  matter  in  Jupiter  with  the 
quantity  of  matter  in  the  fun,  we  have  only  to  fuppole 
that  a  planet  revolves  round  the  fun  at  the  diflance  of 
Jupiter’s  fourth  fatellite.  Kepler’s  third  law  will  tell 
us  the  time  of  its  revolution.  The  diftances,  in  this 
cafe,  being  the  fame,  the  centripetal  forces,  and  confe- 
quently  the  quantities  of  matter  in  the  central  bodies, 
will  be  inverfely  as  the  fquares  of  the  periodic  times  of 
the  revolutions  around  them.  In  this  way  have  the 
quantities  of  matter  been  determined  for  the  Sun,  the 
the  Earth,  Jupiter,  Saturn,  and  the  laft  difee vere'd  pla- 
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net.  If  the  quantity  in  the  Earth  be  confidered  as  the 
unit,  we  have, 

The  Earth  .  .  .  _  T 

The  newly  difeovered  planet 
Saturn  - 
Jupiter  - 

The  Sun  -  -  .  33s343- 

Thus  we  fee  that  the  fun  is  incomparably  bigger  than 
any  planet,  having  more  than  a  thoufand  times  as  much 
matter  as  Jupiter,  the  moft  maffy  of  them  all.  There 
is  a  confiderable  uncertainty,  however,  in  the  proportion 
to  the  fun,  becaufe  we  do  not  know  his  diflance  nearer 
than  within  -^o^h  part.  The  proportions  of  the  reft 
to  each  other  are  more  accurate.  The  quantities  of 
matter  in  Mercury  and  Mars  can  only  be  gueffed  at : 
the  quantity  in  Mercury  may  be  called  0,1,  and  Mars 
may  be  called  0,12.  Venus  is  fuppofed  nearly  equal  to 
the  Earth.  This  is  concluded  from  the  effeX  which 
fhe  produces  on  the  precefiion  of  the  equinoxes  and  the 
equation  of  the  fun’s  motion.  The  moon  is  fuppofed 
to  be  about  ^th  of  the  earth,  from  the  effeX  fhe  pro¬ 
duces  on  the  tides  and  the  precefiion  of  the  equinoxes, 
compared  with  thofe  produced  by  the  fun. 

>  When  thefe  quantities  of  matter  are  introduced  into Sun’t  place 
the  computation  of  the  planetary  inequalities,  and  theandthe 
intenfity  of  the  diflurbing  forces  affirmed  accordingly, tranflt  of  a 
therefults  of  the  computations  tally  fo  exaXly  with  ob-^^ned" 
fervation,  that  we  can  now  determine  the  fun’s  place exa<5Uy. 
for  any  moment  within  two  or  three  feconds  of  a  de¬ 
gree,  and  are  certain  of  the  tranfit  of  a  planet  within 

one  beat  of  the  clock  1 

* 

Jam  duhios  nulla  caligine  pragravat  error  ; 

Queis  fuperum  penetrare  domos  atque  ardua  eceli 
Scandere  fublimis  genii  concejfit  acumen . 

Halley, 


Sir  Ifaac  Newton  having  already  made  the  great  dis¬ 
covery  of  an  univerfal  and  mutual  defleXion  of  all  the 
matter  in  the  folar  fyflem,  was  one  day  fpeculating  on 
this  fubjeX,  and  comparing  it  with  other  deflexions 
which  he  obferved  among  bodies,  fuch  as  magnets,  8c c. 

He  confidered  terreftrial  gravity  as  a  force  of  this  kind. 

By  the  weight  of  terreftrial  bodies  they  kept  united 
with  the  earth.  By  its  weight  was  the  water  of  the  Progrefs  of 
ocean  formed  into  a  fphere.  This  force  extended,  with- Newton’s 
out  any  remarkable  diminution,  to  the  tops  of  the  high-<!ifcovery 
eft  mountains.  Might  it  not  reach  much  farther?  iVlay*^ 
it  not  operate  even  at  the  diflance  of  the  moon  ?  In 
the  fame  manner  that  the  planetary  force  defied*  the 
moon  from  the  tangent  to  her  orbit,  and  caufes  her  to 
deferibe  an  ellipfe,  the  weight  of  a  cannon  ball  deflefts 
it  from  the  line  of  its  direction,  and  makes  it  deferibe  a 
parabola.  What  if  the  defied ing  force  which  incur- 
vates  her  path  towards  the  earth  be  the  Ample  weight 
of  the  moon  ?  If  the  weight  of  a  body  be  llie  fame  with 
the  general  planetary  force,  it  will  diminilhas  thefquare 
of  its  diflance  from  the  earth  increafes.  Therefore, 
faid  he  to  himfelf,  fince  the  diflance  of  the  moon  from 
the  centre  of  the  earth  is  about  50  times  greater  than 
the  diflance  of  the  ftone  which  I  throw  from  my  hand, 
and  which  is  defleded  1 6  feet  in  one  fecond,  the  weight 
of  this  ftone,  if  taken  up  to  the  height  of  the  moon, 
lhould  be  reduced  to  the  2500th  part,  and  fhould  there 
defkdyjVothof  i6feet  in  a  fecond;  and  the  moon  lhould 
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defleft  as  much  from  the  tangent  in  a  fecond.  Having 
the  dimeniions,  as  he  thought,  of  the  moon’s  orbit,  he 
immediately  computed  the  moon’s  deflection  in  a  fe¬ 
cond  ;  but  he  found  it  confiderably  different  from  what 
he  wifhed  it  to  be.  He  therefore  concluded  that  the 
planetary  force  was  not  the  weight  of  the  planet.  For 
fome  years  he  thought  no  more  of  it :  but  one  day,  in 
the  Royal  Society,  he  heard  an  account  read  of  mea- 
furements  of  a  degree  of  the  meridian,  which  fhovved 
him  that  the  radius  of  the  earth  and  the  diftance  of  the 
moon  were  very  different  from  what  he  had  believed 
them  to  be.  When  he  went  home  he  repeated  his  com¬ 
putation,  and  found,  that  the  defle&ion  of  a  ftone  was 
to  the  fimultaneous  defledion  of  the  moon  as  the  fquare 
of  the  moon’s  diftance  from  the  centre  of  the  eaith  to 
the  fquare  of  the  {tone’s  diftance.  Therefore  the  moon 
is  deflefted  by  its  weight ;  and  the  fall  of  a  ftone  is  juft 
a  particular  inftance  of  the  exertion  of  the  univerfai  pla¬ 
netary  force.  .  This  computation  was  but  roughly  made 
at  firft  ;  but  it  was  this  coincidence  that  excited  the 
philofopher  to  a  more  attentive  review  of  the  whole  fub- 
jed.  When  every  circumftance  which  can  affed  the 
refult  is  taken  into  account,  the  coincidence  is  found  to 
be  moft  accurate.  The  fall  of  the  ftone  is  n®t  the  full 
effeft  of  its  weight  ;  for  it  is  dimimftied  by  the  rotation 
of  the  earth  round  its  axis:  It  is  alfo  diminifhed  by  the 
weight  of  the  air  which  it  difplaees  :  It  is  alfo  d:mi- 
nifhed  by  its  tendency  to  the  moon.  On  the  other 
hand,  the  moon  does  not  revolve  round  the  earth,  but 
round  a  common  centre  of  the  earth  and  moon,  and  its 
peiiod  is  about  rio^h  fhorter  than  if  it  revolved  round 
the  earth  ;  and  the  moon’s  defledion  is  -affefted  by  the 
fun’s  difturbing  force.  But  all  tlicfe  corredions  can  be 
accuiately  made,  and  the  ratio  of  the  full  weight  of  the 
ftone  to  the  full  defledion  of  the  moon  afcertained. 
This  has  been  done. 

Terreftrial  gravity  therefore,  or  that  power  by  which 
bodies  fall  or  prefs  on  their  fupports,  is  only  a  particu¬ 
lar  inftance  of  that  general  tendency  by  which  the  pla¬ 
nets  are  retained  in  their  orbits.  Bodies  may  be  faid  to 
gravitate  when  they  give  indications  of  iheir  being  gra¬ 
vis  or  heavy,  that  is,  when  they  fall  or  prefs  on  their 
fupports  ;  therefore  the  planets  may  be  faid  to  gravi¬ 
tate  when  they  give  fmilar  indications  of  the  fame  ten¬ 
dency  by  their  curvelineal  motions.  The  general  fact, 
that  the  bodies  of  the  folar  fyftem  are  mutually  defieft- 
ed  toward  each  other,  may  be  exprefled  by  the  verbal 
noun  gravitation.  Gravitation  does  not  exprefs  a 
quality,  but  an  event,  a  defledion,  or  a  preffure. 

1  he  weight  of  a  terreftrial  body,  or  its  preffure  on 
its  fupport,  is  the  effect  of  the  accumulated  gravitation 
of  all  its  particles  ;  for  bodies  of  every  kind  of  matter 
fall  equally  faft.  This  has  been  afcertained  with  the 
utmoft  accuracy  by  Sir  Ifaac  Newton,  by  comparing  the 
47  vibrations  of  pendulums  made  of  every  kind  of  matter, 
f  I  uni-  I  herefore  their  united  gravitation  is  proportional  to  their 
J  av^  quantity  of  matter  ;  and  we  have  concluded,  that  every 
i<  atom  of  terreftrial  matter  is  heavy,  and  equally  heavy. 

We  extend  this  conclufion  to  the  fun  and  planets,  and 
fay,  that  the  obferved  gravitation  of  a  planet  is  the  uni¬ 
ted  gravitation  of  every  particle  Therefore  Sir  Ifaac 
Newton  inferred,  from  a  colledive  view  of  all  the  phe¬ 
nomena,  that  all  matter  gravitates  to  all  matter  with  a 
force  in  the  inverfe  duplicate  ratio  of  the  diftance. 

But  we  do  not  think  that  this  inference  is  abfolutely 
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certain.  We  acknowledge  that  the  experiments  on 
pendulums,  con  Ailing  of  a  vaft  variety  of  terreftrial  mat¬ 
ter,  alt  of  winch  performed  their  ofcillations  in  equal 
times,  demonftrate  that  the  acceleration  of  gravity  on 
thofe  pendulums  was  proportional  to  their  quantities  of 
matter,,  and  that  equal  gravitation  may  be  affirmed  of  all 
terreftrial  matter. 

The  elliptical  motion  of  a  planet  is  full  proof  that 
the  accelerating  power  of  its. gravity  varies  in  the  in¬ 
vert  duplicate  ratio  of  the  diftance  ;  and  the  propor- 
tionalrty  of  the  fquares  of  the  periods  to  the  cubes  of 
the  diftances,  fhows  that  the  whole  gravitations  of  the 
planets  vary  by  the  fame  law.  But  this  third  obferva- 
tiou  .of  Kepler  might  have  been  the  fame,  although  the 
gravitation  of  a  particle  of  matter  in  Jupiter  had  been 
equal  to  that  of  a  particle  of  terreftrial  matter,  provided 
that  all  the  matter  in  Jupiter  did  not  gravitate.  If 
,-th  of  Jupiter  had  been  fuch  gravitating  matter,  his 
defleftion  from  the  tangent  of  his  orbit  would  have 
been  the  fame  as  at  prefen t,  and  the  time  of  his  revolu¬ 
tion  would  have  been  what  we  obferve.  In  order  that 
the  third  law  of  Kepler  may  hold  true  of  the  planetary 
motions,  no  m  re  is  required  than  that  the  accumulated 
gravitation  of  the  planet  be  proportional  to  its  quantity 
O)  matter,  and  thus  the  matter  which  does  not  gravi¬ 
tate  will  be  compenfated  by  the  luperior  gravitation  of 
the  reft. 

But  becaufe  we  have  no  authority  for  faying  that 
there  is  matter  which  gravitates  differently  from  the 
reft,  or  which  does  not  gravitate,  we  are  entitled  to 
fuppofe  that  gravity  operates  alike  on  all  matter. 

And  this  is  the  ultimatum  of  the  Newtonian  philo-  vviuVh  is 
fophy,  that  the  fclar  fyftem  conlifts  of  bodies  compofed  .he  uFma- 
of  matter,  every  particle  of  which  is,  in  faft,  continually °f  Ms 
deflected  by  its  weight  toward  every  other  particle  in  the^1**0^0! 
fyftem  ;  and  that  this  defleftion,  or  aftual  deviation,  or 
adtual  preffure,  tending  to  deviation  from  uniform  rec- 
tilineal  motion,  is  in  the  inverfe  duplicate  ratio  of  the 
diftance. 

This  doftnne  has  been  called  the  fyjlem  of  unkoerfal O'  fiims 
gravitation ;  and  it  has  been  blamed  as  introducing  an  °  the  Jaw 
unphitofophical  principle  into  fcience.  Gravitation  is0/  £r.&vifa* 
fa!d  to  be  an  occult  quality  ;  and  therefore  as  unlit  for^"^ 
the  explanation  of  phenomena  as  any  of  the  occult  qua-  " 
lities  of  Anftotle.  But  this  reproach  is  unrounded  ; 
gravitation  does  not  exprefs  any  quality  whatever,  but 
a  matter  o>  faft,  an  event,  an  aftual  deflection  or  an 
aftuat  preffure,  producing  an  aftual  defleftion  of  the 
body  preffed.  Thefe  are  not  occult,  but  matters  of 
continual  obfervation.  True,  indeed,  Newton  does  not 
deny*. although  he  does  not  pofitively  lay,  that  this  de¬ 
fleftion,  preffure,  or  gravitation,  is  an  effeft  having  a 
caufe.  Gravity  is  laid  to  be  this  caufe.  Gravity  is  the 
being  gravis  or  heavy f  and  gravitation  is  the  giving  indi¬ 
cations  of  being  heavy  Heavinels  therefore  is  the  word 
which  exprefles  gravitas,  and  our  notion  of  the  caufe  of 
the  planetary  defleftions  is  the  fame  with  our  notion  of 
heavinefs.  This  may  be  indiflinft  and  unfatisfaftory  to 
a  mind  faftidioufly  curious  ;  but  nothing  can  be  more 
familiar.  The  planet  is  deflefted,  becaufe  it  is  heavy . 

We  are  fnppofed  to  explain  the  fall  of  a  ftone  through, 
water  very  fatisfaftorily,  and  without  having  recourfe 
to  any  occult  quality,  when  we  fay  that  it  is  heavier 
than  the  water ;  and  we  explain  the  rife  ©f  a  piece  of 
cork,  when  we  fay  that  it  is  net  io  heavy  as  the  water* 

The 
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TH-  of  the  mutual  aftioiw  of  the  planets 

are  equally  fatiVa£tory,  founded  on  the  fame  piinciples, 
and  eo uallv  free  from  all  fophiilry  or  employment  of 
occult  canfes.  The  weight  of  a  body  is  not  its  heavi- 
nefs  but  the  effect  of  its  heavinefs.  It  is  a  gravitation, 
an  aftual  prefftire,  indicated  by  its  balancing  the  fup- 
pofea  heavinefs  of  another  body,  or  by  its  balancing 
the  known  elafticity  of  a  fpring,  or  by  balancing  any 
other  natural  power.  It  is  fimilar  to  the  predate  vvhicn 
a  map-net  exerts  on  a  piece  of  iron,  i  his  may  perhaps 
be  produced  by  the  impulfe  ot  a  dream  ot  fluid  ;  fo 
_  may  the  weight  of  a  heavy  body.  But  we  do  not  con - 
-,„rlmow  cern  ourfelvcs  with  this  queftion.  We  gain  a  moil  «• 
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ludge  of  tenfive  and  important  knowledge  by  onr  knowledge  ot 
ih-t  lawfa-tjjjs  univerfal  law  ;  for  we  can  now  explain  every  phe- 
,tbfa«aory.  cnm  by  pointing  out  how  it  is  contained  in  this 
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hw;  and  we  can  predia  the  whole  events  of  the  iolar 

fyilem  with  unerring  exaftnefs.  This  fliould  fatisfy  the 

>.  moil  inquifitive  mind. 

But,  nitimur  in  vetitum,  femper  cupimufque  negata. 
There  feems  to  be  a  fatal  and  ruinous  difpofition  in  the 
human  mind,  a  fort  of  priapifm  of  the  undemanding, 
that  is  iiritated  by  every  inttrdift  of  natural  imperfec¬ 
tion.  \Ve  would  take  a  microfpope  to  look  at  light  ; 
we  would  know  what  knowing  is,  and  we  would  weigh 

heavinefs.  .  .  .  ..  . 

All  who  are  acquainted  with  the  writings  of  Anitotie 
have  feme  notion  of  his  whimfical  opinions  on  this  fub- 
iea  He  imagines  that  the  planets  ate  conducted  in 
their  orbits  by  a  fort  of  intelligences,  S**'r  ^Xa‘,  which 
animate  the  orbs  that  wheel  them  round.  Although 
51  this  crude  conception  met  with  no  favour  in  later  times, 

Vaio  at'  another,  not  more  reafonable,  was  maintained  by  Leib- 

account0  nits:,  who  called  every  particle  of  matter  a  monad,  and 

for  it.  gave  it  a  perception  of  its  fit  nation  m  the  umverie,  ot 

its  dillance  and  direction  from  every  other,  and  a  power 
and  will  to  move  itfelf  in  conformity  to  tins  lituation, 
by  certain  conftant  laws.  This  in  >he  Mo¬ 

nad  is  nothing  but  an  aukward  fubftitute  for  the  prin¬ 
ciple  of  gravitation,  which  the  learned  infilled  tliat.New- 
ton  plr.ced  in  every  particle  of  matter  as  an  innate 
power,  and  which  they  reprobated  as  unphilofophical. 

.  But  in  what  refpeft  this  perception  and  active  propen¬ 
sity  is  better,  %ve  do  not  perceive.  It  is  more  com¬ 
plex,  and  involves  every  notion  that  is  reprehenfible  in 
the  other  ;  and  it  offers  no  better  explanation  of  the 

phenomena.  .  .  ..  - 

But  Newton  is  equally  anxious  with  other  philolo- 
phers  not  to  aferibe  gravity  to  matter  as  an  innate  in¬ 
herent  property.  In  a  letter  to  Dr  Bcntly,  he  earnelt- 
ly  requefts  him  not  to  charge  him  with  fuch  an  abfurd 
opinion.  It  is  an  avowed  principle,  that  nothing  can  aS 
on  any  thing  that  is  at  a  diftancer  and  tips  is  confide! - 
ed  as  an  intuitive  axiom.  But  it  is  furely  very  obfeure; 
for  we  cannot  obtain,  or  at  leaft  convey,  clear  notions 
of  the  terms  in  which  it  is  expreffed.  The  word  a£l  is 
entirely  figurative,  boirowed  from  animal  exertions  ;  it 
is  therefore  unlike  the  expteflion  of  anything  intitled 
to  the  appellation  of  intuitive.  If  we  try  to  exprefs  it 
without  figure,  we  find  our  confidence  in  its  certainty 
greatly  drmmifhtfd.  Should  we  fay  that  the  condition 
of  a  body  A  cannot  depend  on  another  body  B  that  is 
at  dtftance  from  it,  we  believe  that  no  perion  will  % 
that  he  makes  this  afffcrtion  from  perceiving  the  abfur- 
dity  of  the  contrary  propofitkm.  In  the  deinonftration, 


as  it  is  called,  of  the  perfevsrance  of  a  body  in  «  ftate  bf 
reft,  the  only  argument  that  is  offered  is,  that  no  canfc 
can  be  affigned  why  it  (hould  move  in  one  direftion  ra¬ 
ther  than  in  another  :  but  fhoiild  any  one  fay  that  ano¬ 
ther  body  is  near  it,  to  the  light  hand,  and  that  this  is 
a  lufficient  reafon  for  its  moving  that  way,  we  know- 
no  method  by  which  this  aflertion  can  be  fhown  to  be 

fade.  .  .  ,  . 

Such,  however,  has  been  the  uniform  opinion  o  phi- 
Iofo pliers.  Nihil  mwetur  (fays  Leibnitz)  nifi  a  continue- 
et  moto .  The  celebrated  mathematician  Euler  having 
difeovered,  as  he  thought,  the  produ&ron  of  a  preffure, 
like  gravity,  from  motion,  fays,  “  as  motion  nny  ante 
from  preffing  powers,  fo  we  have  fee n  that  prefling 
powers  may  arife  from  motion.  W e  fee  that  both  exifl 
in  the  umvtrfe.  It  is  the  buf"  ^  is  of  a  philofopher  to 
difeover,  by  reafon  and  cbferration,  which  is  the  origin 
of  the  other.  It  is  incompatible  with  reafon,  that  bo¬ 
dies  fliould  be  poffcffed  of  inherent  tendencies  ;  much 
more  that  powers  fhoiild  cxift  independently.  Farther, 
that  philofopher  muft  be  reckoned  to  have  affigned  the 
true  caufes  of  phenomena,  who  'dememftrates  that  they 
arife  from  motion  ;  for  motion,  once  emitting,  miift.be 
preferved  for  ever.  In  the.prefent  imlance  (a  certain 
whimfical  fad  of  a  ball  running  round  the  infidfe  of  a 
hoop)  we  fee  how  a  preffing  power  may  be  derived  from 
motion;  but  we  cannot  fee  how  powers  can  exert  them- 
felves,  orbe  preferved,  without  motion.  Wherefore  we 
may  conclude  that  gravity,  and  all  other  powers,  are 
derived  from  motion  ;  arid  it  is  our  bufinefs  to  invellk 
gate  from  what  motions  of  what  bodies  each  obfeixcd 
power  derives  its  origin.” 

Accordingly  many  attempts  have  been  made  to  trace 
the  planetary  deflections  to  their  origin  in  the  motion 
of  farite  impelling  matter;  but  thefe  attempts  could  not 
be  fuccefsful,  becaufe  they  are  all  built  on  hypothecs. 

It  has  bet u  affumed,  that  there  is  a  matter  diffufed 
through  the  celeftial  fpaces  ;  that  this  matter  is  in  mo¬ 
tion,  and  by  its  impulfe  moves  the  planets:  but  the  on¬ 
ly  reafon  that  can  be  given  for  the  exigence  of  thin 
matter  is  the  difficulty  we  find  in  explaining  the  plane¬ 
tary  defle&ions  without  it.  Even  if  the  legitimate  con - 
fequence3  of  this  hypothecs  were  confiflent  with  tire 
phenomena,  we  have  not  advanced  in  our  knowledge, 
nor  obtained  any  explanation.  We  have  only  learned, 
that  the  appearances  are  fucli  as  would  have  obtained' 
had  fuch  a  matter  exifted  and  a&ed  in  this  manner. 

The  obferved  laws  of  the  phenomena  are  as  extenfive 
as  thofe  of  the  hypothefis;  therefore  it  teaches  us  no¬ 
thing  but  what  we  knew  without  it. 

But  this  is  ant  all  that  can  be  faid  againfl  thofe  at-lnco:llftet 
tempts  ;  their  legitimate  confequemes  are  iticonjifient  with  ^  of  kirn 
the  phenomena.  By  legitimate  confequences  we  mean  of  theft i#j 
the  laws  of  motion.  ^  Miefe  mult  be  admitted,  and  are 
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admitted,  by  the  philofopher  who  attempts  to  explain  j 


the  planetary  motions  by  impulfe.  It  would  be  ridicu¬ 
lous  to  fuppofe  a  matter  to  fill  the  heavens,  having  laws 
of  impulfe"  different  from  thofe  that  are  obferved  by 
common  matter,  and  which  laws  mud  be  contrived  fo 
as  to  anfvver  the  purpofe.'  It  would  be  more  fimple  at 
once  to  afli gn  thofe  pro  re  ftata  laws  to  the  planets 
themfelves.  v 

Yet  fuch  was  the  explanation  which  the  celebrated 
Defcartcs  offered  by  his  hypothecs  of  vertices,  in  which 
the  planets  were  immerfed  and  whirled  round  the  fun. 

It 


mena. 
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53  Tt  U  aftomflting  that  fo  crude  a  conception  ever  obtain- 
tice-s  of  etj  sny  partifans  ;  yet  it  long  maintained  its  authority, 
pdwu.its  an(j  Q]  \l7lh  zealous  defenders.  Till  Sir  Ifaac  Newton 
faw  the  indifpenfible  neceffity  of  mathematical  invcftioa- 
tion  in  every  queftion  of  matter  in  motion,  no  perfon 
had  taken  the  trouble  of  giving  any  thing  like  a  diftin# 
dcfcription  of  thofe  vortices,  the  circumftances  of  their 
motion,  and  the  manner  of  their  adlion  ;  all  determined 
with  that  preciiion  that  is  required  in  the  explanation  : 
for  this  mull  always  be  kept  in  mind,  that  we  want  an 
explanation  of  the  precife  motions  which  have  been  oh - 
ferved,  and  which  will  enable  us  to  predict  thofe  which 
are  yet  to  happen.  Men  were  contented  with  fome 
vague  notion  of  a  fort  of  firr.ilarity  between  the  effects 
of  fuch  vortices  and  the  planetary  motions  in  a  few  ge¬ 
neral  circumftances  ;  and  were  neither  at  the  trouble  to 
confider  how  thefe  motions  were  produced,  nor  how  far 
they  tallied  with  the  phenomena.  Their  account  of  things 
was  only  fit  for  carelefs  chat,  but  unworthy  of  the  at¬ 
tention  of  a  naturalill.  But  fmee  this  explanation  came 
^  from  a  perfon  deservedly  very  eminent,  it  was  reipccfted 
Examined  by  Newton,  and  he  honoured  it  with  a  ferious  exami- 
byNevvtun. nation.  It  is  to  this  examination  alone  that  we  are  in¬ 
debted  for  all  the  knowledge  that  we  have  of  the  con- 
ft'%,'tion  o^  a  fluid  vortex,  of  the  motions  of  which  it 
is  iufceptible,  of  the  manner  in  which  it  can  be  produ¬ 
ced,  the  laws  of  its  circulation,  and  the  effedfts  which  it 
can  produce.  We  have  this  account  in  Sir  IfaacNew- 
ton’s  Principles  of  Natural  Philofophy ;  and  it  contains 
many  very  curious  and  interfiling  particulars,  which 
have  been  found  of  great  fervice  in  other  branches  of 
mechanical  philofophy.  But  the  refult  of  the  examina¬ 
tion  was  fatal  to  the  hypothecs  ;  fhewing  that  the  mo¬ 
tions  which  were  poflible  in  the  vortices,  and  the  effects 
which  they  rnufl  produce,  are  quite  incompatible  with 
the  appearances  in  the  heavens.  We  do  not  know  one 
perlon  who  lias  acquired  any  reputation  as  a  mechani¬ 
cian  that  now  attempts  to  defend  it  ;  nor  do  we  know 
of  any  other  perfon  betides  Newton  who  has  attempted 
to  explain  mathematically  how  the  circulation  or  a  fluid 
can  produce  the  revolution  of  a  planet,  F  we  except  Mr 
^  Leibnitz,  the  celebiated  rival  of  the  Britifh  philofopher. 
d  p  th  fi  This  gentleman  publilhed  in  the  Leipfic  Review  in 
}f  Leibnitz.  1689,  three  years  after  the  publication  of  the  Principia  % 
an  attempt  to  explain  the  elliptical  motion  of  the  pla¬ 
nets,  and  the  dcfcription  of  areas  proportional  to  the 
times  by  the  impulfe  of  a  vortex.  It  muft  not  be  palled 
over  in  this  place,  becaufe  it  acquired  great  authority 
in  Germany,  and  many  of  that  country  flill  affirm  that 
Leibnitz  is  the  difcoverer  of  the  law  of  planetary  gra¬ 
vitation,  and  of  the  mechanical  confiitution  of  the  folar 
fyflem.  We  cannot  help  thinking  this  explanation  the 
rr.ofl  faulty  of  any,  and  a  mofl  difingenuous  plagiarifm 
from  the  writings  of  Newton. 

Mr  Leibnitz  fuppofes  a  fluid,  circulating  round  the 
fun  in  luch  a  manner  that  the  velocity  of  circulation  in 
every  part  is  inverfely  as  its  diftance  from  the  fun. 
(Ar.  B.  Newton  had  ffiown  that  luch  a  circulation  was 
poflible,  and  that  it  was  the  only  one  which  could  be 
generated  in  a  fluid  by  an  a&ion  proceeding  from  the 
centre).  Leibnitz  calls  this  harmonical  circulation .  He 
fuppofes  that  the  planet  adopts  this  circulation  in  every 
part  of  its  elliptical  orbit,  obeying  without  any  refift- 
atice  the  motion  of  this  fluid.  He  does  not  aferibe  this 
to  the  impulfe  of  the  fluid,  faying  exprefsly  that  the  pla- 
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net  follows  its  motion,  non  alrepta  tameiu  fed  tranquillU 
ter  quqfi  natante .  The  planet  therefore  has  no  tenden¬ 

cy  to  perfeverc  in  its  former  flate  of  motion.  Why 
therefore  does  it  not  follow  this  harmonic  motion  ex- 
adlly,  and  deferibe  a  circle  triinquil liter  natans  P  This  is 
owing,  fays  Leibnitz,  to  its  centrifugal  force,  by  which 
it  perfeveres  in  a  ftate  of  rectilineal  motion.  It  ha;;  no 
tendency  to  preferve  its  former  velocity,  but  it  perfe- 
veres  in  its  former  direction.  The  planet  there’ ore  is 
not  like  common  matter,  and  has  laws  of  motion  pecu- 
har  to  itfclf ;  it  was  needlefs  therefore  to  employ  any 
impulfe  to  explain  its  motions.  But  to  proceed:  This 
centrifugal  force  muft  be  countera&ed  in  every  point  of 
the  orbit.  Leibnitz  therefore  fuppoies  that  it  is  alfo 
urged  toward  the  centre  by  a  folicitation  like  gravity 
or  attraction.  He  calls  it  the  paracentric  force.  He 
computes  what  muft  be  its  intenfity  in  different  parts  of 
the  orbit,  in  order  to  produce  an  elliptical  motion,  and 
he  finds  that  it  muft  be  inverfely  as  the  fquare  of  the 
distance  from  the  centre  (for  this  reafou  he  is  frequent¬ 
ly  quoted  by  Bernoulli,  Wolff,  and  others,  as  the  difeo- 
veier  of  the  law  or  gravitation).  But  Leibnitz  ariives 
at  this  refult  by  means  o  feveral  mathematical  blunders, 
either  arifing  from  his  ignorance  at  that  time  of  fluxio¬ 
nary  geometry,  or  from  his  perceiving  that  an  accurate 
procedure  would  lead  him  to  a  conclulion  which  he  did 
not  wilh  :  for  we  have  feen  (and  the  demonftration  is 
adopted  by  Leibnitz  in  all  his  pofterior  writings  of  this 
kind\  that  if  the  ordinary  laws  of  motion  are  obferved, 
a  body,  actuated  by  this  paracentric  force  alone,  will 
deferibe  an  ellipfe,  performing  both  its  motion  of  har¬ 
monic  circulation,  and  its  motion  of  approach  to  and  re- 
cefs  from  the  centre,  without  farther  help.  Therefore, 
if  the  harmonic  circulation  is  produced  by  a  vortex,  a 
force  inverfely  as  the  fquare  of  the  diftance  from  the 
centre,  combined  with  the  harmonic  circulation,  will 
produce  a  motion  entirely  different  from  the  elliptical. 

It  is  demonftrated,  that  the  force  which  is  nectfiary  for 
deferibing  circles  at  different  diftances,  with  the  angu¬ 
lar  velocity  of  the  different  parts  of  the  orbit,  is  not  in 
the  inverfe  duplicate,  but  in  the  inverfe  triplicate,  ratio 
of  the  diftances  This  muft  have  been  the  nr.ture  of 
his  paracentric  fo^ce,  in  order  to  counters#  the  centri 
fugal  force  arifing  from  the  harmonic  circulation.  There-  DifinVennl- 
fore  Leibnitz  has  not  arrived  at  his  conclulion  by  juft W  °f  lhe 
reafoning,  nor  can  be  faid  to  have  difeovered  it.  Heaut  ur* 
fays,  Video  hanc  propofitionem  innotu'iffe  viro  celiberrimo 
Ifaaco  NewtcnO)  licet  non  pofim  judicare  quomodo  ad  earn 
pervemrit.  This  is  really  fomewhat  like  impudence. 

The  Principia  were  pnbli fined  in  1686.  They  were  re¬ 
viewed  at  Leipiic,  and  the  Review  publifhed  in  1687. 

Leibnitz  was  at  that  time  the  principal  manager  of  that 
Review.  When  Newton  publifhed,  Leibnitz  was  living 
at  Hanover,  and  a  copy  was  lent  him,  within  two 
months  of  its  publication,  by  Nicholas  Facio,  long  be¬ 
fore  the  Review.  The  language  of  the  Review  has 
leveral  Angularities,  which  are  frequent  in  Leibnitz’s 
own  compofition  ;  and  few  doubt  o^  its  being  his  wri¬ 
ting.  Befides,  this  propofition  in  the  Principia  had 
been  given  to  the  Royal  Society  feveral  years  before, 
and  was  in  the  records  before  1684.  Thefe  were  all 
feen  by  Leibnitz  when  in  England,  being  lent  him  by 
his  friend  Collins. 

We  think  that  the  opinion  which  a  candid  perfon 
muft  form  of  the  whole  is,  that  Leibnitz  knew  the  pro- 
G  pofition, 
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portion,  and  attempted  to  demonftrate  it  in  a  way  that 
would  make  it  pafs  tor  his  own  difcovery  ;  or  that  he 
only  knew  the  enunciation,  without  iinderftancing  the 
principles.  His  harmonic  circulation  is  a  clumfy  way 
pf  explaining  the  proportionality  of  areas  to  the  times  ; 
and  even  this  circulation  is  borrowed  from  Newton’s  dil- 
fertation  on  the  Cartefian  vortices,  which  is  alfo  con¬ 
tained  in  the  Leipfic  Review  above  mentioned.  Leib¬ 
nitz  was  by  this  time  a  competitor  with  Newton  for 
the  honour  of  inventing  the  fluxionary  mathematics,  and 
was  riot  guiltlefs  of  a<ds  of  difmgenuity  in  afferting  his 
claim.  He  publiflied  at  the  fame  time,  in  the  fame  Re¬ 
view,  an  almod  unintelligible  differtation  on  the  refift- 
ance  of  fl  iids,  which,  when  examined  by  one  who  has 
learned  the  fubjeft  by  reading  the  Principia  of  Newton, 
affords  an  enigmatical  defcription  of  the  very  theory 
publiflied  by  Newton,  as  a  neceffary  part  of  his  great 
work. 

But  befides  all  the  above  objedlions  to  Leibnitz’s  theo¬ 
ry  of  elliptical  motion,  we  may  afk,  What  is  this  paracen¬ 
tric  force  ?  He  calls  it  like  gravity.  This  is  precifely 
Newton’s  doctrine.  But  Leibnitz  fuppofes  this  alfo  to 
be  the  impulfe  of  a  fluid.  It  would  have  been  enough 
had  he  explained  the  a&ion  of  this  fluid,  without  the 
other  circulating  harmonically.  He  defers  this  expla¬ 
nation,  however,  to  another  opportunity.  It  mud  have 
very  Angular  properties:  it  mud  impel  the  planet  with¬ 
out  difturbing  the  other  fluid,  or  being  difturbed  by  it. 
He  alfo  defers  to  another  opportunity  the  explaining 
how  the  fquares  of  the  periodic  times  of  different  pla¬ 
nets  are  proportional  to  the  cubes  of  the  mean  diftances; 
for  this  is  quite  incompatible  with  the  harmonic  circu¬ 
lation  of  his  vortex.  This  would  make  the  fquares  of 
the  periods  proportional  to  the  didances.  He  has  per¬ 
formed  neither  of  thefe  promifes.  Several  years  after 
this  he  made  a  corre&ion  of  one  of  his  mathematical 
blunders,  by  which  he  dedroyed  the  whole  of  his  de- 
mondration.  In  fhort,  the  whole  is  fuch  a  heap  of  ob- 
fcure,  vague,  inconfiftent  affumptions,  and  fo  replete  with 
mathematical  errors,  that  it  is  aftonifhing  that  he  had 
the  ignorance  or  the  effrontery  to  publifh  it. 

HypVthefis  There  is  another  hypothecs  that  has  acquired  fome 
©f Lq  Sage. reputation.  M.  le  Sage  of  Geneva  fuppofes,  that  there 
paffes  through  every  point  of  the  univerfe  a  dream  of 
fluid,  in  every  direction,  with  adonifhing  velocity.  He 
fuppofes  that,  in  the  denfed  bodies,  the  vacuity  is  in¬ 
comparably  more  bulky  than  the  folid  matter;  fo  that  a 
folid  body  fomewhat  refembles  a  piece  of  wire  cage- 
work.  The  quantity  of  fluid  which  paffes  through  will 
be  incomparably  greater  than  that  of  the  intercepted 
fluid  ;  but  the  impulfe  of  the  intercepted  fluid  will  be 
fenfibly  proportional  to  the  quantity  of  folid  matter  of 
the  body.  A  Angle  body  will  be  equally  impelled  in 
every  dire&ion,  and  will  not  be  moved  ;  but  another 
body  will  intercept  fome  fluid.  Each  will  intercept 
fome  from  the  other;  and  the  impulfe  on  B,  that  is  in¬ 
tercepted  by  A,  will  be  nearly  proportional  to  the  mat¬ 
ter  in  A,  and  inverfely  proportional  to  the  fquare  of 
its  didance  from  B  ;  and  thus  the  two  bodies  will  ap¬ 
pear  to  tend  toward  each  other  by  the  law  of  gravita¬ 
tion. 

M.  le  Sage  publiflied  this  in  a  work  called  Chimie 
Mecbanique ,  and  read  lectures  on  tins  do&rine  for  many 
years  in  Geneva  and  Paris  to  crouded  audiences.  It  is 
alio  publiflied  by  Mr  Prevail  in  the  Berlin  Memoirs, 
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under  the  name  of  Lucrect  Newtonren  ;  and  there  are  • 
many  who  confider  it  as  a  good  explanation  of  gravita¬ 
tion  :  for  onr  part,  we  think  it  inconceivable.  The 
motions  of  the  planets,  with  undiminiflied  velocity,  for 
more  than  four  thoufand  years,  appears  incompatible 
with  the  impelling  power  ‘of  this  fluid,  be  its  velocity 
what  it  will.  'The  abfolute  precifion  of  the  law  of  gra¬ 
vitation,  which  does  not  fhow  the  fmalled  error  during 
that  time,  is  incompatible  with  an  impulfe  which  cannot 
be  exactly  proportional  to  the  quantity  of  matter,  nor  . 
to  the  reciprocal  of  the  fquare  of  the  didance,  nor  the 
fame  on  a  body  moving  with  the  rapidity  ot  the  comet 
of  1680  in  its  perihelion,  as  on  the  planet  Saturn, 
whofe  motion  is  almod  incomparably  flower.  What  is 
the  origin  of  the  motion  of  this  fluid  ?  Why  does  it 
not  defiroy  itfelf  by  mutual  impulfe,  fince  it  is  conti¬ 
nually  pafling  through  every  point  ?  & c.  58 

We  have  already  obferved  that  Newton  expreffed  the  Ether  of 
fame  anxiety  to  avoid  the  fuppofition  of  aCtion  among 
bodies  at  a  didance.  He  alfo  feemed  to  fliow  fome  dif-  djfRcuI- 
pofition  to  account  for  gravitation  by  the  adlior  uf  a  ties, 
contiguous  fluid.  This  is  the  fubterfuge  fo  much  re¬ 
curred  to  by  precipitate  fpeculatids,  by  the  name  of 
the  ether  of  Sir  Ifaac  Newton.  He  fuppofes  it  highly 
eladic,  and  much  rarer  in  the  pores  of  bodies  and  in 
their  vicinity  than  at  a  didanee  ;  therefore  exceedingly 
rare  in  the  fun,  and  denfer  as  we  recede  from  him.  Be¬ 
ing  highly  elaftic,  and  repelled  by  all  bodies,  it  mud 
impel  them  to  that  fide  on  which  it  is  mod  rare;  there- 
foie  it  mud  impel  them  toward  the  fun.  This  is  enough 
of  its  general  conditution  to  enable  us  to  judge  of  its 
fitnefs  for  Newton’s  purpofe.  It  is  wholly  unfit ;  for" 
fince  it  is  fluid,  unequally  denfe  and  eladic,  its  particles 
are  not  in  contaft.  Particles  that  are  eladic,  and  in  a 
date  of  compreflion,  and  in  contadt,  cannot  be  fluid  ; 
they  mud  be  like  fo  many  blown  bladders  compreffcd  in  a 
box  ;  therefore  they  are  not  in  contadl ;  therefore  they 
are  eladic  by  mutual  repulfion  ;  that  is,  by  adting  on 
each  other  at  a  didance.  It  is  indifferent  whether  this 
didance  is  a  million  of  miles,  or  the  millionth  part  of  a 
hair’s  breadth;  therefore  this  fluid  does  not  free  Newton 
from  the  fuppofition  which  he  wifhes  to  avoid.  Nay,  it 
can  be  demondrated,  that  in  order  to  form  a  fluid 
which  {hall  vary  in  denfity -from  the  fun  to  the  extre¬ 
mity  of  the  folar  fydem,  theie  mud  be  a  mutual  repul¬ 
fion  extending  to  that  dijlance .  This  is  introducing  mil¬ 
lions  of  millions  of  the  very  difficulties  which  Newton 
wiflied  to  avoid  ;  for  each  particle  prefents  the  fame 
difficulty  with  a  planet. 

We  would  now  afk  thefe  atomical  philofophers,  why 
they  have,  in  all  ages,  been  fo  anxious  to  trace  the  ce- 
ledial  motions  to  the  effedls  of  impulfe  l  They  imagine 
that  they  have  a  clear  perception  of  the  communication 
of  motion  by  impulfe,  while  their  perception  of  the  pro¬ 
duction  of  it  in  any  other  way  is  obfeure.  Seeing,  in 
a  very  numerous  and  familiar  collection  of  fadls,  that 
motion  Js  communicated  by  impulfe,  they  think  that  it 
is  cornmunicated  in  no  other  way,  and  that  impulfe  is 
the  only  moving  power  in  nature.  * 

But  is  it  true  that  our  notion  of  impulfe  is  more  clear  Our  notior 
than  that  of  gravitation  ?  Its  being  more  familiar  is  no°*  irr^^ 
argument.  A  caufe  may  be  real,  though  it  has  exerted 
itfelf  but  once  finee  the  beginning  of  time.  In  no  cafe  VJtatioi:. 
do  we  perceive  the  exertion  of  the  caufe  ;  we  only  per¬ 
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rwind  makes  us  confider  tin's  as  an  effeft,  Indicating  a 
caufe  which  is  inherent  in  that  body  which  we  always 
lee  affociated  with  that  change.  Granting  that  our  per¬ 
ception  of  the  perfeverance  of  matter  in  its  Hate  of  mo¬ 
tion  is  intuitive,  it  by  no  means  follows  that  the  body 
A  in  motion  muft  move  the  body  B  by  flunking  it. 
The  moment  it  flukes  B,  all  the  metaphyfical  argu¬ 
ments  for  A’s  continuance  in  motion  are  at  an  end,  and 
■they  are  not  in  the  lealt  affedled  by  the  fuppofition  that 
A  and  B  fhould  continue  at  reft  after  the  ftroke  ;  and 
•we  may  defy  any  perfon  to  give  an  argument  which  will 
prove  that  13  will  be  moved  ;  nay,  the  very  cxiftence  of 
B  may,  for  any  thing  we  know  to  the  contrary,  be  a 
fufficient  reafon  for  the  ceffation  of  the  motion  of  A, 
The  produ&ion  of  motion  in  B,  by  the  impulfe  of  A, 
mu  ft  therefore  ftand  on  the  fame  foundation  with  every 
other  produdlion  of  motion.  It  indicates  a  moving 
power  in  A  ;  but  this  inherent  power  feems  to  have  no 
dependence  on  the  motion  of  A:  (See  what  is  con¬ 
tained  in  n°8i.  of  the  article  Physics,  and  n°  67.  of 
Optics  of  the  Encycl.)  We  fee  there  a  motion  pro¬ 
duced  in  B  without  impulfe,  and  taken  from  A,  fimi- 
lar  in  every  refpedl  to  every  cafe  of  impulfe  ;  and  we 
fee  that  the  motion  of  A  is  neceffary  for  producing  fuch 
a  motion  in  B  as  is  obferved  in  all  cafes  of  impulfe, 
merely  in  order  that  the  moving  power,  which  is  inhe¬ 
rent  in  A,  whether  it  be  in  reft  or  in  motion,  may  a& 
during  a  fufficient  time.  Our  confidence  in  the  com¬ 
munication  of  motion,  in  the  cafe  mentioned  there,  is 
derived  entirely  from  experience,  which  informs  us  that 
A  poffeffes  a  moving  power  totally  different  from  im- 
•pulfe.  Our  belief  of  the  impelling  power  of  matter 
therefore  does  not  neceffarily  flow  from  our  intuitive 
knowledge  of  the  perfeverance  of  matter,  although  it 
gives  us  the  knowledge  of  this  perfeverance.  It  is  like 
a  mathematical  demonftration,  a  road  to  the  difeovery 
of  the  property  of  figure,  but  not  the  caufe  of  that 
property.  The  irrpulfion  of  matter  is  merely  a  faft, 
•like  its  gravitation,  and  we  know  no  more  of  the  one 
than  of  the  other. 

It  is  not  a  clearer  perception,  therefore,  which  has 
procured  this  preference  of  impulsion  as  the  ultimate 
explanation  of  motion,  and  has  given  rife  to  all  the  fool- 
ifh  hypothefes  of  planetary  vortices,  ethers,  animal  fpi- 
i its,  nervous  fluids,  and  many  other  crude  contrivances 
for  explaining  the  abflrufe  phenomena  of  nature. 

Nor  does  it  deferve  any  preference  on  account  of  its 
greater  familiarity.  Juft  the  contrary  :  for  one  fa&  of 
undoubted  impulfe,  we  fee  millions  where  no  impulfe  is 
obferved.  Confider  the  mot  ion  produced  by  the  explo- 
llon  o"  gunpowder.  Where  is  the  original  impulfe?  Sup- 
pofe  the  impulfe  of  the  firft  fparkof  lire  to  be  immenfe, 
how  comes  it  that  a  greater  impulfe  is  produced  by  a 
greater  quantity  of  gunpowder,  a  greater  quantity  of 
quiefeent  matter  ?  The  ultimate  impulfe  on  the  bullet 
fhould  be  left  on  this  account.  Here  are  plain  exer¬ 
tions  of  moving  powers,  which  are  not  reducible  to  im¬ 
pulfe.  Confider  alfo  the  fa£ls  in  animal  motion.  Re- 
fledl  alfo,  that  there  has  been  more  motion,  without  any 
obferved  impulfe,  produced  iri  the  waters  of  a  river  fince 
the  beginning  of  the  world,  than  by  all  the  impulfe  that 
man  has  ever  obferved.  Add  to  thele,  all  the  motions 
in  magnetiim,  ele&ricity,  &c.  Impulfe  is  therefore  a 
phenomenon  which  is  comparatively  rate. 

Have  we  ever  obferved  motion  communicated  by  pure  * 
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impulfe,  without  the  adbon  of  forces  at  a  diftance  ? 

This  appears  to  us  very  doubtful.  Every  one  acquaint¬ 
ed  with  Newton’s  difeoveries  in  optics  will  grant,  that 
the  colours  which  appear  between  two  objedl-olaffes  of 
long  telefcopes,  when  they  are  prefled  together,  de- 
monftrate,  that  the  glades  do  not  touch  each  other,  ex¬ 
cept  in  the  place  where  there  is  a  black  fpot.  It  re¬ 
quires  more  than  a  thoufand  pounds  to  produce  a  fquare 
inch  of  this  fpot.  Therefore  every  communication  of 
motion  between  two  pieces  of  glafs,  which  can  b t  pro¬ 
duced  by  one  of  them  ftriking  \he  other,  is  produced 
without  impulfe, unlefs  their  mutual  preffure  hasexceeded 
1  coo  pounds  on  the  fquare  inch  of  the  parts  which  a6l 
on  each  other.  Nay,  fince  we  fee  that  a  black  fpot  ap¬ 
pears  on  the  top  of  a  ioap  bubble,  in  the -middle  of  the 
coloured  rings,  we.  learn  that  there  ft  a  certain  thick- 
nefs  at  which  light  ceafes  to  be  vifibly  reflected1;  there¬ 
fore  the  black  fpot  between  the  glades  does  not  prove 
that  they  touch  in  that  part  ;  therefore  we  cannot  fay 
that  any  force  whatever  can  make  them  touch.  The 
ultimate  repulfion  may  be  infuperable.  If  this  be  the 
cafe,  the  production  of  motion  by  impulfe  is,  in  every 
inftance,  like  the  production  of  motion  between  the 
magnets  in  n°  81.  of  the  article  Physics  in  the  Encycl. 
and  is  of  the  fame  kind  with  the  production  of  motion 
by  gravity.  #  tfi 

'i  herefore  no  explanation  of  gravitation  can  be  de-  Intervening 
rived  from  any  hypothecs  whatever  of  intervening  fluids. 

They  only  fubftitute  millions  of  bodies  for  one,  and  ft  ill  cultles.1  ** 
leave  the  action  e  dijlantl  the  fame  difficulty  as  before* 

It  is  not  in  the  leaf!  neceffaiy  that  we  fhall  be  able  to 
conceive  how  a  particle  of  matter  can  be  influenced  by 
another  at  a  diftance  ;  If  we  have  difeovered  in  every 
inftance  the  precile  degree  and  direction  of  the  effect 
of  this  influence,  we  have  made  a  moft  important  addi¬ 
tion  to  our  knowledge  of  nature  ;  and  our  luccefs  in 
the  cafe  of  the  power  of  gravity  fhould  make  us  affidu- 
ous  in  our  endeavours  to  difeover,  from  the  phenomena, 
the  laws  which  regulate  the  other  actions  e  dijlantl  y 
which  obfervation  is  daily  Ending  out.  A  knowledge 
equally  accurate  of  the  law  of  magnetic  and  electric  ac¬ 
tion  may  enable  us  to  give  theories  of  magnetifm  and 
electricity  equally  exact  with  the  Newtonian  theory  of 
gravitation. 

Having,  we  hope,  evinced  the  truth  of  this  theory, 
by  following  out  the  inveftigations  to  which  Newton 
was  gradually  led,  wre  might  proceed  to  confider,  in  or¬ 
der,  the  complicated  and  fubovdinate  phenomena  which 
depend  on  it.  The  lunar  and  planetary  inequalities  are 
the  fubjects  that  naturally  come  firft  in  our  way  ;  but 
they  have  already  been  explained  in  all  the  detail  that 
this  concife  account  will  admit,  as  they  occurred  to 
Newton  as  tefts  of  the  truth  of  his  conje&ure.  If  the 
law  be  fuch  as  he  fufpe&ed,  its  confequences  muft  be  fc> 
and  fo;  if  the  celeftial  motions  do  not  agree  with  them, 
the  law  muft  be  rejected.  We  fhall  not  repeat  any  thing 
therefore  on  this  head,  but  confine  our  obfei  rations  to 
fuch  applications  of  the  theory  of  umveifal  gravitation 
as  newly  difeovered  objects,  or  the  improvement  of  af- 
tronomical  obfervation  and  of  fiuxionary  analyiic,  have 
enabled  us  to  make  fince  the  time  of  Newton. 

The  fubferviency  of  the  eclipfcs  of  Jupiter’s  fatel- 
lites  to  geography  and  navigation  had  occafioned  their 
motions  to  be  very  carefully  obferved,  ever  fince  tliefe 
ufes  of  them  were  firft  fuggefted  by  Galileo,  and  their 
G  2  theory 
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theory  is  as  far  advanced  as  that  of  the  primary  planets. 
Jt  has  peculiar  difficulties.  Being  very  near  to  Jupiter, 
the  great  deviation  of  his  figure  from  perfeCl  fphericity 
makes  the  relation  between  their  diflances  from  his 
centre  and  their  gravitations  toward  it  vaftly  complica¬ 
ted.  But  this  only  excited  the  mathematicians  fo  much 
the  more  to  improve  their  analyfis  ;  and  they  faw,  in 
this  little  fyftem  of  Jupiter  and  his  attendants,  an  epi¬ 
tome  of  the  folar  fyftem,  where  the  great  rapidity  of 
the  motions  mull  bring  about  in  a  {hort  time  every  va¬ 
riety  of  configuration  or  relative  oofition,  and  thus  give 
us  an  example  of  thofe  mutual  difturbances  of  the  pri¬ 
mary  planets,  which  require  thoufands  of  years  for  the 
difeovery  of  their  periods  and  limits.  We  have  derived 
fome  very  remarkable  and  ufeful  pieces  of  information 
Eternal  du- from  this  invclligation  ;  and  have  been  led  to  thedif- 
rability  of  covery  of  the  eternal  durability  of  the  folar  fyftem,  a 
the  folai  thing  which  Newton  greatly  doubted  of. 

Mr  Pound  had  obferved  long  ago,  that  the  irregula¬ 
rities  of  the  three  interior  fatellites  were  repeated  in  a 
period  of  437  days  ;  and  this  obfervation  is  found  to  be 
juft  to  this  day. 

247  revolutions  of  the  firft  occupy  437^-  3^*  44' 
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This  naturally  led  mathematicians  to  examine  their  mo¬ 
tions,  and  fee  in  what  manner  their  relative  portions  or 
configurations,  as  they  are  called,  correfponded  to  this 
period  :  and  it  is  found,  that  the  mean  longitude  of  the 
firft  fatellite,  minus  thrice  the  mean  longitude  of  the  fe- 
cond,  plus  twice  the  mean  longitude  of  the  third,  al¬ 
ways  made  180  degrees.  This  requires  that  the  mean 
motion  of  the  firft,  added  to  twice  that  of  the  third, 
(hall  be  equal  to  thrice  the  mean  motion  of  the  fecond.  . 
This  correfpondence  of  the  mean  motions  is  of  itfelf  a 
Angular  thing,  and  the  odds  againft  its  probability  feems 
infinitely  great ;  and  when  we  add  to  this  the  parti¬ 
cular  pofitions  of  the  fatellites  in  any  one  moment, 
which  is  neceffary  for  the  above  conftant  relation  of 
their  longitudes,  the  improbability  of  the  coincidence, 
as  a  thing  quite  fortuitous,  becomes  infinitely  greater. 
Doubts  were  firft  entertained  of  the  coincidence,  be¬ 
cause  it  was  not  indeed  accurate  to  a  fecond.  i  he  re- 
fult  of  the  inveftigation  is  curious.  When  we  follow 
out  the  confequeuces  of  mutual  gravitation,  we  find, 
that  although  neither  the  primitive  motions  of  projec¬ 
tion,  nor  the  points  of  the  orbit  from  which  the  fatd- 
lites  were  projeCled,  were  precifely  fuch  as  i'uited  thefe 
obferved  relations  of  their  revolutions  and  their  contem¬ 
poraneous  longitudes ;  yet,  if  they  differed  from  them 
only  by  very  minute  quantities,  the  mutual  gravitations 
of  the  fatellites  would  in  time  bring  them  into  thofe 
pofitions,  and  thofe  flates  of  mean  motion,  that  would 
induce  the  obferved  relations ;  and  when  they  are  once 
induced  they  will  be  continued  for  ever.  There  will 
indeed  be  a  (mail  equation,  depending  on  the  degree  of 
unfuitableneis  of  the  fiift  motions  and  pofitions  ;  and 
this  caufes  the  whole  fyftem  to  ofcillate,  as  it  were  a 
little,  and  but  a  very  little  way  on  each  fide  of  this  ex- 
aft  and  permanent  ftate  The  permanency  of  theie  re¬ 
lations  will  not  be  deftroved  by  any  fecular  equations 
arifing  from  external  caufcs ;  fuch  as  the  aCtion  of  the 
fourth  fatellite,  or  of  the  fun,  or  of  a  refilling  medium ; 
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becaufe  their  mutual  aCtions  will  diftribute  this  equa* 
tion  as  it  did  the  original  error. 

This  curious  refult  came  into  view  only  by  degrees,, 
as  analyfis  improved  and  the  mathematicians  were  ena¬ 
bled  to  manage  more  complicated  formulas,  including 
more  terms  of  the  infinite  feriefes  that  were  employed 
to  ey.prefs  the  different  quantities.  It  is  to  M.  de  la 
Grange  thar  we  are  indebted  lor  the  completion  of  the 
difeovery  of  the  permanency  of  the  fyftem  in  a  ftate 
very  little  different  from  what  obtains  in  any  period  of 
its  exiftence.  Although  this  required  all  the  knowledge- 
and  addrefs  of  this  great  mathematician,  in  the  manage¬ 
ment  of  the  mod  complicated  analyfis,  the  evidence  of 
its  truth  may  be  perceived  by  any  perfon  acquainted, 
with  the  mere  elements  of  fluxionary  geometry.  The 
law  of  the  compofition  of  forces  enables  us  to  exprefs 
evt  ry  aCtion  of  the  mutual  forces  of  the  fun  and  planets 
by  the  lines  and  cofines  of  circular  arches,  which  in- 
creafe  with  an  uniform  motion,  like  the  perpetual  lapfe 
of  time.  The  nature  of  the  circle  ftiows,  that  the  va- 
nations  of  the  fines  and  colines  are  proportional  to  the 
cofines  and  lines  of  the  fame  arches.  The  variations  of 
their  fquares,  cubes,  or  other  powers,  are  proportional 
to  the  fines  or  coiices  of  the  doubles  or  triples,  or  other 
multiples  of  the  fame  arches.  Therefore  fine e  the  in¬ 
finite  feriefes  which  expreis  thole  aCtions  of  forces  and 
their  variations,  include  only  fines  and  cofines,  with 
their  powers  and  fluxions,  it  follows,  that  all  accumu¬ 
lated  forces,  and  variations  of  forces,  and  variations  of 
variations,  through  infinite  orders,  are  (till  cxprcffible  by- 
repeated  fums  of  lines  or  colincs,  correi ponding  to  arch¬ 
es  which  arc  generated  by  going  round  and  round  the 
circle.  The  analvft  knows  that  thefe  quantities  become 
alternately  pofitive  and  negative ;  and  therefore,  in 
whatever  way  they  are  compounded  by  addition  of 
themfelves,  or  their  multiples,  or  both,  we  muff  always 
arrive  at  a  period  after  which  they  will  be  repeated  with 
all  their  intermediate  variations.  It  n?ay  be  extremely 
difficult,  it  may  be  impoffible,  in  our  prefent  ftate  of  ma¬ 
thematical  knowledge,  to  ascertain  all  thofe  periods.  It 
lias  required  all  the  efforts  of  all  the  geniufes  of  Europe 
to  manage  the  formulas  which  include  terms  containing 
the  fourth  and  fifth  powders  of  the  eccentricities  of  the 
planetary  orbits.  Therefore  theoeiiods  which  we  have 
already  determined,  and  the  limits  to  which  the  inequa¬ 
lities  expreffed  by  fecular  equations  arrive,  are  ftill  fub- 
jeCted  to  fmaller  corrections  of  incomparably  longer 
periods,  which  arife  from  the  terms  negleCted  in  our 
formulas.  But  the  correction  arifing  from  any  ntrled- 
ed  term  has  a  period  and  a  limit  ;  and  thus  it  will  hap* 
pen  that  the  fyftem  works  itfelf  into  a  ftate  of  perma¬ 
nency,  containing  many  intervening  apparent  anomalies. 
The  elliptical  motion  of  the  earth  contains  an  anomaly 
or  deviation  from  uniform  circular  motion;  the  aCtion 
of  Jupiter  produces  a  deviation  from  this  elliptical  mo¬ 
tion,  which  has  a  period  depending  on  the  configuration 
of  the  three  bodies;  Saturn  introduces  a  deviation  from 
thi3  motion,  which  has  alfo  a  period ;  and  fo  on. 

There  is  another  accurate  adjuftment  of  motions 
which  has  attraCled  attention,  as  a  thing  in  the  higheft 
degree  improbable,  in  events  wholly  independent  on  each 
other.  This  is  the  exad  coincidence  of  the  period  of 
the  moon’s  revolution  round  the  earth  with  that  of  her 
rotation  round  her  own  axis.  The  dlipticity  or  oval 
ffiape  of  the  moon  differs  fo  infenfibly  from  a  fphere, 

that 


ASTRONOMY, 


that  if  the  original  rotation  had  differed  confiderably 
from  the  period  of  revolution,  the  pendular  tendency  to 
the  earth  could  never  have  operated  a  change  ;  but  if 
the  difference  between  thofe  two  motions  was  fo  fmall, 
that  the  pendular  tendency  to  the  line  joining  the  cen¬ 
tres  of  the  earth  and  moon  was  able  to  overcome  it  af¬ 
ter  fome  time,  the  pole  or  the  lunar  fpheroid  would  de¬ 
viate  a  little  from  the  line  joining  the  earth  and  moon, 
and  then  be  brought  back  to  it  with  an  accelerated 
motion  ;  would  pafs  it  as  far  on  the  other  fide,  and 
then  return  again,  vibrating  perpetually  to  each  fide  o^ 
the  mean  poiition  of  the  radius  veflor.  The  extent  of 
this  vibration  would  depend  on  the  original  difference 
between  the  motion  of  rotation  and  the  mean  motion  of 
revolution.  1  his  difference  muff  have  been  very  fmall, 
becaufe  this  pendular  vibration  is  not  fenfible  from  the 
earth  The  observed  libration  of  the  moon  is  pre* 
cifely  what  arifes  from  the  inequality  of  her  orbital  mo¬ 
tion.  For  the  fame  reafons,  the  effeds  of  the  fecular 
equations  of  the  moon  (which  would,  in  the  courfe  of 
a.  es,  have  brought  her  whole  furface  into  our  view,  had 
her  rotation  been  ftridlly  uniform)  are  counteraded  by 
her  pendular  tendency,  which  has  a  ‘orce  fufficient  to 
alter  her  rotation  by  nearly  the  fame  flow  and  infenfible 
charges  that  obtain  in  her  mean  motions.  The  fame 
caufes  alfo  preferve  the  nodes  of  her  equator  and  of  her 
orbit  in  the  fame  points  of  the  ecliptic.  The  complete 
demonilration  of  this  is  perhaps  the  mofl  delicate  and 
elegant  foecimen  that  has  been  given  of  the  modern  an¬ 
alysis.  We  owe  it  to  M.  de  la  Grange  ;  and  he  makes 
it  appear  that  the  fo  lire  of  the  moon  is  not  that  which 
a  fluid  fphtre  would  acquire  by  its  gravitation  to  the 
earth  ;  it  mu'-:  be  the  effed  of  a  more  confiderable  el- 
^  lipticity,  or  internal  inequality  ot  denfity. 

Depend- on  This  permanency  of  the  fyftein,  within  very  narrow 
the  law  of  limits  of  deviation  from  its  prefent  date,  depends  entire* 
planetary  ^  on  ^  pdw  planetary'  defledion.  Had  it  been  di- 
deflewhon,  fnvcrfely  as  the  diftance,  the  deviations  would 

have  been  iuch  as  to  have  quickly  rendered  it  wholly 
unfit  for  its  prefent  purpofes.  They  would  have  been 
very  great,  had  the  planetary  orbits  differed  much  from 
circles  ;  nay,  had  fome  of  them  moved  in  the  oppofite 
diredion,  The  feledion  of  this  law,  and  this  form  of 
the  orbits,  {trikes  the  mind  of  a  Newton,  and  indeed 
any  heart  poffeffed  of  lenfibility  to  moral  or  intelledual 
excellence,  as  a  mark  of  wifdom  prompted  by  benevo¬ 
lence.  But  De  la  Place  and  others,  infeded  with  the 
Tbccphobia  Gallica  engendered  by  our  licentious  de¬ 
fires,  are  eager  to  point  it  out  as  a  mark  of  fatalifm. 
They  fay,  that  it  is  effential  to  all  qualities  that  are  dif- 
fufed  from  a  centre  to  dimini fh  in  the  inverle  duplicate 
ratio  of  the  diflance.  But  this  is  falfe,  and  very  falfe  : 
it  is  a  mere  geometrical  conception.  We  indeed  lay, 
that  the  denfity  of  illumination  decreafes  in  this  propor¬ 
tion  ;  but  who  fays  that  this  is  a  quality  ?  Whether  it 
be  confidered  as  the  emiffion  of  luminous  corpufcles,  or 
an  undulation  of  an  elaflic  fluid,  it  is  not  a  quality  ema¬ 
nating  from  a  centre  ;  and  even  in  this  eflimation,  it 
feems  gratuitous,  whether  we  fhall  confider  the  bale  of 
the  luminous  pyramid,  or  its  whole  contents,  as  the  ex- 
preffion  of  the  quantity.  Nay,  if  all  qualities  mu  ft  di- 
minifh  at  this  rate,  all  adion  e  dijlanti  muff  do  the  fame; 
for  when  the  diftance?  bear  any  great  proportion  to  the 
diameters  of'  the  particles,  their  adion  deviates  infenfbly 
from  this  law,  and  is  perceived  only  by  the  accumula¬ 


tion  of  its  effeds  after  a  longtime.  It  is  only  thus  that 
the  effeds  of  the  oblate  figure  of  Jupiter  are  perceived 
in  the  motion  of  his  fatdlites.  The  hoafted  found  phi- 
lofopby  which  fees  fatal  neceffity  where  the  mojl  fuccefs- 
ful jhidents  of  nature  favv  moral  excellence,  has  derived 
very  little  credit  or  title  to  the  name  of  njuifdom,  by  let¬ 
ting  loofe  all  thofe  propenfities  of  the  human  heart 
which  are  effentially  deftrudive  of  focial  happinefs.  64 
Thete  propenfities  were  always  known  to  lurk  in  the  A'foevin*^ 
heart  of  man  ;  and  thofe  furely  were  the  wiieft  who  la-  m^ci*the 
boured  to  keep  them  in  check  by  the  influence  of  moral  Jreator, 
principles,  and  particularly  by  cherifhing  that  difpofition 
of  the  human  heart  which  prompts  us  to  fee  contrivance 
wherever  we  fee  nice  and  refined  adjuftment  of  means 
to  ends  ;  and,  from  the  admirable  beauty  of  the  folar 
fyftem,  to  cry  out, 

44  Thefe  ate  thy  glorious  works,  Farent  of  good  ! 

44  Almighty,  thine  this  univerfal  fome, 

“  Thus  wondrous  lair ;  thyfelf  how  wnnd’rous  then? 

“  TJnfpeakable,  who  fitt’ft  above  thefe  heavens, 

44  To  us  invifible,  or  dimly  feen 

44  In  thefe  thy  loweft  works  ;  yet  thefe  declare 

a  1  liy  goodnefs  beyond  thought,  and  power  divine.** 

Par.  Lojl ,  b.  v. 

44  But  wandering  oft,  with  brute  unconfcious  gaze, 

44  Man  marks  not  Thee,  marks  not  the  mighty  hand 
4-4  ■  That,  ever  bufy,  wheels  the  lilent  fpheres.,, 

Thomson. 

ffhe  molt  important  addition  (in  a  philofophical  view) 
that  has  been  made  to  aftvonomical  fcier.ce  fince  the 
difeovery  of  the  aberration  ©flight  and  the  nutation  of 
the  earth’s  axis,  is  that  of  the  rotation  of  Saturn’s  ring.  ^ 
The  ring  itfclf  is  an  objeft  quite  finnular ;  and  when  it  Saturn’^ 
was  difeovered  that  all  the  bodies  which  had  any  imme-nnS* 
d  ate  connection  with  a  planet  were  heavy,  or  gravita¬ 
ted  toward  that  planet,  it  became  an  interefting  quef- 
tion,  what  was  the  nature  of  this  ring  ?  what  iupport- 
ed  this  immenfe  arch  of  heavy  matter  without  its  reft- 
ing  on  the  planet  l.  what  maintains  it  in  perpetual  con¬ 
centricity  witli  the  body  of  Saturn,  and  maintains  its 
furface  in  one  invariable  pofition  l 

The  theory  of  univerfal  gravitation  tells  us  what- 
things  are  poffibie  in  the  folar  fyftem  ;  and  our  conjec¬ 
tures  about  the  nature  of  this  ring  muft  always  be  re¬ 
gulated  by  the  circumftance  of  its  gravitation  to  the 
planet.  Philofophers  had  at  firft  fuppofed  it  to  be  a 
luminous  atmolphere,  thrown  out  into  that  form  by  the 
great  centrifugal  force  arifing  from  a  rotation  :  but  its 
well  defined  edge,  and,  in  particular,  its-  being  two  very 
narrow  rings,  extremely  near  each  other,  yet  perfe&ly 
fepat  ate,  rendered  this  opinion  of  its  conftitution  more 
improbable.  #  66 

Dr  Herfchel’s  difeovery  of  brighter  fpots  on  its  fur-  Difeovery? 
face,  and  that  thofe  fpots  were  permanent  during  the  of  Dr  Her- 
whole  time  of  his  obfervation,  feems  to  make  it  more^1^^ 
probable  that  the  parts  of  the  ring  have  a  folid  connec-  s 
tion»  Mr  Herfchd  lias  difeovered,  by  the  help  of 
thofe  fpots,  that  the  ring  turns  round  its  axis,  and  that 
this  axis  is  alfo  the  axis  of  Saturn's  rotation.  The  time 
of  rotation  is  Job.  32*'.  But  the  other  circumftances 
are  not  narrated  with  the  precifion  fufficient  lor  an  ac¬ 
curate  comparifon  with  the  theory  of  gravity  He  in¬ 
forms  us,  that  the  radii  of  the  four  edges  of  the  ring  are 
75 fo  774>  830,  a  certain  fcale,  and  that  the 

a  n  crl  ** 


54 


A  S  T  R  O 

angle  fab  tended  by  the  ring  at  the  mean  diftance  from 
the  earth  is  46^'.  Therefore  its  elongation  is  23  ^. 
The  elongation  of  the  fecond  Caifmian  fatellite  is  56'', 
and  its  revolution  is  2d.  lyh.  44'.  This  fliould  give, 
by  the  third  law  of  Kepler,  17  b.  10'  for  the  revolution 
of  the  outer  edge  of  the  ring,  or  rather  of  an  atom  of 
that  edge,  in  order  that  it  may  maintain  itfclf  in  equili- 
brio.  The  fame  calculation  applied  to  the  outer  edge 
of  the  inner  ring  gives  about  13  b.  36' ;  and  we  obtain 
1  ill.  16'  for  the  inner  edge  of  this  ring.  Such  varie¬ 
ties  are  incontinent  with  the  permanent  appearance  of  a 
fpot.  We  may  fuppofe  the  ring  to  be  a  luminous  fluid 
or  vapour,  each  particle  of  which  maintains  its  fituation 
by  the  law  of  planetary  revolution.  T11  fuch  a  date,  it 
would  confill  of  concentric  drata,  revolving  moreflowly 
as  they  were  more  remote  from  the  planet,  like  the  con¬ 
centric  flrata  o i  a  vortex,  and  therefore  having  a  relative 
motion  incompatible  with  the  permanency  of  any  fpot. 
Betides,  the  rotation  obferved  by  Herfchel  is  too  rapid 
even  for  the  innermofl  part  of  the  ring.  We  think 
therefore  that  it  con  lifts  of  cohering  matter,  and  of  con- 
fiderable  tenacity,  at  leaft  equal  to  that  of  a  very  clam- 
my  fluid,  fuch  as  melted  glais. 

We  can  tell  the  figure  which  a  fluid  ring  muff  have, 
fo  that  it  may  maintain  its  form  by  the  mutual  gravita¬ 
tion  of  its  particles  to  each  other,  and  their  gravitation 
to  the  planet.  Suppofe  it  cut  by  a  meridian.  It  may 
be  in  equilibrio  if  the  fedtion  is  an  ellipfe,  of  which  the 
longer  axis  is  dire&ed  to  the  centre  of  the  planet,  and 
very  fmall  in  companion  with  its  diftance*  from  the 
centre  of  the  planet,  and  having  the  revolution  of  its 
middle  round  Saturn,  fuch  as  agrees  with  the  Keplerean 
law.  Thefe  circumftances  are  not  very  confident  with 
the  dimenfions  of  Saturn’s  inner  ring.  i  he  diftance 
between  the  middle  of  its  breadth  and  the  centre  of  Sa¬ 
turn  is  670,  and  its  breadth  is  1 61',  nearly  one-fourth 
of  the  diftarfee  from  the  centre  of  Saturn.  De  la  Place 
lays,  that  the  revolution  of  the  inner  ring  obferved  by 
Herfchel  is  very  nearly  that  required  by  Kepler’s  law  ; 
but  we  cannot  fee  the  grounds  of  this  affertion.  The 
above  companions  with  the  fecond  Caffmian  fatellite  fhows 
the  contrary.  The  elongation  of  that  fatellite  is  taken 
from  Bradley’s  obfervations,  as  is  alfo  its  periodic  time. 

A  ring  of  detached  particles  revolving  in  r  oh.  32^'  mult 
be  of  much  fmaller  diameter  than  even  the  inner  edge 
of  Saturn’s  ring.  Indeed,  the  quantity  of  matter  in  it 
might  be  fuch  as  to  incrcafe  the  gravitation*  con  fider- 
ably  ;  but  this  would  be  feen  by  its  difturbing  the 
fry  feventh  and  tixth  Satellites,  which  are  exceedingly  near 
Its  proba-  it.  We  cannot  help  thinking  therefore  that  it  contifls 
ble  confii-  of  matter  which  has  very  contiderable  tenacity.  An 
Xency  equatoiial  zone  of  matter,  tenacious  like  melted  glais, 
and  whirled  brifldy  round,  might  be  thrown  off,  and, 
retaining  its  great  velocity,  would  flretch  out  while 
whirling,  enlarging  in  diameter  and  diminifhing  in  thick- 
nefs  or  breadth,  01  both,  till  the  centrifugal  force  was 
balanced  by  the  united  force  of  gravity  and  tenacity. 

We  find  that  the  equilibrium  will  not  be  fenfibly  di- 
fturbed  by  contiderable  deviations,  fuch  as  unequal 
breadth,  or  even  want  of  flatnefs.  Such  inequalities  ap¬ 
pear  on  this  ring  at  the  time  of  its  difparition,  when  its 
edge  is  turned  to  the  fun  or,  to  us.  The  appearances 
of  its  different  tides  are  then  confiderably  different. 

Such  a  ring  or  rings  muff  have  an  olcillatory  motion 
around  the  centre  of  Saturn,  in  confequcnce  of  their  mu- 
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tual  adiion,  and  the  action  of  the  fun,  and  their  own  ir» 
regularities  :  but  there  will  be  a  certain  polition  which 
they  have  a  tendency  to  maintain,  and  to  which  they 
will  be.  brought  back,  after  deviating  from  it,  by  the 
ellipticity  of  Saturn,  which  is  very’  great  The  fun 
will  occation  a  .nutation  of  Saturn’s  axis  and  a  precef- 
fion  -of  his.  equinoxes,  and  this  will  drag  along  with  it 
both  the  rings  and  the  neighbouring  fatellites^ 

The  atmofphere  which  furrounds  a  whirling  planet 
cannot  have  all  its  parts  circulating  according  to  the 
third  law  of  Kepler.  The  mutual  attrition  of" the  pla¬ 
net,  and  of  the  different  flrata,  ariling  from  their  diffe¬ 
rent  velocities,  muft  accelerate jthc  (lowly  moving  flrata, 
and  letaid  the  rapid,  till  all  acquire  a  velocity  propor¬ 
tional  to  their  diftance  from  the  axis  of  rotation  ;  and 
this  will  be  fuch  that  the  momentum  of  rotation  of  the 
planet  and  its  atmofphere  remains  always  the  fame.  It 
will  fwell  out  at  the  equator,  and  fink  at  the  poles,  till 
the  centrifugal  force  at  the  equator  balances  the  weight 
of  a  fuperficial  particle.  The  greatefl  ratio  which  the 
equatorial  diameter  can  acquire  to  the  polar  axis  is  that 
of  four  to  three,  unfefs  a  cohetive  force  keeps  the  par¬ 
ticles  united,,  fo  that  it  conftitutes  a  liquid,  and  not  an 
elallic  fluid  like  air ;  and  an  elaftic  fluid  cannot  form  an 
atmofphere  bounded  in  its  dimentions,  unlefs  there  be  a 
certain  rarity  which  takes  away  all  elafticity.  If  the 
equator  dwells  beyond  the  dimention  which  makes  the 
giavitation  balance  the  centrifugal  force,  it  muft  imme¬ 
diately  diflipate. 

If  we  fuppofe  that  the  atmofphere  has  extended  to 
this  limit,  and  then  condenfes  by  cold,  or  any  chemical 
or  other  caufe  different  from  gravity,  its  rotation  ne- 
ceffanly  augments,  preferring  its  former  momentum,  and 
the  limit  will  approach  the  axis;  becaufe  a  greater  velo¬ 
city  produces  a  greater  centrifugal  force,  and  requires  a 
greater  gravitation  to.  balance  it.  Such  an  atmofphere  And  oricin 
may  therefore  delert,  in  fuceeflion,  zones  of  its  own  mat-  & 

ter  111  the  plane  of  its  equator,  and  leave  them  revol¬ 
ving  in  the  form  of  rings.  It  is  not  unlikely  that  the 
rings  of  Saturn  may  have  been  furnifhed  in  this  very 
way ;  and  the  zones,  having  acquired  a  common  velocity 
in  their  different  flrata,  will  preferve  it ;  and  they  are 
fufceptible  of  irregularities  arifing  from  local  caufe*  at 
the  time  of  their  feparation,  which  may  afford  perma¬ 
nent  fpots.  r 

Wh  th!nkft5at-J,e  r0tat:°!1.of  Saturn’s  »ng  affords  rt  may  fur. 

loine  hopes  of  deciding  a  very  important  queftion  about  nifli  the 
the  nature  of  light.  If  light  be  the  propagation  ofmeans  of 
eialtic  undulations,  its  velocity  depends  entirely  on  the  f!“‘"ve'  n* 
elalhc.ty  and  denfity  of  the  fluid  ;  but  if  it  be  the  emif-SK” 
lion  ol  corpufcles,  their  velocity  may  be  affeded  by 
other  caufes.  1  he  .  velocity  of  Saturn’s  ring  is  44  of 
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that  of  the  earth  in  its  orbit,  and  therefore  about _ 

of  the  velocity  of  light.  T  he  wefttrn.  extremity  V to  us 
m  the  northern  regions)  is  moving  from  us,  and  the 
eaitcrn  is  moving  toward  us.  If  light,  by  which  we  fee 
it,  be  refleded  like  an  elaftic  ball  from  an  elaftic  body, 
there  will  be  an  excels  in  the  velocity  of  the  light  by 
which  we  fee  the  eaftern  limb  above  the  velocity  or  the 
light  by  which  we  fee  the  weftern  limb.  Tins  excels 
will  be  Tyoo  the  mean  velocity  of  litrht.  This  ftiould 
be  di (covered  by  a  difference  in  the  refradion  gf  the 
two  lights.  It  an  acromatic  prifm  could  be  made  to 
refract  fourteen  degrees,  and  if  Saturn  be  viewed  thro’ 
a  teleicope  with  this  prifm  placed  before  it,  there  fhould 

be 
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be  a  change  of  ihape  amounting  to  fixteen  feconds ;  if 
the  axis  of  the  prifm  be  parallel  to  the  longer  axis  of 
the  ring,  it  will  diftort  it  prodigiously,  and  give  it  an 
oblique  pofition. 

A  fimilar  effect  will  be  produced  by  placing  the 
prifm  between  the  eye-glafs  and  the  image  in  the  focus 
of  the  objeft-glafa. 

Our  expectation  is  founded  on  this  unqueftionable 
principle  in  dynamics,  that  when  a  particle  of  light 
paffes  through  the  active  ftratum  of  a  tranfparent  body 
which  refra&s  light  toward  the  perpendicular,  the  addi¬ 
tion  made  to  the  fquare  of  its  velocity  by  the  refract¬ 
ing  forces  is  equal  to  the  fquare  of  the  velocity  which 
tnofe  forces  would  communicate  to  a  particle  at  reft  on 
the  furface  of  this  refracting  ftratum  of  the  tranfparent 
body.  Therefore  if  the  velocity  of  the  incident  light 
be  increafed,  the  ratio  of  the  fine  of  incidence  to  the 
fine  of  refraction  will  be  diminifhed.  It  is  confonant  to 
common  fenfc,  that  when  the  incident  light  has  a  great¬ 
er  velocity,  it  paffes  more  rapidly  through  the  attracting 
ftratum,  and  a  fmaller  addition  is  made  to  the  velocity. 
When  the  velocity  of  thf  incident  light  is  icooo  times 
greater  than  that  of  the  earth’s  annual  motion,  the  fine 
of  incidence  is  to  the  fine  of  refraction  in  glafs  a3  20  to 
31,  or  as  icooo  to  15500.  If  this  be  increafed  TtVo> 
making  it  10004,  the  ratio  will  be  that  of  10004  t0 
1 5502,62,  or  of  10000  to  15496,4.  The  difference 
between  the  refraftions  of  the  light  from  the  eaftern 
and  weftern  extremities  of  the  ring  will  be,  to  all  fenfe, 
the  fame,  if  the  velocity  of  the  one  be  diminifhed  to 
9998,  and  the  other  increafed  to  10002. 

We  may  juft  add  here,  by  the  way,  that  the  aeftion 
70  of  another  body  may  confiderably  change  the  conftitu- 
robable  tion  of  this  atmofphere.  Thus,  fuppofing  that  the 
afon  why  moon  had  originally  an  atmofphere,  the  limit  will  be 
mofphere  ^ance  ^rom  t^le  moon  where  the  centrifugal  force, 
•>out  the  arifing  from  the  moon’s  rotation,  added  to  the’gravita- 
oon.  tion  to  the  earth,  balances  the  gravitation  to  the  moon. 

If  the  moon  be  j-^th  of  the  earth,  this  limit  will  be 
about  -Jth  of  the  moon’s  diftance  from  the  earth.  If 
at  this  diftance  the  elafticity  of  the  atmofphere  is 
not  annihilated  by  its  rarefaction,  it  will  be  all  ta¬ 
ken  off  by  the  earth,  and  accumulate  round  it.  This 
may  be  the  reafon  why  we  fee  no  atmofphere  about 
the  moon. 

What  has  been  faid  in  the  article  Tide  (Encycl.), 
will  explain  the  trade-winds  on  the  earth  and  in  Jupi¬ 
ter  and  Saturn.  On  the  earth  they  are  increafed  by 
the  expaniion  of  the  airjby  heat*  This  caufes  it  to  rife 
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ASTROTHEMATA,  the  places  or  pofitionsof  the 
ftars,  in  an  aftrological  fcheme  of  the  heavens. 

ASTROTHESIA,  is  ufed  by  fome  for  a  conftella- 
tion  or  collection  of  ftars  in  the  heavens. 

ASTRUM,  or  Astrov,  a  conftellation  or  affem- 
blage  of  ftars  :  in  which  fenfe  it  is  diftinguifhed  from 
After,  which  denotes  a  fingle  ftar.  Some  apply  the 
term,  in  a  more  particular  fenfe,  to  the  Great  Dog,  or 
rather  to  the  large  bright  ftar  in  his  mouth. 

ASYMMETRY,  the  want  of  proportion;  other  wife 
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in  the  parts  warmed  by  the  fun,  and  flow  off  toward  the 
poles,  where  it  is  again  cooled  and  condenfed.  The 
under  ftratum  of  colder  and  denfer  air  is  continually 
flowing  in  from  the  poles.  This  having  lefs  velocity  of 
circulation  than  the  equatorial  parts  of  the  earth,  muft 
have  a  relative  motion  contrary  to  that  of  the  earth,  or 
from  eaft  to  weft,  and  this  muft  augment  the  current 
produced  by  gravitation. 

Thus  we  fee  that  all  the  mechanical  phenomena  of 
the  folar  fyftem,  whether  relating  to  the  revolutions 
round  the  various  centres  of  gravitation,  or  to  the  figure 
of  the  planets  and  the  ofcillations  of  the  fluids  which 
cover  them,  or  to  the  rotations  round  their  refpeftive 
axes — are  neceffary  confequences  of  one  fimple  principle 
of  a  gravitation  in  every  particle,  decreafmg  in  the  re¬ 
ciprocal  duplicate  ratio  of  the  diftance.  We  fee  that  All  theme- 
this,  combined  with  a  primitive  proje&ion,  will  produce  chan ical 
every  motion  that  we  obferve.  It  was  not  neceffary,  a$Pheii0me* 
Copernicus  imagined,  to  imprefs  three  motions  on  the^/f^f 
earth  ;  one,  by  which  it  was  made  to  revolve  round  the  tern* flow 
fun;  a  fecond,  caufing  it  to  turn  round  an  axis  inclined  from  one 
to  that  of  its  orbit ;  and  a  third,  by  which  this  axis  de-fl.nTlePrir*' 
feribed  that  conic  furface  which  forms  the  preceflion  off Clple* 
the  equinoxes.  One  impulfe,  not  palling  through  the 
centre  of  the  earth,  nor  in  the  plane  of  the  ecliptic,  will 
produce  the  two  firft  motions,  and  the  protuberant  mat¬ 
ter  produced  by  the  rotation  will  generate  the  third 
motion,  by  the  tendency  of  its  parts  to  the  other  hea¬ 
venly  bodies.  Without  this  principle,  the  elliptic  mo¬ 
tion  of  the  planets  and  comets,  their  various  inequali¬ 
ties,  fecular  or  periodical,  thofe  of  the  moon  and  of  the 
fatdlites  of  Jupiter,  the  preceflion  of  the  equinoxes,  the 
nutation  of  the  earth’s  axis,  the  figure  of  the  earth,  the 
undulations  of  its  ocean — all  would  have  been  imperfedf- 
ly  known,  as  matters  of  fad,  wholly  different  from  each 
other,  and  folitary  and  unconnected.  It  is  truly  de- 
ferving  admiration,  that  filch  an  immenfe  variety  of  im¬ 
portant  phenomena  flow  fo  palpably  from  one  principle, 
of  fuch  fimplicity,  and  fuch  univerfality,  that  no  pheno¬ 
menon  is  now  left  out  unexplained,  and  predicted  with 
a  certainty  almoft  equal  to  adlual  obfervation. 

toties  anhnos  veterum  iorjere  fophorum , 
fftjitzque  fcholas  bodie  rauco  certamine  vex  ant 
Obvia  confpictmus ,  nubem  pellente  Mat  heft, 

Surgite  mortales ,  terrenas  mittete  curas , 

Atque  bine  cAigena  vires  dignofeite  mentis , 

A  pecudum  vita  longe  latequs  remote. 
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called  in commenfur ability,  or  the  relation  of  two  quanti¬ 
ties  which  have  no  common  meafure,  as  between  1  and 
a/ 2,  or  the  fide  and  diagonal  of  a  fquare. 

ASYMPTOTES  (fee  Encycl.)  arc,  by  fome,  di¬ 
ftinguifhed  into  various  orders.  The  afymptote  is  faid 
to  be  of  the  firft  order,  when  it  coinoides  with  the  bafe 
of  the  curvilinear  figure  ;  of  the  fecond  order,  when  it 
is  a  right  line  parallel  to  the  bafe  ;  of  the  third  order, 
when  it  is  a  right  line  oblique  to  the  bafe;  of  the  fourth 
order,  when  it  is  the  common  parabola,  having  its 

axis 


Afymp* 
to  tea. 
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Atter  -axis  -perpendicular  to  the  bafe  ;  anemia  general,  of  the 
II,  n  2  order,  when  it  is  a  parabola  whofe  ordinate  is  ?.l- 
Au»e-  iqua.  wa^Tg  ?s  tPe  n  power  of  the  bafe.  -The  afymptote  is  ob¬ 
lique  to  the  bafe,  when  the  r'atio  of  the  hid  fluxion  of 
the  ordinate  to  the  fluxion  of  the  bafe  approaches  to  an 
affignable  ratio,  as  its  limit ;  but  it  is  parallel  to  the 
bafe,  or  coincides  with  it,  when  this  limit  is  not  aflign- 

able.  . 

ATTAR  of  roses.  See  Roses,  Otter  of  both  in 
the  Encyclopaedia  and  in  this  Supplement. 

AVANT  foss,  or  Ditch  of  the  Counterfcarp ,  in  for¬ 
tification,  is  a  wet  ditch  fur  rounding  the  counterfcarp 
on  the  outer  fide,  next  to  the  country,  at  the  foot  of 
the* glacis.  It  would  not  be  proper  to  have  fuch  a 
ditch  if  it  could  be  laid  dry,  as  it  would  then  feive  as  a 
lodement  for  the  enemy. 

AUB1GNE.  See  Stuart  in  this  Supplement. 

AUMIL,  in  Bengal,  a  native  colk&or  or  manager 
of  a  diilria  on  the  part  of  government. 

AUTENIQUA,  a  large  and  beautiful  country  in 
Africa,  lying  to  the  eafl  of  the  Cape  of  Good  Hope, 
and  inhabited,  part  of  it,  b\  Dutch  colomits.  i  he 
word  Auteniqua  fignifies,  in  the  Hottentot  language, 

«  a  man  loaded  with  honey  a  name  which  is  not 
improperly  given  to  the  country,  fince,  as  you  enter  it 
from  the  Cape,  you  cannot  proceed  a  ftep  without  fee¬ 
ing  a  thoufand  fwarms  of  bees.  The  flowers  on  which 
they  feed  fpring  up  in  myriads;  and  your  attention  is 
engaged,  and  your  courfe  fuipended,  by  the  mixed 
odours  which  exhale  from  them,  by  their  colours  and 
'variety,  and  by  the  pure  cool  air  which  you  breathe. 
Nature  has  made  thefe  enchanting  regions  like  fairy 
land.  The  calyxes  of  all  the  flowers  abound  with  ex¬ 
cellent  juices,  from  which  the  bees  extract  the  honey 
that  they  everywhere  depofit  in  hollow  rocks  and  trees. 

This  country  was  vifited  in  1782  by  M.  Vaillant, 
who  calls  it  the  moil  delightful  region  in  the  univerfe  ; 
and  lays,  that,  as  he  approached  it,  he  beheld,  from  the 
top  of  a  very  high  mountain,  an  immenfe  valley,  adorn¬ 
ed  with  agreeable  hills,  variegated  in  an  infinite  num¬ 
ber  of  fhapes,  and  extending  in  an  undulating  manner 
as  far  as  the  fea  ;  whild  enamelled  meads,  and  the  moll 
beautiful  pailures,  ftill  added  to  the  magnificent  feene. 
It  abounds  with  (mail  rivulets,  which,  flowing  down 
from  the  mountains,  run  into  the  fea  through  an  hun¬ 
dred  different  channels.  The  water  of  thefe  rivulets  has 
the  colour  of  Madeira  wine,  and  a  ferruginous  tafte  ; 
but  our  traveller  did  not  examine  whether  this  tafie  and 
colour  proceed  from  their  flowing  through  forne  mine 
in  their  paffage,  or  from  the  roots  and  leaves  of  trees 
which  they  carry  along  with  them. 

The  whole  of  Auteniqua,  from  the  chain  of  moun¬ 
tains  which  divides  it  from  the  country  of  that  race  of 
Hottentots  called  Gonaquas  to  the  fea,  is  inhabited  by 
feveral  planters,  who  rear  a  number  of  cattle,  make  but¬ 
ter,  cut  down  timber,  and  colled  honey  ;  all  of  which 
they  tranfport  to  the  Cape  ;  bu*  it  appears  that  they 
make  not  the  mod  of  their  fituation.  “  Can  it  be  be¬ 
lieved  (fays  M  Vaillant),  that  the  diredors  of  the  Com¬ 
pany,  for  their  own  ufe,  fhould  order  fhips  to  be  fent 
every  year  from  Amfterdam,  loaded  with  planks  and 
boards  of  every  kind,  whild  in  this  country  there  are 
immenfe  fovelts,  and  the  mod  beautiful  trees  in  the 
world  ?  This  abfurdity,  however,  is  not  at  all  aftonifii- 
£ng.  The  Company  gratuitoufly  furnilhes  the  gover- 
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nor  and  all  the  officers  with  whatever  wood  they  have  luunlqut, 
occaflon  for  ;  and  it  is  delivered  to  them  at  their  houfes  ~y— * 
without  any  expence.  The  governor  therefore  has  no 
perf trial  filtered  to  extend  his  views  to  this  part  of  the 
adruinht ration,  and  to  abolifh  an  abufe  fo  prejudicial  to 
the  colony.” 

But  the  colonifis  themfelves  muff  be  a  very  indolent 
and  fiupid  kind  of  people  ;  fince,  if  our  traveller  de- 
ferves  credit,  they  negledt  advantages  with  which  the 
perfonal  intereft  of  the  governor  cannot  pofiibly  inter¬ 
fere.  1  was  filled  with  indignation  (fays  M.  Vail¬ 
lant’  to  fee  people,  who  have  wood  within  their  reach, 
emoloy  it  in  commerce,  and  not  have  the  courage  to 
build  for  themfelves  habitable  houfes.  They  live  in 
wretched  hovels,  conftiu&ed  of  wicker-work,  daubed 
over  with  clay  ;  the  fkin  of  a  buffalo,  fixed  at  the  four 
corners  to  as  many  flakes,  ferves  them  for  a  bed  ;  and 
the  door,  which  is  at  the  fame  time  a  window,  is  flint 
by  a  mat;  while  two  or  three  mutilated  chairs,  a  lew 
pieces  of  plank,  a  kind  of  table,  and  a  pitiful  box  of 
two  feet  i’quare,  form  all  the  furniture  of  thefe  colonial 
habitations.  Thus  is  the  picture  of  the  moil  profound 
mifery  contrafted  with  the  charms  of  this  terminal  pa- 
radife  ;  for  the  beauties  of  thefe  regions  extend  even 
beyond  Auteniqua.  The  people,  however,  though 
their  houfes  be  bad,  live  well.  They  have  game  and 
fait  water  fifh  in  abundance  ;  and  enjoy  cxcluiively, 
over  all  the  other  cantons  of  thefe  colonies,  the  advan¬ 
tage  of  having,  for  the  whole  year  without  interruption, 
vegetables  of  every  kind  in  their  gardens.  For  this 
they  are  indebted  to  the  excellence  of  the  foil,  and  to 
its  being  naturally  watered  by  f  nail  dreams,  which  crofs 
each  other  in  a  thoufand  different  directions,  and,  as 
one  mav  fay,  lay  the  four  feafons  under  contribution  to 
fertilize  uteniqua.  Thefe  llreams,  which  frequently 
overflow  their  banks,  but  never  dry  up,  proceed  from  a 
caufe  well  known  ;  the  high  mountains  towaids  the 
eafi,  which  are  covered  with  foreds,  dop  the  clouds 
and  the  logs  carried  from  the  fea,  and  this  occaiions 
very  abundant  rains.” 

In  thefe  mountainous  regions,  which,  as  well  as  the 
plain,  our  author  comprehends  under  the  denomination 
of  Auteniqua ,  there  are  multitudes  of  elephants,  buffa¬ 
loes,  panthers,  hyenas,  and  antelopes  of  every  fpecies 
and  all  thefe  animals  are  hunted  and  killed  by  the  na¬ 
tives,  as  well  for  food  as  for  the  protection  of  their 
flocks  and  herds  from  fuch  of  them  as  are  beads  of 
prey.  Our  author  has  eaten  the  flefh  of  every  one  of 
them  except  the  hyena  ;  and  declares,  that  the  foot  of 
an  elephant,  baked  after  the  Hottentot  manner,  is  one 
of  the  mod  delicious  morftls  that  lie  ever  taded.  He 
gives  directions  for  hunting  them  all ;  but  warns  his 
readers  from  attacking  elephants  when  he  finds  them  in 
droves,  for  then,  he  fays,  they  are  invincible.  He  even 
thinks  it  exceedingly  dangerous  for  one  rnan,  however 
well  armed,  to  attack  a  fingle  elephant  in  the  plain. 

The  buffalo  he  deferibes,  contrary  to  mod  ocher  travel¬ 
lers,  as  a  timid  animal,  which  never  refills  till  his  fitua¬ 
tion  becomes  defperate;  and  he  thinks  that  there  would 
be  no  difficulty  in  training  him,  if  caught  when  a  calf, 
to  the  yoke  like  the  bullocks  ot  Europe. 

The  kites  and  vultures  of  this  country,  our  traveller 
reprefents  as  in  the  highed  degree  voracious  and  fierce,  in- 
fomuch  that  it  is  hardly  poffible  to  fright  them  from  their 
prey.  He  had  on  one  occafion  killed  two  buffaloes, 

which 
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attnlqua.  which  he  ordered  to  be  cut  into  very  fmall  pieces,  that 

— " yr~  they  might  be  more  eafily  faked,  and  expofed  after¬ 
wards  to  the  air  and  the  fun.  His  waggons,  as  well  as 
the  bullies  and  trees  which  furrounded  him  and  his  peo¬ 
ple,  were  loaded  with  the  bloody  fragments  of  thefe  two 
animals,  and  they  had  begun  their  operation  of  falting; 
blit  on  a  fuddeh,  while  they  were  not  expeding  it, 
they  found  themfelves  attacked  by  flights  of  kites  and 
vultures,  which,  without  exhibiting  the  leaft  fymptoms 
of  Fear,  perched  in  the  midft  of  them.  The  kites  were 
above  all  the  moft  impudent.  They  feized  upon  the 
morfels  of  flefh,  and  even  contended  furioufly  with  his 
people.  “  When  they  had  each  carried  away  (fays he) 
a  pretty  large  piece,  they  retired  to  fome  branch,  at 
the  diitance  of  ten  paces  from  us,  and  devoured  it  before 
our  eyes.  Though  we  fired  our  fufees  they  were  not 
frightened,  but  returned  inceftantly  to  the  charge  ;  fo 
that  finding  our  powder  wafted  in  vain,  we  refolved  to 
keen  them  off  with  large  poles  until  our  provifions 
fhould  be  quite  dry.  This  manoeuvre,  which  for  a 
long  time  Liar?. fled  my  people,  did  not  prevent  us  .from 
being  plundered  without  mercy  ;  but  had  we  not  em¬ 
ployed  it,  nothing  would  have  remained  to  us  of  our 
two  buffaloes.” 

This  battle  with  the  kites  took  place  on  the  confines 
of  the  Dutch  fettlements ;  but  when  M.  Vaillant  had 
with  difficulty  paffed  over  the  mountains  which  bound 
them,  the  profpeds  became  more  magnificent,  the  foil 
feemed  to  be  more  fruitful  and  rich,  nature  appeared  to 
be  more  majeftic  and  grand,  and  the  lofty  mountains 
prefented  on  all  fides  more  charming  and  delightful 
points  of  view  than  any  that  he  had  ever  before  met 
with.  7  hefe  feenes,  contrafted  with  the  dry'  and  parch¬ 
ed  fields  of  the  Cape,  made  him  exclaim,  he  fays,  in 
ecftacy,  “  What!  fhall  thefe  fuperb  regions  be  eternally 
inhabited  by  tygers  and  lions  ?  What  fpcculator,  with 
the  fordid  view'  only  of  eftablifhing  a  kind  of  centre  for 
commerce,  could  have  preferred  the  ftormy  Table  Bay 
to  the  numberlefs  roads  and  commodious  harbours  which 
are  to  be  found  on  the  eaftern  coafts  of  Africa  ?  Thus 
(continues  he)  was  I  refleding  within  myfelf,  whilft  I 
was  climbing  the  mountain,  and  forming  vain  wifhes  for 
the  conqueft  of  this  beautiful  country,  which  the  indo¬ 
lent  policy  of  the  European  nations  will  perhaps  never 
gratify.’' 

If  1  us  defeription  of  its  beauties  and  fertility  be  not 
greatly  exaggerated,  it  is  indeed  wonderful  that  either 
the  Dutch  or  fome  othe^  maritime  pov/er  of  Europe  has 
not  long  ago  taken  pofleffion  of  it.  After  he  had  paffed 
the  mountain,  one  could  not,  he  fays,  choofe  a  more 
agreeable  ©r  advantageous  fpot  than  that  upon  which  he 
then  was  for  eftablifhing  a  thriving  colony.  The  fea 
advances  through  an  opening  of  about  a  thoufand  paces 
in  breadth,  and  penetrates  into  the  country  to  the  di- 
ftance  of  more  than  two  leagues  and  a  half.  The  bafon 
which  it  forms  is  more  than  a  league  in  extent  (he 
does  not  fay  whether  in  breadth  or  in  circumference)  ; 
and  the  whole  coaft,  both  on  the  right  and  the  left,  is 
bordered  with  rocks,  W'hich  intercept  all  communication 
with  it.  The  land  is  watered  by  limpid  and  refrefhing 
ftreams,  which  flow  down  on  all  fides  from  the  eaftern 
mountains ;  and  thefe  mountains,  crowned  with  majef¬ 
tic  woods,  extending  as  far  as  the  bafon,  and  winding 
round  it  with  a  number  of  finuofities,  exhibit  a  hun- 
Suppl.  Vol.  I.  Part  I. 
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tired  groves,  which  are  naturally  variegated,  and  each  Anten 

more  agreeable  than  another.  1 - v 

.  The  author  proceeding  forwards  about  two  days 
journey,  arrived  at  a  bay  known  to  navigators  by  the 
name  of  the  Bay  of  Agoa,  but  called  by  the  colonifts 
blettenherg's  Bay,  from  its  having  been  vifited  fome 
time  before  by  a  Governor  Blettenberg,  who  ordered 
Ins  name,  together  with  the  year  and  day  of  his  arrival, 
to  be  engraven  on  a  ftone  column.  This  bay  is  a  little 
beyond  the  limits  of  the  country  called  Auteniqua ;  but 
it  is  not  foreign  from  the  purpofe  of  this  article  to  in- 
fert  in  this  place  our  traveller’s  account  of  it,  and  of  the 
country  around  it. 

The  bay  itfelf,  he  fays,  is  very  fpacious,  and  has  a 
fufficient  depth  of  water  for  the  largeft  veffels.  The 
anchoring  ground  is  fure,  and  boats  can  fail  to  a  beau¬ 
tiful  part  of  the  fhore,  which  is  not  confined  by  the 
rocks,  as  they  are  all  there  detached  from  one  another. 

By  advancing  a  league  along  the  coaft,  the  crews  would 
arrive  at  the  mouth  of  a  confiderable  river  called  the 
Queur-Boom,  where  they  would  find  water.  Refrefti- 
ments  might  be  procured  from  the  inhabitants  of  the 
environs  ;  and  the  bay  would  fupply  them  with  excel¬ 
lent  fifh,  with  which  it  abounds. 

This  bay  is  one  of  thofe  places  where  government 
might  eftablifh  warehoufes  and  repofitories  for  timber  ; 
and  it  is  for  this  reafon  that  we  have  introduced  it  to 
notice  in  this  article.  The  forefts  around  it,  fays  M. 
Vaillant,  are  everywhere  magnificent,  and  the  trees 
could  be  more  eafily  cut  down  than  anywhere  elfe  ;  for 
it  is  not  to  fteep  mountains  that  one  muft  go  for  wood, 
as  at  Auteniqua ;  it  is  here  ready  at  hand  ;  and  during 
the  fine  monfoon  might  be  tranfported  to  the  Cape  with 
little  trouble  and  no  rifle.  The  inexhauftible  and  fer¬ 
tile  lands  in  the  neighbourhood  of  the  bay,  if  once  cul¬ 
tivated,  would  produce  abundant  crops,  and  draw'  toge¬ 
ther  a  great  number  of  intelligent  planters,  on  account 
of  the  ready  communication  which  they  would  have 
with  the  Cape.  In  a  word,  the  Company,  continues 
he,  have  nothing  to  do  fo  much  for  their  own  intereft 
as  to  form  here  a  proper  eftablffhment.  To  the  genera! 
profits  of  fuch  an  inftitution,  would  be  added  thofe  of 
individuals,  which  could  not  fail  to  be  of  great  import¬ 
ance.  They  might,  for  example,  cut  down  a  certain 
tree  called  Jinking  woody  and  export  it  to  Europe, 
where  it  would  undoubtedly  be  foon  preferred  to  maho¬ 
gany  and  every  other  kind  of  wood  employed  by  cabi¬ 
net  makers. 

The  Hottentots,  who  in  fcattered  kraals  inhabit  this 
delightful  country,  our  author  deferibes  as  a  faithful, 
gentle,  and  rather  timid  race.  He  affirms,  that  they 
have  no  religious  imprefiions  whatever,  nor  any  notion 
of  fuperior  powers  who  govern  the  world.  But  this,  if 
not  a  wilful  falfehood  dilated  by  the  philofophy  of 
France,  is  probably  a  miftake  arifing  from  his  fcanty 
knowledge  of  their  language,  and  total  ignorance  of  the 
meaning  of  their  religious  ceremonies.  FI  is  great  ma¬ 
iler,  as  well  as  the  mafter  of  his  fed,  Lucretiusy  might 
have  taught  him,  that  fear,  if  not  a  better  principle,  will 
generate  the  notion  of  fuperior  beings  in  the  minds  of 
of  favages ;  and  from  feai,  by  his  own  account,  the  in¬ 
habitants  of  Auteniqua  are  tar  from  being  free.  He 
likewife  affirms,  and  feerns  to  confider  it  as  much  to 
their  credit,  that  this  race  of  gentle  beings,  fo  far  from 
H  being 
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Automa-  being  a  prey  to  the  paffion  of  jealoufy  (as  other  travel- 
j  ^n*  krs  have  reprefented  the  Hottentots  in  general),  are  fo 
v  "  obliging,  as  to  lend  their  wives  to  travellers  who  vifit 
them,  and  that  they  a&ually  accommodated  his  .  Hot - 
^tentots  in  this  way.  Auteniqua,  as  laid  down  in  M. 
Vaillant’s  map,  lies  between  33°  30'  and  34P  50'  of  fouth 
latitude,  and  between  2c°  and  230 40'  of  eaft  longitude; 
and  his  rout  through  the  country  was  from  fouth-weft 
to  north-ead,  or  nearly  fo. 

AUTOMATON.  Under  this  title  and  that  of 
Androides  full  credit  was  allowed  in  the  Encyclopedia 
Britannic  a  to  the  (lory  of  M.  de  KempelPs  mechanical 
chefs -player,  and  a  detail  at  fome  length  was  given  of 
the  feats  of  that  figure,  as  well  as  of  fome  other  furpri- 
fmg  automata .  No  man  more  readily  admits  the  powers 
of  the  lkilful  mechanician  than  the  writer  of  this  Ihort 
article  ;  but  having  many  years  ago  detected  the  impo- 
fition  which  was  pra&ifed  on  the  public  in  fome  parts 
of  Scotland  by  a  circumferaneons  mountebank,  who  ex¬ 
hibited  a  figure  apparently  capable  of  writing  a  certain 
number  of  words,  he  has  ever  fince  fufpe&ed  impofture 
in  all  automata  which  appear  to  have  the  power  of  va¬ 
rying  their  motions  according  to  circumflances.  With 
refpedl  to  the  chefs  player,  there  is  now  fufficient  evi¬ 
dence  that  his  fufpicions  were  well  founded. 

In  the  defcription  of  this  figure  (EncycL  Vol.  I. 
p.  787.),  “  it  is  faid,  that  the  automaton  could  not 
play  linlefs  M.  de  Kempell  ox  his  fubftitute  was  near  it 
to  diredl  its  moves.  A  fmall  box  during  the  game  was 
frequently  confulted  by  the  exhibiter ;  and  herein  con¬ 
futed  the  fecret,  which  he  faid  he  could  in  a  moment 
communicate. ”  The  fecret  was  indeed  fimple  :  “  A 
well  taught  boy,  very  thin  and  fmall  of  his  age,  was 
concealed  in  this  box  almoft  immediately  under  the 
chefs-board,  and  agitated  the  whole  machined f  This 
we  learn  from  Thomas  Collinfon,  Efq;  who  was  let  in- 
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to  the  fecret  at  Drefden  by  a  gentleman  of  rank  and  ta-  Autotr.su 
lents,  named  Jofeph  Freidrick  Freyhere ,  by  whom  the  *orh 
vitality  and  foul  of  the  chefs-playirig  figure  had  fome  1  XI"‘ 
time  before  been  completely  difcovered.  Mr  Collinfon, 
finding  that  Dr  Hutton  bad  given  the  fame  credit  with 
us  to  the  reality  of  mechanical  chefs-playing,  undeceived 
his  friend,  by  communicating  the  difcovery  of  Freyhere 
in  a  letter,  which  the  Doctor  has  with  great  propriety 
publifhed  in  the  Addenda  to  his  Mathematical  Didlion- 
ary.  Mr  Collinfon  adds,  and  wre  doubt  not  with 
truth,  that,  u  even  after  this  abatement  of  its  being 
ftri£tly  an  automaton,  much  ingenuity  remains  to  the 
contriver.”  This  was  in  fome  degree  true  of  the  me-  ' 
chanifm  of  the  writing  figure,  of  which  the  compiler  of 
this  article  dete&ed  the  bungling  impofture  of  the  two 
exhibiters.  The  figure  itfelf,  with  all  the  principles  of 
its  motion,  were  very  ingenioufly  conftru&ed ;  but  the 
two  men  who  exhibited  it  were  ignorant  and  aukward, 
and  could  not  conceal  from  a  fcrutinizing  eye,  that  the 
automaton  v/rote  fometimes  well  and  fometimes  ill,  and 
never  wrote  at  all  when  they  were  both  prefent  to  the 
company.  It  was  by  infilling  upon  feeing  them  both 
together,  and  threatening  to  expofe  the  cheat  to  the 
whole  town,  that  the  prefent  writer  prevailed  upon  him 
who  appeared  to  be  the  principal  exhibiter,  to  confefs 
in  private  that  his  companion  was  concealed  behind  a 
fcreen,  and  to  fhow  how,  from  thence,  he  directed  the 
movements  of  the  figure. 

Conjugate  AXIS,  or  Second  Axis ,  in  the  ellipfe 
and  hyperbola,  is  the  diameter  pafilng  through  the  cen¬ 
tre,  and  perpendicular  to  the  tranfveife  axis;  and  is  the 
Ihorteft  of  all  the  conjugate  diameters. 

Franfverfe  Axis ,  in  the  ellipfe  and  hyperbola,  is  the 
diameter  palling  through  the  two  foci  and  the  two  prin¬ 
cipal  vertices  of  the  figure.  In  the  hyperbola  it  is  the 
Ihorteft  diameter,  but  in  the  ellipfe  it  is  the  longeft. 
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BAHRDT  (Dr  Carl  Friedirich)  was  fo  deeply  con¬ 
cerned  in  a  combination  of  philofophers  formed,  as 
they  faid,  for  the  advancement  of  fcience  and  virtue, 
that  an  account  of  his  life  mud  be  interefting,  if  it  were 
only  to  fhow  the  efle6ts  of  this  philofophic  culture  on 
his  own  morals.  We  trull  therefore  that  our  readers 
will  be  pleafed,  perhaps  improved,  by  the  following  nar¬ 
rative,  taken  from  documents  the  moll  authentic,  by  a 
man  *  whofe  communications  on  other  fubje&s  do  cre¬ 
dit  to  this  volume. 

Carl  Friedirich  Bahrdt  was,  in  1741,  horn  at  Leip- 
fig,  where  his  father,  then  a  parifli  miniller,  and  after¬ 
wards  profeffor  of  theology,  died  in  1775*  ^  natu“ 

ral  to  fuppofe  that  fuch  a  parent  would  be  at  due  pains 
to  inftil  into  the  mind  of  his  fon  the  principles  of  piety, 
virtue,  and  patriotifm,  which  is  indeed  a  branch  of  vir¬ 
tue  ;  but  if  fo,  he  lived  to  fee  that  his  labour  had  been 


in  vain.  While  yet  at  college,  where  the  courfe  of  his  E'ahrdb  ^ 
ftudies  was  calculated  to  fit  him  for  the  important  of- 
fice  of  preaching  the  gofpel,  the  young  man  enlifted  as 
a  hulfar  in  the  Prufiian  fervice  ;  but  being  bought  off, 
he  returned  to  the  univerfity,  where,  in  1761,  he  was 
admitted  to  the  degree  of  M.  A.  Soon  afterwards  he 
became  catechift  in  his  father’s  church,  was  a  popular 
preacher,  and  in  1765  publifhed  fermons,  and  fome 
controverfial  writings,  which  evinced  that  he  pofiefTed 
both  learning  and  genius.  Neither  learning  nor  genius, 
however,  nor  both  united,  could  attach  him  to  the 
caufe  of  virtue,  or  make  him  obferve  even  the  common 
rules  of  decorum  ;  for,  immediately  after  this  publica¬ 
tion  he  began  to  indulge  in  conviviality,  and  to  give 
fcope  to  his  refentments  in  anonymous  pafquinades,  in 
thehigheft  degree  bitter  and  offenfive.  From  the  (hafts 
of  Iris  malice  no  perfon  was  fafe.  ProfdTors,  magiftrates, 

and 
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hrf  indeed  hi.  chief  notice ,  bn,  he  how  bee,  mrfe  ,e,„.i„„d  with  thi.  nehnion.  „!r,f,c 


Bahrdt.  ar.d  clergyman.  .  . . 

”'v  condtfcended  occafionally  to  attack  ftudents,  and  fpared 
not  even  his  own  comrades  or  his  friends. 

Whilil  he  was  thus  labouring  to  make  enemies  of  all 
to  whom  he  was  known,  unfortunately,  for  his  own  cha¬ 
racter,  his  temperament  was  what  the  atomical  philofo- 
phers  (who  can  explain  every  thing  by  ethers  and  vi- 
brations)  call  fanguine  ;  and  lie  was,  as  he  himfelfac- 
knowledged,  a  paffionate  admirer  of  the  ladies.  Coming 
home  from  his  midnight  revels,  he  frequently  met  in 
his  way  a  young  girl  neatly  dreffed  in  a  rofe  coloured 
filk  jacket  and  train,  and  a  coftly  fable  bonnet ;  and 
one  evening,  after  having,  as  he  fays,  indulged  freely  in 
fome  old  Rheniih,  he  faw  her  home  to  her  lodgings. 
Some  time  after  this  interview,  the  miftrefs  of  the  houfe 
(a  Madam  Godfchulky)  came  into  his  loom,  and  faid 
that  the  poor  maiden  whom  he  had  debauched  was  preg¬ 
nant.  This  was  a  misfortune  ’which  he  could  not  help  ; 
but  as  it  would  ruin  his  chara&er  if  known,  he  gave  to 
the  old  lady  a  bond  for  200  dalders  (about  L.40  fter- 
ling),  to  be  paid  by  inllalments  of  twenty- five,  to  keep 
the  matter  fecret.  “  The  girl  ( he  fays )  was  Mile  and 
good;  and  as  her  converfation,  for  which  he  had  al¬ 
ready  paid,  was  agreeable,  he  did  not  difcontinue  his 
acquaintance.” 

It  could  not  be  fuppofed  that  fuch  vifits,  by  a  cler¬ 
gyman,  would  pafs  unobferved,  however  cautioufly 
made,  in  the  midft  of  a  town,  of  which  the  inhabitants 
had  been  the  indiferiminate  objects  of  his  fatire;  and  he 
could  hardly  be  furprifed  when  told  by  a  friend,  that 
one  Bel,  a  magiftrate  whom  he  had  lampooned,  was 
acquainted  with  the  whole  affair,  and  would  bring  it  in- 
to  a  court  of  juftice,  unlefs  the  bond  was  immediately 
retired.  3 


This  bond  was  the  only  evidence  which  could  be  pro¬ 
duced  againft  Bahrdt,  but  it  was  fufficient  to  blaft  his 
character  in  Leipfig,  and  muft  therefore  by  any  means 
be  removed  out  of  the  way.  To  accomplifh  this,  how¬ 
ever,  was  a  matter  of  fome  difficulty;  for  neither  he  nor 
his  friend  could  raife  the  money.  In  this  dilemma  they 
fell  upon  a  contrivance  worthy  of  themfelves.  They 
invited  Madam  Godfchulky  to  meet  them  in  another 
houfe  to  receive  the  20odahlers  due  to  her  by  Bahrdt; 
but  when  fhe  was  ulhered  into  the  room,  and  found  no 
perfon  waiting  for  her  but  Bahrdt’s  friend,  fhe  could 
not  be  prevailed  upon  to  produce  the  bond  till  the  mo¬ 
ney  mould  be  put  into  her  hands,  together  with  a  pre¬ 
lent  to  herfdf.  The  Gentleman  tried  to  intimidate  her. 
lie  drew  his  fvvord;  fhowed  her  how  men  fence;  made 
pulhes  at  the  wall  and  then  at  her:  but  finding  that  fhe 
could  not  be  frightened  out  ofherfenfes,  he  threw  away 
his  fword,  and  endeavoured  to  take  the  bond  from  her 
by  force.  It  was  fome  time  before  he  prevailed;  but 
at  laft  getting  the  paper  out  of  her  pocket,  he  tore  it 
in  pieces,  opened  the  door  of  a  clofet  in  which  Bahrdt 

was  concealed,  and  faid,  “  Theie,  you  b - ;  there  is 

the  honourable  fellow  whom  yon  and  your  whore  have 
bullied;  but  it  is  with  me  you  have  now  to  do,  and  you 
know  that  I  can  bring  you  to  the  gallows.” 

Bahrdt,  from  whole  memoirs  of  himfelf  this  ftory  is 
taken,  admits  that  there  was  a  great  fquabble  on  the 
occafion  ;  but  he  went  home,  comforting  himfelf  with 
the  belief  that  he  fhould  now  have  no  farther  trouble 
from  Madam  Godfchulky  or  her  girl.  He  chanced, 
however,  to  be  miftaken.  The  magiftrate  Bel  had  feme 


tion,  and  brought  it  into  court  on  the  day  that  our 
hero  was  to  make  fome  very  reverend  appearance  at 
church.  Ihe  cafe  of  Bahrdt  was  now  hopelefs ;  for 
atter  fome  unfaccefsful  attempts  of  his  poor  father  to 
lave  him,  he  was  obliged  to  give  in  his  gown  and  band, 
and  to  quit  Leipfig. 

i'o  a  patent  the  public  difgrace  of  a  child  is  one  of 
the  ievereft  calamities  to  which  human  nature  is  liable; 
but  for  this  calamity  the  father  of  Bahrdt  muft  have 
been  long  prepared,  as  his  fon  appears  to  have  been  re¬ 
markably  undutiful.  Of  this  we  have  one  memorable 
in  fiance  recorded  by  himfelf.  His  father,  he  fays,  was 
levere,  and  his  own  temperament  hafty,  fo  that  he  fome- 
times  forgot  himfelf.  “  One  day  (continues  he)  I  laid 
a  loaded  piftol  on  the  table,  and  told  him  that  he  fhould 
meet  with  that  if  he  went  on  fo  ;  but  I  was  then  only 
seventeen!”  3 

.  °n  ,his  bel'ng  obliged  to  leave  the  place  of  his  nati¬ 
vity,  the  friends  of  Bahrdt,  and  in  particular  Semler, 
an  eminent  theological  wiiter,  who  had  formed  a  very 
favourable  opinion  of  his  talents,  were  affiduous  in  their 
endeavours  to  procure  an  eftabliftiment  for  him  elfe- 
where  ;  but  his  high  opinion  of  himfelf,  his  impetuous 
and  precipitant  temper,  and  that  fatirical  habit  which 
he  had  fo  freely  indulged  in  his  outfet  in  life,  made 
their  endeavours  long  ineffectual.  At  laft  he  got  a 
profefTorfhip  at  Erlangen,  then  at  Erfurth,  and  in  1771 
at  Gieffin.  But  in  each  of  thefe  places  he  was  no 
fooner  fettled  than  he  got  into  difputes  with  his  col- 
leagues  and  with  the  eftablifhed  church ;  fot  he  was  a 
ftrenuous  partizan  of  the  innovations  then  attempted  to 
be  made  in  the  dofttines  of  Chriftianity.  In  his  publi¬ 
cations,  which  were  generally  anonymous,  he  did  not 
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truft  to  rational  difciiffion  alone,  but  had  xecourfe  to  ri¬ 
dicule  and  perfonal  anecdotes,  and  indulged  in  the  mod 
cutting  farcafms  and  grofs  feurrility. 

His  love  for  convivial  company  continuing,  his  in¬ 
come  was  inefficient  for  the  craving  demand. "  Finding 
therefore  that  anecdote  and  dander  always  procured  read¬ 
ers,  and  poffefiing  a  wonderful  activity  and  facility  in  wri¬ 
ting,  he  never  ceafed  from  pnblifhing  lampoons  and  fa- 
tires,  in  which  he  fpared  neither  friends  nor  foes.  But 
it  was  impoflible  to  prevent  thefe  publications  from  be¬ 
ing  traced  to  their  author ;  and  his  avowed  theological 
writings  being  fuch  as  could  not  be  iuffered  in  a  pro- 
fefTor  of  divinity,  the  hoft  of  enemies  which  he  had  been 
at  fo  much  pains  to  raife  againft  himfelf,  were  furnifhed 
with  fufficient  grounds  for  fubje&ing  his  conduct  to  le¬ 
gal  cognizance  ;  even  the  very  ftudents  at  Gieffen  were 
Ihocked  at  fome  of  his  liberties. 

The  confequence  of  all  this  was,  that,  after  much 
wrangling  in  the  church  judicatories,  he  was  juft  about 
to  be  difmifted  from  his  profefTorfhip,  when  he  got  an 
invitation  to  Marfchlins  in  Switzerland  to  fuperintend 
an  academy.  ' 

To  Marfchlins  he  went  about  the  year  1776,  and 
began  his  new  career  by  forming  the  feminary  after  the 
model  of  an  academy  which  had  fome  time  before  been 
fet  up  in  the  principality  of  Anhalt  DefTau  by  one  Ba- 
fedbw,  a  man  of  talents  and  learning,  who  gave  to  it 
the  appellation  of  philanthropine.  The  plan  of  this 
academy  was  very  different  from  thofe  of  the  univerfi- 
ties  ;  for  its  author  profeffed  to  corifider  languages, 
fciences,  and  the  ornamental  exercifes,  as  mere  acctffo- 
H  2  lies, 
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Bahrdt.  ncs,  his  aim  being  to  form  the  young  mind  to  the  love 
>  11  ■  of  mankind  and  of  virtue,  by  a  courfe  of  moral  educa¬ 

tion  certainly  fpecious,  and  apparently  unexceptionable* 
To  make  this  novel  Jnftitution  the  more  extenfively  ufe- 
ful,  the  rules  by  which  the  education  was  to  be  con- 
dufled  were  framed  in  fuch  a  manner  as,  it  was  thonght, 
would  remove  from  the  minds  of  Catholics,  Lutherans, 
and  Calvinifis,  all  uneafinefs  refpeding  the  faith  of  their 
children,  as  it  related  to  thole  "particular  tenets  which 
feparated  them  into  different  communions.  Ft  was  even 
propofed  to  banifh  from  the  philanthropine  all  pojitive 
religion  whatever,  and  to  inftrud  the  youth  educated 
there  in  the  principles  only  ol  natural,  or,  as  it  was 
called,  philofophical  religion. 

This  plan  was  peculiarly  fluted  to  Bahrdt’s  tafle,  be- 


fcaufe  it  left  him  at  liberty  to  introduce  into  his  academy 
any  fyfiem  of  religious  or  irreligious  opinions  that  he 
pleafed  ;  a  liberty  of  which  he  refolved  to  avail  himfelf, 
andv though  now  a  dodor  in  theology,  to  outflrip,-  in 
licentioufncfs,  even  the  founder  of  the  philanthropine, 
who  was  not  in  orders.  By  meditating  on  the  work¬ 
ings  of  his  own  mind,  he  had  by  this  time  formed  his 
theory  of  human  nature,  which  was  indeed  very  Ample. 

“  The  leading  propensities  of  the  human  mind  (he  fays) 
are  three  ;  inftin&ive  liberty,  inflindive  sftivity.  and 
inflindive  love.”  By  thefe  expreffions  we  fuppofe  he 
means,  “  innate  love  of  liberty,  inflind  prompting  to 
adion,  and  the  fexual  appetite  s”  and  lie  immediately 
adds,  that  “  if  a  mail  is  obflruded  in  the  gratification 
of  any  of  thefe  propenfities,  he  fuffers  an  injury.  The 
fcufinefe  therefore  of  a  good  education  is  to  teach  us 
how  they  are  to  be- gratified  in  the  higheft  degree  ” 

That  fuch  an  education  would  be  approved  of  by  the 
uncorrupted  natives  of  Switzerland  was  hardly  to  be 
expeded;  and  Bahrdt  foon  found  his  iituation  at 
Maifchlins  as  uncomfortable  as  it  had  been  at  Gieffen. 

«<  The  Grifons  (he  fays)  were  a  ftrong  inftancc  of  the 
immtnfe  importance  of  education.  They  knew  nothing 
but  their  handicrafts  ;  and  their  minds  were  as  coarfe 
as  their  perfons.”  He  quarrelled  with  them  all,  and 
was  obliged  to  abfeond  alter  lying  fomc  time  in  prifon. 

From  Marfchlins  he  went  to  Durkheim,  a  town  in 
the  palatinate,  where  his  father  had  been  minifler,  and 
where  his  literary  talents  were  well  known.  A  fter  fome 
little  time  he  got  an  affociation  formed  for  ereding  and 
{importing  a  P hilanthropine  or  ho ufe  of  education.  A 
large  fund  was  collected  ;  and  he  was  enabled  to  travel 
into  Holland  and  England  to  engage  pupils,  and  was 
furnifhed  with  proper  recommendations. 

In  London  he  gained  the  friendfliip  of  a  clergyman, 
whom  he  repiefcnts  as  a  perfon  in  the  hi  rheft  degree 
accomplished.  “  With  found  judgment  (fays  Bahrdt), 
great  genius,  and  corred  tafle,  he  was  perfedly  a  man 
of  the  world.  He  was  my  friend,  and  the  only  perfon 
who  warmly  interefied  himfelf  for  my  inftitution.  To 
his  earned  and  repeated  recommendations  I  owe  all  the 
pupils  that  I  got  in  England,  and  many  moR'refped. 
able  connedions  ;  for  he  was  univerfally  efleemed  a3  a 
man  or  leaning  and  of  the  moft  unblemifhed  charader. 
He  was  my  friend,  my  condudor,  and  I  may  fay  my 
preferver  ;  for  -when  I  had  not  bread  for  two  days,  he 
took  me  to  his  houfe,  and  fupplied  all  my  wants.” 

For  fo  much  kindnefs  the  reader  doubtlefs  fuppofes 
that  the  heart  of  Bahrdt  overflowed  with  gratitude  ; 
but  if  iuch  be  his  opinion,  he  is  a  itranger  to  the  prin- 
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ciples  of  thofe  who  have  on  the  continent  of  Europe  ^ 
aflociated  for  the  purpofe  of  enlightening  the  world. 
This  amiable  man,  whofe  charader  is  here  fo  jultly 
drawn,  was  afterwards  depided  by  the  monfler  whom 
he  had  faved  from  perifhing  by  hunger,  as  a  wretch  left 
to  all  fenfe  of  (hame  and  decency,  as  an  apoflate  from 
the  Chriflian  faith,  and  as  a  notorious  frequenter  of  the 
London  brothels  !  Fortunately  he  was  able  to  vindicate 
his  charader  completely  from  this  flanderous  abuie,  and 
to  convid  Bahrdt  of  having  publifhed  what  could  not 
pojjibly  be  true . 

This  ungrateful  liar  returned  from  England,  and  car¬ 
ried  into  execution  his  plan  of  the  Philanthropine.  i  he 
caftle  of  Count  Leining  Hartzburgh  at  Heideflieim* 
having  gardens,  park,  and  every  hanfome  accommoda- 
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tion,  had  been  "fitted  up  for  it;  and  in  1778  it  was 
confecrated  by  a  folcmn  religious  feflival.  But  his  old 
misfortunes  ourfued  him.  He  had  indeed  no  colleague* 
with  whom  he  could  quarrel;  hut  his  avowed  publica- 
tions  became  every  day  more  obnoxious;  and  when  any 
of  his  anonymous  pieces  had  a  great  run,  he  could  not  to 
far  Rifle  lus  vanity  as  to  conceal  that  he  was  the  au¬ 
thor.  Of  thefe  nieces  fome  were  (hocking  to  decency* 
and  others  fo  horribly  injuiions  to  the  charaders  of  the 
moft  reipedable  men  in  the  Rate,  that  he  was  conti¬ 
nually  under  the  correction  of  the  courts  of  juR ice.  It 
was  hardly  poflible  tor  a  man  of  letters  to  be  in  his 
company,  and  not  fuffer  by  it  ;  for  it  was  his  conflant 
practice  to  attribute  every  Rep  which  he  took  towards 
atheifm,  to  the  force  of  the  arguments  urged  by  fome 
of  his  friends. 

To  be  his  friend,  or  to  obtain  his  applaufe,  was  in¬ 
deed  fo  great  a  misfortune,  that  when  the  leader  fees- 
any  perfon  celebrated  by  Hr  Bahrdt,  in  the  beginning 
of  a  hook,  for  found  fenfe,  profound  judgment,  accurate 
reafoning,  or  praifed  for  ads  of  friendfliip  to  himfelf, 
be  may  be  allured,  that  before  the  clofe  of  the  book 
this  man  fhall  be  reprefented  as  having  in  private  con- 
verfation  convinced  the  author,  that  fome  doCaine,  che-- 
rifhed  and  venerated  by  all  Chiifliarrs,  is  a  piece  ofkna* 
vifh  fu perdition. 

Dr  Bahrdt  had  married,  while  at  Gieflen,  a  woman 
with  a  fmail  fortune  :  but  fuch  a  Rranger  was  he  to  the. 
delicacies  of  wedded  love,  fo  loR  indeed  to  all  fenfe  of 
decency,  that  he  contrived  one  day  to  entice  his  wife 
naked  into  the  bath  in  the  garden  of  his  Philanthropine, : 
where,  in  the  water,  he,  being  alio  naked,,  toyed  with 
her  in  the  fight  of  all  his  pupils.  It  was  his  boaft  that 
he  held  his  opinions  independent  of  all  mankind,  and 
was  indifferent  whether  they  procured  him  praife  or  re¬ 
proach  :  but  it  appears  from  this  fad,  that  he  wa*. 
equally  regardlefs  of  the  praife  or  ceniure  which  might 
be  attached  to  his  adions ;  tor  finely  the  grofleft  hog 
that  ever  before  him  battened  in  the  Epicurean  Ry 
would  not  have  prefented  fuch  an  exhibition  to  boys. 

The  confequence  of  all  this  was,  that  he  was  obliged 
to  fly  from  Heidefneim,  leaving  his  fureties  in  the  Phi¬ 
lanthropine  to  pay  about  14,000  dahlers,  befides  debts 
without  number  to  his  friends.  He  was  imprifoned  at- 
Dienheim  ;  but  being  toon  releafed,  he  fettled  at  Halle, 
where  he  funk  to  be  the  keeper  of  a  tavern  and  billiard- 
table.  His  houfe  became  of  courte  the  refort  and  the 
bane  of  the  Rodents  in  the  univerfity,  and  he  was  obli¬ 
ged  to  leave  the  city.  He  had  fome  how  got  money 
fufficient  to  purchafe  a  little  vineyard,  pleafantly  fitua- 
r  ted 


BAH  [6 

Bakrdt.  ted  in  the  neighbourhood.  This  he  fitted  up  with 

— every  accommodation  tint  could  invite  the  dudents, 
and  called  it  Bahrdt’ s  Ruhe  (  I'ahrdt’s  repofe) ;  where 
he  lived  for  two  years,  directing  the  operations  of  a  fe- 
cret  focitty  called  the  German  Union,  for  rooting 
OUT  SurERSTlTION  AND  PREJUDICES,  AND  FCR  ADVAN¬ 
CING  true  Christianity. 

With  IPhrdt’s  qualifications  for  advancing  the  intc- 
reds  of  genuine  Chrillianity,  the  Chriftian  reader  is  al 
ready  fufficitntly  acquainted  ;  but  he  will  not  wonder 
at  his  appointment  to  this  high  office,  when  he  is  in¬ 
formed  that  the  German  Union  is  nothing  more  than 
a  fpawn  of  the  fccret  fociety  of  Illuminati  (fee  Illu¬ 
minati  in  this  Supplement)  ;  and  that  its  object  is  to 
abolifh  the  religion  of  the  gofpel,  and  to  teach  in  its 
Head  the  fatalilm  of  the  Stoics.  With  this  view  Chri- 
ftiauity  is  cor.lidercd  in  the  union  as  a  niyftical  fociety, 
and  its  Divine  Founder  as  the  grand  mailer  0!  a  lodge] 
The  gpoliles  Petei,  James,  iohn,  and  Andrew,  were  the 
Elf  ct,  brethren  of  the  third  degree,  and  initiated  into 
all  the  myfteries  The  remaining  apoflles  were  only  of 
the  fecond  degree  ;  and  the  feventy-two,  of  the  Jirjl :  a 
degree  into  which  ordinary  Chrillians  may  be  admitted, 
and  prepared  for  farther  advancement.  The  great  my- 

ftery  is,  that  J  -  C -  was  a  naturalist,  and 

taught  the  dodlrine  of  a  fupreme  mind,  the  fpedlator 
but  not  the  governor  of  the  world. 

To  propagate  thefe  impious  and  abfurd  notions, 
Bahrdt  publifhed  many  books  of  the  moll  antichriilian 
tendency,  and  fome  of  them  calculated  to  make  their 
readers  lhakc  off  all  moral  obligation.  But  the  labours 
of  the  fociety  were  not  confined  to  religion  ;  it  incul¬ 
cated  on  its  members  the  mod  dangerous  maxims  of  ci¬ 
vil  conduct :  for,  as  we  learn  from  Bahrdt  himfelf,  the 
©bjedls  at  which  the  Union  aimed  were — Advancement 
of fcience—  a general  inter  efl  and  concern  for  arts  and  learn - 
irg — excitement  of  talents — check  of  fcrihhling — good  edu¬ 
cation —-liberty  — equality  —  h  of  pi  > tality  —  delivery 
©f  many  from  misfortunes — union  of  the  learned — 
and  at  lafl— perhaps — Amen . 

What  the  meaning  of  this  enigmatical  conclufion  is 
we  can  only  guefs  ;  and  we  agree  with  the  real  philofo- 
pher  from  whom  we  have  taken  this  account,  that  our 
conjedluies  cannot  be  fayowrable  Bahrdt  was  a  villain, 
and  could  be  affociated  only  with  villains,  whofe  affairs 
he  managed  with  the  help  of  an  old  man,  who  lived  at 
bed  and  board  in  his  houfe  for  about  fix  (hillings  a  week, 
and  difebarged  the  office  of  fecretary  to  the  Union. 

When  he  had  toiled  in  this  caufe  near  two  years, 
fomc  of  the  fecrets  of  the  Union  tranfpiied;  his  foimer 
condudl  and  his  condant  imprudence  made  him  fufpefl- 
ed;  his  affociated  friends  lodged  infor  ations  againd 
him  ;  his  papers  were  feized  ;  and  he  himfelf  was  fent 
to  prifon,  fird  at  Halle  and  then  at  Magdeburg.  After 
fomething  more  than  a  year’s  confinement,  he  was  fet 
at  liberty,  and  returned  to  his  Ruhe ,  not,  alas]  to  live 
at  eafe,  01  to  exhibit  fymptoms  of  repentance,  but  to 
lie  down  on  a  fick-bed,  where,  after  many  months  lufi 
fering  of  mcreafing  pain,  he  died  on  the  2^d  of  April 
179 >,  the  mod  wretched  and  loathfome  vidlim  of  urn 
bridled  fenfuality. 

Such  were  the  fruits  of  the  German  Union,  and  of 
that  illumination  which  was  to  refine  the  heart  of  man, 
and  bring  to  mat;  rity  the  iceds  of  native  viitue,  which 
are  choaktd  in  the  heait  by  iuperftition  and  defpotifm. 
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Dr  Bahrdt  affe&ed  to  be  the  enlightener  and  reformer 

of  the  world;  and  affirmed,  that  all  the  evils  oflife  ori- - 

ginated  from  deipotifm  and  fuperdition.  “  In  vain 
(lays  he)  do  we  complain  of  the  in  efficacy  of  religion. 

All  pofitive  religion  is  founded  on  injudice.  No  prince 
has  a  right  to  preferibe  or  fan&ion  any  fuch  fydem  ; 
nor  would  he  do  it,  were  not  the  prieds  the  firmed  pil¬ 
lars  of  his  tyranny,  and  fuperdition  the  dronged  fetters 
for  his  fubjedls.  He  dares  not  ffiow  Religion  as  (lie  is, 
pure  and  undefiled  —  fhe  would  charm  the  eyes  and  the 
hearts  of  mankind,  would  immediately  produce  true  mo¬ 
rality,  would  open  the  eyes  of  freeborn  man,  would 
teach  him  what  are  his  rights  and  who  are  his  oppref- 
fors,  and  princes  would  vanifh  from  the  face  of  the  earth.’  * 

Therefore,  without  troubling  ourfelves  with  the  truth 
or  falfehood  of  his  religion  of  nature,  and  affuming  it  as 
an  indifputable  point,  that  Dr  Bahrdt  has  feen  it  in  this 
natural  and  fo  effective  purity,  it  is  furely  a  very  perti¬ 
nent  quefiion.  u  Whether  has  the  fight  produced  on  his 
mind  an  effedl  fo  far  fuperiorto  the  acknowledged  faint- 
nefs  of  the  impreflion  of  Chridianity  on  the  bulk  of 
mankind,  that  it  will  be  prudent  to  adopt  the  plan  of 
the  German  Union,  and  at  once  put  an  end  to  the  di- 
vilions  which  fo  unfortunately  alienate  the  minds  of  pro- 
feffing  Chriftians  from  each  other?'5  The  account  here 
given  of  Dr  Bahrdt’s  life  feeme  to  decide  the  quetiion. 

But  it  will  be  laid  that  we  have  only  related  io  ma¬ 
ny  indances  of  the  quarrels  of  prieds  and  their  (laviffi 
adherents  with  Dr  Bahrdt.  Let  us  view  him  in  his 
ordinary  conduff,  not  as  the  champion  and  martyr  of 
illumination,  but  as  an  ordinary  citizen,  a  hufband,  a  fa¬ 
ther,  a  friend,  a  teacher  of  youth,  a  clergyman. 

When  Dr  Bahrdt  was  a  parifh-minider,  and  prefident' 
of  fome  inferior  ecclefiafiical  diftricl,  he  was  empowered’ 
to  take  off  the  cenfures  of  the  church  from  a  young  wo¬ 
man  who  had  born  a  badard  child.  By  violence  he 
again  reduced  her  to  the  iame  condition,  and  efcaped 
ceniure  by  the  poor  girl’s  dying  of  a  fever  before  her 
pregnancy  was  far  advanced,  or  even  legally  document¬ 
ed.  On  the  night  of  the  folemn  farce  of  confecrating 
his  Philanthropic,  he  debauched  the maid-fervant,  who* 
bore  twins,  and  gave  him  up  for  the  father.  The 
thing  was  not  judicially  proved,  but  was  afterwards 
made  fufficiently  evident  by  letters  found  among  his 
papers,  and  publifhed  by  one  of  his  friends  in  the  Union. 
Having  fupported  theie  infants,  in  a  pitiful  manner,  for 
little  more  than  a  year,  he  caufed  them  to  be  taken 
away  from  their  mother,  during  night,  fome  time  in 
the  month  of  February  1780  ;  and  they  were  found, 
expofed,  the  one  at  Ufftein,  and  the  other  at  Worms, 
many  miles  diftant  from  each  other,  and  almoff  frozen 
to  death. 

So  much  for  the  purity  of  his  morals  and  his  reli¬ 
gion,  as  he  appears  in  the  charadler  of  a  father  and  of 
a  clergyman.  His  decency  as  a  hufband,  and  his 
gratitude  to  his  friend,  we  have  already  feen  ;  and 
we  (hall  now  fee  his  kindnels  and  fidelity.  Aiter 
wading  the  greateft  part  of  his  wife’s  little  fortune, 
he  was  fo  provoked  becaufe  her  brother  would  not 
give  him  up  the  remainder,  amounting  to  about  L.  1  icy 
that  he  ever  afterwards  treated  her  with  the  greateft 
cruelty,  an:!  exhibited  her  to  contempt  and  ridicule  in. 
two  infamous  novels.  At  Halle  he  brought  a  miftrefs 
into  the  houfe,  and  committed  to  her  the  care  of  his  fa¬ 
mily,  confining  his  wife  and  daughter  to  their  own 

apartmenty. 
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Bahrdt,  apartment;  and  the  lad  thin.?  which  he  did  was  to 

Baiiiy.  fenc[  yor  a  bookfeller,  who  had  publilhed  feme  of  his 
vileft  pieces,  and,  without  a  thought  of  his  injured  wife, 
recommend  his  ftrumpet  and  her  children  to  his  protec¬ 
tion. 

**  Think  not,  indignant  reader  (fays  Arbuthnot), 
that  this  man’s  life  is  ufelefs  to  mortals.”  It  fhows  in 
a  ftrong  light  the  falfity  of  all  his  declamations  in  favour 
of  his  fo  much  praifed  natural  religion  and  univerlal 
kindnefs  and  humanity.  No  man  of  the  party  writes 
with  more  perfnafive  energy,  and,  though  his  petulance 
and  precipitant  felf-conccit  lead  him  frequently  aitray, 
no  man  has  occafionally  put  all  the  arguments  of  tliel'e 
philofophers  in  a  cleat er  light ;  yet  we  fee  that  all  is 
falfe  and  hollow.  He  is  a  vile  hypocrite,  and  the  real 
aim  of  all  his  writings  is  to  make  money,  by  foftering 
the  fenfual  propenfities  of  human  nature,  although  he 
fees  and  feels  that  the  completion  of  the  plan  of  the 
German  Union  would  be  an  event  more  deftru&ive  and 
lamentable  than  any  that  can  be  pointed  out  in  the  an¬ 
nals  of  fuperftition.  We  will  not  fay  that  all  the  parti- 
fans  of  illumination  are  hogs  of  the  fly  of  Epicurus  like 
this  wretch  ;  and  it  would  be  extremely  unjuft  to  con- 
iider  his  vices  as  the  effefts  of  his  illumination.  He 
was  fenfual,  ungrateful,  and  profane,  before  he  was  ad¬ 
mitted  into  the  order  of  the  Illuminati ;  but  had  the 
views  of  that  order  been  fuch  as  were  held  cut  to  the 
world  at  large,  its  fagacious  founder  would  not  have  ini¬ 
tiated  a  wretch  fo  notorioufly  profligate  as  Dr  Bahrdt. 
Their  views,  however,  being  to  govern  mankind  thro* 
the  medium  of  their  fenfual  appetites,  and  to  reign  in 
hell,  rather  than  ferve  in  heaven,  they' could  not  have 
employed  a  better  inftrument.  Dr  Bahrdt  was  a  true 
•diiciplc  of  illumination;  and  though  his  torch  was  made 
of  the  coarfeft  materials,  and  lerved  only  to  difeover 
lights  of  woe,  the  horrid  glare  darted  into  every  corner, 
roufing  hundreds  of  filthy  vermin,  and  dircdling  their 
'flight  to  the  rotten  carrion,  where  they  could  bell  de- 
pofit  their  poifon  and  their  eggs.  Whillt  the  more  de¬ 
cent  members  of  the  Union  laboured  to  pervert  the  re¬ 
fined  part  of  mankind  by  declamations  on  the  rights  of 
man  and  the  blefiings  o-  liberty,  Bahrdt  addreffed  him- 
felf  to  readers  of  all  deferiptions,  and  affailed  at  once  the 
imagination  and  the  appetites.  He  taught  them,  that 
religion  is  an  impofture  ;  that  morality  is  convenience ; 
and,  with  blafphemy  peculiar  to  himfelf,  that  he  and 
his  order,  by  their  licentious  doftrines,  were  to  complete 
the  plan  and  aim  of  J  - - C - . 

BA  ILLY  (Jean-Sylvian),  who  made  fuch  a  figure 
during  the  firfl  years  of  the  French  revolution,  was  born 
at  Paris  on  the  15th  of  September  1736,  of  a  family 
which  had  been  diflinguifhed  painters  during  four  fuc- 
cefiive  generations.  He  was  bred  to  the  fame  profef- 
fion,  but  (howed  an  early  tafte  for  poetry  and  the  belles 
lettres.  Chancing,  however,  to  become  acquainted  with 
the  geometer  La  Caille,  this  circumllance  decided  his 
genius,  and  he  thenceforth  devoted  himfelf  to  the  culti¬ 
vation  of  fcience.  He  calculated  the  orbit  of  the  co- 
met  of  1759;  an^  on  the  29th  of  January  I763'was 
received  into  the  Academy  of  Sciences.  In  that  year 
he  published  an  ufeful  and  laborious  compilation,  being 
'the  redwflicn  of  the  obfervations  made  by  La  Caille  in 
1760  and  1761,  on  the  zodiacal  ilars.  He  likewife  be¬ 
gan  to  confider  the  theory  of  Jupiter’s  fatellites,  and,  in 
vhe  competition  for  this  prize  queftion  of  1764,  had -a 
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formidable  rival  in  La  Grange,  who  already  promifed  to  ’Bfilly. 
become  the  firft  mathematician  in  Europe.  The  re-  'r— ^ 

fults  of  his  inveftigations  were  colle&ed  into  a  treatife 
publilhed  in  176 6,  containing  alfo  the  hiftory  of  that 
part  of  aftronomy.  In  1771  he  gave  a  mod  curious 
and  important  memoir  on  the  light  of  the  fatellites,  and 
introduced  a  degree  of  accuracy  till  then  unknown  in 
the  obfervations  of  their  eclipfes. 

His  ftudies  were  not  confined  to  the  ablhadl  fciences  ; 
for  he  cultivated  letters  with  fuccefs.  His  eloges  of 
Charles  V.  of  Corneille,  of  Leibnitz,  of  Moliere,  and 
afterward  thofe  of  Cook,  La  Caille,  and  Grcffet,  were 
much  admired.  His  eloquence  pointed  him  out  as  a 
proper  perfon  tb  fill  the  charge,  vacant  in  1771,  of  fe- 
cretary  to  the  Academy  of  Sciences  ;  and,  under  the 
patronage  of  Buffon,  he  Hood  candidate  for  that  en¬ 
viable  place.  He  failed:  but  it  was  the  high  birth  and 
promifing  talents  of  the  young  Condorcet,  joined  to  the 
adlive  influence  of  D’Alembert,  that  carried  the  prize. 

In  j  7  7  ^  appeared  the  firfl:  volume  of  the  Hiftory  of 
Aftronomy,  which  indeed  ftrews  the  path  of  fcience 
with  flowers,  and  in  every  refpebl  is  a  moft  valuable 
work — full  of  animated  description,  of  luminous  narra¬ 
tive,  and  interefting  detail.  His  very  peculiar  ideas 
concerning  the  early  flate  of  Upper  Afia  gave  rife  to 
an  ingenious  correfpondence  and  difeufiion  with  the  ve¬ 
teran  philofopher  Voltaire,  the  fubftance  of  which  foon 
appeared  in  two  volumes,  intitled,  “  Letters  on  the  Ori¬ 
gin  of  Sciences,”  and  “  Letters  on  the  Atlantide  of 
Plato.”  If  imagination  fhone  forth  in  thefe  effay*,  eru¬ 
dition  was  no  lefs  confpicuous  in  a  great  work  compo- 
fed  in  the  years  1781  and  1782,  on  the  fables  and  reli¬ 
gions  creeds  of  antiquity  ;  which  ftill  exifls  in  manu- 
feript,  and  the  publication  of  which  would  affuredly  ex¬ 
tend  the  fame  of  its  author  and  gratify  the  learned 
world.  His  opinions  on  fome  points  happening  to  co¬ 
incide  with  the  theories  of  Buffon,  he  contracted  with 
that  celebrated  natuialift  a  clofe  friendftiip,  which  was 
diffolved  by  Bailly’s  uncourtly  oppofition  to  the  election 
of  the  Abbe  Maury  into  the  Academie  Frangaife.  Of 
that  academy  he  had  been  chofen  fecretary  in  1784  ; 
and  he  was  admitted,  in  the  following  year,  into  the 
Academy  of  Inscriptions  and  Belles  Lettres  ;  the  only 
inftance,  fince  Fontenelle,  of  the  fame  perfon  being  at 
once  a  member  of  all  the  three  academies.  In  the  mean¬ 
time,  the  other  volumes  of  the  Hiftory  of  Aftronomy 
fucceffiveiy  appeared,  and  that  capital  work  was  com¬ 
pleted  in  1787  by  the  Hiftory  of  the  Indian  and  Orien¬ 
tal  Aftronomy;  a  produClion  of  Angular  acutenefs,  re- 
fearch,  and  nice  calculation. 

In  1784  he  made  an  elegant  report  to  the  Academy 
of  Sciences  on  the  animal  magnetifm  of  Mefm'er ;  and 
in  1786  another  report,  which  difplays  the  judgment 
and  humanity  of  its  author,  on  a  projeCl  for  a  new 
hotel- d'teu  or  infirmary. 

We  now  approach  the  eventful  period  which  fum- 
moned  Baiiiy  from  his  retirement,  to  enter  on  a  politi¬ 
cal  career,  that  was  full  of  difficulty  and  danger,  and 
for  which  his  habits  and  ftudies  appear  r.ot  to  have  fitted 
him.  He  had  ften,  as  others  faw*  the  defeCls  of  the  old 
government  of  France.  His  heart  panted  for  civil  arid 
ecclefiaftical  liberty;  but  unfortunately,  like  many  other 
philofophers  both  in  his  own  country  and  in  this,  be 
had  formed  notions  ot  that  bleffing  which  experience 
fliould  have  taught  him  can  never  be  realifed  among  be- 

ings 


[  62 


C  63  1  BAN 


Bally  ings  fo  imperfedf  as  the  bulk  of  mankind.  When  the 
‘~“v  '  Hates* general  were  fummoned  to  meet,  he  was  on  the 

26th  of  April  1789  nominated  fecrctary  by  the  elec¬ 
tors  of  Paris,  and  then  appointed  one  of  the  deputies, 
lie  was  chofen  prefident  of  the  Tiers  Etat ;  and  when 
that  chamber  was  conftituted  the  National  Aftembly, 
he  continued  in  the  chair,  and  concurred  in  all  the  le¬ 
velling  decrees  which  laid  the  foundation  of  the  prefen t 
mifery  of  his  country,  as  well  of  molt  other  countries  of 
Europe. 

After  the  taking  of  the  Baftile,  when  the  king  was 
removed  to  Paris  on  the  15th  of  July,  Bailly  was  called 
by  public  acclamation  to  the  head  of  that  city,  with  the 
title  of  Mayor .  In  his  feveral  fun&ions  he  a&ed  with 
integrity,  couraje,  and  moderation.  He  reached  the 
fummit  of  glory  :  —  but  how  mutable,  alas!  is  human 
grandeur !  That  middle  courfe  of  conduft,  the  aurea 
mediocritas ,  at  which  virtue  aims,  is  fitted  to  pleafe  nei¬ 
ther  of  the  contending  parties  in  the  midft  of  revolu¬ 
tions  ;  and  fuch  proved  the  ruin  of  Bailly.  His  po¬ 
pularity  began  to  decline,  and  was  at  length  changed 
into  inveterate  enmity  by  an  unfortunate  accident.  On 
the  17th  of  July  1791,  the  populace  having  collected 
tumultuoufly  to  demand  the  abolition  of  monarchy, 
Bailly  was  ordered  by  the  National  Aflembly  to  dif- 
perfe  the  mob.  Tie  was  obliged  to  proceed  to  the 
Champ-de-Mars  at  the  rifle  of  his  life  ;  and,  in  fpite  of 
all  his  exertions  and  forbearance,  fome  fhots  were  fired 
by  the  foldiery.  It  was  no  longer  defirable  to  hold  his 
perilous  charge,  and  on  the  16th  of  November  follow¬ 
ing  he  gave  way  to  the  afeending  reputation  of  Pttion. 
The  impaired  Hate  of  his  health,  too,  rendered  it  expe¬ 
dient  to  retire  from  the  focus  of  turbulence.  He  fpent 
the  year  1792  and  part  of  1793  in  travelling  through 
different  provinces  of  France.  During  this  period  he 
wrote  memoirs  of  the  events  which  he  had  witneffed, 
and  in  which  he  had  often  been  a  principal  a&or.  Thefe 
come  down  only  to  the  2d  of  O&ober  1789,  but 
would  make  a  large  quarto  volume  ;  and  La  Lande* 
from  whofe  Eloge  de  Bailly  this  article  is  taken,  gives 
us  hopes  that  the  manufeript  will  be  publifhed.  He 
was  advifed  by  his  friends  to  withdraw  from  France, 
but  he  chofe  rather,  like  Socrates,  to  fubmit  to  the  in- 
juflice  and  ingratitude  of  his  country.  At  the  nod  of 
a  vulgar  tyiant  he  was  arrefted,  fummarily  condemned 
by  a  fanguinary  tribunal,  and  on  the  icth  of  November. 
1793  was  delivered  over  to  appeafe  the  vengeance  of  an 
incenfed  and  indiferiminate  populace.  His  fufferings 
were  ftudioufly  protra&ed,  but  he  bore  them  with  the 
ealmnefs  and  magnanimity  of  a  fage.  Nature  recoils 
at  the  recital  of  fuch  barbarities. 

In  1787  M.  Bailly  married  the  widow  of  one  who 
had  been  during  25  years  his  intimate  friend ;  a  woman 
more  qualified  by  her  age  and  condition  to  infpire  re- 
fpe&  than  the  pafiion  of  love.  He  was  tall  in  his  per- 
lon,  of  a  ferious  deportment,  and  joined  firmnefs  to  fen- 
Ability.  Never  did  philofopher  diftnguifh  himfelf  in 
fo  many  different  lines,  nor  acquire  fuch  deferved  repu¬ 
tation  in  them  all.  His  difintercffednefs  was  pure  and 
unafle£ced;  and  during  his  magiftracy  he  fpent  a  part  of 
bis  fortune  in  relieving  the  wants  cf  the  poor.  His 
virtue  remained  as  untainted  in  his  various  public  fta- 
tions  as  in  the  fweet  retirement  of  domeflic  life. 

Such  is  the  encomium  palled  upon  this  philofopher 
and  ftatefman  by  no  lefs  a  man  than  the  celebrated  af- 


tronomer  M.  de  la  Lande  ;  but  to  thofe  who  are  not  Ballot 

infe&ed  with  the  mania  of  freedom,  it  will  doubtlefs  ap-  A 
pear  greatly  exaggerated.  ThatM  Bailly  was  a  man  of,  Bapram* 
eminence  in  the  republic  of  letters,  is  known  to  all  the 
learned  of  Europe;  that  in  his  political  condudf  he  meant 
to  promote  the  good  of  his  country,  it  would  certainly 
be  prefumptuous  in  us  to  deny;  and  that  he  fuffeied 
unjuftly,  is  incontrovertible  :  But  let  it  be  remembered, 
that  he  fuffered  in  a  florm,  which  he  exerted  all  his  abi¬ 
lities  to  raife  ;  and  that  he  fet  an  example  of  injuflice, 
when  he  concurred  in  the  degradation  of  the  privi¬ 
leged  orders,  and  in  the  violent  confifcatiori  of  the  pro¬ 
perty  of  the  church. 

BALIOL  (John),  the  competitor  with  Bruce  for 
the  crown  of  Scotland,  was  not  (as  he  is  faid  to  have 
been  in  the  Encyclopedia )  the  brother  of  King  Alex¬ 
ander,  but  the  great  grandfon  of  David  Earl  of  Hun-  v 
tington,  third  fon  of  King  David  I. 

BALLISTIC  Pendu  lum,  an  ingenious  machine1 
invented  by  Benjamin  Robins,  for  afeertaining  the  velo¬ 
city  of  military  proje&iles,  and  confequently  the  force 
of  fired  gunpowder.  It  coitfifts  of  a  large  block  of 
wood,  annexed  to  the  end  of  a  ftrong  iron  Hem,  having 
a  crols  Heel  axis  at  the  other  end,  placed  horizontally, 
about  which  the  whole  vibrates  together  like  the  pen¬ 
dulum  of  a  clock.  The  machine  being  at  reft,  a  piece  „  , 

of  ordnance  is  pointed  ftraight  towards  the  wooden 
block  or  ball  of  this  pendulum,  and  then  diichargcd  : 
the  confequence  is  this  ;  the  ball  difeharged  from  the 
gun  flrikes  and  enters  the  block,  and  caufes  the  pendu¬ 
lum  to  vibrate  more  or  lefs  according  to  the  velocity  of 
the  proje&ile  or  the  force  of  the  blow  ;  and  by  obfer- 
ving  the  extent  of  the  vibration,  the  force  of  that  blow 
becomes  known,  or  the  greateft  velocity  with  which  the 
block  is  moved  out  of  its  place,  and  confequently  the 
velocity  of  the  projedlile  itfelf  which  ftruck  the  blow 
and  urged  the  pendulum. 

BANKA  (fee  Banca,  EncycL)  is  noted  throughout 
Afia  for  its  tin  mines.  It  lies  oppofite  to  the  river  Palam- 
bang,  in  the  ifiand  of  Sumatra,  on  which  the  fovereign  of 
Banka,  pofTefTor  alfo  of  the  territory  of  Palamba^g,  keeps 
his  conftant  refidence.  This  prince  maintains  his  autho¬ 
rity  over  his  own  fubje&s,  and  his  independence^  of  the 
neighbouring  fovereigns,  chiefly  by  the  afiiftance  of  the 
Dutch,  who  have  a  fettlement  and  troops  at  Palambang,. 
and  enjoy  the  benefit  of  a  contract  with  the  king  of 
Banka  for  the  tin  which  his  fubje&s  procure  from  that 
ifiand.  Such  at  leaft  was  the  cafe  in  1793,  when  Lord 
Macartney  touched  at  Banka  on  his  way  to  China.  At 
that  period  the  fovereign  compelled  his  fubjedls,  and 
probably  does  fo  at  prefent,  to  deliver  the  tin  to  him  at 
a  low  price,  and  fold  it  to  the  Dutch  ataimall  advance,* 
purfuant  to  his  contract.  Thofe  miners,  from  long 
practice,  have  arrived  at  great  perfe&ion  in  reducing 
the  ore  into  metal,  employing  wood  as  fuel  in  their  fur¬ 
naces,  ancl  not  foftile  coal,  or  coak,  which  is  feldom  fo 
fiee  from  fulplmr  as  not  to  affe&the  malleability  of  the- 
metal.  It  is  iometimes  preferred  therefore  to  European 
tin  at  the  Canton  market ;  and  the  profit  upon  it  to  the? 

Dutch  company  was,  at  the  period  mentioned  above,: 
fuppofed  to  have  long  been  not  lefs  than  I..  1 50,000  a- 
year.  Into  whole  hands  this  trade  has  now  fallen  we 
know  not ;  probably  it  is  in  a  great  degree  negle&ed. 

BANTAM,  the  capital  of  a  kingdom  of  the  fame 
name  in  the  ifiand  of  java,  is,  in  the  Encyclopedia,.^^ 

to 


BAR  I  64  1  BAT 


to  be  a  large  town  with  a  good  harbour  and  fortified 
l|  caftle.  Sir  George  Staunton,  however,  who  vifited 
a”  a’  ,  Bantam  fince  that  article  was  publifhed,  gives  a  very 
different  account  both  of  the  town  and  of  its  harbour. 
Once  indeed  it  was  a  place  of  confiderable  con fequence, 
being  the  great  mart  for  pepper  and  other  fpices, 
whence  they  were  diflributed  to  the  reft  of  the  world. 
The  chief  factory  of  the  Englifh  as  well  as  Dutch  Eaft 
India  Company  was  fettled  there.  The  merchants  of 
.Aiabia  and  Hindoflan  reforted  to  it.  Its  fovereigns 
were  fo  defirons  of  encouraging  trade,  by  giving  fecu- 
rity  to  foreign  merchants  againfl  the  violent  and  re¬ 
vengeful  difpofition  of  the  natives,  that  the  crime  of 
murder  was  never  pardoned  when  committed  againfl  a 
flranger,  but  might  be  commuted  by  a  foreigner  for 
a  fine  to  the  relations  of  the  deceafed.  This  place  flou- 
rifhed  for  a  confiderable  time  ;  but  the  Dutch  having 
'Conquered  the  neighbouring  province  of  Jacatra,  where 
they  fince  have  built  Batavia,  and  transferred  their  prin¬ 
cipal  bufmefs  to  it,  and  the  Englifh  having  removed  to 
Hindoflan  and  China,  and  trade  in  other  refperits  ha¬ 
ving  taken  a  new  courfe,  Bantam  was  reduced  to  a  poor 
remnant  of  its  former  opulence  and  importance.  Other 
circumflances  have  accelerated  its  decline.  The  bay  is 
fo  choked  up  with  daily  acceffions  of  new  earth  wafhed 
down  from  the  mountains,  as  well  as  by  coral  fhoals  ex¬ 
tending  a  confiderable  way  to  the  ea  ft  ward,  that  it  is 
inacceffible  at  prefent  to  veffels  of  burden ;  even  the  par¬ 
ty  who  went  there  from  the  Lion,  the  fhip  which  car¬ 
ried  Lord  Macartney  to  China,  was  obliged  to  remove 
from  her  pinnace  into  a  canoe,  in  order  to  reach  the 
town.  With  the  trade  of  Bantam  the  power  of  its 
fovereign  declined.  In  his  wars  with  other  princes  of 
Java  he  called  in  the  afti fiance  of  the  Dutch  ;  and  from 
that  period  he  became  in  fadf  their  captive.  He  refides 
in  a  palace,  built  in  the  European  ftyle,  with  a  fort- gar- 
rifoned  by  a  detachment  from  Batavia,  of  which  the 
commander  takes  his  orders  not  from  the  king  of  Ban¬ 
tam,  but  from  a  Dutch  chief  or  governor,  who  lives  in 
another  fort  adjoining*  the  town,  and  nearer  to  the  fea* 
fide.  His  Bantamefe  majefly  is  allowed,  however,  to 
maintain  a  body  of  native  troops,  and  has  feveral  fmall 
armed  veffels,  by  means  of  which  he  maintains  authority 
over  fome  parts  of  the  fouth  of  Sumatra.  His  fnbje&s 
are  obliged  to  fell  to  him  all  the  pepper  they  raife  in 
either  ifland,  at  a  low  price,  which  he  is  under  contract 
with  the  Dutch  to  deliver  to  them  at  a  fmall  advance, 
and  much  under  the  marketable  value  of  that  commo¬ 
dity.  The  prefent  king  joins  the  fpiritual  to  the  tem¬ 
poral  power,  and  is  high  priefl  of  the  religion  of  Maho¬ 
met  ;  with  which  he  mingles,  indeed,  fome  of  the  rites 
and  fuperflitions  of  the  aboriginal  inhabitants  of  java  ; 
adoring,  for  inftance,  the  great  banyan,  or  Indian  fig- 
tree,  which  is  likewife  held  facred  in  Hindoflan,  and 
under  which  religious  rites  might  be  conveniently  per¬ 
formed;  in  like  manner,  as  all  affairs  of  flate  are  actually 
tranfafted  by  the  Bantamefe  under  fome  fhadowing 
tree  by  moonlight.  To  complete  the  ruin  of  Bantam, 
a  fire  fcrme  time  ago  deflroyed  moft  of  the  houfes,  and 
few  have  been  fince  rebuilt. 

BANYAN  tree.  See  Ficus,  EncycL 

British  BARILLA,  is  the  name  given  by  Mr 
James  King  of  Newcaflle  upon  Tyne,  to  a  material  in¬ 
vented  by  him  to  fupply  the  place  of  Spanifii  barilla  in 
the  making  of  crown  window-glafs,  broad  window-glafs, 


and  ghfs-bottleg,  as  alfo  in  the  manufa&urmg  of  foap  Barilla, 
aud  alum.  For  thefe  purpofes  he  affirmed  that  it  an-  harrhdemi 
fwered  much  better  than  any  other  material  then  in  « 

life  ;  ard  in  confequence  or  that  affirmation  he  obtained 
a  patent  for  his  invention*,  dated  March  4.  1780. 

Though  we  can  hardly  allow  to  this  invention  all  the 
merit  claimed  for  it  by  its  fond  author,  yet  as  it  may  be 
of  ufe  to  different  manufacturers,  we  fhall  lay  before 
our  readers  his  method  of  making  the  Britifh  barilla. 

It  is  as  follows  :  “  Take  a  certain  quantity  of  afhes  ob¬ 
tained  by  burningthe  loppings  or  branches  of  afh,  oak, 
beech,  elm,  alder,  or  any  other  kind  of  yreen  wood  or 
bramble:  Take  an  equal  quantity  of  the  afhes  obtained 
by  burning  the  green  vegetables  known  by  the  name  of 
fern,  brecon,  bean  and  pea- draw,  whins,  common  field 
and  high-way  thirties,  the  flalks  of  rape  or  multard- 
feed,  or  the  bent  or  rufhes  that  grow  by  the  fea  {bore.” 

Though  we  know  not  in  what  qualities  the  afhes  ob¬ 
tained  from  the  former  fubflances  differ  from  thofe  ob¬ 
tained  from  the  latter,  the  author,  as  if  the  difference 
was  very  great,  direSs  thefe  equal  quantities  to  be  mix¬ 
ed  together,  fifted  through  a  fine  fieve,  and  laid  upon  a 
boardtd  floor,  where  a  quantity  ok  foapers  walle-afhes, 
equal  to  the  whole  compound  mats,  is  to  be  added  to  it, 
and  well  mixed  with  it  by  means  of  a  (hovel  or  other 
inflrument.  To  this  mixture  of  vegetable  afhes  and 
foapers  wafte. afhes  is  to  be  added  a  quantity  of  fine 
qv.ick-iime,  in  the  proportion  of  one  hundred  weight  to 
twelve  hundred  of  the  blended  afhes,  and  the  lime  and 
afhes  are  to  be  well  mixed  together.  After  this  the 
whole  is  to  be  put  into  an  iron  pan,  into  which  is  to  be 
poured  a  quantity  of  lea-water  fufficient,  fays  the  au¬ 
thor,  to  diffolve  the  afhes  and  lime  ;  and  the  whole  is 
to  be  flirred  with  an  iron  rake  till  it  incorporate.  This 
being  done,  a  coal  lire  is  to  be  lighted  up  under  the  pan, 
and  kept  burning  for  two  days  and  two  nights  without 
intermiffion,  additional  quantities  of  fea- water  being  con- 
flantly  fupplied  to  impregnate  the  materials  with  faline 
matter  fufficient  for  calcination  in  a  reverberating  fur¬ 
nace  or  calcar.  In  this  calcar  the  faline  mafs,  which 
was  boiled  in  the  pan,  is  by  intenfe  heat  to  be  diffolved, 
and  kept  in  a  flate  of  fufion  for  the  (pace  of  an  hour  ; 
during  which  time  the  volatile  part  ffies  off,  and  leaves 
remaining  a  fixed  alkaline  fait,  which,  cooled  in  iron 
pans,  is  the  Britifh  barilla,  and  has  the  appearance  of 
Spanifh  barilla.  See  Barilla,  EncycL 

BARTHELEMI  (Jean  Jacques),  the  Neftor  of 
French  literature,  was  a  man  fo  eminent  for  his  know¬ 
ledge  of  antiquities,  that  every  cLffical  reader  mufl  be 
interefted  in  his  fate.  He  was  born,  we  believe,  at  Pa¬ 
ris  about  the  latter  end  of  the  year  1715  ;  and  being 
educated  for  the  fervice  of  the  church,  he  became  prior 
of  Courcay,  keeper  of  the  medals  and  antiques  in  the 
French  king’s  cabinet,  and  in  1747  was  eledled  a  mem¬ 
ber  of  the  Academy  of  Infcriptions.  From  that  period 
his  life  was  wholly  devoted  to  letters;  and  in  recording 
the  principal  events  of  it,  we  can  only  enumerate,  in 
their  order,  his  various  publications. 

A  differtation  of  his  on  the  river  Padlolus  was  read 
1748  ( Hijl.  de  l' Acad,  X.  29.);  Refle&ions  on  a  Me¬ 
dal  of  Xerxes,  King  of  Arfamata  (Mem,  de  l3 Acad, 
XXXVII.  1 7 1 . ) ,  found,  or  faid  to  be  found,  by  Four- 
mont  in  the  temple  of  Apollo  Anycleus  (XXXIX. 

J29.)  ;  Effay  on  Numifmatic  Palaeography,  ib .  223  ; 
Differtation  on  two  Samaritan  Medals  of  Antigonua 
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Ring  of  j  ndca,  ib,  237  ;  Remarks 'on  fome  Inferiptions 
gmu  ,  publifhed  by  different  authors,  XLV.  99  ;  Diflertation 
”v"nnnT"  on  Arabic  Coins,  ib.  143  ;  by  which  it  appears  that  the 
Mohammedan  princes  copied  the  heads  of  Greek  and 
Roman  ones  on  their  coins,  and  gave  Arabic  infcrip¬ 
tions  of  their  own  names  on  the  reverfe.  On  the  An¬ 
cient  Alphabet  and  Language  of  Palmyra,  ib,  179;  on 
the  Ancient  Monuments  of  Rome,  the  refult  of  a  tour 
in  Italy  to  collect  medals  for  the  royal  cabinet,  to  which 
be  added  300,  XLIX.  151  ;  on  fome  Phoenician  Mo¬ 
numents,  and  the  Alphabets  formed  from  them,  LI II. 
23.  The  characters  on  the  written  mountains,  which 
he  here  cites,  have  been  proved  ot  no  value ;  and  he  il- 
i  tiff  rates  the  conformity  between  the  Phoenician  and 
the  Egyptian  characters  from  the  latter  on  the  banda¬ 
ges  of  the  mummies.  Explanation  of  the  Mofaic  Pave¬ 
ment  of  the  Temple  of  Praeneftc,  ib.  149;  of  which  there 
have  been  four  engravings  frnce  its  firft  difeovery  in  1650, 
and  which  Barthelemi  refers  to  the  voyage  of  Adrian 
into  Egypt.  It  may  be  of  that  date,  but  there  is  no 
reafon  to  firppofe  that  it  reprefents  any  thing  more  than 
an  Egyptian  landfcape.  'The  form  of  letters  determines 
the  date  in  the  judgment  of  the  learned  Abbe.  On 
the  Relations  of  the  Egyptian,  Phoenician,  and  Greek 
Languages,  LVII.  383  ;  on  fome  Medals  publifhed  by 
different  authors,  LIX.  270;  Explanation  of  an  In¬ 
feription  under  a  lias-relief  in  the  Bifhop  of  Carpen- 
tras?s  Library,  1767,  ib.  365  ;  on  the  Number  of  Pieces 
reprefented  in  one  Day  on  the  Theatre  at  Athens, 
LXXI1.  286  ;  three  Comedies,  as  many  Tragedies,  a 
Satire,  and  a  Petite  Piece;  Remarks  on  fome  Medals  of 
the  Emperor  Antoninus  [truck  in  Egypt,  LXXX.  484. 
1771(a)- 

His  interpretation  of  the  Phoenician  infeription  at 
Malta,  LIII.  23,  was  controverted  by  our  learned  liri- 
guiff,  Mr  Swinlon,  in  Philof.  Tran  fa  ft.  LIV.  art.  xxii. 
p.  1 19  ;  in  farther  remarks,  ib.  art.  Ixx.  p.  393. 

In  1792  he  publifhed  a  diflertation  on  an  ancient 
Greek  infeription,  containing  an  account  of  expencesof 
the  public  feafts  under  the  archontate  of  Glaucippus, 
410  years  before  Chrift. 

The  intimate  acquaintance  which  he  had  cultivated 
with  claffical  antiquity,  enabled  him,  in  the  clofe  of  a 
long  life,  to  compofe  that  chefcV ceuvrey  the  “  Travels 
of  the  Younger  Anacharfrs  into  Greece”  in  the  mid¬ 
dle  of  the  fourth  century  before  the  vulgar  era.  In  re- 
prefentirg  the  curiofity  of  a  Scythian  favage  (for  we 
cannot  confidei*  in  any  other  li.rht  the  man  who  put 
mufic  and  the  excefles  of  the  table  on  the  fame  level), 
he  takes  oecafion  to  interweave  very  curious  and  in ll mo¬ 
tive  details  on  the  laws,  religion,  manners,  cuftoms,  and 
general  fpirit,  of  a  great  nation,  as  well  as  its  progrefs 
in  arts  and  fciencee.  The  epoch  which  he  has  chofen 
is  that  of  letters  and  arts,  combining  the  age  of  Pericles 
with  that  of  Alexander,  the  revolution  which  changed 
the  appearance  of  Greece,  and  foon  after  overturned  the 
empire  of  Perfia.  The  introduftion  comprehends  the 
years  elapfed  from  the  age  of  Cecrops  to  the  fup- 
pofed  era  of  Anacharfis,  in  two  intervals ;  the  firft  reach¬ 
ing  to  the  commencement  of  the  Olympiads,  the  fecond 
to  the  capture  of  Athens  by  the  Lacedemonians.  The 
Suppl.  Vol.  I.  Part  I. 
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hi ffory  of  the  Athenians  commences  about  t  30  years  Barthe- 
al  tcr  the  firft  Olympiad,  including  the  age  of  Solon,  or  *erni' 
that  of  legiilatios  ;  that  of  I'hemdtocles  and  Anilides, 
or  that  of  glory,  of  luxury,  and  arts.  In  the  fecond, 
f peaking  ot  war,  his  obfervation,  that  the  example  of 
one  nation,  that  prefers  death  to  flavery,  is  too  import¬ 
ant  and  too  in  iruftive  to  be  puffed  in  fiience,”  fhould 
have  preferved  him  from  the  horrors  of  a  long  confine¬ 
ment  in  an  advanced  age,  from  which  he  was  delivered 
only  to  die.  But  arts,  i'ctences,  and  literature,  are  alike 
forgotten  and  overwhelmed  in  France.  In  the  third 
interval,  fpeakiug  of  the  corruption  of  manners  intro¬ 
duced  by  Pericles  to  fupport  his  power,  he  has  this  ob- 
iervation,  applicable  to  every  llate :  “  Corrupted  mo¬ 
rals  are  not  reftored  but  by  the  lofs  of  liberty,  which 
brings  that  poverty  inconiiftent  with  foftnefs,  and  infe- 
parable  from  abftemioufnefs,  if  not  that  rigid  principle 
of  a  healthy  mind,  which  is  properly  called  'virtue.”  In 
this  period,  though  the  arts  were  encouraged,  philofo- 
phy  was  neglefted. 

In  this  di  verb  fled  undertaking,  where  the  pifture  of 
ancient  Greece  in  its  minuteft  parts,  both  of  public  and 
private  ufe,  is  brought  before  our  eyes,  the  Abbe  is  fre¬ 
quently  more  brilliant  than  folid,  and  occafionally  lofes 
the  Jubilance  of  a  rcfbftion  in  purfuit  of  fomething  in¬ 
genious  to  add  to  it.  The  plans,  views,  and  maps, 
are  executed  with  great  fpirit  and  accuracy  by  Mr  Bar¬ 
ber,  a  young  man  of  very  promiiing  talents;  and  to  the 
charts  many  ufeful  tables  are  added.  The  beauties  of 
the  daffies  are  diffufed  in  a  very  pleafing  manner,  and 
interfperfed  with  anecdotes  little  known. 

Such  was  the  man  whom  the  French  government 
detained  in  prifon  for  months,  and  ideafed  on  the  fall 
of  Robefpierre.  As  he  concurred  in  the  revolution,  we 
know  of  no  caufe  for  his  imprisonment  but  the  milduefs 
of  his  difpofition,  and  the  jealoufy  of  that  tyrant,  which 
pin  filed,  with  relentlefs  cruelty,  every  man  fufpedded  of 
being  a  friend  to  peace.  Of  the  periecution  of  Barthe- 
lemi,  in  the  extremity  of  old  age,  the  convention  itfelf 
feemed  to  be  afhamed  ;  for  it  nnanimouffy  voted  him  a 
penfion  as  fome  recompence  for  his  fufferings.  But,  alas! 
the  recompence  came  too  late  :  the  old  man  lived  but 
a  few  months  after  his  liberation,  having  died  at  Paris 
on  the  4th  of  May  1795  ;  and  the  day  after  the  fol¬ 
lowing  tribute  was  paid  to  his  memory  by  Duffaulx,  in 
the  national  convention  ; 

“  Legiflators,  your  liberality  conferred  honour  on  the 
latter  days  of  the  life  of  our  refpeftable  fellow  citizen, 
Barthelemi.  Our  fucceflors,  I  have  no  doubt,  will 
coniecratc  his  memory  fo  foon  as  the  period  fixed  by 
the  law  fhall  permit  them.  May  his  old  friend,  how¬ 
ever,  be  permitted,  in  a  few  words,  to  point  out  the  rare 
qualities  of  that  Neftor  of  French  literature?  It  might, 
perhaps,  be  fufiicient  to  tell  you,  as  Xenophon  faid  with 
fo  much  fimplicity  of  one  of  his  mofl  llluflrious  con¬ 
temporaries,  that  Barthelemi  was  an  excellent  man  in 
all  refpefts.  In  faft,  thofe  who  knew  him  were  at  a 
lofs  which  to  admire  molt  — his  immortal  Anachaifis, 
or  his  own  life.  His  policy  confided  in  goodnefs  ;  his 
fcicnce  was  an  immenfe  treafure  or  every  thing  that 
could  purify  the  morals,  perfeft  the  tafle,  render  man 
I  more 
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(a)  The  references  here  are  to  the  duodecimo  edition  of  the  Memoirs  of  the  Academy  of  Infciiption? 
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Barthelerm  mor£  deaf  to  man,  and  contribute  to  the  fplendour  of 
his  country.  A  Angle  trait  will  convince  you  of  the 
mildnefs  of  his  philanthropic  mind  :  ‘  Why  is  it  not 
’  permitted  (he  often  faid)  to  a  mortal  to  bequeath  prof- 
perity  to  his  fellow-creatures  ?’  After  having  been  over¬ 
whelmed  with  the  favours  of  fortune,  which  came  unex¬ 
pectedly  and  unfought,  he  became  poor  ;  yet  his  cha¬ 
racter,  far  from  finking  under  the  preffure,  acquired 
new  refped;  and  he  proved  that  poverty,  fupported  with 
dignity,  is  not  lefs  honourable  than  wealth  accompanied 
with  benevolence.  Ferfecuted,.  as  all  virtuous  and  en¬ 
lightened  citizens  were,  he  carried  with  him  to  the  dun¬ 
geon  of  that  tyranny  which  you  have  fo  glorioufly  de¬ 
stroyed,  the  conftancy  and  ferenity  of  Socrates.  It  was 
there  that  the  venerable  old  man  offered  to  his  compa¬ 
nions  in  misfortune  the  magnificent  fpe&acle  of  a  good 
man  flruggling  with  adverfity.  I  have  faid  that  he  was 
rich  ;  but  let  us  not  forget  that  he  was  not  rich  at  the 
expence  of  the  unfortunate,  and  that  he  adopted  all  the 
branches  of  his  numerous  family.  The  republic  has 
gained  by  that  family  good  citizens,  who  ferve  her  m 
the  moil  ufeful  and  brilliant  manner.  Barthelemi  felt 
that  the  period  of  his  diffolution  was  approaching  ;  yet 
though  exhaufted  by  long  fatigue,  and  bending  beneath 
the  weight  of  80  years,  his  fenfibility  was  flill  vigorous, 
and  your  juft  decrees  made  the  doling  fccne  of  his  life 
happy.  When  he  heard  that  yon  were  endeavouring  to 
repair  the  ills  under  which  fo  many  thoufand  innocent 
men  laboured,  he  lifted  up  his  hands  to  heaven,  and 
^^claimed ^  *  (jlory  to  Crod—“*honour  to  the  national 
convention — I  have  lived  long  enough!’  In  the  pre- 
fent  pofture  of  affairs,  the  country  demands  all  your  at¬ 
tention.  I  (hall  therefore  confine  myfelf  to  requeft 
the  favour  due  to  the  manes  of  the  illultrious  Barthele¬ 
mi.  One  of  his  nephews,  I  do  not  mean  your  refpec- 
table  ambaffador  at  Bade,  but  the  citizen  Courcey,  has, 
for  25  years,  difeharged  all  the  duties  of  a  fon  to  his 
uncle,  and  for  a  long  time  has  performed  the  functions 
of  keeper  of  the  medals  and  antiquities  of  the  national 
cabinet.  I  move,  that  the  citizen  Courcey  be  appoint¬ 
ed  to  that  office,  which  he  has  already  proved  himfelf 
fo  worthy  to  fill.” 

Whatever  became  of  this  motion,  which  was  referred 
to  the  committee  of  public  inftrudion,  the  cruelty  of 
the  government  purfued  the  family;  and  the  late  banifh- 
ment  of  his  other  nephew  by  the  dire&ory,  of  which  he 
was  a  member,  furpaffes,  if  poffible,  the  injuftice  of 
Robefpierre  to  the  uncle.  But  their  crimes  were  the 
fame  :  both  Barthelimis  were  men  of  mild  difpofitions 
and  friends  to  peace. 

BARYTES,  one  of  the  earths.  See  Chemistry 
in  this  Supplement,  Part  I.  Chap.  iv. 

BASTER,  the  name  given  by  the  Dutch,  at  the 
Cape  of  Good  Hope  to  the  offspring  of  a  white  man 
and  Hottentot  woman. 

BAT,  an  animal  which  has  been  deferibed  under  its 
generic  name  Vespertilmo  in  the  JLncycL  but  fince 
that  article  was  written,  we  have  met  with  an  account 
of  a  new  fpecies,  fo  very  Angular,  that,  if  the  veracity 
of  our  author  can  be  depended  on,  it  is  well  intitled 
to  a  place  here.  This  fpecies  was  difeovered  in  the 
country  of  the  bhmiquas,  in  the  interior  of  A.fiica,  by 
M.  Vaillant,  during  the  courfe  of  his  fecond  travels, 
and  is  by  him  called  the  oreillar  bat.  T.  o  this  title  it 
has  indeed  a  very  good  claim ;  for  it  has,  he  fays,  four 
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ears,  or  at  lead  the  external  part  of  four  ears,  each  Baeavlj, 
ear  being  double  ;  the  outer  fold,  which  ferves  as  ' 
a  covering  to  the  inner,  is  very  ample,  being  two 
inches  eight  lines  high,  and  nearly  as  broad  when  ftretch- 
ed  out.  On  the  nofe  alfo  a  membrane  ftands  ereft,  one 
inch  four  lines  in  height,  which  might  be  taken  for  an¬ 
other  ear,  as  it  has  exa&ly  the  ffiape  of  one.  This 
membrane,  as  well  as  the  ears  and  wings  of  the  animal, 
are  of  a  rufty  red,  paler  below  than  above.  .  The  body 
is  only  three  inches  long,  and  is  covered  with  very  fine 
greyiffi  hair.  Its  width,  from  the  tip  of  one  wing  to 
that  of  the  other,  is  eight  inches.  The  reader  will  par¬ 
don  me,  fays  our  author,  for  inferting  thefe  trifling  de¬ 
tails  of  meafurement,  of  which  1  am  not  more  fond  than 
himfelf;  but  they  appeared  to  me  neceffary  here,  to 
convey  an  accurate  idea  of  the  extraordinary  length  of 
the  ears  of  this  animal,  which  are  certainly  larger  in  pro¬ 
portion  than  thofe  of  any  other  we  are  acquainted  with, 
fince  they  are  only  four  lines,  or  the  third  part  of  an 
inch,  fhorter  than  the  body  itfelf. 

BATAVIA,  the  capital  of  the  Dutch  fettlements 
in  the  Eail  Indies,  has  been  already  deferibed  under  the 
article  Java  in  the  Encyclopaedia.  The  following  ac¬ 
count  of  it,  however,  as  well  as  of  the  country  around 
it,  and  the  manners  and  cuftoms  of  its  various  inhabi¬ 
tants,  as  they  prefented  themfelvesto  Sir  George  Staun¬ 
ton  in  March  1793,  probably  prove  acceptable  to 
many  of  our  readers. 

The  city  of  Batavia,  including  the  fuburbs,  con  flits 
of  near  eight  thoufand  houfes,  inhabited  by  Dutch, 
Chincfe,  and  natives  of  Java.  .  The  houfes  of  the  Chi- 
nefe  are  low,  and  crammed  with  people.  The  Dutch 
houfes  are  well  built,  clean,  and  fpactous,  and  themcon- 
fi  ruction  for  the  moft  part  well  fuited  to  the  climate. 

The  doors  and  windows  are  wide  and  lofty.  1  he 
ground  floors  are  covered  with  flags  of  marble,  which 
being  fprinkled  frequently  with  water,  give  a  pkafant 
coolnefs  to  the  apartment ;  but  a  confiderable  propor¬ 
tion  of  thofe  was  untenanted,  which  denoted  a  declining 
fettlement.  Among  other  circumftances  which  announ¬ 
ced  the  fame,  were  thofe  of  the  Company’s  veffels  lying 
ufelefs  in  the  road,  for  want  of  cargoes  to  fill,  or  men 
to  navigate  them;  no  {hips  of  war  to  prote&  their  com- 
merce,  even  againft  pirates,  who  attacked  their  veffels 
fometimes  in  the  fight  of  Batavia  road  ;  an  invafion 
threatened  from  the  Jfle  of  France;  the  place  in  no  con¬ 
dition  of  defence,  particularly  agaiiiff  an  enemy  lefs 
fe&ed  by  the  climate  than  Europeans  ;  fometimes  as 
many  of  the  troops  in  hofpitals  as  fit  for  duty;  com* 
miffioners  expe&ed  from  Holland  to  reform  abides. 

Such  a  eommtffion,  implying  a  general  fufpicion,  could 
not  be  welcome  ;  nor  was  it  quite  certain  whether,  in 
fome  minds,  its  arrival  or  that  of  the  enemy  was  depre¬ 
cated  the  moil  cordially. 

The  fortifications  of  Batavia,  though  a  place  of  fo 
much  importance,  were  not,  when  Sir  George  faw 
them,  fnch  as  would  be  deemed  formidable  in  Europe  ; 
but  when  the  difficulties  were  confidered  of  forcing 
the  paffage  of  the  river,  or  of  landing  troops  on  other 
parts  of  the  ifland,  it  might  perhaps  be  thought  of 
greater  ftrength  than  it  would  at  the  firil  view  have 
credit  for.  The  defences  of  the  river  were  the  water 
fort,  fituated  at  its  entrance,  having  mounted  or  dif- 
mounted  fourteen  guns  and  two  howitzers.  It  con¬ 
fided  of  a  parapet,  originally  well  conffiu&ed,  retained 
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tetavia,  by  a  wall ;  but  the  parapet  was  much  negle&ed,  and 
— V"~  the  wall  nearly  deftroyed  by  the  conftant  working  of 
the  fea.  This  fort  was  preceded  on  the  land  fide  by 
a  noxious  fwamp,  and  towards  the  fea,  on  the  north- 
weft,  by  extenfive  flats,  over  which  even  boats  could 
not  pal's.  The  only  good  approach  was  that  by  the 
channel,  which  it  fees  and  defends.  The  next  work 
upon  the  river  was  on  the  weft  fhore,  about  a  quarter 
of  a  mile  from  the  water  fort.  It  is  a  battery  mount¬ 
ing  feven  guns,  bearing  down  the  river.  Oppoftte  to 
this  was  a  battery  of  fix  guns,  facing  the  river,  and  two 
to  the  eaftward.  This  formed  one  flank  of  a  line  that 
occupied  the  low  land  to  the  north- eaft  of  the  town. 
The  line  was  a  low  breaft-work  of  earth,  that  was 
fcarcely  difcoverable.  The  canals  which  interfedt  the 
town  joined  the  great  canal  or  river,  at  the  diftance  of 
half  a  mile  from  the  entrance.  Below  the  j undiion  a 
boom  was  laid  of  wood,  armed  with  iron  fpikes.  A 
little  above  was  the  caftle,  a  regular  fquare  fort,  but 
without  ravelins  or  other  outworks.  It  had  two  guns 
mounted  on  each  flank,  and  two,  or  fometimes  three,  on 
each  face :  they  were  not  en  barbette ,  nor  properly  en 
embrafure ,  but  in  a  fltuation  between  both,  having  both 
their  difadvantages  without  the  advantage  of  either. 
The  wall  was  of  mafonry,  about  24  feet  high.  Tt  had 
no  ditch,  but  a  canal  furrounded  it  at  fome  diftance  It 
had  no  cordon.  The  length  of  the  exteiior  fide  of  the 
work  was  about  700  feet.  The  town  is  rectangular, 
three  quarters  of  a  mile  long,  and  half  a  mile  broad, 
inclofed  by  a  wall  of  about  20  feet  in  height.  Small  pro¬ 
jections  were  conftrudted,  of  various  forms,  at  intervals  of 
about35ofeet.  Thefe  generally  mounted  three  guns  each. 
It  was  alfo  furrounded  by  a  canal,  having  feveral  fluices. 
At  fhort  diftances  from  the  town,  three  or  four  fmall 
ftar  forts  of  earth  were  erected  in  particular  pafles,  per¬ 
haps  for  defence  againft  the  inhabitants  of  the  ifland. 

The  eftablifhment  of  regular  troops  was  I  200  Euro¬ 
peans,  of  whom  300  were  to  be  artillery,  the  reft  infan¬ 
try.  But  as  it  was  found  impoflible,  on  account  of  the 
climate,  to  keep  the  number  complete,  recourfe  was  had 
to  the  natives,  of  whom  500  were  employed  ;  fo  that 
the  eftablifhment  ofJEuropean  regulars  was  reduced  to 
700.  There  were  alfo  300  volunteers  of  the  town,  who 
were  formed  into  two  companies,  but  they  were  not 
difeiplined.  Their  regulars  were  very  numerous,  con 
filling  of  enrolled  natives  of  Java,  who  were  never  em¬ 
bodied,  and  of  Chinefe,  of  whom  the  Dutch  were  fo  jea 
Jous  as  to  arm  them  with  lances  only.  Much  depen¬ 
dence  was  not  to  be  placed  on  the  exertions  of  either 
of  thefe  bodies  in  favour  of  the  Dutch  ;  and  as  they 
lofe  many  of  their  European  troops  every  year,  their 
eftablifhment  appeared  too  fmall  for  any  effectual  re- 
-  fiftance.  The  chief  protection  of  their  ill-manned  vef- 
fels  lying  here,  mutt  be  from  the  fortified  ifland  of  On- 
ruft,  well  fituated  to  command  the  channel  that  affords 
the  principal  paffage  into  the  road.  The  work  upon 
that  ifland  was  of  a  pentagonal  form  ;  its  baftions  were 
frnall  and  low,  not  more  than  1  2  feet  the  higheft,  and 
not  always  connected  by  curtains.  A  few  batteries 
were  lately  conftructed  on  the  outfideof  this  work,  that 
bore  towards  the  fea.  On  thefe  and  on  the  baftions 
about  40  guns  were  mounted  in  different  directions. 
South  of  thefe  was  another  ifland,  at  the  diftance  of  a 
few  hundred  yards,  on  which  two  batteries,  mounting 
together  1  z  guns,  had  been  lately  erected. 


The  caftle  is  built  of  coral  rock,  brought  from  fome  Batavia, 
of  the  adjoining  iflands,  compofed  of  that  material;  and  V— 
has  the  advantage  of  a  fortification  of  brick,  in  which 
cannon  ball  is  apt  to  bury  itfelf  without  fpreading  fplin- 
ters  or  Chattering  the  wall.  A  part  of  the  town  wall  is 
built  of  lava,  which  is  of  a  dark  blue  colour,  of  a  very 
hard  denfe  texture,  emits  a  metallic  found,  and  refem- 
bles  very  much  fome  of  the  lava  cf  Vefuvius.  It  is 
brought  from  the  mountains  in  the  centre  of  Java,  where 
a  ciater  is  ftill  fmok.ng.  No  Clone  of  any  kind  is  to  be 
found  for  many  miles  behind  the  city  of  Batavia.  Mar¬ 
ble  and  granite  are  brought  thither  from  China,  in  vef- 
fels  belonging  to  that  country,  commonly  called  junks, 
which  generally  fail  for  Batavia  from  the  ports  of  the 
provinces  of  Canton  and  Fokien,  on  the  fouthern  and 
fouth  ea ft  coafts  of  that  empire,  laden  chiefly  with  tea, 
porcelain,  and  filks. 

The  chief  protection  of  Batavia  againft  the  attacks 
of  a  foreign  enemy,  arifes  from  the  havoc  which  it  is 
well  known  the  climate  would  make  amongft  Euro¬ 
pean  troops.  This  was  acknowledged  to  Lord  Ma¬ 
cartney  by  fome  of  the  Dutch  officers  themfelves  and 
even  by  one  of  the  counfellors  of  the  Indies.  Such  in¬ 
deed  is  the  climate,  that  there  have  been  very  few  ex¬ 
amples  of  ftrangers  remaining  long  in  Batavia  without 
being  attacked  by  fever,  which  is  the  general  denomina¬ 
tion  in  that  place  for  illnefs  of  every  kind.  Europeans 
foon  after  their  arrival  firft  become  languid  and  feeble, 
and  in  a  few  weeks,  or  even  in  a  few  days,  are  taken  le- 
rioufly  ill.  The  diforder  at  flril  is  commonly  a  tertian 
ague,  which  after  two  or  three  paioxyfms  becomes  a 
double  tertian,  and  then  a  continued  remittent,  that  fre¬ 
quently  carries  off  the  patient  in  a  fliort  time.  Many 
fall  vidims  to  the  fecond  or  third  fit  ;  but  in  thefe  cafes 
a  conftant  delirium,  and  a  great  determination  of  the 
blood  to  the  brain,  accompany  the  other  fymptoms.  In 
fome  it  begins  in  a  quotidian  form,  with  regular  inter- 
mifiions  for  a  day  or  two  ;  and  then  becomes  a  continued 
remittent,  attended  with  the  fame  fatal  confequences  as 
the  former.  Of  the  Europeans  of  all  claffes  who  come 
to  fettle  at  Batavia,  it  is  fuppofed  that  not  half  the  num¬ 
ber  always  iurvives  the  year.  The  place  refembtes  in 
that  refped  a  field  of  battle  or  a  town  befieged.  The 
frequency  of  deaths  renders  familiar  the  mention  of  them, 
and  little  ligns  are  fhewn  of  emotion  or  lurprile  on  hear¬ 
ing  that  the  companion  of  yefteiday  is  to-day  no  more. 

It  is  probable,  female  Europeans  iuffer  lei's  at  Batavia 
than  the  men.  The  former  feldom  expoie  themielves 
to  the  heat  of  the  fun,  make  frequent  ufe  of  the  cold 
bath,  and  live  more  temperately  than  the  other  fex. 

But  it  is  not  to  thofe  who  have  lately  arrived  from 
Europe  that  this  havoc  is  wholly  confined.  The  great- 
eft  number  of  the  Dutch  fettlers,  even  thofe  who  had 
reiided  long  in  the  country,  appeared  wan,  weak,  and 
languid,  as  if  labouring  with  the  “  difeafe  of  death.” 

Their  place  of  refidence,  indeed,  is  fituated  in  the  midft 
of  fwamps  and  ftagnated  pools,  from  whence  4hey  are 
every  morning  faluted  with  a  congregation  of  foul 
and  peftilential  vapours,”  whenever  the  lea  breeze  fets 
in,  and  blows  over  this  morafs.  The  meridian  fun  raiies 
from  the  fhallow  and  muddy  canals,  with  which  the 
town  is  interfered,  deleterious  miafinata  into  the  air  ; 
and  the  trees,  with  which  the  quays  and  ftreets  are 
crowded,  emit  noxious  exhalations  in  the  night. 

The  general  reputation  of  the  unhealthinefs  of  Bata- 
I  2  via 
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Batavia,  via  Is.  indeed  fuch  as  to  deter  even  Dutchmen,  who  can 
reftde  at  home  with  any  comfort,  from  coming  to  it, 
notwithftandmg  the  temptations  of:  fortunes  to  be  quick* 
ly  amafied  in  it.  From  this  circumftance  it  happens, 
that  offices  and  profeffions  are  often  neceffarily  entruft- 
ed  to  perfons  little  qualified  to  fill  them.  One  of  the 
clergymen,  and  the  principal  phyfician  of  the  place, 
were  both  faid  to  have  originally  been  barbers.  The  Uni¬ 
ted  Provinces  furnifh  even  few  military  recruits.  The 
reft  are  chiefly  Germans,  many  of  whom  are  faid  to  have 
been  kidnapped  into  the  fervice.  Though  nominally 
permitted,  after  a  certain  length  of  time,  to  return 
home,  they  are  in  fad  compelled  to  enllft  for  a  longer 
time,  the  pay  being  too  fcanty  to  allow  them  to  lave 
enough  to  defray  the  expence  of  their  paffage  to  Eu¬ 
rope.  The  government  is  accufed  of  the  barbarous  po¬ 
licy  of  intercepting  all  c©ricfpondence  between  tliofe 
people  and  their  mother  country;  by  which  means  they 
are  deprived  of  the  confolation  of  hearing  from  their 
friends,  as  well  as  of  the  chance  of  receiving  fuch  af- 
fiftance  as  might  enable  them  to  get  home. 

Difficult,  however,  as  it  is,  on  account  of  the  cli¬ 
mate,  to  recruit  the  army,  fuch  is  the  defire  of  accumu¬ 
lating  wealth  in  a  foreign  land,  that  it  draws  annually 
great  numbers  of  Chinele  as  well  as  of  Dutch  to  Bata¬ 
via.  Both  indeed  belong  generally  to  the  humbler  claf- 
fes  of  life,  and  are  bred  m  fimilar  habits  of  induftry  in 
their  own  country  ;  but  the  different  circumftances  that 
attend  them  after  their  arrival  in  Batavia  put  an  end  to 
any  further  refemblance  between  them.  The  Chinefe 
have  there  no  way  of  getting  forward  but  by  the  conti¬ 
nuance  of  their  former  exertions  in  a  place  where  they 
are  more  liberally  rewarded,  and  by  a  ftri£l  economy 
in  the  prefervation  of  their  gains.  They  have  no  chance 
of  advancing  by  favour,  nor  are  public  offices  open  to 
their  ambition;  but  they  apply  to  every  induftrious  oc¬ 
cupation,  and  obtain  whatever  either  care  or  labour  can 
accomplifh.  They  become  in  town  retailers,  clerks, 
and  agents  ;  in  the  country  they  are  farmers,  and  are 
the  principal  cultivators  of  the  fugar-cane.  They  do 
at  length  acquire  fortunes,  which  they  value  by  the 
time  and  labour  required  to  earn  them.  So  gradual  an 
acquifition  makes  no  change  in  their  difpofition  or 
mode  of  life.  Their  induftry  is  not  diminifhed,  nor 
their  health  impaired.  The  Dutch,  on  the  contrary, 
who  are  fent  out  by  the  Company  to  adminifter  their 
affairs  in  Afia,  become  foon  fenfible  that  they  have  the 
power,  wealth,  and  poffeffions  of  the  country  at  their 
difpofal.  They  who  furvive  mount  quickly  into  offices 
that  are  lucrative,  and  not  to  them  laborious.  They 
rife  to  the  dignity  of  governor-general  and  counfellors  of 
the  Indies,  as  the  members  of  the  Batavian  govern¬ 
ment  are  called.  Their  influence  likewife  enables  them 
to  fpeculate  in  trade  with  vaft  advantage.  The  drud¬ 
gery  and  detail  of  bufinefs  are  readily  undertaken  by 
the  Chinefe  ;  while  their  principals  find  it  difficult,  un¬ 
der  fuch  new  circumftances,  to  retain  their  former  ha¬ 
bits,  or  to  refill  a  propenfity  to  indolence  and  voluptu- 
oufnefs,  though  often  attended  with  the  facrifice  of 
health,  if  not  of  life.  Convivial  pleafures,  among  others, 
are  frequently  carried  to  excefs. 

In  feveral  houfes  of  note  throughout  the  fettlement, 
trie  table  is  fpread  in  the  morning  at  an  early  hour  : 
be  fide  tea,  coffee,  and  chocolate,  fifh  and  flefh  are  ferved 
for  breakfaft  ;  which  is  no  fooner  over  than  Madeira, 


claret,  gin,  Dutch  fmali  beer,  and  Engliffi  porter,  are  Batavb, 
laid  out  in  the  portico  before  the  door  of  the  great  hall,  — 
and  pipes  and  tobacco  prefented  to  every  gueft,  and  a 
bright  brafs  jar  placed  before  him  to  receive  the  phlegm 
which  the  tobacco  frequently  draws  forth.  This  oc¬ 
cupation  continues  fometimes  with  little  interruption  till 
near  dinner  time,  which  is  about  one  o’clock  in  the  af¬ 
ternoon.  It  is  not  very  uncommon  for  one  man  to  drink 
a  bottle  of  wine  in  this  manner  before  dinner;  and  thsfe 
who  have  a  predilection  for  the  liquor  of  their  own 
country  fwallow  feveral  bottles  of  Dutch  fmali  beer, 
which  they  are  told  dilutes  their  blood,  and  affords 
plenty  of  fluids  for  a  free  perfpiration.  Immediately 
before  dinner,  two  men  flaves  go  round  with  Madeira 
wine,  of  which  each  of  the  company  takes  a  bumper  as 
a  tonic  or  whetter  of  the  appetite.  Then  follow  thiee 
females,  one  with  a  filver  jar  containing  water,  fome¬ 
times  rofe-wrater,  to  vvafh ;  a  fecond  with  a  filver  baton 
and  low  cover  of  the  fame  metal,  pierced  with  holes,  to 
receive  the  water  after  being  ufed  ;  and  the  third  with 
towels  for  wiping  the  hands.  During  dinner  a  band  of 
mufic  plays  at  a  little  diftance  :  the  muficians  are  all 
flaves,  and  pains  are  taken  to  inftrud  them.  A  confi- 
derable  number  of  female  flaves  attend  at  table,  which 
is  covered  with  a  great  variety  of  difhes  ;  but  little  is 
received,  except  liquors,  into  ftomachs  already  cloyed. 

Coffee  immediately  follows  dinner.  The  24  hours  are 
here  divided,  as  to  the  manner  of  living,  into  two  days 
and  two  nights ;  for  each  perfon  retires,  foon  after 
drinking  coffee,  to  a  bed,  which  confifts  of  a  mattrafs, 
bolfter,  pillow,  and  chintz  counterpane,  but  no  fheets  ; 
and  puts  on  his  night  drefs,  or  muffin  cap  and  loofe 
long  cotton  gown.  If  a  bachelor,  which  is  the  cafe  of 
much  the  greateft  number,  a  female  flave  attends  to  fan 
him  while  he  fleeps.  About  fix  they  rife,  drefs,  drink 
tea,  take  an  airing  in  their  carnages,  and  form  parties  to 
fpend  the  evening  together  to  a  late  hour.  The  morn¬ 
ing  meetings  confift  generally  of  men,  the  ladies  feldom 
choofing  to  appear  till  evening. 

Few  of  thefe  are  natives  ot  Europe,  but  many  are 
defeended  from  Dutch  fettlers  here,  and  are  educated 
with  fome  care.  The  features  and  outlines  of  their 
faces  are  European  ;  but  the  complexion,  chara&er, 
and  mode  of  life,  approach  more  to  tliofe  of  the  native 
inhabitants  of  Java.  A  pale  languor  overfpreads  the 
countenance,  and  not  the  leall  tint  of  rofe  is  fecn  in  any 
cheek.  While  in  their  own  houfes  they  drefs  like  their 
flaves,  with  a  long  red  checkered  cotton  gown  defend¬ 
ing  to  the  ankles,  with  large  wide  fleeves.  They  wear 
no  head  drefs,  but  plait  their  hair,  and  fallen  it  with  a 
filver  bodkin  on  the  top  of  the  head,  like  the  country 
girls  in  feveral  cantons  of  Switzerland.  The  colour  of 
their  hair  is  almoft  univerfally  black  ;  they  anoint  it 
with  the  oil  of  the  cocoa  nut,  and  adorn  it  with  chap¬ 
lets  of  flowers.  When  they  go  abroad  to  pay  vifits, 
or  to  take  an  airing  in  their  carriages,  and  particularly 
when  they  go  to  their  evening  parties,  they  drefs  mag¬ 
nificently,  in  gold  and  filver  fpangled  muflin  robes,  with 
a  profufion  of  jewels  in  their  hair,  which,  however,  is 
worn  without  powder.  They  never  attempt  to  mould 
or  regulate  the  fhape  by  any  fancied  idea  of  elegance, 
or  any  ftandard  of  fafhion  ;  and  confequentiy  formed  a 
ftriking  contraft  with  fuch  few  ladies  as  were  lately  ar¬ 
rived  from  Holland,  who  had  powdered  hair  and  fair 
complexions,  had  contra&ed  their  waifts  with  flays* 

wore 
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tavia.  wore  large  head  dreffes  and  hoops,  and  perfevercd  in  the  true,  as  the  fame  accounts  pretend,  that  the  number  of  Batavia. 

-v— '  early  care  of  forcing  back  the  elbows,  chin,  and  (ho ul-  female  births  exceeds  very  con&derahly  that  of  males  in  ’ — 

ders.  Every  native  lady  is  conftantly  attended  by  a  fe-  Java. 

male  flave  handfomely  habited,  who,  as*  loon  as  her  mi-  Moll  of  the  fiaves  are  imported  into  it  from  Celebes 
ft  refs  is  feated,  fits  at  her  feet  before  her,  on  the  floor,  and  other  eaftern  iftands.  They  do  not  form  a  corps, 

holding  in  her  hands  her  miftrefs’s  gold  or  filver  box,  or  have  any  bond  of  union  :  nor  is  the  general  conduct 

divided  into  compartments,  to  contain  areca  nut,  carda-  or  their  owners  towards  them  calculated  to  aggravate 
mom  feeds,  pepper,  tobacco,  and  flacked  lime  ;  all  the  misfortune  of  being  the  property  of  others.  They 
which,  mixed  together  in  due  proportions,  and  rolled  are  not  forced  to  exceflive  labour.  They  have  fufticient 
within  a  leaf  of  betel,  conftitute  a  mafticatory  of  a  \e-  fuftenance  ;  but  many  of  the  males  among  them,  who 
ry  pungent  tafte,  and  in  general  life.  When  in  the  had  formerly  perhaps  led  an  independent  iife  till  made 
public  afiemblies  the  ladies  find  the  heat  difagreeabie,  captives  in  their  wars,  have  been  found  to  take  offence 
they  retire  to  free  themfelves  from  their  coftly  but  in-  againft  their  mailers  upon  very  flight  occafions,  and  to 
convenient  habits,  and  return  without  ceremony  in  a  wreak  their  vengeance  by  afiaffination.  The  apprehen- 
more  light  and  loofe  attire,  when  they  are  fcarcely  re-  fion  of  fuch  an  event  is  among  the  motives  for  prefer- 
cognizable  by  ftraugers.  The  gentlemen  follow  the  ex-  ring  at  Batavia  female  fiaves  for  every  ufe  to  which  they 
ample;  and  throwing  off  their  heavy  and  formal  dreffes,  can  be  applied  ;  fo  that  the  number  purchafed  of  them 
appear  in  white  jackets,  fometimes  indeed  adorned  with  much  exceeds  that  of  the  other  fex.  The  fiaves  when 
diamond  buttons.  The  elderly  gentlemen  quit  their  determined  on  revenge  often  fwallow,  for  the  purpofe  of 
.periwigs  for  nightcaps.  Except  in  thefe  moments  the  acquiring  artificial  courage,  an  extraordinary  dole  of 
members  of  this  government  have  always  combined  their  opium,  and  foon  becoming  frantic  as  well  as  defperate, 
perfonal  gratification  with  the  Eaftern  policy  of  fir  iking  not  only  ilab  the  ohje&s  of  their  hate,  but  Tally  forth 
awe  into  vulgar  minds,  by  the  affumption  of  exterior  to  attack  in  like  manner  every  perfon  they  meet,  till 
and  exclufive  diftin&ions.  They  alone,  for  inftance,  f elf- preservation  renders  it  neceffary  to  deftroy  them, 
appear  abroad  in  crimfon  velvet.  Their  carriages  are  They  are  faid  in  that  ftate  to  be  running  a  muck  ;  and 
diltinguifhed  by  peculiar  ornaments.  When  met  by  inftances  of  it  are  not  more  common  among  fiaves  than 
others,  the  latter  mufl  flop  and  pay  homage  to  the  for-  among  free  natives  of  the  country,  who,  in  the  anguifh 
mer.  One  of  the  gates  of  the  city  is  opened  only  to  for  lofing  their  money,  effe&s,  and  fometimes  their  fa- 
let  them  pafs.  They  certainly  fucceed  in  fupporting  milies,  at  gaming,  to  which  they  are  violently  addicted, 
abfohite  fvvay  over  a  vaft  fuperiority  in  number  of  the  or  under  the  preffure  of  fome  other  paffion  or Tnisfor- 
defeendants  of  the  original  inhabitants  of  the  country,  time,  have  recourfe  to  the  fame  remedy,  with  the  fame 
as  well  as  of  the  fiaves  imported  into  it,  and  of  the  Chi-  fatal  effe&s. 

nefe  attracted  to  it  by  the 'hope  of  gain  ;  tbofe  claffes,  In  the  country  round  Batavia  the  eye  looks  in  vain 
though  healthy,  a&ive,  and  as  if  quite  at  home,  readily  for  the  common  animals  and  vegetables  which  it  had 
obeying  a  few  emaciated  Europeans.  Such  is  the  con-  been  daily  accuflomed  to  meet  in  Europe.  The  mod 
feculence  of  dominion  once  acquired  ;  the  prevalence  of  familiar  bird  about  the  houfc  of  the  embaffador’s  hod 
the  mind  over  mere  bodily  exertions,  and  the  effedl  of  was  the  crown  bird,  as  it  was  called  at  Batavia,  which 
the  combination  of  power  againft  divided  ftrcugth.  was  not,  however,  the  arch  a  pavonma  of  Linnaeus,  but 

The  native  Javanefe  are  in  general  too  remote  from  the  columba  criflata ,  having  nothing  except  its  cred  in 
civilization  to  have  any  wants  that  are  not  eafily  fatis-  common  with  the  former.  The  fame  gentleman  had  al¬ 
lied  in  a  warm  and  fertile  climate.  No  attempt  is  made  fo  at  his  country  houfc  fome  large  caffovvary  birds, 

to  enflave  their  perfons  ;  and  they  find  the  government  which,  though  long  in  his  poffefnon,  and  having  theap- 

of  the  Dutch  lefs  vexatious  than  that  of  others,  who  pearance  of  tamenefe,  fometimes  betrayed  the  fiercenefs 
divide  fome  fhare  of  the  fovereignty  of  the  ifiand  with  of  their  nature,  attacking  with  their  ftroag  bill  thole 
them.  The  fultan  of  Mataran  rules  to  the  eall,  the  cm-  who  approached  too  near  them.  The  vegetation  of 
peror  of  Java  in  the  centre,  and  the  king  of  Bantam  to  the  country  is  likewife  new.  Even  the  parterres  in  the 
the  well ;  while  the  coaft  and  effective  power  almoft  gardens  are  bordered, .  inftead  of  boxwood,  by  the  Ara- 
entirely  belong  to  Holland.  Thole  other  fovereigns  bian  jeffaminc,  of  which  the  fragrant  flowers  adorn  the 
are  defended  from  foreigners  alfo  ;  being  Arabians,  pagodas  of  Hindoftan.  The  Dutch,  who  are  fo  fond 
who  imported  the  Mahometan  religion  into  Java,  and  of  gardens  in  Holland,  have  transferred  that  t?dle,  where 
acquired  the  dominion  of  the  country  ;  a  few  inhabi-  it  can  certainly  be  cultivated  with  more  fucceis,  and  fn- 
tants  in  the  mountains  excepted,  who  have  preferved  dnlge  it  to  a  great  extent  at  their  houfes  a  little  way 

their  independence  and  their  faith,  and  among  other  ar-  from  the  city  of  Batavia;  but  ilill  within  tnat  fenny 

tides  that  of  the  tranfmigration  of  fouls.  According  diftiid,  concerning  which  an  intelligent  gentleman  up- 
to  the  Dutch  accounts,  nothing  can  be  more  tyrannic  on  the  fpot  ufed  the  ftrong  exprefiion,  that  the  air  was 
than  thole  Mahometan  rulers.  T  he  emperor  is  faid  to  peflilential,  and  the  water  poifonous.  Y  it  the  country 
maintain  his  authority  by  an  army  of  many  thoufand  is  everywhere  fo  verdant,  gay,  and  fertile  ;  it  is  inter- 
men  dimer  fed  throughout  his  territories,  befide  anume-  fperfed  with  fuch  magnificent  houfes,  gardens,  avenues, 
rous  female  guard  about  his  perfon.  Thefe  military  la-  canals,  and  draw-bridges;  and  is  fo  formed  in  every  re¬ 
dies  are  trained,  it  feems,  to  arms,  without  neglecting  fpcCl  to  pleafe,  could  health  be  pieferved  in  it  -that  a 
tbofe  accomplifhments  which  may  occafion  a  change  in  youth  coming  juft  from  fea,  and  enraptured  with  the 
the  occupation  of  fome  among  them,  rendering  them  beauty  oi  every  objedl  he  faw  around  him,  but  mindful 
the  companions,  inftead  of  being  the  attendants,  of  his  of  the  danger  there  to  life,  could  not  help  exclaiming. 

Imperial  majefty.  This  finefwlar  inftitution  may  owe  “what  an  excellent  habitation  it  would  befor  immortals! 
its  origin  to  the  facility  of  obtaining  recruits,  if  it  be  j-hc  moft  tolerable  feafon  here  is  from  Maicn  or  A- 
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Batavia*  prft  to  November  ;  when  the  rains  begin,  and  laft  the  fpe&ing  it ;  and  the  refult  of  them  was,  that  no  fuch  Batavj; 

V—'  reft  of  the  year.  *  The  fea  breeze  fets  in  about  ten  tree  is  known  at  Batavia,  and  certainly  does  not  exift  t  Bc^ 

o'cloek  in  the  morning,  and  continues  till  four  or  five  where  Foerfch  has  planted  it.  It  is  indeed  a  common 
in  the  afternoon.  It  becomes  then  calm  till  feven  or  opinion  at  Batavia,  that  there  exiits  in  that  country  a 
eight,  when  the  land  breeze  commences,  and  continues  vegetable  poifon,  which,  rubbed  on  the  daggers  of  the 
at  intervals  till  day  break,  followed  by  a  calm  for  the  Javanefe,  renders  the  flighted:  wounds  incurable;  though 

remaining  hours  of  the  2\.  Fahrenheit’s  thermometer  fome  European  praditioners  have  of  late  afferted  that 

was,  in  Batavia  road,  during  the  Lion’s  remaining  there,  they  had  cured  perions  (tabbed  by  thofe  weapons,  but 
from  86°  to  88',  and  in  the  town  from  88°  to  920;  but  not  without  having  taken  the  precaution  of  keeping  the 
its  variations  by  no  means  correfponded  to  the  fen  fa-  wound  long  open,  and  procuring  a  fuppuration.  One 
tions  produced  by  the  heat  on  the  human  frame  ;  the  of  the  keepers  of  the  medical  garden  at  Batavia  allured 
latter  being  tempered  by  any  motion  of  the  air,  which  Dr  Gillan>  that  a  tree  diftilling  afpoifono us  juice  was  in 
circumftance  has  little  effed  upon  the  thermometer,  that  colledion,  but  that  its  qualities  were  kept  fecret 
Nor  are  the  animal  fuffetings  here  from  heat  to  be  mea-  from  moil  people  in  the  fettlement,  left  the  knowledge 
fared  by  its  intenl’entfs  at  any  given  moment  of  the  of  them  Ihonld  find  its  way  to  the  flaves,  who  might  be 
day,  but  by  its  perfifting  through  the  night;  when,  in-  tempted  to  make  an  ill  ufe  of  it.  In  the  fame  medical 
Head  of  diminifhing,  as  it  does  in  colder  countries,  fome-  gaiden,  containing  it  feems  hurtful  as  well  as  grateful 
times  20  degrees,  it  keeps  generally  here  within  four  or  fubftances,  is  found  alfo  the  plant  from  whence  is  made 
five  of  what  it  attains  in  the  (hade,  when  the  fun  is  at  the  celebrated  gout  remedy,  or  moxa  of  Japan,  men- 
its  higheft  elevation.  tioned  in  the  works  of  Sir  William  Temple,  and  de- 

The  native  Javanefe  deiive,  however,  one  advantage  feribed  in  the  Encyclopaedia  under  the  titles  of  Arte- 
at  leaft  from  an  atmofphere  not  fubjed  to  the  vicifli-  mi  si  A  and  Moxa. 

tudes  of  temperature  experienced  in  the  northern  parts  The  whole  country  abounds  with  efculent  fruits,  and, 
of  Europe,  where  difeafes  of  the  teeth  are  chiefly  pre-  amongft  others,  with  the  mangolteen,  which  is  ripe  in 
valent;  as  they  are  here  entirely  exempt  fiom  fuch  com-  March,  and  is  confidered  as  the  moll  delicious  of  all 
plaints!  Their  habit  of  living  chiefly  on  vegetable  food,  fruits  (fee  Garcinia,  Encycl.)  Pine  apples  aie  in  Ja- 
and  of  ab flaming  horn  fermented  liquors,  no  doubt  va  planted  not  in  gardens,  but  in  large  fields  ;  and  are 
contributes  to  this  exemption ;  yet  fuch  is  the  caprice  carried  like  turnips  in  heaps  upon  carts  to  market,  and 
of  taftc,  that  jet  black  is  the  favourite  colour  and  llan-  fold  for  confiderably  lefs  than  a  penny  each,  where  mo* 
dard  of  beauty  for  the  teeth  amongft  them,  comparing  ney  is  cheaper  than  in  England.  It  was  a  common 
to  monkeys  thofe  who  keep  them  of  the  natural  colour,  pradice  to  clean,  fwords,  or  other  inftruments  of  fteel 
They  accordingly  take  care  to  paint,  of  the  deepeft  or  iron,  by  running  them  through  pine  apples,  as  con- 
black  all  their  teeth,  except  the  two  middle  ones,  which  taining  the  flrongeft  and  cheapeft  acid  for  diffolving  the 
they  cover  with  gold  leaf  Whenever  the  paint  or  gild-  ruft  that  covered  them.  Sugar  fold  for  about  five- pence 
ing  is  worn  off,  they  are  as  attentive  to  replace  it  on  the  a  pound.  All  forts  of  provifions  were  cheap,  and  the 
proper  teeth,  as  the  belles  of  Europe  are  to  purify  and  fliips  crews  fed  on  frefh  meat  everyday, 
whiten  theirs.  T ’he  ferpents  and  noxious  reptiles  in  Java  have  been 

We  have  mentioned  the  rich  vegetation  of  the  coun-  mentioned  elfewhere  ;  but  Sir  George  Staunton  affures 
try  and  the  gardens  which  the  Dutch  have  planted.  In  us,  that  not  many  accidents  happen  from  them.  Among 
thefe  gardens  or  orchards  they  cultivate  the  nutmeg,  the  pagan  Javanefe,  the  crocodile,  he  fays,  is  an  object 
the  clove,  the  camphor,  and  the  cinnamon  trees,  toge-  not  only  of  fear,  but  alio  of  religious  veneration,  to 
ther  with  the  pepper  plant,  which  creeping  like  a  vine,  which  offerings  are  made  as  to  a  deity.  When  a  Java- 
is  fupported  on  a  living  tree.  It  is  a  fpecies  of  the  nefe  feels  himfelf  difeafed,  he  will  fometimes  build  a 
pepper  plant  that  affords  the  leaf  called  betel ,  chewed  fo  kind  of  coop,  and  fill  it  with  fuch  eatables  as  he  thinks 
univerfally  by  the  fouthern  Afiatics,  and  ferving  for  the  molt  agreeable  to  the  croeodiles.  He  places  the  coop 
inclofure  of  a  few  flices  or  bits  of  the  areca,  from  thence  upon  the  bank  of  the  river  or  car.al,  in  the  perfed  con- 
erroneoufly  called  the  betel  nut .  The  areca  nut  tree  is  fidence  that,  by  the  means  of  fucli  offerings,  lie  will  get 
among  the  fmalkft  of  the  tribe  of  palms,  but  comes  rid  of  his  complaints  ;  and  perfuaded,  that  if  any  per- 
next  in  beauty  to  the  mountain  cabbage  tree  of  the  Weft  fon  could  prove  fo  wicked  as  to  take  away  thofe  viands, 
Indies;  the  latter  differing  chiefly  in  its  fize  and  amazing  fueh  perfon  would  draw  upon  himfelf  the  malady  for 
height  from  the  areca  nut  tree,  the  diameter  of  whole  the  cure  of  which  the  offering  was  made.  According 
jointed  trunk  feldom  exceeds  four  inches,  or  height  12  to  Sir  George  Staunton,  Batavia  road  lies  in  6°  iO1  fouth 
feet.  But  the  fymmetry  oi:  each  is  perfed  ;  the  columns  lat.  and  ic6°  51'  call  long,  from  Greenwich, 
of  a  temple  cannot  be  more  regular  than  the  trunk,  BEER  is  a  liquor  fo  palatable  to  the  natives  of  Bri- 
which  rifes  without  a  branch,  while  the  broad  and  tain,  and,  when  properly  made,  fo  wholefome,  efpecially 
fpreading  leaves  which  crown  the  top  form  the  orna-  in  long  voyages  at  fea,  that  Mr  Thornton  of  Eaft 
mented  capital.  The  areca  nut,  when  dried,  has  fome  Smithfield  obtained  a  patent,  dated  April  15.  1778* 
fimilitude  in  form  and  tafte  to  the  common  nutmeg,  but  for  inventing  a  method  of  reducing  malt  and  hops  to  an 
is  of  a  lefs  fize.  effence  or  extrad,  from  which  beer  may  be  made  any- 

0  It  would  have  been  very  extraordinary,  and  very  cul-  where,  either  at  fea  or  in  diftant  countries.  Though 

pable,  in  Sir  George  Staunton,  and  Dr  Gillan  phylician  we  do  not  perceive  any  great  degree  of  ingenuity  dif- 
to  the  embaffy,  if  they  had  not,  when  on  the  fpot,  in-  played  in  this  invention,  yet  as  the  account  of  it  is 
quired  into  the  truth  of  Foerfch’s  account  of  the  upas  Ihort,  we  fhall  lay  it  before  our  readers, 
or  poifon- tree  of  Java  (fee  Poison  Tree  of  Java,  En-  His  method  then  of  preparing  an  effence  or  extrad 
cvcld  But  the  molt  minute  inquiries  were  made  re*  of  malt  and  hops  is,  by  the  tranfmitted  heat  of  com- 
y  1  preffed 
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I  eetK  prefTed  vapour  of  boiling  water,  and  a  proper  apparatus 
w  for  that  purpofe.  This  apparatus  may  be  made  of  iron, 

tin,  or  copper:  it  confifts  of  a  boiler  of  any  dimcnfions, 
a  double  veflel,  and  condufting  tubes.  The  double  vef- 
fel  confifts  of  one  veflel  placed  within  another,  and  fitted 
tight  at  their  rims.  The  upper  veflel  forms  the  upper 
part  of  the  under  veflel,  and  contains  the  liquor  to  be 
evaporated.  The  nnder  veflel  is  everywhere  inclofed, 
exceDt  at  an  aperture  communicating  with  the  boiler, 
and  at  another  aperture  communicating,  with  the  con¬ 
ducting  tubes ;  and  is  conftrufted  fo  as  not  to  allow 
any  part  of  the  vapour  condenfed  into  drops  within  it 
to  cfcape,  except  back  again  into  the  boiler  :  it  is  not 
fo  extenfive  as  to  aft  as  a  common  refrigeratory,  and 
yet  is  capacious  enough  to  prevent  the  liquor  boiling 
over.  The  aperture  communicating  with  the  boiler  is 
large  enough  to  freely  admit  the  vapour  from  the  boiler 
into  the  under  veflel ;  and  the  aperture  communicating 
with  the  cond lifting  tubes  is  of  a  proper  fize  to  allow 
of  the  vapour  in  the  under  veflel  being  comprefled,  t© 
a  degree  capable  of  tranfmitting  to  the  liquor  to  be 
evaporated  a  proper  heat,  and  at  the  fame  time  to  ferve 
as  a  paflage  for  more  heat  than  is  neceflarv  to  keep  up 
that  degree  of  compreflion.  The  condufting  tubes  are 
to  convey  this  fuperfluous  heat  or  vapour,  to  be  ufed 
for  farther  purpofes,  or  immediately  out  of  the  build¬ 
ing. 

BEETLE,  an  infeft  defcribed  in  the  Encyclopaedia 
under  the  name  given  to  it  by  natural ifls,  Scarabs  us. 
Since  that  article  was  publifhed,  we  have  met  with  an 
account  of  a  nondefcript  fpecies,  which  is  furnifhed 
with  very  Angular  armour  for  its  own  defence.  It  was 
brought  to  M.  Vaillant  in  the  interior  parts  of  Africa 
by  a  Nimiqua  w  man,  and  is  by  him  called  a  fuperb 
beetle,  not  to  be  found  in  any  cabinet  of  Europe. 
4<  While  I  was  examining  this  beautiful  infeft  (fays  he) 
with  attention,  I  felt  my  face  fuddenly  wetted  by  a  cauf- 
tic  liquor,  of  a  very  ftrong  alkaline  fmell.  The  fprink- 
ling  was  accompanied  by  a  fort  ot  exptofion,  loud  enough 
to  be  heard  at  lome  diftance.  Unfortunately  fome  of 
the  liquor  enteied  one  of  my  eyes,  and  occafloned  fiich 
infnpportable  pain,  that  I  thought  I  fhould  have  loft 
the  fight  of  it.  I  was  obliged  to  keep  it  covered  for 
feveral  days,  and  bathe  it  from  time  to  time  with  milk. 
In  every  part  of  my  face  that  the  alkaline  liquor  had 
touched,  I  felt  the  pain  of  a  burn  ;  and  everywhere  the 
/kin  changed  to  a  deep  brown,  which  wore  out  only  by 
degrees  and  a  long  time  after.  This  will  not  be  furpri* 
flng  to  manv,  who  already  are  acquainted  with  the  fame 
property  in  feveral  infefts  of  the  fame  genus  ;  for  in- 
ftance,  in  that  beautiful  golden-green  bupreftis,  which  is 
fo  common  in  our  kitchen-gardens  in  Europe  :  but 
as  the  infeft  of  which  I  am  here  fpeaking  is  much  lar¬ 
ger,  and  inhabits  a  very  hot  country,  it  is  natural  that 
the  effeft  produced  by  it  fhould  be  more  finking  ;  tho’ 
the  liquor  which  our  golden  bupreftis  ej  efts  at  its  enemy 


occaflons  a  very  fenfible  fmart,  and  its  fmell  is  confide r-  Begah 
ably  pungent.’ 1  II 

The  naturalifts  Dorci  and  Olivier  have  given,  in  their  Bthem 
Entomology,  the  figure  of  this  African  infeft,  which 
our  author  communicated  to  them,  but  they  have  given 
it  erroneoufly.  The  human  face,  obfervable  on  its  an* 
terior  corcelet  in  their  figure,  does  not  exiil  in  nature  ; 
but  M.  Vaillant  having  given  no  figure  of  it  himfelf, 
we  cannot  gratify  our  readers  with  a  correft  reprefen- 
tation. 

BEG  AH,  a  land  meafure  in  Bengal,  about  one-third 
of  an  Englifh  acre. 

BEIT  AUER  (  Valiant ),  a  title  of  honour  conferred 
by  the  Mogul  emperors  upon  either  Mahomtdans  o 
Hind  00s,  and  placed  after  their  name  or  other  title. 

BEHEM  (Martin),  though  hitherto  little  talked  of, 
was  one  of  the  moft  enterprillng  men  that  ever  lived, 
and  deferves  to  have  his  name  tranfmitted  with  reve¬ 
rence  to  the  lateft  pofterity.  Born  at  Nuremberg,  an 
Imperial  city  in  the  circle  of  Franconia,  of  a  noble  fa¬ 
mily  not  yet  extinft,  he  had  the  belt  education  which 
the  darknefs  of  that  age  would  permit  him  to  have  { 
and  the  ftudies  to  which  from  his  infancy  he  was  moft; 
addifted,  vyere  thofe  of  geography,  aftronomy,  and  na¬ 
vigation.  As  he  advanced  in  life,  he  often  thought  of 
the  exiftence  of  the  antipodes  and  of  a  weftern  conti* 
nent,  of  which  he  wa3  ambitious  to  make  the  dilco- 
very. 

Filled  with  this  great  idea,  in  1450  lie  paid  a  vifit 
to  Ifabella,  daughter  of  John  T.  king  of  Portugal,  at 
that  time  regent  of  the  duchy  of  Burgundy  and  Flan¬ 
ders ;  and  having  informed  her  of  his  deligns,  lie  pro¬ 
cured  a  veflel,  in  which,  lading  weft  ward,  he  was  the  firfl 
European  who  is  known  to  have  landed  on  the  lfland  of 
Fayal.  He  there  eftabllfhed  in  1460  a  colony  of  Fle¬ 
mings,  whofe  defendants  yet  ex ift  in  the  Azores,  which 
were  for  fome  time  called  the  Flemifh  Iflands.  This 
eircum fiance  is  proved,  not  only  by  the  writings  of  con¬ 
temporary  authors,  but  alfo  by  the  manuferipts  prefer* 
ved  in  the  records  of  Nuremberg ;  from  the  Latin  of 
which  the  following  is  tranflated  :  “  Martin  Behem 
tendered  his  fervices  to  the  daughter  of  John  king  of 
Lufitania,  who  reigned  after  the  death  of  Philip  of  Bur¬ 
gundy,  furnamed  the  Good  ;  and  from  her  procured  a 
fhip,  by  means  of  which,  having  failed  beyond  all  the 
then  known  limits  of  the  Weftern  Ocean,  he  was  the 
firfl  who  in  the  memory  of  man  difeovered  the  ifland  of 
Fayal,  abounding  with  beech  trees,  which  the  people  of 
Lufitania  call  faye ;  whence  it  derived  its-  name.  Af¬ 
ter  this  he  difeovered  the  neighbouring  iflands,  called 
by  one  general  name  the  Azores ,  from  the  multitude  of 
hawks  which  build  their  nefts  there  (for  the  Lufitanian3 
ufe  this  term  for  hawks,  and  the  French  too  ufe  the 
word  ejfos  or  efores  in  their  purfuit  of  this  game)  ;  and 
left  colonies  of  the  Flemifh  on  them,  when  they  began 
to  be  called  Flemifh  Iflands  (a).” 

After 


(a)  Although  this  record  is  contrary  to  the  generally  received  opinion,  that  the  Azores  were  difeovered  by 
Gonfalva  Velho,  a  Portuguefe.  yet  its  authenticity  leems  unqueftionable.  It  is  confirmed  not  only  by  feveral 
contemporary  writers,  and  by  Wagenfeil,  one  of  the  moft  learned  men  of  the  laft  century,  but  likewife  by  a  note 
written  on  parchment  in  the  German  language,  a^vd  fent  from  Nuremberg,  a  few  years  ago,  to  M.  Otto,  who 
was  then  investigating  the  difeovery  of  America.  T  he  note  contained,  with  other  things,  the  following  fafts  : 
“  Martin  Beh3m,  Efq;  fon  of  Mr  Martin  Beharri  ©f  Scoperin,  lived  in  the  reign  of  John  II.  king  of  Portugal, 
in  an.  ifland  which  he  difeovered,  and  called  the  ifland  of  Fayal,  one  of  the  Azores,  lying  in  the  Weftern  Ocean. 
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After  haring  obtained  from  the  recent  a  grant  of 
Faval,  and  reiided  there  about  twenty  years,  Behem 
applied  in  1484  (eight  years  before  Columbus’s  expe¬ 
dition)  to  John  II.  king  of  Portugal,  to  procure  the 
means  of  undertaking  a  great  expedition  towards  the 
fouthweft.  This  prince  gave  him  fome  (hips,  with 
which  he  diicovered  that  part  of  America  which  is  new 
called  Brazil  ;  and  he  even  failed  to  the  Straits  of  Ma¬ 
gellan,  or  to  the  country  of  feme  fa v age  tribes  whom 
he  called  Patagonians,  from  the  extremities  of  their  bo¬ 
dies  being  covered  with  a  1! J n  more  like  a  bear’s  paws 
than  human  hands  ^nd  feet. 

A  fa  fl  fo  little  known,  and  apparently  fo  derogatory 
to  the  fame  of  Columbus,  ought  not  to  be  admitted 
without  f efficient  proof ;  but  the  proofs  which  have 
been  urged  in  fupport  of  its  authenticity  aiv  fuch  as 
cannot  be  controverted.  They  are  not  only  the  letters 
of  Behem  liimfelf,  written  in  i486,  and  preferved  in 
the  archives  of  Nuremberg,  but  hkewife  the  public  re¬ 
cords  of  that  city  ;  in  which  we  read  that  44  Martin 
Behem,  traverfing  the  Atlantic  Ocean  for  feveral  years, 
examined  the  American  iflands,  and  diicovered  the 
flrait  which  bears  the  name  of  Magellan  before  either 
Chriflopher  Columbus  or  Magellan  failed  thofe  feas  ; 
whence  he  mathematically  delineated,  on  a  geographi¬ 
cal  ehart,  for  the  king  of  Lulitania,  the  lituation  of  the 
coalt  around  every  part  of  that  famous  and  renowned 
flrait  long  before  Magellan  thought  of  his  expedition  A 

This  wonderful  difeovery  has  not  efcaped  the  notice 
of  contemporary  writers.  The  following  paflage  is 
tranflated  from  the  Latin  chronicle  of  Hartman  Schedl: 
44  In  the  year  1485,  John  II.  king  of  Portugal,  a  man 
of  a  magnanimous  fpirit,  furnifhed  fomc  galleys  with 
provifions,  and  fent  them  to  the  fouthward,  beyond  the 
Straits  of  Gibraltar.  He  gave  the  command  of  this 
fquadron  to  James  Canus,  a  Portuguefe,  and  Martin 
Behem,  a  German  of  Nurenberg  in  Upper  Germany, 
defeended  of  the  family  of  Bonna  :  a  man  very  well  ac- 
*  quainted  with  the  fituation  of  the  globe ;  blefied  with 
a  conftitution  able  to  bear  the  fatigues  of  the  fea  ;  and 
who,  by  actual  experiments  and  long  failing,  had  made 
himfelf  perfedlly  mailer  with  regard  to  the  longitudes 
and  latitudes  of  Ptolemy  in  the  weft.  Thefe  two,  by 
the  bounty  of  Heaven,  coafting  along  the  Southern 
Ocean,  and  having  crofted  the  equator,  got  into  the 
other  hemifphere,  where,  facing  to  the  caftward,  their 
fhadows  projedled  towards  the  fouth  and  right  hand. 
Thus,  by  their  induftry,  they  have  opened  to  us  ano¬ 
ther  world  hitherto  unknown,  arid  for  many  years  at¬ 
tempted  by  none  but  the  Genoefe,  and  by  them  in  vain. 
Having  finiftied  this  cruize  in  the  fpace  of  26  months, 
they  returned  to  Portugal  with  the  lofs  of  many  of  their 
feamen  by  the  violence  of  the  climate.” 

Befides  this  evidence  of  the  firft  difeovery  of  A  merica 
having  been  made  by  Behem,  we  find  the  following 
particulars  in  the  remarks  made  by  Petrus  Mateus  on 
the  canon  law,  two  years  before  the  expedition  of  Co¬ 
lumbus’:  44  Primes  navigations* ,  See.  The  firft  Chriftian 
voyages  to  the  newly  diicovered  iflands  became  frequent 
under  the  reign  of  Henry,  fon  of  John,  king  of  Luli¬ 
tania.  Alter  his  death  Alphonfus  V.  profecuted  the 
ddign  ;  and  John,  who  fucceecled  him,  followed  the 
plan  of  Alphonfus,  by  the  afiiftancc  of  Martin  Eoliem, 
•a  very  (kilful  navigator;  to  that  in  a  ftiort  time  the  name 
or  L Titan- a  became  famous  over  the  whole  world.” 
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Cellar’ us;  one  of  the  tnoft  learned  mtn  oUiis  age,  fays 
exprcfsly,  44  Bekaimeus  non  mo  do ,  &c.  Boehm  did  not 
think  it  enough  to  furvey  the  ifland  of  Fayal,  which  he 
firft  difeovered,  or  the  other  adjacent  iflands  which  the 
Lufttanians  call  Azores,  and  we,  after  the  example  of 
Boehm’s  companions*  call  Flemijh  iflands,  but  advanced 
Hill  farther  and  farther  fouth,  until  he  arrived  at  the  re  - 
moteil  flrait,  through  which  Ferdinand  Magellan,  fol¬ 
lowing  his  track,  afterwards  failed,  and  called  it  after 
his  own  name.” 

All  thefe  quotations,  which  cannot  be  thought  te¬ 
dious,  fince  they  ferve  to  prove  a  fa 61  almoll  unknown, 
feem  to  demonftrate,  that  the  firft  difeovery  of  America 
is  due  to  the  Portuguefe  and  not  to  the  Spaniards;  and 
that  the  chief  merit  belongs  to  a  German  aftronomet*. 
The  expedition  of  Ferdinand  Magellan,  which  did  not 
take  place  before  the  year  15  19,  arofe  from  the  follow¬ 
ing  fortunate  circumftance  :  This  perfon,  being  in  the 
apartment  of  the  king  of  Portugal  ,  faw  there  a  chart  of 
the  coaft  of  America  drawn  by  Behem,  and  at  once 
conceived  the  bold  project  of  following  the  fteps  of  this 
great  navigator.  Jerome  Benzon,  who  publifhed  a  de- 
feription  of  America  in  1550,  fpeaks  of  this  chart  ;  a 
copy  of  which,  fent  by  Behem  himfelf,  is  prefeived  in 
the  archives  of  Nuremberg.  The  celebrated  aiironomer 
Riccioli,  though  an  Italian,  yet  does  not  feem  willing 
to  give  his  countryman  the  honour  of  this  important 
difeovery.  In  his  Geographia  Refvnnatay  book.  iii.  p.  90. 
he  fays,  44  Chriflopher  Columbus  never  thought  of  an 
expedition  to  the  Weft  Indies  until  his  arrival  in  the 
ifland  of  Madeira,  where,  amufing  himfelf  in  forming 
and  delineating  geographical  charts,  he  obtained  infor¬ 
mation  from  Martin  Buehm,  or,  as  the  Spaniards  fay, 
from  Alphonfus  Sanchez  dc  Huelva,  a  pilot,  who  had 
chanced  to  fall  in  with  the  ifland  afterwards  called  Do - 
minicaP  And  in  another  place  ;  44  Let  Bcehm  and 
Columbus  have  each  their  praife  ;  they  were  both  ex¬ 
cellent  navigators  ;  but  Columbus  would  never  have 
thought  of  his  expedition  to  America,  had  not  Boehm 
gone  there  before  him.  His  name  is  not  fo  much  cele¬ 
brated  as  that  of  Columbus,  Americus,  or  Magellan, 
although  he  is  fuperior  to  them  all.” 

That  Behem  rendered  fome  very  important  fervices 
to  the  crown  of  Portugal,  is  put  beyond  all  controverfy 
by  the  recompence  bellowed  011  him  by  King  John  ;  of 
which  the  following  account  has  been  given  to  the  pub¬ 
lic  from  the  archives  of  Nuremberg.  44  In  the  year  1485, 
on  the  1  8th  of  Feb.  in  Portugal,  in  the  city  of  Allafa- 
vas,  and  in  the  church  of  St  Salvador,  after  the  mafs, 
Martin  Behem  of  Nuremberg  was  made  a  knight,  by 
the  hands  of  the  moil  pinflant  Lord  John  II.  king  of 
Portugal,  Algarve,  Africa,  and  Guinea  ;  and  his  chief 
fquire  was  the  king  himfelf,  who  put  the  fword  in  his 
belt;  and  the  Duke  of  Begia  was  his  fecond  fquire, 
who  put  on  his  right  fpur  ;  and  his  third  fquire  was 
Count  Chriflopher  de  Mela,  the  king’s  coufin,  who  put 
on  his  left  fptir;  and  his  fourth  fquire  was  Count  Mar¬ 
tini  Marbarinis,  who  put  on  his  iron  helmet  ;  and  the 
king  himfelf  gave  him  the  blow  on  the  fhoulder,  which 
was  done  in  tire  prtfence  of  all  the  princes,  lords,  and 
knights  of  the. kingdom  :  and  he  efpohfed  the  daughter 
of  a  great  lord,  in  confideration  of  the  important  fer- 
vicefc  he  had  performed  ;  and  he  was  made  governor  of 
the  ifland  of  Fayal.” 

T  hefe  marks  of  diftindion,  conferred  on  a  ftranger, 

could 
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■  j  Behem.  could  not  be  meant  as  a  recompenle  for  the  difcovery  of 
the  Azores,  which  was  made  twenty  years  before,  but 
as  a  reward  for  the  difcovery  of  Congo,  from  whence 
the  Chevalier  Behem  had  brought  gold  and  different 
kinds  of  precious  wares.  This  difcovery  made  much 
greater  impreflion  than  that  of  a  wedern  world  made 
at  the  fame  time,  but  which  neither  increafed  the  wealth 
of  the  royal  treafury,  nor  fatisfied  the  avarice  of  the 
merchants. 

In  1492  the  Chevalier  Behem,  crowned  with  honours 
and  riches,  undertook  a  journey  to  Nuremberg,  to  vifit 
his  native  country  and  his  family.  He  there  made  a 
terreftrial  globe,  which  is  looked  on  as  a  mafterpiece  for 
that  time,  and  which  is  dill  preferved  in  the  library  of 
that  city.  The  outline  of  his  difeoveries  may  there  be 
feen,  under  the  name  pf  wedern  lands  ;  and  from  their 
fitnation  it  cannot  be  doubted  that  they  are  the  prefent 
coads  of  Brazil,  and  the  environs  of  the  Straits  of  Ma¬ 
gellan.  This  globe  was  made  in  the  fame  year  that  Co¬ 
lumbus  fet  out  on  his  expedition  ;  therefore  it  is  im- 
poffible  that  Behem  could  have  profited  by  the  works 
of  that  navigator,  who  befides  went  a  much  more  north¬ 
erly  courfe. 

After  having  performed  feveral  other  intereding  voy¬ 
ages,  the  Chevalier  Behem  died  at  Lilbon  in  July  1506, 
regretted  by  every  one,  but  leaving  behind  him  no  other 
work  than  the  globe  and  chart  which  we  have  jud  been 
fpeaking  of.  The  globe  is  made  from  the  writings  of 
Ptolemy,  Pliny,  Strabo,  and  efpecially  from  the  account 
of  Mark  Paul,  the  Venetian,  a  celebrated  traveller  of 
the  13th  century;  and  of  John  Mandeville,  an  Englifh- 
man,  who,  about  the  middle  of  the  14th  century,  ptib- 
lifhed  an  account  of  a  journey  of  33  years  in  Africa  and 
Alia.  He  has  alfo  added  the  important  difeoveries 
made  by  himfelf  on  the  coads  of  Africa  and  America. 

From  thefe  circumdantial  accounts,  but  very  lately 
brought  to  light,  there  can  be  little  doubt,  we  think, 
but  that  America  was  difeovered  by  Martin  Behem. 
Hr  Robertfon  is  indeed  of  a  different  opinion  :  but 
great  as  we  willingly  acknowledge  his  authority  to  be, 
we  may  differ  from  him  without  preemption,  fince  he 
had  it  not  in  his  power  to  confult  the  German  docu¬ 
ments  to  which  we  have  appealed,  and  has  himfelf  ad¬ 
vanced  fa£ts  not  eafily  to  be  reconciled  to.  his  own  opi¬ 
nion.  He  allows  that  Behem  was  very  intimate  with 
Chridopher  Columbus ;  that  he  was  the  greateft  geo¬ 
grapher  of  his  time,  and  fcholar  of  the  celebrated  John 
Miiller,  or  Regiomontanus  ;  that  he  had  difeovered,  in 
1483,  the  kingdom  of  Congo,  upon  the  coad  of  Afri¬ 
ca;  that  he  made  a  globe  which  Magellan  made  ufe  of ; 
that  he  drew  a  map  at  Nuremberg,  containing  the  par¬ 
ticulars  of  his  difeoveries  ;  and  that  he  placed  in  this 
chart  land  which  13  found  to  be  in  the  latitude  of 
Guiana.  He  adds  indeed,  without  proof,  that  this  land 
was  a  fabulous  ifland  ;  but  if  authentic  records  are  to 
give  place  to  bare  affertion,  there  is  an  end  of  all  hiflo- 
rical  evidence.  If  Behem  took  for  an  ifland  the  firll 
land  which  he  difeovered,  it  was  a  miflakc  furely  notfo 
grofs  as  to  farnifh  grounds  for  queflioning  his  veracity, 
or  for  withholding  from  him  for  ever  that  juftice  which 
has  been  fo  long  delayed. 

But  this  very  delay  will  by  fome  be  thought  a  power- 
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ful  objedlion  to  the  truth  of  Behem’s  claim  to  the  dif-  Behnn. 
covery  of  America;  for  if  it  was  really  difeovtred  by 
him,  why  did  not  he  leave  behind  him  (ome  writing  to 
confirm  the  difcovery  to  himfelf  >  and  why  did  not*  the 
court  of  Portugal,  fo  jealous  of  the  difcoveiy  of  the 
new  world,  proted  agaiiid  the  exelutive  claim  of  the 
Spaniards  ? 

To  thefe  objections  we  may  reply,  that,  however 
plaufible  they  may  at  fird  appear,  they  do  not  in  the 
fmalled  degree  invalidate  the  pofitive  "evidence  which 
we  have  urged  for  the  Chevalier  Behem’s  being  the  real 
difeoverer  of  the  new  world;  for  it  would  furely  be 
very  abfurd  to  oppofe  the  difficulty  of  ajfigmng  motives  for 
certain  actions  performed  at  a  remoteepe"riod,  to  the  rea¬ 
lity  of  other  aClions  for  which  we  have  the  teftimony  of 
a  cloud  of  contemporary  witneffes.  Supppofing  it  were 
tiue,  therefore,  that  Behem  had  left  behind  him  no  wri¬ 
ting  claiming  to  himfelf  the  difcovery  of  any  part  of 
the  continent  of  America,  the  only  inference  which 
could  be  drawn  from  his  filer.ee  would  be,  either  that  he 
was  a  man  of  great  modefty,  or  that  his  mind  was  in¬ 
tern  only  on  the  aequifition  of  knowledge  to  himfelf, 
without  feeling  the  ufual  impulfe  to  communicate  that 
knowledge  to  others.  But  it  is  not  true  that  he  has 
left  behind  him  no  claim  of  this  difcovery  to  himfelf. 

The  letters  to  which  we  have  appealed,  and  which  are 
preferved  in  the  archives  of  Nuremberg,  together  with 
the  globe  and  map,  vykich  he  certainly  made,  fuinifh  as 
complete  a  confirmation  of  his  claim  as  could  have  been 
furniihed  by  the  moll  elegant  account  of  his  voyages. 

For  the  filence  of  the  Portuguefe,  many  reafons 
might  be  afiigned.  The  difeoveries  of  Columbus  were 
made  fo  much  farther  north  than  thofe  of  Behem,  that, 
in  an  age  when  geographical  knowledge  was  fo  very  li¬ 
mited,  both  Spaniards  and  Portuguefe  might  very  na¬ 
turally  believe  that  the  country  difeovered  by  the  for¬ 
mer  of  thefe  navigators  had  no  connexion  with  that 
difeovered  by  the  latter.  At  any  rate,  the  Portuguefe, 
whofe  difeoveries  proceeded  from  avarice,  were  fatisfied 
with  fc raping  together  gold  wherever  they  could  find 
it ;  and  finding  it  in  Africa,  they  thought  not  of  fearch- 
ing  for  it  in  a  more  diftant  region,  till  the  fuecefs  of  the 
Spaniards  fhewed  them  their  miftake. 

One  thing  more  is  worthy  of  attention.  The  long 
flay  of  Columbus  at  Madeira  makes  his  interview  with 
Behem  more  than  probable.  It  is  impcflible  that  lie 
fhould  have  negledled  feeing  a  man  fo  intereding,  and 
who  could  give  him  every  kind  of  information  for  the 
execution  of  the  plan  which  lie  had  formed.  The  ma¬ 
riners  who  accompanied  the  Chevalier  Behem  might 
alfo  have  fpread  reports  at  Madeira  and  the  Azores 
concerning  the  difcovery  of  which  they  had  been  wit- 
neffes.  What  ought  to  confirm  us  in  this  is,  that  Ma¬ 
riana  fays  himfelf  (book  xxvi.  chap,  iii.),  that  a  certain 
vcflel  going  to  Africa,  was  thrown  by  a  gale  of  wind 
upon  certain  unknown  lands  ;  and  that  the  failors  at 
their  return  to  Madeira  had  communicated  to  Chrido¬ 
pher  Columbus  the  circumdances  of  their  voyage.  All 
authors  agree  that  this  learned  man  had  fome  informa¬ 
tion  refpe£ting  the  wedern  fhores ;  but  they  fpeak  in 
a  very  vague  manner.  The  expedition  ol  the  Chevalier 
Behem  explains  the  myflery  (b). 
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(b)  For  the  greater  part  of  this  memoir  we  are  indebted  to  M.  Otto’s  paper  on  the  difcovery  of  America, 
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BEREANS,  in  ancient  church  hiftory,  the  inhabi-  therefore  he  entertains 
tants  of  Berea.  They  are  highly  commenced  in  Scrip¬ 
ture  for  their  ready  reception  of  the  gofpel,  upon  a  fair 
and  impartial  examination  of  its  agreement  with  the  Old 
Teftament  prophecies.  Sopater,  a  Berean,  attended  the 
spoftlc  Paul  to  Afia.  A£ts  xvii.  io — 13*  and  xx*  4* 

Bereans,  in  modern  church  liiftory,  a  fe£l  of  Pro- 
tcftant  diffenters  fiom  the  church  of  Scotland,  who 
take  their  title  from,  and  profefs  to  follow,  the  example 
of  the  ancient  Bereans,  in  building  their  fyilem  of  faith 
and  practice  upon  the  Scriptures  alone,  without  regard 
to  any  human  authority  whatever. 

The  Bereans  agree  with  the  great  majority  of  Chri¬ 
ftians,  both  Proteftants  and  Catholics,  refpe&ing  the 
docfrine  of  the  Trinity,  which  they  hold  as  a  fundamen* 
tal  article  of  the  Chrillian  faith ;  and  they  alfo  agree  in 
a  great  meafure  with  the  profejfed  principles  of  both  our 
ellablifhed  churches  refpefting  predeftination  and  elec¬ 
tion,  though  they  allege  that  thefe  do&rines  are  not  con¬ 
fidently  taught  in  either  church.  But  they  differ  from 
the  majority  of  all  fe&s  of  Chriftians  in  various  other 
important  particulars.  Such  as, 

1 .  Refpe&ing  our  knowledge  of  the  Deity.  Upon 
this  fufcjeft,  they  fay,  that  the  majority  of  profefled 
Chriftians  durable  at  the  very  threlhold  of  revelation  ; 
and,  by  admitting  the  do&rine  of  natural  religion,  na¬ 
tural  confcience,  natural  notices,  &c.  not  founded  upon 
revelation,  or  derived  from  it  by  tradition,  they  give  up 
the  caufe  of  Chridianity  at  once  to  the  infidels  ;  who 
may  judly  argue,  as  Mr  Paine  in  fa&  does  in  his  Age 
of  Reafon,  that  there  is  n©  occafion  for  any  revelation 
or  word  of  God,  if  man  can  difeover  his  nature  and  per¬ 
fections  from  his  works  alone.  But  this,  the  Bereans 
argue,  is  beyond  the  natural  powers  of  human  reafon  ; 
and  therefore  our  knowledge  of  God  is  from  revelation 
alone ;  and  that  without  revelation  man  would  never  have 
entertained  an  idea  of  his  exidence. 

2.  With  regard  to  faith  in  Chrid,  and  affurance  of 
falvation  through  his  merits,  they  differ  from  alraod  all 
other  fe&s  whatfoever.  Thefe  they  reckon  inf epar  able  y 
or  rather  the  fame  ;  becaufe,  they  argue,  God  hath  ex- 
prefsly  declared,  u  He  that  believeth  fhall  be  faved 
and  therefore  it  is  not  only  abfurd,  but  impious,  and  in 
a  manner  calling  God  a  liar,  for  a  man  to  fay,  “  I  be¬ 
lieve  the  Gofpel,  but  have  doubts  neverthelefs  of  my  own 
falvation.”  With  regard  to  the  vaiious  diflindlions  and 
definitions  that  have  been  given  of  diffeient  kinds  of 
faith,  they  argue,  that  “  there  is  nothing  incomprehen- 
fible  or  obfeurt  in  the  meaning  of  this  word  as  ufed  in 
Scripture ;  but  that  as  faith,  when  applied  to  human 
tedimony,  fignifies  neither  more  nor  lefs  than  the  mere 
finiple  belief  of  that  tedimony  as  true,  upon  the  autho¬ 
rity  of  the  teftifier  ;  fo,  when  applied  to  the  tedimony 
of  God,  it  fignifies  precilely  the  belief  of  his  teflimony, 
and  reding  upon  his  veracity  alone,  without  any  kind 
of  collateral  fupport  from  concuirer.cc  of  any  other  evi¬ 
dence  or  tedimony  whatever.”  And  they  infid,  that 
as  this  faith  is  the  gift  of  God  alone,  fo  the  perfon  to 
wli  >m  it  is  given  is  as  confcious  of  pofiefiing  it,  as  the 
being  to  whom  God  gives  life  is  ot  being  alive  ;  and 
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no  doubts  either  of  his  faith  or  Bereans. 


his  confequent  falvation  through  the  merits  o*  Chrid,  w 
who  died  and  rofe  again  for  that  purpoie.  In  a  word, 
they  argue,  that  the  Gofpel  would  not  be  what  it  is 
held  forth  to  be,  “  glad  tidings  of  great  joy,”  if  it  did 
not  bring  full  perfonal  adurance  of  eternal  falvation  to 
the  believer :  which  adurance,  they  infill,  “  is  the  pre- 
fent  infallible  privilege  and  portion  of  every  individual 
believer  of  the  Gofpel.”  Thefe  definitions  of  faith,  and 
its  infeparable  concomitant  afiurance,  they  prove  by  a 
variety  of  texts,  which  our  room  permits  us  not  to 
quote. 

3.  Confidently  with  the  above  definition  of  faith, 
they  fay,  that  the  fin  a^ainft  the  Holy  Ghod,  which 
has  alarmed  and  puzzled  fo  many  in  all  ages,  is  nothing' 
elfe  but  unbelief;  and  that  the  exprefiion,  that  “  it  fhall 
not  be  forgiven,  neither  in  this  world  nor  that  which  13 
to  come,”  means  only,  that  a  perfon  dying  in  infidelity 
would  not  be  forgiven,  neither  under  the  formei  difpen- 
fation  by  Mofes  (the  then  prefent  difpenfation,  kingdom, 
or  government  of  God),  nor  under  the  Gofpel  difpen- 
fation,  which,  in  relpect  of  the  Mofaic,  was  a  kind  of 
future  world  or  kingdom  to  come. 

4.  The  Bereans  interpret  a  great  part  of  the  Old 
Teftament  prophecies,  and  in  particular  the  whole  of 
the  Pfalms,  excepting  fuch  as  are  merely  hidorical  or 
lauditory,  to  be  typical  or  prophetical  of  Jefns  Chrid, 
bis  fufFerings,  atonement,  mediation,  and  kingdom : 
and  they  eileem  it  a  grofs  perverfion  of  thefe  Halms 
and  prophecies  to  apply  them  to  the  experiences  of  pri¬ 
vate  Chriftians.  In  proof  of  this,  they  not  only  urge 
the  words  of  the  apoftle,  that  “  no  prophecy  is  of  any 
private  interpretation,”  but  they  infift  that  the  whole  of 
the  quotations  from  the  ancient  prophecies  in  the  New 
Teftament,  and  particularly  thole  from  the  Pfalms,  are 
exprelsly  applied  to  Chrift.  I11  this  opinion  many  other 
clalfes  of  Proteftants  agree  with  them. 

5.  Of  the  abiolute  all-fuperintending  fovereignty  of 
the  Almighty,  the  Bereans  entertain  the  higheft  ideas, 
as  well  as  of  the  uninterrupted  exertion  thereof  over 
all  works  in  heaven,  earth,  and  hell,  however  unfearch- 
able  by  his  creatures.  U*A  God  without  ele&ion  (they 
argue),  or  choice  in  all  his  ’works,  is  a  god  without  ex- 
iftence — a  meie  idol — a  non-entity.  And  to  deny  God’s 
eledlion,  purpofe,  and  exprefs  will  in  all  his  woiks,  is 
to  make  him  inferior  to  ourlelves  ”  For  faitlier  parti¬ 
culars  refpe&ing  the  Berean  do&rines,  we  mull  refer 
the  reader  to  the  works  of  MefTrs  Barclay,  Nicol, 
Brookfbank,  &c 

The  Beieans  firfl  aftembled  as  a  feparate  fociety  of 
Chriftians  in  the  city  of  Edinburgh  in  autumn  1773, 
and  foon  after  in  the  parifh  of  Fettercairn  The  oppo¬ 
nents  of  the  Berean  do&nnes  alledge,  that  this  new 
fyilem  of  faith  would  never  have  been  heard  of,  had  not 
Mr  Barclay,  the  founder  of  it,  been  diiappomted  of  a 
fettlement  in  the  church  of  Scotland.  A  refpe&able 
clergyman  o!  the  eftablifhed  church  has  even  hinted 
fomething  to  this  purpoie  in  Sir  John  Sinclair’s  Statilli- 
cal  Account,  Vol  IX.  p.  <599.  But  the  Bereans,  in 
anfwer  to  this  charge,  appeal  not  only  to  Mr  Barclay’s 

do&rine, 


Origis. 


publilhed  fiifi  in  the  fecond  volume  of  the  American  Tranfa&ions,  and  afterwards  by  Nicholfon  in  N°  II.  and 
XII.  of  his  Journal. 
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lereans.  do&rine,  uniformly  preached  in  the  church  of  Fetter- 

— '  cairn,  and  many  other  places  in  that  neighbourhood, 
for  fourteen  years  before  that  benefice  became  vacant ; 
but  likewife  to  two  different  treatifes,  containing  the 
fame  doctrines,  publifhed  by  him  about  ten  or  twelve 
years  before  that  period.  They  admit,  indeed,  that, 
previous  to  May  1773,  when  the  general  affembly,  by 
fuftaining  the  king’s  prefentation  in  favour  of  Mr  Foote, 
excluded  Mr  Barclay  from  fueceeding  to  the  church  of 
Fettercairn  (notwithftanding  the  alnoft  Unanimous  de¬ 
fire  of  the  parifhioners),  the  Bereans  had  not  left  the 
efiablifhed  church,  or  attempted  to  ere6l  thernfelves  in¬ 
to  a  diitind  fociety  ;  but  they  add,  that  this  was  by 
no  means  ileceffary  on  their  part,  until  by  the  affembly’s 
dec  ill  on  they  were  in  danger  of  being  not  only  deprived 
of  his  inftrudions.  but  of  being  fcattered  as  fheep*  with¬ 
out  a  fliepheid.  And  they  add,  that  it  was  Mr  Bar¬ 
clay’s  open  and  public  avowal,  both  from  the  pulpit 
and  the  prefs,  o  thole  peculiar  fentiments  which  now 
dillinguilh  the  Bereans,  that  was  the  frit  and  principal, 
h  not  the  only,  caufe  of  the  oppofition  fet  on  foot 
againft  his  fettlement  in  Fettercairn. 

ra<5ticc.  .  thus  given  a  concife  view  of  the  origin  and 

diftinguifhing  do&rinesof  Bereanifm,  it  only  remains  to 
mention  a  few  particulars  relative  to  the  practice  of  the 
Bereans  as  a  Chriftian  fociety.  Infant  baptiftn  they 
c.onfider  as  a  divine  ordinance  inftituted  in  the  room  of 
circumcifion  ;  and  they  think  it  abfurd  to  fuppofe  that 
infants,  who  all  agree  are  admiffible  to  the  kingdom  of 
God  in  heaven,  fhould  neverthelefs  be  incapable  of  be¬ 
ing  admitted  into  His  vifible  church  on  earth.  They 
commemorate  the  Lord’s  fupper  in  general  once  a- 
month  ;  but  as  the  words  of  tlye  inllitution  fix  no  par¬ 
ticular  period,  they  fometimes  celebrate  it  oftener,  and 
fometimes  at  more  diftant  per  ods,  as  may  fuit  their  ge¬ 
neral  convenience.  In  obferving  this  ordinance,  they 
follow  the  primitive  apoltolic  plan,  without  any  previous 
days  of  falling  or  preparation  ;  as  they  apprehend  that 
fuch  human  inftitutions  only  tend  to  make  an  idol  of 
the  ordinance,  and  to  lead  people  to  entertain  erroneous 
ideas  of  its  fuperior  folemnity  and  importance.  Equal 
and  univerfal  holinefs  in  all  manner  of  converfation,  they 
recommend  at  all  times,  as  well  as  at  the  table  of  the 
Lord.  They  meet  every  Lord’s  day  for  the  purpofe 
of  preaching,  praying,  and  exhortation  to  love  and  good 
works.  With  regard  to  the  admiffion  and  exclufion  of 
members,  their  method  is  very  fimple.  When  any  perfon, 
alter  hearing  the  Berean  doctrines,  profeffes  his  belief  and 
alFurance  of  the  truths  of  the  Golpel.  and  defires  to  be 
admitted  into  their  communion,  he  is  cheerfully  recei¬ 
ved  upon  his  profeflion,  whatever  may  have  been  his 
former  manner  of  life.  But  if  fuch  an  one  fhould  after¬ 
wards  draw  back  from  his  good  profeflion  or  practice, 
they  lirfl  admonifn  him ;  and  if  that  has  no  effedt,  they 
leave  him  to  himfelf.  They  do*  not  think  that  they 
have  any  power  to  deliver  up  a  backfliding  brother  to 
Satan.  That  text  and  other  fimilar  paffages,  fuch  as, 

“  Whatfoever  ye  fhall  bind  on  earth  fiiall  be  bound  in 
heaven,”  &c.  they  confider  as  reftrifted  to  the  apollles 
and  to  the  infpired  teftimony  alone,  and  not  to  be  ex¬ 
tended  to  any  church  on  earth,  or  any  number  of 
churches  or  of  Chriftians,  whether  deciding  by  a  majo¬ 
rity  of  votes  or  by  unanimous  voices.  Neither  do  they 
think  thernfelves  authorifed,  as  a  Chriftian  church,  to 
enquire  into  each  others  political  opinions,  any  more 
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than  to  examine  into  each  others  notions  of  philofophy.  Bereans, 
I  hey  both  recommend  and  pra&ife,  as  Chriftian  duties,  yerken- 
fubmiflion  to  lawful  authority  ;  but  they  do  not  think  h°uc' 
that  a  man,  by  becomimr  a  Chriftian,  or  joining  their  1  ' 

fociety,  is  under  any  obligation,  by  the  rules  of  the 
Gofpel,  to  renounce  his  rights  of  private  judgment  up¬ 
on  matters  of  public  or  private  importance.  Upon  all 
fuch  fubjefts  they  allow  each  other  to  think  and  ?.&  as 
each  may  fee  it  his  duty.  And  they  require  nothing 
more  of  their  members  than  a  uniform  and  tteady  pro- 
feffion  of  the  apoltolic  faith,  and  a  fuit  able  walk  and  con- 
verlation  W  itli  regard  to  feet  walhing  and  the  like 
praftices,  whieh  fome  other  fotts  of  Chriftians  conftder 
as  duties,  the  Bereans  are  of  opinion  that  they  art  by 
no  means  obligatory.  They  argue,  that  the  example 
given  by  our  Saviour  of  waffling  the  feet  of  his  difoiples 
was  not  an  inftitutiou  of  an  ordinance,  but  metely  a  fa¬ 
miliar  inftance,  taken  from  the  cuftom  of  the  country, 
and  adopted  by  our  Lord  on  that  oceafton,  to  teach  his 
followers  that  they  ought  at  all  times  to  be  ready  to 
perform  even  the  meaneft  oflices  of  kindnefs  to  each 
other. 

It  may  not  be  improper  to  add  to  the  above  delinea-  Prefent 
tion  of  the  principles  and  pr a 61  ice  of  the  Bereans,  thatkate* 
their  do&rine  has  found  converts  in  various  places  of 
Scotland,  England,  and  America  •  and  that  they  have 
congregations  in  Edinburgh,  Glafgow,  Paifley,  Stirling, 

Crieff,  Dundee,  Arbroath,  Montrofe,  Fettercairn,  A- 
berdeen,  and  other  towns  in  Scotland  ;  as  well  as  in 
London  and  various  places  in  England  ;  not  to  add 
Pennfyl  vania,  the  Caroiinas,  and  other  States  in  Ame¬ 
rica. 

The  ?bove  account  of  the  do&rines,  origin,  pra&ice, 
and  prefent  Hate  of  this  fociety,  has  been  given  to  us 
by  the  founder  himfelf. 

BERKENHOUT  (Dr  John),  was  about  the  year 
1730  born  at  Leeds  in  Yorklhire,  and  educated  at  the 
grammar  fchool  in  that  town.  His  father,  who  was  a 
merchant,  and  a  native  of  Holland,  intended  him  for 
trade  ;  and  with  that  view  fent  him  at  an  early  age  to 
Germany,  in  order  to  learn  foreign  languages.  After 
continuing  a  few  years  in  that  country,  he  made  the 
tour  of  Europe  in  company  with  one  or  more  Englifii 
noblemen.  On  their  return  to  Germany  they  vifited 
Berlin,  where  Mr  Berkenhout  met  with  a  near  relation 
of  his  father’s,  the  Baron  de  Bielfeldt,  a  nobleman  then 
in  high  eftimation  with  Frederick  theGreat  king  of  Pruf- 
fia ;  diftinguifhed  as  one  the  rounders  of  the  Royal  A- 
cademy  of  Sciences  at  Berlin,  and  univerfally  known  as  a 
politician  and  a  man  of  letters.  With  this  relation  our 
young  traveller  fixed  his  abode  for  fome  time ;  and,  re- 
gardlefs  of  his  original  deftination,  became  a  cadet  in  a 
Pruffian  regiment  of  foot.  He  loon  obtained  an  en- 
fign’s  commiffion,  and  in  the  fpace  of  a  few  years  was 
advanced  to  the  rank  of  captain.  Pie  quitted  the  Pruf¬ 
fian  ferviec  011  the  declaration  of  war  between  England 
and  France  in  1756,  and  was  honoured  with  the  com¬ 
mand  of  a  company  in  the  fervice  o*  his  native  country. 

When  peace  was  concluded  in  1760,  not  choofing,  we 
fuppofe,  to  lead  a  life  of  ina&ivity  on  half  pay,  he  went 
down  to  Edinburgh,  and  commenced  iludent  of  phyfic. 

During  his  refidence  at  that  univerfity,  he  publifhed  his 
Clavis  Anglic  a  Lingua  Botanic# ;  a  book  of  great  uti¬ 
lity  to  all  iludents  ofr  botany. 

Having  continued  fome  years  at  Edinburgh,  Mr  Ber~ 
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kenhout  went  to  the  univerfity  of  Leyden,  where  he 
was  admitted  to  the  degree  o:  M.  D.  m  the  year  1765. 
On  this  occafion  he  published  a  thefts,  .intitled,  Differ- 
tjic  medics  inaugur  alts  de  Podagra ,  whieh  he  dedicated 
to  his  relation  Baron  de  Bielfeldt.  Returning  to  Eng¬ 
land,  Dr  Berkcnhout  fettled  at  Ifleworth  in  Middlefex, 
and  foon  after  publifhed  his  Pharmacopoeia  Medici,  the 
third  edition  ol  whieh  was  printed  in  1782.  ^  In  177^ 
he  was  feut  by  government  with  the  commiflioners  to 
Ameriea.  Neither  the  commiflioners  nor  their  fecre- 
tary  were  fuffered  by  the  congrtfs  to  proceed  further 
than  New  York.  Dr  Berkcnhout,  however,  found 
means  to  penetrate  as  far  as  Philadelphia,  where  the 
cotig  refs  was  then  affembled.  .  He  appears  to  have  re¬ 
mained  in  that  city  for  fome  time  without  moleftation  . 
but  at  lalt  they  began  to  fufpedt  that  he  was  fent  by 
Lord  North  for  the  purpofe  of  tampering  with  fome  of 
their  leading  members.  The  Do&or  was  immediately 
fieized  and  committed  to  prifon. 

How  long  he  remained  a  ftate  prifoner,  or  by  what 
means  he  obtained  his  liberty,  we  are  not  informed  ; 
but  we  find  from  the  public  prints,  that  he  rejoined  the 
commiftioneis  at  New  York,  and  returned  with  them  to 
England.  For  this  temporary  faerifice  of  the  emolu¬ 
ments  of  his  profeffion,  and  in  confidcration  of  his  ha¬ 
ving,  in  the  ferviee  of  his  fovereign,  committed  himfelf 
to  the  mercy  of  a  congrefs  of  enraged  republicans,  lie 
obtained  a  penfion. 

Many  years  previous  to-  this  event,  Dr  Berkenhout 
had  publifhed  his  Outlines  of  the  Natural Htjlory  of  Great 
Britain  and  Ireland ,  in  three  volumes  1 2mo  a  work 
which  eltablilhed  his  reputation  as  a  naturalift.  In  the 
year  1773  he  wrote  a  pamphlet,  intitled,  An  EJfay  on 
the  Bite  of  a  Mad  Dog,  in  which  the  Claim  to  Infallibi¬ 
lity  of  the  Principal  Prefervative  Remedies  againjl  the 
Hydrophobia  is  examined.  This  pamphlet  is  iuferibed 
to  Sir  George  Baker,  and  deferves  to  be  univcrfally 
read. 

In  the  year  following  Dr  Berkenhout  publifhed 
his  Symptomatology ;  a.  book  which  is  too  univerfally 
known  to  require  any  recommendation. 

At  the  beginning  of  the  year  1788  he  publifhed  a 
work,  intitled,  Eirjl  Dines  of  the  'Theory  and  Practice  of 
Philofophical  Chemijlry ,  which  he  dedicated  to  Mr  Eden, 
now  Lord  Auckland,  who  had  been  one  of  the  com- 
mifiioners  w  hom  he  accompanied  to  America. 

Thefe,  we  believe,  are  the  Doctor’s  principal  publi¬ 
cations  in  the  line  of  his  profeflion  ;  but  he  wrote  on 
many  other  fubjedls  with  equal  ability.  His  tranfiatioa. 
of  Count  T elfin’s  Letters ,  which  wras  his  firft:  publication, 
and  dedicated  to  the  prefent  king  when  prince  of  Wales, 
evinces  his  knowledge  of  the  Swcdifh  language,  and 
(hews  him  to  have  been  a  good  poet.  His  EJfay  on 
Ways  and  Means ,  proves  him  to  have  been  better  ac¬ 
quainted  with  the  fyftern  of  taxation  than  moil  other 
men  who  have  written  on  the  fubjedl.  His  biographi¬ 
cal  powers  appear  in  his  Biographia  Literaria  ;  and  in 
all  his  works  are  fufficient  proofs  of  his  clafilcal  learn¬ 
ing,  and  that  the  Italian,  French,  German,  and  Dutch 
languages,  were  familiar  to  him.  He  poffeffed  like  wife 
a  very  conftdcrable  degree  of  mathematical!  cience,  which 
he  acquired  in  the  courfe  of  Ids  military  ftudies;  and  to 
thofe  more  folid  attainments  he  is  faid  to  have  added  no 
imaU  fkill  in  the  fine  arts  of  painting  and  mufic.  This 
eminent  man,  who,  for  the  variety  and  promptitude  of 
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his  knowledge,  has  been  compared  to  the  Admirable  Bernoulli 
Crichton,  died  011  the  3d  of  April  1791. 

BERNOULLI  (John),  a  celebrated  mathematician, 
was  born  at  Baftl  the  7th  of  Avtguft  1667.  His  fa'* 
ther  intended  him  for  trade  ;  but  his  own  inclination 
was  at  firft:  for  the  belles  lettres,  whieh,  however,  like 
his  brother  James,  whole  life  is  given  in  the  Encyclo¬ 
paedia,  he  left  for  mathematics.  He  laboured  with 
his  brother  to  difeover  the  method  ufed  by  Leibnitz,  in 
his  tffays  on  the  differential  calculus,  and  gave  the  fiilt 
principles  of  the  integral  calculus.  Our  author,  with 
Meffrs  Huygens  and  Leibnitz,  is  faid  to  have  been  the 
firft  who  gave  the  foliation  of  the  problem  piopofed  by 
James  Bernoulli,  concerning  the  catenary,  or  curve  form¬ 
ed  by  a  chain  fulpended  by  its  two  extremities.  But 
for  more  on  this  fubjecl,  fee  Arch  in  this  Supplement. 

John  Bernoulli  had  the  degree  of  doctor  of  phyfic  at 
Balil,  and  two  years  afterward  was  named  profeffor  of 
mathematics  in  the  univerfity  of  Groningen.  It  wa3 
here  that  he  difeovered  the  mercurial  phofphorus,  or  lu¬ 
minous  barometer  ;  and  where  he  rei'olved  the  problem 
propofed  by  his  brother  concerning  ifoperimetricals. 

On  the  death  of  his  brother  Janies,  the  profeffor 'at  Ba- 
fil,  our  author  returned  to  his  native  country,  again!! 
the  preffmg  invitations  of  the  magiitrates  of  Utrecht  to 
come  to  chat  city,  and  of  the  univerfity  of  Groningen, 
who  wifhed  to  retain  him.  The  Academic  Senate  of 
Eafil  foon  appointed  him  to  fucceed  his  brother,  with¬ 
out  affembling  competitors,  and  contrary  to  the  efla- 
blifhed  pra&ice }  an  appointment  which  lie  held  during 
his  whole  life.. 

In  1714  was  publifhed  his  treat ife  on  the  manage¬ 
ment  of  (hips;  and  in  1730  his  memoir  on  the  elliptical 
figure  of  the  planets  gained  the  prize  of  the  Academy 
of  Sciences.  The  fame  Academy  alfo  divided  the  prize 
for  their  quefticn  concerning  the  inclination  of  the  pla¬ 
netary  orbits,  between  our-  author  and  his  fon  Daniel. 

See  Bernoulli  (Daniel),  Eticycl* 

John  Bernoulli  was  a  member  of  mod  of  the  acade¬ 
mies  of  Europe,  and  received  as  a  foreign  affociate  of 
that-  of  Paris  in  1699.  After  a  long  life  fpent  in  con- 
itant  ffudy  and  improvement  of  all  the  branches  of  the 
mathematics,  he  died  full  of  honours,  the  iff  of  January 
1  748,  in  the  81ft  year  of  his  age.  Of  five  Tons  which 
lie  had,  three  pnrfued  the  fame  fciences  with  himfelf. 

One  of  thefe  died  before  him  ;  the  two  others,  Nicolas 
and  Daniel,  he  lived  to  fee  become  eminent,  and  much 
refpe&ed  in  the  fame  fciences. 

The  writings  of  this  great  man  were  difperfed  through 
the  periodical  memoirs  of  feveral  academies,  as  well  as 
in  many  feparate  treaties.  And  the  whole  of  them 
were  carefully  collected  and  publifhed  at  Laufanne  and 
Geneva,  1742,  in  4  vols  qto.  He  was  of  undoubted 
eminence  ;  but  even  in  fcience  be  was  a  baity  man,  and 
certainly  envious  of  the  fame  of  Newton. 

BETELGEUSE,  a.  fixed  ft ar  of  the  firft:  magni¬ 
tude,  in  the  right  (boulder  of  Orion. 

BEZOUT  (Stephen),  a  celebrated  French  mathe¬ 
matician,  member  ot  the  Academies  of  Sciences  and  the- 
Marine,  and  examiner  of  the  guards  of  the  marine  and 
of  the  el  eves-  of  artillery,  was  born  at  Nemours  the 
31ft  of  March  1730.  In  the  courfe  of  his  fludies  he 
met  with  fome  books  of  geometry,  which  gave  him  a 
talle  for  that  fcience  ;  and  the  Eioges  of  Eontenelle, 

(hewed  iiim  the  honours  attendant  on  talents  and  the 

love 
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Be?our,  love  of  the  fciences.  His  hither  in  vain  oppofcd  the 
Jirv  mia!.  ftrong  attachment  of  young  Bezout  to  the  mathemati- 
cal  iciences.  April  8.  17 58,  he  was  named  adjoint- 
mechanician  in  the  French  Academy  of  Sciences  ;  ha¬ 
ving  before  that  font  them  two  ingenious  memoirs  on 
the  integral  calculus,  and  given  other  proofs  of  his  pro¬ 
ficiency  in  mathematics.  In  1763,  he  was  named  to 
the  new  office  of  examiner  to  the  marine,  and  appoint¬ 
ed  to  compofe  a  fyftcm  of  mathematics  for  their  ufe  ; 
and  in  1768,  on  the  death  of  M.  Camus,  he  fuccecded 
as  examiner  of  the  artillery  eleves. 

Bezout  fixed  his  attention  more  particularly  to  the 
refolution  of  algebraic  equations;  and  he  fir  ft  found  out 
the  folution  of  a  particular  clafs  of  equations  of  all  de¬ 
grees.  This  method,  different  from  all  former  ones, 
was  general  for  the  cubic  and  biquadratic  equations,  and 
juft  became  particular  only  at  thofe  of  the  5th  degree. 
Upon  this  work  our  author  laboured  from  1762  till 
1779,  when  he  publifhed  it.  He  coinpofed  two  courfes 
of  mathematics;  the  one  for  the  marine,  the  other  for  the 
artillery.  The  foundation  of  thefe  two  works  was  the 
fame;  the  applications  only  being  different,  according  to 
the  two  different  objedts:  thefe  courfes  have  everywhere 
been  held  in  great  eflimation.  In  his  office  of  examiner  he 
discharged  the  duties  with  great  attention,  care,  and 
tendernefs.  A  trait  of  his  juiiice  and  zeal  is  remarkable 
in  the  following  inftance:  During  an  examination  which 
he  held  at  Toulon,  he  was  told  that  two  of  the  pupils 
could  not  be  prefent,  being  confined  by  the  fmall-pox  : 
he  kimi’elf  had  never  had  that  difeafe,  and  he  was  great¬ 
ly  afraid  of  it ;  but  as  he  knew  that  if  he  did  not  fee 
thefe  two  young  men,  it  would  much  impede  their  im¬ 
provement,  lie  ventured  to  their  bed  fides  to  examine 
them,  and  was  happy  to  find  them  fo  deferving  of  the 
hazard  into  which  he  put  himfelf  for  their  benefit. 

Mr  Bezout  lived  in  this  employment  for  feveral  years, 
beloved  of  his  family  and  friends,  and  refpedled  by  all, 
enjoying  the  f  ruits  and  the  credit  of  his  labours.  Blit  the 
■rouble  and  fatigues  of  his  offices,  with  fome  perfonal  cha- 
grines,  had  reduced  his  flrength  and  conllitution;  he  was 
attacked  by  a  malignant  fever,  of  which  lie  died  Sept.  27. 
1783,  in  the  54th  year  of  his  age,  regretted  by  his  fa¬ 
mily,  his  friends,  the  young  Undents,  and  by  all  his  ac¬ 
quaintance  in  general. 

The  books  publifhed  by  him  were  :  1 .  Courfe  or 
Mathematics  for  the  ufe  of  the  Marine,  with  a  Trea- 
fcifeon  Navigation,  6  vols  in  8vo,  Paris,  1764.  2.  Courfe 
of  Mathematics  for  the  Corps  of  Artillery*  4  vols  in 
8vo,  1770.  3.  General  Theory  of  Algebraic  liqua¬ 

tions,  1779. 

His  papers  printed  in  the  volumes  of  the  Memoirs  of 
the- Academy  of  Sciences  are:  1.  On  curves,  whole 
rectification  depends  on  a  given  quantity,  in  the  volume 
for  1758.  2.  On  feveral  clafftsof  equations  that  admit 

of  an  algebraic  folution,  1762.  3.  firft  volume  of  a 

courfe  or  mathematics,  1764.  4.  On  certain  equations, 
Sec.  1764.  5.  General  refolution  of  all  equations,  1765. 

6.  Second  volume  of  a  courfe  of  mathematics,  1765. 

7.  Third  volume  of  the  fame,  1766.  8.  Fourth  volume 
of  the  fame,  1767.  9.  Integration  of  differentials,  Sec. 
vol.  3.  Sav.  Etr.  10.  Experiments  on  cold,  1777. 

BINOMIAL,  a  quantity  confiding  of  two  terms  or 
members,  connected  by  either  of  the  figns  +  and  — . 
See  Algebra,  def.  9.  Encytl. 

Impojjibk  or  Imaginary  Binomial,  is  a  binomial  which 


has  one  of  its  terms  an  impoffible  or  an  imaginary  quan-  Binomial 
tity ;  as  a  -\-  */  —  b .  4  |) 

Binomial  Curve ,  is  a  curve  wliofe  ordinate  is  ex-  t^ac^ock-t 
preffed  by  a  binomial  quantity,  as  the  curve  whofe  or- 
dinate  is  **  X  b  +  Ixc\c.  Stirling,  Method.  Diff.  p.  58. 

Binomial  Line ,  or  Surd,  is  that  in  which  atleaitone 
of  the  parts  is  a  furd.  Euclid,  in  the  tenth  book  of  his 
Elements,  enumerates  fix  kinds  of  binomial  lines  or  furds, 
viz. 

Firft  binomial  3  -f-  a/  5, 

2d  binbmial  y'  18+4, 

3d  binomial  a/  24  jg, 

4th  binomjal  4  3, 

3th  binomial  6  2, 

6tli  binomial  </  6  -f-  z. 

Binomial  Theorem.  See  Algebra,  Chap.  VI L 
Sed.  iii.  ( Encycl .  Vol.  I.) 5  and  Infinite  S&jtws,  (Vol. 

XVII.)  The  reader  who  wifhes  for  a  fuller  account  of 
this  famous  theorem,  may  find  it  in  I)r  Hutton's  Ma¬ 
thematical  Tia&s,  Vol.  1. 

BIRD-catching,  is  an  art  which,  as  it  is  praaifed 
by  means  of  bird-lime,  nets,  decoys,  See.  has  been  fuffi- 
ciently  explained  in  the  Encyclopaedia.  But  there  is 
another  method  of  catching  birds  alive,  by  means  of  a 
fufee  or  muftet,  which  was  invented  by  M,  Vaillant  du¬ 
ring  liis  travels  in  Africa,  and  is  fufficiently  ingenious  to 
deferve  a  place  here.  It  is  as  follows  : 

Put  a  fmaller  or  larger  quantity  of  powder  into  your 
fufee  according  as  circumftances  may  require.  Imme¬ 
diately  above  the  powder  place  the  end  of  a  candle  of 
fufftcient  thicknefs,  ramming  it  well  down  ;  and  then 
fill  the  barrel  with  water  up  to  the  mouth.  When  at 
a  proper  diitar.ee  you  fire  a  mufket  thus  loaded  at  a 
bird,  you  will  only  Jlun  it  by  watering  and  moiftening 
its  feathers  ;  and  if  you  be  aleit,  you  may  cafily  lay 
fold  of  it  before  it  have  time  to  fpoil  its  plumage  by 
fluttering.  Our  author  admits,  that  in  his  firft  attempts 
he  often  put  too  much  powder,  or  too  thick  a  piece  of 
candle  into  his  fufee,  or  fired  at  too  fhort  a  diftance  ; 
and  when  any  one  of  thefe  iniflakes  was  committed,  he 
generally  found  the  candle  entire  in  the  animal’s  belly ; 
but  after  a  fhort  apprenticeship  he  acquired  fufticicnt 
fkill  to  adjuft  matters  fo  as  that  the  water  impelled  by 
the  powder  went  dire&ly  to  the  mark,  wliilft  the  tallow 
being  lighter  than  the  water  fell  fhort  of  it.  If  this 
method  be  indeed  practicable  (for  not  being  fnortfmeu 
we  have  not  made  trial  of  it),  it  may  on  many  occafions 
aid  the  researches  of  the  ornithologift. 

Birds  -Neffs,  in  cookery.  See  Encycl.  and  Cap  and 
Button  in  this  Si/ppl. 

BLACKLOCK  (Dr  Thomas)  deferve s,  on  fo  ma¬ 
ny  accounts,  to  have  the  principal  incidents  of  his  life 
recorded  in  this  work*  that  to  omit  fuch  an  article  from 
our  lift  of  biographical  (ketches  would  be  unpardonable 
negligence.  We  cannot,  however,  propofe  to  write  of 
him  any  thing  which  has  not  been  written  before,  by 
an  author  who  has  repeatedly  appealed  before  the  pub¬ 
lic,  and  on  each  appearance  has  gained  pofTefTion  ot  the 
public  heart.  We  fhall  therefore  content  ourfelves  with 
inferting  in  this  place  a  fhort  abridgment  of  the  elegant, 
account  of  the  life  and  writings  of  Dr  Blacklock,  which 
was  prefixed  to  that  edition  of  his  works  which  was 
publifhed  in  1  793  5  and  if  we  thus  lefifen  our  own  la¬ 
bour,  we  are  conicious  that  we  fhall  at  the  fame  time 
inoreafe  the  pleafure  of  our  readers* 
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BUcklock.  Thomas  Black  lock  was  in  1721  born  at  Anan,  in 
^ V  1  the  county  of  Dumfries  in  Scotland,  but  his  parents 
were  natives  of  the  bordering  county  of  Cumberland  ; 
fo  that,  though  a  native  of  Scotland,  his  defeent  was 
Englifh.  His  father  was  a  bricklayer,  and  his  mother 
*  the  daughter  of  a  confiderable  dealer  in  cattle.  Both 
were  refpe&able  in  their  cliaradters,  and  poflefTed,  tho’ 
moving  in  an  humble  fphere,  a  confiderable  degree  of 
knowledge  and  urbanity.  Their  fon  was  not  quite  fix 
months  old  when  he  loft  his  eye- fight  in  the  fmall  pox, 
which  rendered  him  as  complete  a  itranger  to  the  vi- 
fible  world  as  it  he  had  been  blind  from  the  hour  of  his 
birth.  It  rendered  him  likevvife  incapable  of  learning 
any  of  the  mechanical  arts  ;  and  therefore  his  father 
kept  him  at  home,  and  with  the  alii  dance  of  fome  friends 
foitered  that  inclination  which,  at  a  very  early  period, 
he  Hie  wed  for  books.  This  was  done  by  reading  to 
him  firft  the  frmple  fort  of  publications  which  are  com¬ 
monly  put  into  the  hands  of  children,  and  then  feveral 
of  our  bell  authors,  fueh  as  Milton,  Spencer,  Prior, 
Pope,  and  Addifon.  His  companions,  whom  his  early 
gentlenefs  and  kindnefs  of  difpofition,  as  well  as  their 
companion  for  his  misfortune,  ftrongly  attached  to  him, 
were  very  affiduous  in  their  good  offices,  in  reading  to 
indrudf  and  amufe  him.  By  their  affidance  he  acquired 
fome  knowledge  of  the  Latin  tongue,  but  he  never  was 
at  a  grammar  fchool  till  at  a  more  advanced  period  of 
life  Poetry  was  even  then  his  favourite  reading  ;  and 
he  found  an  enthufialtic  delight  in  the  works  of  the  bed 
En.  lifii  poets,  and  in  thofe  of  his  countryman  Allan 
Ramfay.  Even  at  an  age  fo  early  as  tvvtlve  he  began 
to  write  poems,  one  of  which  is  preferved  in  the  collec¬ 
tion  that  was  publifiied  after  his  death,  and  is  not  per¬ 
haps  inferior  to  any  of  the  premature  compofitions  of 
boys  affided  by  the  bed  education,  which  are  only  re¬ 
called  into  notice  by  the  future  fame  of  their  authors. 

He  had  attained  the  age  of  nineteen  when  his  father 
was  killed  by  the  accidental  fall  of  a  malt  kiln  belong- 
ing  to  his  fen-in -law.  This  lofs,  heavy  to  any  one  at 
that  early  age,  would  have  been,  however,  to  a  young 
man  pofleffing  the  ordinary  means  of  fupport,  and  th< 
ordinary  advantages  of  education,  comparatively  light  ; 
but  to  him-  thus  fuddenly  deprived  of  that  fupport  011 
which  his  youth  had  leaned- — deditute  almod  of  every 
refource  which  indudry  affords  to  thofe  who  have  the 
bleffings  of  light — with  a  body  feeble  and  delicate  from 
nature,  and  a  mind  congenially  fufceptible — it  was  not 
furprifing  that  this  blow  was  doubly  fevere,  and  threw' 
on  liis  fpirits  that  defpondent  gloom  to  which  he  then 
gave  way  in  the  following  pathetic  lines,  and  which 
Sometimes  overclouded  them  in  the  fubfequent  period  of 
his  life. 


his  family  affording  him  no  better  education  than  the  Blacldock, 
{mattering  of  .Latin  which  his  companions  had  taught  ^ 

him,  and  the  perufal  and  recolleflion  of  the  few  Englilh 
authors  which  they,  or  his  lather  in  the  intervals  of  his 
profeffional  labours,  had  read  to  him.  Poetry,  however, 
though  it  attains  its  highelt  perfe&ion  in  a  cultivated 
foil,  grows  perhaps  as  luxuriantly  in  a  wild  one.  To 
poetry,  as  we  have  before  mentioned,  he  was  devoted 
from  his  ear  lied  days ;  and  about  this  time  feveral  of 
his  poetical  productions  began  to  be  handed  about, 
which  coniiderably  enlarged  the  circle  of  his  friends 
and  acquaintance.  Some  of  his  comDofitions  being 
(hewn  to  Dr  Stevenfon,  an  eminent  pliyfician  of  Edin¬ 
burgh,  who  was  accidentally  at  Dumfries  on  a  profef¬ 
fional  viiit,  that  gentleman  formed  the  benevolent  defign 
of  carrying  him  to  the  Scotch  metropolis,  and  giving  to 
his  natural  endowments  rhe  abidance  of  a  claffical  edu¬ 
cation.  Pie  came  to  Edinburgh  in  the  year  1741,  and 
was'  enrolled  a  ftudent  o;  divinity  in  the  uni  verb  ty  there, 
though  at  that  time  without  any  particular  view  of  en¬ 
tering  into  the  church.  In  that  univerfity  he  continued 
hfs  fludies  under  the  patronage  of  Dr  Stevenfon  till  the 
year  t  74 5,  when  he  retired  to  Dumfries,  and  redded  in 
the  houfe  of  Mr  M‘Mu»do,  who  had  married  his  lifter, 
during  the  whole  time  of  the  civil  war,  which  then  raf 
ged  in  the  country,  and  particularly  dillurbed  the  tran¬ 
quillity  of  the  metropolis.  When  peace  was  reftored 
to  the  nation,  he  returned  to  the  univerfity,  and  pur- 
fued  hh  fludies  for  fix  years  longer.  During  this  lad 
rehdence  in  Edinburgh,  he  obtained,  among  other  lite¬ 
rary  acquaintance,  that  of  the  celebrated  David  Hume, 
who  attached  himfelf  warmly  to  Mr  Blacklock’s  inte- 
refts,  and  was  afterwards  particularly  ufeful  to  him  in 
the  publication  of  the  4to  edition  of  his  Poems,  which 
came  out  by  fubfeription  in  London  in  the  year  1776. 
Previouby  to  this,  two  editions  in  8vo  had  been  publifh- 
ed  at  Edinburgh,  the  firft  in  1746,  and  the  fecond  in 
^754- 

In  the  courfe  of  his  education  at  Edinburgh,  he  ac* 
quired  a  proficiency  in  the  learned  languages,  and  be¬ 
came  more  a  mafter  of  the  French  tongue  than  was  then 
common  in  that  city.  For  this  laft  acquifition  he  was 
chiefly  indebted  to  the  focial  intercourse  to  which  he 
had  the  good  fortune  to  be  admitted  in  the  houfe  of 
Provoft  Alexander,  who  had  married  a  native  of  France. 

At  the  univerfity  he  attained  a  knowledge  of  the  va¬ 
rious  branches  of  philofophy  and  theology,  to  which  his 
courfe  of  ffudy  naturally  led,  and  acquired  at  the  fame 
time  a  confiderable  fund  of  learning  and  information  in 
thofe  various  departments  of  Science  and  belles  lettres, 
from  which  his  want  of  fight  did  not  abfolutely  pre¬ 
clude  him. 


“  f)eje£ling  profpeft  !  foon  the  haplefs  hour 
u  May  come;  perhaps  this  moment  it  impends, 

**  Which  drives  me  forth  to  penury  and  cold, 
u  Naked,  and  beat  by  all  the  llorms  of  heav’n, 

“  Eriendlefs  and  guidelefs  to  explore  my  way; 

“  Till,  on  cold  earth  this  poor  unfhelter’d  head 
il  Reclining,  vainly  from  the  ruthlefs  blaft 
“  Retpite  I  beg,  and  in  the  block  expire.” 

He  lived  with  his  mother  for  about  a  year  after  his 
father’s  death,  and  began  to  be  diftinguifhed  as  a  young- 
man  of  uncommon  parts  and  genius.  Thele  were  at 
that  time  unaffifted  by  learning ;  the  circumftances  of 


.  In  1757,  he  began  a  courfe  of  ftudy,  with  a  view  to 
give  le&ures  in  oratory  to  young  gentlemen  intended 
for  the  bar  or  the  pulpit  On  this  occafion  he  wrote 
to  Mr  Plume,  informed  him  of  his  plan,  and  requefted 
his  affiftance  in  the  profecution  of  it.  But  Mr  Hume 
doubting  the  probability  or  its  fuccefs,  he  abandoned 
the  project ;  and  then,  for  the  firft  time,  adopted  the 
decided  intention  oi“  going  into  the  church  of  Scotland. 
After  applying  clofely  for  a  confiderable  time  to  the 
ftudy  of  theology,  he  palled  the  ufual  trials  in  the  pref- 
bytery  of  Dumfries,  and  was  by  that  prdbytery  licenfed 
a  preacher  of  the  gofpel  in  the  year  1759.  Asa  preach¬ 
er  he  obtained  high  reputation,  and  was  fond  of  com- 

poling 
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Blackkcfc.  poling  fermons,  of  which  he  has  left  fome  volumes  in 
v— manufcript,  as  alfo  a  Treatife  on  Morals. 

The  tenor  of  his  occupations,  as  well  as  the  bent  of 
his  mind  and  difpofitions,  during  this  period  of  his  life, 
will  appear  in  the  following  plain  and  unftudied  account, 
contained  in  a  letter  from  a  gentleman,  who  was  then 
his  moil  intimate  and  conftant  companion,  the  Rev.  Mr 
Jamefon,  formerly  minifter  of  the  Epifcopal  chapel  at 
Dumfries,  afterwards  of  the  Englifh  congregation  at 
Dantzic,  and  who  lately  refided,  and  perhaps  yet  refides, 
at  Newcaille  upon  Tyne. 

“  His  manner  or  life  (fays  that  gentleman)  was  fo 
uniform,  that  the  hiftory  of  it  during  one  day,  or  one 
week,  is  the  hiftory  of  it  during  the  feven  years  that 
ourperfonal  intercourfe  lafted.  Reading,  mufic,  walk¬ 
ing,  converfng,  and  difputing  on  various  topics,  in 
theology,  ethics,  See.  employed  almoft  every  hour  of  our 
time.  It  was  pleafant  to  hear  him  engaged  in  a  dif- 
pute,  for  no  man  could  keep  his  temper  better  than  he 
always  did  on  filch  occalions.  I  have  known  him  fre¬ 
quently  very  warmly  engaged  for  hours  together,  hut 
never  could  obferve  one  angry  woid  to  fall  from  him. 
Whatever  his  antagonift  might  fay,  he  always  kept  his 
temper.  4  Semper  paratus  et  refellere  fine  pertinacia ,  et 
refill  fine  iracundiaS  He  was,  however,  extremely  ftn- 
ftble  to  what  he  thought  ill  ulage,  and  equally  fo  whe- 
thei  it  regarded  himfelf  or  his  friends.  But  his  refent- 
ir.ent  was  always  confined  to  a  few  fatirical  verfes,  which 
were  generally  burnt  foon  after. 

“  I  have  frequently  admired  with  what  readinefs  and 
rapidity  he  could  fometimes  make  verfes.  I  have  known 
him  dictate  from  thirty  to  torty  verfes  and  by  no  means 
bad  ones,  as  *aft  as  I  could  write  them  ;  but  the  mo¬ 
ment  he  was  at  a  lofs  for  a  ihime  or  a  verfe  to  his 
liking,  he  ft  opt  altogether,  and  could  very  feldom  be 
induced  to  finifli  what  he  had  begun  with  fo  much  ar¬ 
dour.” 

This  account  fufllciently  marks  that  eager  fenfibility, 
chaftened  at  the  fame  time  with  uncommon  gentlenefs  of 
♦  temper,  which  charaXerifed  Dr  Blacklock,  and  which 
indeed  it  was  impofiible  to  be  at  all  in  his  company 
without  perceiving.  In  the  fcience  of  mind,  this  is 
that  divifioii  of  it  which  perhaps  one  would  peculiarly 
appropriate  to  poetry,  at  leaf!  to  all  thofe  lighter  fpe- 
cies  which  rather  depend  on  quicknefs  of  feeling,  and 
the  ready  conception  of  plealing  images,  than  on  the 
h2ppy  arrangement  of  parts,  or  the  Ikilful  conftruXion 
of  a  whole,  which  are  ellential  to  the  higher  departments 
of  the  poetical  art.  The  firft  kind  of  talent  is  like 
thofe  warm  and  light  foils  which  produce  their  annual 
crops  in  fucli  abundance  ;  the  laft,  like  that  deeper 
and  firmer  mould  on  which  the  roots  of  eternal  forefts 
are  fixed.  Of  the  firft  we  have  feen  many  happy  in- 
ftances  in  that  fex  which  is  fuppofed  lefs  capable  of 
ftudy  or  thought  ;  from  the  laft  is  drawn  that  mafeu- 
lire  fublimity  of  genius  which  could  build  an  Iliad  or  a 
Paradifc  Loft. 

Dr  Blacklock  could  never  diXate  till  he  flood  up  ; 
and  a*  his  blindnefs  made  walking  about  without  af- 
fiftance  inconvenient  or  dangerous  to  him,  he  fell  infen- 
fibly  into  a  vibratory  fort  of  motion  of  his  body,  which 
increafed  as  he  warmed  with  his  fubjeX,  and  was  plea- 
fed  with  the  conceptions  of  his  mind.  This  motion  at 
laft  became  habitual  to  him;  and  though  he  could  fome- 
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times  re  (train  it  when  on  ceremor.\  ,  or  on  any  public  Blacklock* 

appearance,  inch  as  preaching,  lie  felt  a  certain  uneafi- - 

nefs  from  the  effort,  and  always  returned  to  it  when  he 
could  without  impropriety.  This  appearance  he  de- 
fenbes  in  a  fhort  poem,  in  which  he  gives  a  ludicrous 
picture  of  himfelf;  a  piXuic  indeed,  of  which,  though 
the  outlines  ^are  true,  the  general  effect  is  greatly  over¬ 
charged.  I  hough  his  features  were  hurt,by  the  dif- 
eafe  which  deprived  him  of  fight,  there  was  a  certain 
placid  expreflion  in  his  countenance,  which  marked  the 
benevolence  of  his  heart,  and  was  calculated  to  procure 
to  him  individual  attachments  and  general  regard. 

In  1762  he  married  Mifs  Sarah  Johnfton,  daughter 
of  Mr  Jofepli  Johnfton  furgeon  in  Dumfries  ;  a  con¬ 
nexion  which  formed  the  great  folace  and  bleffmg  of 
his  future  life,  and  gave  him,  with  all  the  tendernefs  of 
a  wife,  all  the  zealous  care  of  a  guardian  and  a  friend. 

This  event  took  place  a  few  days  before  his  being  or¬ 
dained  minifter  of  the  town  and  parifti  of  Kircudbright, 
in  confequence  of  a  prefentation  from  the  crown,  ob¬ 
tained  for  him  by  the  eail  of  Selkirk,  a  benevolent  no¬ 
bleman,  whom  Mr  Blacklock’s  lunation  and  genius  had 
intcreftcd  in  his  behalf.  But  the  inhabitants  of  the 
parifh,  whether  from  that  violent  averfion  to  patronage* 
which  was  then  fo  univerlal  in  the  fouthern  parts  of 
Scotland,  from  fome  political  difputes  which  at  that 
time  fubfifted  between  them  and  his  noble  patron,  or 
from  thofe  prejudices  which  fome  of  them  might  natu¬ 
rally  enough  entertain  again!!  a  pallor  deprived  of  fight, 
or  perhaps  from  all  thefe  caufes  nutted,  were  fo  extreme¬ 
ly  dflinclined  to  receive  him  as  their  minifter,  that  after 
a  legal  difpute  of  nearly  two  years,  it  was  thought  ex¬ 
pedient  by  his  friends,  as  it  had  always  been  wilhed  by 
himfelf,  to  compromife  the  matter,  by  refigning  his 
right  to  the  living,  and  accepting  a  moderate  annuity 
in  its  Head.  With  this  flcnder  provifton  he  removed  in 
1764  to  Edinburgh  ;  and  to  make  up  by  his  induftry 
a  more  comfortable  and  decent  fubfillence,  he  adopted 
the  plan  of  receiving  a  certain  number  of  young  gentle¬ 
men  as  boarders  into  his  houfe,  whofe  (Indies  in  langua¬ 
ges  and  plnlofophy  he  might,  if  neceffary,  allift.  In 
this  iituation  he  continued  till  the  year  1787,  when  he 
found  his  time  of  lffe  and  Hate  of  health  required  a  de¬ 
gree  of  quiet  and  repofe  which  induced  him  to  difeon.- 
tinue  the  receiving  of  boarders.  In  1767  the  degree  off 
doXor  in  divinity  was  conferred  on  him  by  the  univer- 
lity  and  Marifchal  college  of  Aberdeen. 

In  the  occupation  which  he  thus  exercifed  for  fo  ma¬ 
ny  years  of  his  life,  no  teacher  was  perhaps  ever  more 
agreeable  to  his  pupils,  nor  mailer  of  a  family  to  its  in¬ 
mates,  than  Dr  Blacklock  The  gentlenefs  of  his  man¬ 
ners,  the  benignity  of  his  difpofition,  and  that  warm  in- 
tereft  in  the  happinefs  of  others  which  led  him  fo  con- 
ftantly  to  promote  it,  were  qualities  that  could  not  fail 
to  procure  him  the  love  and  regard  ot  the  young  people 
committed  to  his  charge ;  while  the  fociety,  which 
clleem  and  refpcX  for  his  charaXer  and  his  genius  often 
affembled  at  his  houfe,  afforded  them  an  advantage  rare¬ 
ly  to  be  found  in  dlablifhmcnts  of  a  fimilar  kind. 

In  this  mixed  fociety  he  appeared  to  forget  the  pri¬ 
vation  of  ftght,  and  the  melancholy  which  it  might  at 
other  times  produce  in  his  mind.  He  entered,  with  the 
cheerful  playfuinefs  of  a  young  man,  into  all  the  fpright- 
ly  narrative,  the  fportful  fancy,  and  the  humorous  jell 

that 
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PhckWk.  that  rofe  around  him.  Next  to  converfation,  mufic  was 
perhaps  the  fource  of  his  greatell  delight ;  for  he  not 
only  reliihed  it  highly,  but  was  himfelf  a  tolerable  per¬ 
former  on  ievei al  inilruments,  particularly  the  flute. 

He  generally  carried  in  his  pocket  a  fmall  flageolet ,  on 
which  lie  played  his  favourite  tunes  ;  and  was  not  dif- 
pleafed  when  afked  in  company  to  play  or  to  ling  them; 
a  natural  feeling  for  a  blind  man,  who  thus  adds  a  fcene 
to  the  drama  of  his  fociety. 

Of  the  happinefs  of  others,  however,  we  are  incom¬ 
petent  judges.  Companionffip  and  fympatliy  bring  forth 
thofe  gay  colours  of  mirth  and  chearfulr.efs  which  they 
put  on  for  a  while,  to  cover  perhaps  that  fadnefs  which 
we  have  no  opportunity  of  witndlirg.  Of  a  blind 
man’s  condition  we  are  particularly  liable  to  form  a  mif- 
taken  eftimate;  we  give  him  credit  for  all  thofe  gleams 
of  delight  which  fociety  afFords  him,  without  placing 
to  their  full  account  thofe  dreary  moments  of  darkfome 
folitude  to  which  the  fufpenfion  of  that  fociety  condemns 
him.  Dr  Blackleck  had  from  nature  a  conititution  de¬ 
licate  and  nervous,  and  his  mind,  as  is  almoft  always  the 
cafe,  was  in  a  great  degree  fubjed  to  the  indifpoiition 
of  his  body.  He  frequently  complained  of  a  lownefs 
and  depreftion  of  fpirits,  which  neither  the  attentions  of 
his  friends,  nor  the  unceafmg  care  of  a  mofi  affeflionate 
wife,  were  able  entirely  to  remove.  The  imagination 
we  are  fo  apt  to  envy  and  admire  ferves  but  to  irritate 
this  diforder  of  the  mind;  and  that  fancy  in  v/hofe  cre¬ 
ation  we  fo  much  delight,  can  draw,  from  fources  un¬ 
known  to  commbn  men,  fubje&s  of  difgult,  difquietude, 
and  afHi&ion.  Some  of  his  later  poems  exprel's  a  cha¬ 
grin,  though  not  of  an  ungentle  fort,  at  the  fuppofed 
failure  of  his  imaginative  powers,  or  at  the  faftidiouf- 
nefs  of  modern  times,  which  he  defpaired  to  pleafe. 

“  Such  were  his  efforts,  fuch  his  cold  reward, 

€i  Whom  once  thy  partial  tongue  pronounc’d  a  bard; 

“  Exclusive,  on  the  gentle  gales  of  fpring, 

He  rov’d,  whilft  favour  imp’d  his  timid  wing; 
Exhaufled  genius  now  no  more  infpires, 

“  But  mourns  abortive  hopes,  and  faded  fires  ; 

The  fhort- liv’d  wreath,  which  once  his  temples  grac’d, 
Fades  at  the  fickly  breath  of  fqneamifh  talle  ; 

Whilfl  darker  days  his  fainting  flames  immure 
In  chearlefs  gloom  and  winter  premature.” 

Thefe  lines  are,  however,  no  proof  of  “  exhaufled 
genius,”  or  “  faded  fires.”  “  Abortive  hopes,”  indeed, 
mufl  be  the  lot  of  all  who,  like  Dr  Blacklock,  reach 
the  period  of  old  age.  In  early  youth  the  heart  of 
every  one  is  a  poet;  it  creates  a  fcene  of  imagined  hap- 
pinefs  and  dclufive  hopes ;  it  clothes  the  world  in  the 
bright  colours  of  its  own  fancy;  it  refines  what  is  coarfe, 
it  exalts  what  is  mean  ;  it  fees  nothing  but  difinterefl- 
ednefs  in  friendff  ip>  it  promifes  eternal  fidelity  in  love. 
Even  on  the  diltreffes  of  its  (ituation  it  can  throw  a 
certain  romantic  ffade  of  melancholy  that  leaves  a  man 
fad,  but  does  not  make  him  unhappy.  But  at  a  moie 
advanced  2ge,  “  the  fairy  vifions  fade,”  and  he  fuffers 
moft  deeply  who  has  indulged  them  the  moft. 

About  the  time  that  thefe  verfes  were  written,  Dr 
Blacklock  was,  for  the  fir  ft:  time,  afSi&ed  with  what  to 
him  mufl  have  been  peculiaily  diftiefsful.  He  became 
©ccafionally  fnbjefl  to  deafnefp,  which,  though  he  fel- 
dom  felt  it  in  ?.ny  great  degree,  was  fufficierit,  in  his  fi- 
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tuation,  to  whom  the'fenfe  of  hearing  was  ahnoft  the  B’acklocfc, 


1 


Bleaching. 


only  channel  of  communication  with  the  external  world  _ 

to  caufe  very  lively  uneaiineis.  Amidll  thefe  indifpo-  v  " 
fitions  of  body,  however,  and  difquretudes  of  mind,  the 
gentlenefs  of  his  temper  never  forfook  him,  ard  he  felt 
all  that  refignation  and  confidence  in  the  Supreme  Be¬ 
ing  wffich  his  earliefl  and  his  lateft  life  equally  acknow¬ 
ledged.  In  fummer  1791  he  was  feized  with  a  feverifh 
diforder,  which  at  firfl  feemedof  a  flight,  and  never  roic 
to  a  very  violent  kind  ;  but  a  frame  fo  little  robuft  as 
his  was  not  able  to  refill  it,  and  after  about  a  week’s 
illnefs  it  carried  him  off  on  the  7th  day  of  July  1791. 

His  vvire  fnrvives  him,  to  feel,  amidll  the  heavy  afflic¬ 
tion  of  his  lofs,  that  melancholy  confutation  which  is 
derived  from  the  remembrance  of  his  virtues. 

The  writings  of  Dr  Blacklock  confifled  principally 
of  poems,  which  were  publifhed  in  4U)  in  the  year  1793  ; 
and  to  that  edition  was  added,  yin  Effay  on  the  Educa¬ 
tion  of  the  Blind ,  tranjlated  from  the  French  of  M.  .  Hauy. 

But  befides  his  avowed  works,  we  have  reafon  to  be¬ 
lieve  that  he  was  the  author  of  many  articles  in  the  fe- 
cond  edition  of  the  Encyclopedia  Britcinnica ,  though  we 
cannot  fay  with  certainty  what  thofe  articles  were.  If 
our  memory  does  not  deceive  us,  we  have  been  inform¬ 
ed  that  the  preface  to  that  edition  was  furniflied  by 
him  ;  and  we  have  elfewhere  attributed  to  him,  on  the 
bell  authority,  the  article  Blind,  and  the  Notes  to  the 
article  Music  :  but  he  undoubtedly  contributed  much 
more  to  the  work,  and  was  one  of  the  principal  guides 
©f  the  proprietors. 

BLEACHING.  Since  the  article  Bleaching  in  the 
Encyclopedia  was  written,  very  great  improvements 
have  been  introduced  into  the  art.  Of  thefe  improve¬ 
ments  we  fhall  proceed  to  give  an  account.  3 

Mr  Scheele  of  wSweden  difeovered  the  oxy-muriatic  Difcovery 
acid,  or  dephlogiflicated  muriatic  acid,  as  he  called  it,  of  ff;e 
about  the  year  1774,  and  foon  after  obferved  its  effedls  ™^jiatIC 
on  vegetable  colours.  His  method  of  procuring  it  was 
as  follows :  In  a  fand-bath  is  to  be  placed  a  glafs  re¬ 
tort,  in  which  muriatic  acid  has  been  poured  upon  man- 
ganefe ;  to  this  fmall  receivers  are  to  be  adapted  capa¬ 
ble  of  containing  about  twelve  ounces  each,  into  which 
is  to  be  poured  about  two  drachms  of  water,  without 
any  other  lute  than  a  Hip  of  blotting-paper  about  the 
neck  of  the  retort.  In  about  a  quarter  of  an  hour  a 
yellow  air  is  perceived  in  the  receiver,  which  is  to  be 
taken  off.  If  the  paper  has  been  properly  applied,  the 
air  ruffes  out  forcibly ;  the  receiver  mull  be  quickly 
Hopped,  and  another  applied.  Thus  many  receivers 
may  be  filled  with  the  dephlogiflicated  muriatic  acid  ; 
but  it  is  neceffary  to  place  the  retort  in  fuch  a  manner 
that  the  drops  which  rife  into  its  neck  may  be  able  to 
fall  back.  The  water  ferves  to  retain  the  vapours  of 
the  acid.  <(  I  ufe  (fays  he)  many  receivers,  that  I  may 
not  be  obliged  to  repeat  a  fimilar  diftillation  for  every 
experiment.  It  is  not  proper  to  employ  large  ones, 
becaufe  every  time  they  are  opened,  a  great  part  of  the 
acid  is  diflipated  in  the  air.  What  I  iubmitted  to  ex¬ 
amination  with  this  dephlogillicated  muriatic  acid  was 
placed  in  the  neck  of  the  receiver,  which  I  had  flopped. 

The  cork  was  turned  yellow,  as  by  aquafortis.  Paper 
tinged  with  tnrnfol  became  almoft  w  hite  ;  all  red,  blue, 
and  yellow  flowers,  as  alfo  green  plants,  turned  yellow 
in  a  fhort  time,  and  the  water  in  the  receiver  was  chan¬ 
ged 
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*  aching,  ged  into  a  pure  but  weak  muriatic  acid.  Neither  al- 
i  -v—  ^aj-g  nor  ac^g  were  able  to  reftore  the  colours  of  the 
flowers,  or  of  the  plants.’’ 

M.  Berthollet,  in  1785,  proved  that  this  acid  was 
compofed  of  muriatic  acid  combined  with  oxygen  ;  and 
that  when  it  had  deprived  vegetable  matters  of  their  co¬ 
lour,  it  was  reduced  to  the  ftate  of  common  muiiatic 
acid ;  that  is,  it  had  loft  the  oxygen  with  which  it  was 
l  applica-  united.  This  oxygen  had  combined  with  the  colour- 
t  1  to  ing  particles  of  the  vegetable  matter,  and  had  rendered 
1  aching.  them  col0ur!efs.  After  making  thefe  obfervations,  it 
occurred  to  him  that  the  oxv- muriatic  acid  might  pro¬ 
duce  the  fame  effect  upon  thofe  particles  which  give 


time  M.  Bonjour,  who  had  hitherto  aflifted  me  in  my  Bleaching, 
experiments,  and  who  joins  great  fagacity  to  a  mod  ex-  "V  "  mi 
tended  knowledge  of  chemiftry,  affociated  himfelf  with 
Mr  Conftant,  at  Valenciennes,  in  order  to  form  an  efta- 
blifhment  in  that  city.” 

M.  Caillau  made  a  great  number  of  experiments  at 
Paris  refpe&ing  this  new  mode  of  bleaching  ;  but  the 
greateft  part  of  thefe  experiments  was  made  upon  cot¬ 
ton,  which  is  more  eafy  to  bleach,  and  does  not  require 
leys  fo  often  or  fo  ftrong  as  flax  or  hemp.  He  alfo 
went  to  St  Quentin,  to  perform  the  operation  upon  the 
cloth  of  that  country  ;  but  he  found  that  all  the  cloths, 
which  he  had  bleached  to  the  fatisfa&ion  of  the  manu- 


colour  to  thread  and  cloth,  and  which  it  is  the  objedl  of 
| L  &  bleaching  to  deftroy.  “At  fiift  (fays  lie)  T  made  ufe 
<  m.  if.  of  water  highly  impregnated  with  this  acid  ;  and  I  re- 
1  •  newed  it  when  it  was  exhaufted,  until  the  thread  or 

cloth  appeared  white  ;  but  I  foon  perceived  that  they 
were  confiderably  weakened,  and  that  they  were  en¬ 
tirely  lofing  their  foiidity.  I  then  weakened  the  liquor 
a  little,  and  I  fucceeded  in  bleaching  cloth  without  da¬ 
maging  it.  But  it  fpeedily  became  yellow  by  keeping, 
efpecially  if  it  was  warmed,  or  palled  through  an  al¬ 
kaline  ley.  I  refle&ed  upon  the  circumftances  of  com¬ 
mon  bleaching,  and  I  endeavoured  to  imitate  its  pro- 
cefs,  becaufe  I  thought  the  oxygenated  muriatic  acid 
might  a 61  in  the  fame  manner  as  the  expofition  of  the 
cloth  in  the  meadows,  which  alone  does  not  fuffice,  but 
which  appears  only  to  difpofe  the  colouring  parts  of 
the  cloth  to  be  diffolved  by  the  alkali  of  the  ley.  I  ex¬ 
amined  dew,  not  only  that  which  falls  from  the  atmo- 
fphere,  but  alfo  that  which  comes  from  the  no&urnal 
trarsfpiration  of  plants  ;  and  I  obferved  that  both  of 
them  were  impregnated  with  oxygen,  fufficiently  to  de¬ 
ftroy  the  colour  of  paper  (lightly  tinged  with  turnfol. 

“  I  therefore  employed  leys,  and  the  a6fion  of  oxyge¬ 
nated  muriatic  acid,  alternately,  and  I  then  obtained  a 
permanent  white  ;  and  as,  at  the  ftniftiing  of  the  com¬ 
mon  bleaching,  the  cloth  is  pafted  through  four  milk, 
or  through  fnlphuric  acid  diluted  with  a  very  large  quan¬ 
tity  of  water,  I  alfo  tried  paffing  the  cloth  through  a 
very  dilute  folution  @f  fulphuric  acid,  and  I  obferved 
that  the  white  was  thereby  rendered  more  clear.  As 
foon  as  I  made  ufe  of  the  leys  intermediately,  I  found 
that  it  was  not  necefiary  to  employ  a  concentrated  li¬ 
quor,  or  to  let  the  cloth,  at  every  immerfion,  remain 
long  therein  :  by  this  I  avoided  two  inconveniences, 
which  would  have  rendered  this  procefs  impofftble  to 
be  pradfifed  in  the  large  way.  The  firft  is  the  fuffoca- 
ting  odour  of  the  liquor,  which  it  would  be  very  incon¬ 
venient,  and  even  dangerous,  to  refpire  for  any  length 
of  time,  and  which  has  difeouraged  many  perfons  who 
tried  to  ufe  it  ;  the  fecond  is,  the  danger  of  weakening 
the  cloth.  I  now  alfo  left  off  mixing  any  alkali  with 
the  oxygenated  muriatic  acid,  as  I  had  pra&ifed  in  the 
greateft  part  of  my  firft  trials. 

“  This  is  nearly  the  ftate  in  which  my  experiments 
were,  when  I  made  fome  trials  in  the  prefence  or  the 
celebrated  Mr  Watt.  A  fingle  view  fufficed  for  a  phi- 
lofopher  whole  genius  has  been  exercifed  fo  long  upon 
the  arts.  In  a  fhort  time  Mr  Watt  wrote  to  me  from 
England,  that  even  in  the  firft  operation  he  had  bleach¬ 
ed  five  hundred  pieces  of  cloth  at  Mr  Grigor’s,  who 
has  a  large  bleaching-ground  at  Glafgow,  and  who  con¬ 
tinues  to  make  ufe  of  the  new  procefs.  In  the  mean 
Suppl.  Vo l.  I.  Part  I. 


fadturers,  became  again  of  a  reddifh  colour  when  they 
were  expofed  to  a  common  ley,  or  even  when  they  were 
left  for  fome  time  in  a  warehonfe.  Several  fimilar  com¬ 
plaints  were  made  by  other  perfons  ;  and  M.  Berthollet 
himfelf  had  obferved  the  fame  thing  in  his  own  experi¬ 
ments.  M.  Bonjour,  however,  and  M.  Welter,  affirmed 
that  the  cloth  which  they  had  bleached  prefer ved  its  co¬ 
lour  perfe&iy.  M.  Berthollet  foon  found,  that  the  im¬ 
perfection  in  his  bleaching  was  owing  to  the  manner  in 
which  he  had  ufed  the  leys.  “  I  had  contented  my-  & 
fdf  (fays  he),  in  thofe  trials  on  fmall  pieces  which  I  Ctym.  IL 
made  in  my  laboratory,  to  pour  the  hot  alkaline  folu-  I58- 
tion  into  a  vefiel  where  I  placed  the  pieces  ;  it  there 
became  cool  very  rapidly,  and  therefore  did  not  a6b 
with  fufficient  power ;  but  when  I  let  thefe  pieces  re¬ 
main  in  the  liquor,  which  I  kept  nearly  fin  a  boiling 
heat  during  the  fpace  of  two  or  three  hours,  they  were 
then  no  longer  fubjedl  to  the  above-mentioned  defeats  : 
it  was  therefore  merely  the  weaknefs  of  the  leys  which 
had  occafioned  the  accidents  which  were  experienced  by 
Meffrs  Caillau,  Dccroifille,  and  myfelf.  It  is  necefiary 
that  the  colour  of  the  cloth  fhould  not  be  changed  by 
the  laft  ley,  and  this  is  the  fureft  mark  that  the  bleach¬ 
ing  is  finifhed  ;  ncverthelefs,  after  this  laft  a6tion  of  the 
ley,  it  is  proper  to  put  the  cloth,  for  a  few  moments, 
in  the  bleaching  liquor. 

“  After  this  laft  immerfion,  it  is  necefiary  to  plunge 
the  cloth  in  four  milk,  or  in  water  acidulated  with  ful¬ 
phuric  acid.  I  do  not  know  the  moft  convenient  pro¬ 
portion  of  fulphuric  acid;  but  it  appeared  to  me  that  we 
might  fuccefsfully,  and  without  danger,  make  ufe  of 
one  part,  in  weight,  of  this  acid  to  fifty  of  water.  We 
muft  keep  the  cloths  during  about  half  an  hour  in  this 
liquor  warmed  ;  after  which  it  is  proper  to  fqueeze 
them  well,  and  plunge  them  dire&ly  into  common  wa¬ 
ter  ;  for  if  the  evaporation  fhould  take  place,  the  ful¬ 
phuric  acid,  becoming  thereby  concentrated,  would  cor¬ 
rode  them.  The  cloths  being  then  well  wafhed,  re¬ 
quire  only  to  be  dried  and  drefied  in  the  ordinary  man¬ 
ner,  according  to  their  different  forts. 

“  It  is  of  the  utmoll  importance  to  take  care  that  the 
water  is  not  too  flrongly  impregnated  with  the  fulphuric 
acid. 

“  The  bleaching  of  cotton  cloth  is  much  eafier  and 
(horter ;  two  leys,  or  at  moft  three,  and  as  many  im- 
merfions  in  the  bleaching  liquor,  are  fufficient  for  them. 

As  they  are  bleached  fo  eafily,  it  is  advantageous,  when 
there  are  flaxen,  hempen,  and  cotton  cloths,  to  be 
bleached,  to  leferve  for  the  cotton  the  liquors  which 
have  been  previoufly  weakened  by  the  cloths  of  flax  or 
hemp  ;  for  it  is  economical  to  exhauft  the  liquors  as 
much  as  poffible,  and  thofe  which  are  confiderably 
L  weak- 
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Bleaching,  weakened  ft  III  fuffice  for  the  cottesn,  although  they  have 
fcarcely  any  action  upon  hemp  or  flax, 

“  Thread,  in  the  common  way  of  bleaching,  is  attend¬ 
ed  with  a  far  greater  number  of  difficulties  than  cloth  ; 
bccaufe  of  the  immenfe  number  of  fur  faces  which  it  is 
necefTary  to  prtfent  fucceffively  to  the  a&ion  of  the  at- 
mofphere.  Some  part  of  thefe  difficulties  occur  in 
bleaching  with  the  oxygenated  muriatic  acid;  neverthe¬ 
lefs,  in  the  end,  it  is  more  advantageous  with  refpedl  to 
thread  than  with  refpeCt  to  cloth.  Mr  Welter  has  form¬ 
ed  at  Lifle,  with  two  partners,  an  eftablifhment  for 
bleaching  thread,  with  great  fuccefs,  and  he  has  already 
begun  forne  ctheis.  Tie  has  found  that  ten  or  twelve 
leys,  and  as  many  immerfions,  are  required  for  fome 
forts  of  thread  ;  and,  that  the  thread  may  be  furround- 
ed  with  the  liquor,  it  is  necefTary  to  place  it,  quite 
loofely,  in  a  bafket,  which  permits  the  liquor  to  pene¬ 
trate  to  all  its  furfaces  ;  wlffn  the  liquor  is  much  weak¬ 
ened,  it  is  dill  fit  to  be  ufed  for  the  bleaching  of  cotton. 

“  I  had,  in  the  beginning  of  my  experiments,  tried 
whether  the  vapour  would  not  be  preferable  to  .the 
oxygenated  muriatic  acid  in  a  liquid  Rate,  and  T  obfer- 
ved  that  it  bleached  with  greater  qnicknefs  ;  but,  what¬ 
ever  precautions  I  employed,  it  appeared  to  me  that  a 
confiderable  loft  of  it  took  place  ;  that  thofe  parts  of 
the  cloths  which  were  the  moft  expofed  to  it  were  fubje& 
to  be  weakened  ;  and  that  it  was  more  difficult  to  ob¬ 
tain  an  equal  whitenefs  throughout. 

“  To  prevent  all  the  accidents  which  may  refult 
from  the  liquor  adling  with  too  great  power,  it  is  im¬ 
portant  to  have  a  means  of  measuring  its  force.  M. 
Decroifille  thought  of  ufing,  for  that  pnrpofe,  a  folu- 
tion  of  indigo  in  fulphuric  acid.  He  takes  one  part  of 
indigo,  reduced  into  fine  powder,  and  eighteen  parts  of 
concentrated  fulphuric  acid  ;  this  mixture  is  put  into  a 
•  matrafs,  which  is  kept,  during  fome  hours,  in  a  water- 
bath  ;  when  the  folution  is  fimfhed,  it  is  diluted  with  a 
thoufand  parts  of  water.  To  try  the  power  of  the 
oxygenated  muriatic  acid,  one  meafure  of  this  folution 
is  put  into  a  graduated  glafs  tube,  and  fome  of  the  li¬ 
quor  is  gradu?.l!y  added  to  it,  until  the  colour  of  the 
indigo  is  deftroyed.  We  muft  firft  determine  how 
many  meaftires  of  a  liquor,  the  goodnefs  of  which  has 
been  afeertained  by  experiments  made  upon' cloth,  are 
necefTary  to  deftroy  the  colour  of  one  meafure  of  the 
folution  of  indigo,  and  this  number  will  ferve  to  efti- 
mate  the  refpeftive  ftrength  of  all  the  liquors  which  it 
may  be  necelTary  to  compare  with  it.  M.  Watt  employs, 
*  in  the  fame  manner,  a  folution  of  cochineal. ’’ 

Method  of  M.  Berth ollet  recommended  the  following  method 
procuring  of  procuring  the  oxy-muriatic  acid  :  “  If  we  have  good 
the  acid  forOXyd  0f  manganefe,  formed  in  fmall  cryftals,  and  con- 
c  taining  but  little  extraneous  matter,  the  proportions  of 
the  fubftances  to  be  fubmitted  to  diftillation  are  the 
following  :  Six  ounces  of  calx  of  manganefe  reduced 
to  powder  ;  one  pound  of  common  fait,  alfo  reduced 
to  powder  ;  twelve  ounces  of  concentrated  fulphuric 
acid,  or  oil  of  vitriol ;  from  ten  to  twelve  ounces  of 
water. 

“  When  thefe  materials  are  prepared,  we  mufl;  careful¬ 
ly  mix  the  oxyd  of  manganefe  with  the  common  fait, 


and  introduce  the  mixture  into  the  diftilling  veffel  pla¬ 


ced  upon  a  fand  bath  :  we  mult  then  pour  upon  it  the 
fulphuric  acid,  previoufly  diluted  (and  of  which  the  heat 
Dccafioned  by  its  mixture  with  water  is  diffipated),  and 
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immediately  apply  to  the  mouth  of  the  matrafs  the  BTeachJq 
tube  which  is  to  conciu&  the  gas  into  the  intermediate  v*- 
veflel. — It  mufl:  not  be  forgot,  that  in  this  operation 
the  lutes  require  particular  attention. 

“  The  lize  of  the  veffels  fliould  be  fuch,  that  the  dif¬ 
tilling  matrafs  may  be  about  one  third  empty  ;  and,  for 
the  quantity  above  mentioned,  the  tub  fliould  hold  ico 
quarts  of  water ;  there  fhould  alfo  be  an  empty  fpace 
of  about  io  quarts,  in  order  that  when  the  gas  lodges 
itfelf  in  the  cavities  intended  to  receive  it,  the  water 
may  have  a  free  fpace  to  rife  in. 

“  Before  the  commencement  of  the  operation,  the 
pneumatic  tub  mufl:  be  filled  with  water.  The  mix¬ 
ture  being  made,  the  gas,  which  very  foon  begins  to 
difengage  itfelf,  drives  out  the  atmofpherical  air  which  is 
in  the  apparatus  ;  when  it  is  judged  that  the  atmofphe- 
ric  air  has  paffed  into  the  cavities,  it  is  to  be  drawn  off 
by  means  of  a  bent  tube,  which  is  to  be  introduced  fuccef- 
fively  under  each  cavity  :  to  drive  out  the  water  which 
has  entered  into  the  tube,  this  laft  is  to  be  forcibly  blown 
into.  The  operation  is  then  fuffered  to  go  on  without 
fire  until  it  is  perceived  that  the  bubbles  come  over  but 
flowly  :  then  a  little  fire  is  to  be  applied}  which  is  not 
to  be  haftily  increafed  at  the  beginning,  but  may  be 
gradually  augmented,  fo  that  at  the  end  of  the  opera¬ 
tion  the  matter  may  be  brought  to  a  boiling  Rate.  It 
is  known  to  be  nearly  finiRied  when  the  tube  by  which 
the  gas  is  difen  gaged,  and  the  intermediate  veffel,  be¬ 
come  hot.  When  the  gas  is  difengajed  only  in  a  fmall 
quantity,  the  fire  may  be  withdrawn  ;  and  when  the 
diftilling  veflel  retains  but  a  gentle  warmth,  it  is  to  he 
unluted,  and  warm  water  is  to  be  poured  upon  the  re- 
fidue,  that  it  may  remain  in  folution,  and  thereby  be 
more  eafily  poured  out. 

**  The  operation  is  longer  or  ffiorter  according  to  the 
quantity  of  materials  :  with  that  above  mentioned,  it 
fhould  laft  five  or  fix  hours ;  it  is  proper  not  to  haftea 
it,  that  a  larger  quantity  of  gas  may  be  drawn  off. 

A  fingle  perfon  is  able  to  manage  feveral  diftillations  at 
the  fame  time ;  to  each  of  which  may  be  given  much 
larger  quantities  of  materials  than  thofe  which  have  been 
pointed  out. 

“  The  intermediate  veffel  by  degrees  becomes  filled 
with  a  liquor  which  is  pure,  though  weak,  muriatic 
acid  ;  neverthelefs,  we  may  perform  the  operation  fe¬ 
veral  times  without  extra&ing  it :  but  when  it  is  fup- 
pofed  that  there  is  rrot  fufficient  empty  fpace,  this  acid 
is  to  be  drawn  off  by  means  of  a  fyphon,  and,  when 
we  have  collected  a  fufficient  quantity  of  it,  it  may  be 
fubftituted  for  the  mixture  of  vitriolic  acid  and  com¬ 
mon  fait  in  the  operation  we  have  deferibed,.  if  we  have 
no  other  ufe  to  make  of  it.  That  there  may  pafs  but 
a  fmall  quantity  of  muriatic  acid,  not  oxygenated,  the 
firft  tube  ought  to  form  a  right  angle,  or  even  an  ob- 
tufe  one,  with  the  body  matrafs. 

“  During  the  operation,  the  agitator  muft  be  from 
time  to  time  put  in  motion,  to  favour  the  abforption 
of  the  gas  by  the  water :  when  it  is  finiftied,  the  liquor 
is  of  a  proper  ftrength  co  ufe  in  bleaching  ;  or  we 
may  put  a  left  quantity  of  water  in  the  tub,  and  then 
dilute  the  liquor  according  to  the  proportion  already 
mentioned. 

“In  this  ft  ate  of  concentration,  although  the  liquor 
has  a  pretty  ftrong  odour,  it  neverthelefs  is  not  hurtful* 
nor  even  very  unpleaiant,  to  thofe  who  ufe  it ;  it  is, 

however* 
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aching.*  however,  proper  to  conduct  it  into  tlie  troughs  where 
w  -v—  the  cloths  are  placed  by  means  of  wooden  canals,  which 
are  to  be  connected  with  the  faufet  or  tube  which  is  at 
the  lower  part  of  the  tub.” — The  following  is  a  de- 
feription  of  the  apparatus  : 

I  te  VII.  ABCD  is  a  reverberatory  furnace,  having,  on  a  line 
f  whh  B,  many  fmall  openings  ir\its  circumference,  to  ferve 

as  chimneys;  within  which,  upon  a  faud-bath  a,  is  placed 
a  matrafs^,  the  neck  of  which  {lands  out  above  the  fur¬ 
nace,  running  thro’  the  opening  D,  which  is  to  be  clofed 
with  clay.  The  month  F,  of  the  neck  of  the  matrafs, 
is  clofed  by  a  cork  G,  through  the  middle  of  which 
paffes  a  tube  H,  which  forms  a  communication  be¬ 
tween  the  infide  of  the  matrafs  b9  and  the  intermediate 
veffel  K,  where  it  alfo  paffes  through  a  cork  I,  which 
clofes  one  of  the  three  openings  of  that  veffel.  The 
corks  G  and  I  ought  to  be  prepared  before-hand,  and 
well  fitted  to  each  end  of  the  tube  of  communication 
H,  which  is  to  be  fo  difpofed  that  it  may  be  fitted  in 
immediately  after  the  mixture  is  made  in  the  matrafs. 

The  intermediate  veffel  K  is  about  an  eighth  part 
full  of  water ;  into  it  is  plunged  the  tube  of  farety  L, 
to  prevent  danger  from  regurgitation.  This  tube  ought 
to  be  fo  high,  that  the  weight  of  the  water  which  en¬ 
ters  into  it,  by  the  preffure  of  the  gas,  may  be  great 
enough  to  caufe  the  gas  to  pafs  into  the  pneumatic  tub 
NOP,  by  the  tube  of  communication  M,  which  is 
plunged  therein,  and  reaches  to  the  bottom,  where  it 
is  bent  horizontally,  fo  that  the  gas  may  be  emitted 
under  the  firft  of  the  three  wooden,  or  (if  they  can  be 
procured)  ftone-ware,  cavities,  or  receivers,  which  are 
placed  in  the  infide  of  the  tub,  one  above  the  other. 
O  is  a  handle  which  lerves  to  turn  the  agitator  E,  the 
movement  of  which  facilitates  the  combination  of  the 
gas  with  the  water.  P  is  a  fpigot  and  faufet  to  draw 
4  off  the  liquor. 

Ji  hod  of  It  i3  neceffary  to  prepare  the  cloth  by  leaving  it  to 
h  ching.  foak  for  24  hours  in  water,  or,  which  is  better,  in  fome 
old  ley.  Afterwards  it  fhould  be  fubmitted  to  the  ac¬ 
tion  of  one  or  two  good  leys;  becaufe  all  the  colouring 
part  which  may  be  extra&ed  by  the  leys  would  elfe, 
without  any  advantage,  confume  a  part  of  that  liquor 
which  it  is  important  to  be  as  fparing  of  as  poffible. 
After  this,  the  cloth  is  to  be  carefully  walked ;  then  it 
is  to  be  placed  in  che  troughs,  without  any  part  being 
preifed  or  confined,  in  fuch  a  manner  that  it  may  be 
thoroughly  impregnated  with  the  liquor  which  is  to 
run  thereon.  The  troughs,  as  well  as  the  tub,  ought 
to  be  conftrudled  without  iron  ;  for  that  metal,  being 
rulled  by  the  oxygenated  muriatic  acid,  would  produce 
iron  moulds,  which  could  not  be  taken  out  but  by 
means  of  fait  of  forrel. 

The  firft.  immerfion  ought  to  be  longer  than  the  o- 
thers  ;  it  may  be  continued  for  three  hours,  after  which 
the  cloth  is  to  be  taken  out;  it  is  to  be  again  fub¬ 
mitted  to  the  adlion  of  ley,  and  then  placed  in  a 
trough,  that  frefh  liquor  may  be  poured  thereon  :  it  is 
fufficient  that  this  immerfion,  and  the  following  ones, 
continue  half  an  hour.  When  the  cloth  is  taken  from ' 
the  trough,  the  liquor  is  to  be  wrung  out,  it  is  to  be 
again  fubmitted  to  the  ley,  and  afterwards  to  frefh  im- 
merfions.  The  fame  liquor  may  ferve  until  its  ftrength 
is  exhaufted  :  when  it  is  much  weakened,  there  may  be 
fome  frefh  liquor  added  to  it.  When  the  cloth  ap- 
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pears  white,  except  fome  black  threads  and  the  lifts,  it 
is  to  be  impregnated  with  black  foap,  and  then  ftrong- 
ly  rubbed  ;  after  which  it  is  to  be  fubmitted  to  the  laft 
ley  and  the  laft  immerfion.  We  cannot  determine 
what  number  of  leys  and  immerfions  may  be  neceffarv, 
becaufe  it  varies  according  to  the  nature  of  the  cloth  : 
neverthelefs,  the  limits  of  this  number  are  between  four 
and  eight  for  linen  or  hempen  cloths. 

The  manufacturers  at  Javelie,  to  whom  M.  Berthol¬ 
let  had  communicated  this  procefs,  foon  after  publifhed, 
in  different  journals,  that  they  had  difeovered  a  parti¬ 
cular  liquor  which  had  the  property  of  bleaching  "cloth 
by  an  immerfion  of  fome  hours  only.  The  change  they 
had  made  in  the  proceis  performed  in  their  piefence, 
confided  in  putting  fome  alkali  into  the  water  which 
receives  the  gas ;  this  enables  the  liquor  to  become 
much  more  concentrated,  fo  that  it  may  be  diluted 
with  feveral  times  its  own  quantity  of  water  before  it 
is  ufed. 

“  Thefe  are  the  proportions  which  yielded  me  (fays 
Berthollet)  a  liquor  limilar  to  the  pretended  Javelie  ley  5 
two  ounces  and  a  half  of  common  fait,  two  ounces  of 
fulphuric  acid,  fix  drachms  of  calx  of  manganefe,  and,  in 
the  veffel  where  the  gas  is  to  be  concentrated,  one 
pound  of  water,  and  five  ounces  of  potafh,  which  fhould 
be  diffolved  in  the  water.  The  javelie  liquor  has  a 
fomewhat  reddifh  appearance,  occafioned  by  a  fmall 
quantity  of  manganefe,  which  either  paffes  in  the  diftil- 
lation,  becaufe  an  intermediate  veffel  is  not  ufed,  or  ex- 
ifts  in  the  potafs  ;  moft  kinds  of  which  contain  it,  as  I 
have  well  convinced  myfelf.” 

• u  This  liquor  may  be  diluted  with  from  ten  to  twelve 
parts  of  water ;  and,  after  this,  it  bleaches  more  fpeedi- 
ly  than  the  liquor  itfelf :  but  without  fpeaking  of  the 
imperfections  of  the  method  which  is  deferibed  in  the 
publications  from  Javelie,  and  which  can  only  fnffice 
for  cotton,  we  are  not  able  to  bleach  near  the  fame 
quantity  of  cloth  with  the  oxygenated  muriatic  acid 
combined  in  this  manner  with  an  alkali,  as  might  be 
bleached  with  the  fame  quantity  of  that  acid  mixed 
with  water  alone ;  becaufe  there  is  formed  a  portion  of 
that  neutral  fait  which  is  known  at  prefent  by  the  name 
of  oxygenated  muriate  of  potafs,  and  in  which  the 
oxygen  becomes  concentrated.  Now  all  the  oxygen 
which  enters  into  the  compofition  of  this  fait  is  render¬ 
ed  ufelefs  for  bleaching  ;  becaufe  the  oxygenated  mu- 
riate  of  potafir  does  not  deflroy  colours.” 

This  method  of  bleaching  was  very  foon  adopted  in 
Britain,  and  is  now  al moft  univerfai  among  bleachers. 
A  great  many  changes  have  been  made  in  the  procefs  ; 
one  of  the  moft  important  of  which  is  fubftituting  lead 
veffels  for  wooden  ones,  which,  befides  weakening  its 
adlion  exceedingly,  were  very  foon  ddlroyed  by  the 
acid.  We  believe,  too,  that  the  bleachers  very  gene¬ 
rally  add  fome  alkali  to  the  acid,  liotwithftanding  the 
ftrong  obje&ions  which  Mr  Berthollet  has  made  to  that 
manner  of  bleaching. 

This  method  of  bleaching  has  been  found  to  anfwer 
remaikably  well;  the  only  objedlion  that  has  been  made 
to  it  is,  that  the  cloth  is  apt  to  be  weakened.  And 
this,  no  doubt,  mull  be  the  cafe,  if  care  be  not  taken 
to  prevent  the  acid  from  being  too  much  concentrated; 
but  we  have  little  doubt  that,  with  a  fufficient  degree 
of  caution,  it  will  prove  as  fine  as  any  other  whatever; 
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Bleaching.  and,  ;n  point  of  expedition,  there  cannot 

~~"v'  any  comparifon  drawn  between  the  old  mode  of  bleach¬ 
ing  and  the  new. 

It  remains  for  us  now  to  confider,  whether  the  new 
difeoveries  in  chemiftry  do  not  throw  fome  rays  of  light 
upon  the  theory  of  bleaching  ;  for  it  is  only  by  per¬ 
fecting  the  theory  that  we  can  advance  with  certainty 
in  our  practical  improvements. 

It  has  been  already  obferved,  in  the  article  Bleach¬ 
ing  (EncycL)y  that  cloth,  after  being  bleached,  was  a 
good  deal  lighter  than  it  had  been  before  that  opera¬ 
tion  :  It  follows,  therefore,  that  it  mult  have  been  de¬ 
prived  of  fomething  during  the  bleaching.  Cloth  bleach¬ 
ed  by  means  of  the  oxy-muriatic  acid  likewife  under¬ 
goes  a  lofs  of  weight ;  fo  that,  in  all  probability,  both 
inodes  ad  in  precifely  the  fame  manner. 

If  raw  linen  or  thread  be  boiled  in  a  folution  of  cau¬ 
ftic  alkali,  properly  diluted,  it  gives  out  fomething  which 
tinges  the  ley  of  a  deep  brown,  and  at  the  fame  time 
the  alkali  lofes  its  caufticity.  If  the  linen  be  boiled  in 
another  fimilar  folution,  it  communicates  the  fame  co¬ 
lour,  and  evert  a  third  may  be  (lightly  tinged  ;  but  af¬ 
ter  this,  alkalis,  unlefs  fo  much  concentrated  as  to  in¬ 
jure  the  texture  of  the  cloth,  have  no  effed  on  it 
whatever.  If  the  linen  be  now  plunged  into  oxy-mu¬ 
riatic  acid,  properly  prepared,  and  allowed  to  remain 
till  it  begins  to  become  white,  and  then  plunged  into 
an  alkaline  ley,  the  alkali  lofes  its  cauflicity,  and  af- 
fumes  the  fame  deep  colour  that  the  firft  ley  did.  Here, 
then,  we  have  two  alkaline  folutions  ;  the  one  faturated 
with  colouring  matter  before  the  adion  of  the  oxy-mu¬ 
riatic  acid  on  the  linen,  the  other  after  it.  When  thefe 
folutions  are  faturated  with  an  acid,  a  yellow  coloured 
precipitate  is  obtained,  which  when  dried  affumes  the 
appearance  of  a  black  powder.  Precifely  the  fame  fub- 
ftance  is  obtained  from  both  folutions.  This  colouring 
matter  is  almoft  infoluble  in  water.  Pure  or  cauftic 
potafs  diflolves  about  double  its  own  weight  of  it  ;  car¬ 
bonate  of  potafs  not  fo  much. 

Hence  we  fee  the  ufe  of  alkalis  in  bleaching.  The 
colouring  matter  is  not  foluble  in  water,  but  part  of  it  is 
foluble  in  alkali.  However,  after  the  alkali  has  exhaufted 
all  its  power,  the  linen  is  not  white  :  colouring  matter, 
therefore,  exifts  in  it,  which  alkalis  cannot  ad  upon. 
But  after  being  plunged  in  oxy-muriatic  acid,  it  alfo 
becomes  foluble  in  acids.  Here,  then,  is  the  ufe  of 
that  acid  in  bleaching — it  communicates  fomething  to 
the  colouring  matter  which  renders  it  foluble  in  alkali. 
This  fomething,  we  have  already  feen,  is  oxygen.  It 
follows,  therefore,  that  before  the  greater  part  of  the 
colouring  matter  ©f  linen  can  be  extraded  by  alkalis, 
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it  mufl  be  combined  with  oxygen.  It  is  in  producing 


this  combination  that  the  uie  of  the  expofure  to  the 
fun  and  air  confifts  ;  and  it  is  becaufe  the  oxy  muriatic 
acid  produces  it  almoft  inftantaneoufly,  that  the  new 
mode  of  bleaching  is  fo  much  more  expeditious  than 
the  old  r 

If  into  the  alkaline  folution  of  the  colouring  mat¬ 
ter  lime-water  be  poured,  there  takes  place  a  copious 
precipitate,  which  confifts  of  the  lime  and  colouring 
matter  combined.  Lime,  therefore,  has  a  ftronger  af¬ 
finity  for  the  colouring  matter  than  alkali  has  :  and  as 
the  compound  of  lime  and  the  colouring  matter  is  not 
very  foluble  ia  water,  lime-water  might  be  ufed  to  de- 
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furely  be  prive  the  alkaline  ley  of  the  colouring  matter  which  it  Bleaching 
has  imbibed  ;  after  which  it  might  be  ufed  again.  Care,  '"“Y-*- 
however,  muft  be  taken  that  no  lime-water  remains 
in  the  ley ;  otherwife  it  might  precipitate  and  fix  the 
colouring  matter  on  the  linen,  after  which  it  would  be 
very  difficult  to  remove  it.  ^ 

From  an  alkaline  ley,  faturated  with  the  colouring  Nature  of 
matter  of  linen  yarn,  Mr  Kirwan,  by  means  of  muriatic  C()kur. 
acid,  precipitated  the  colouring  matter.  He  found  it  to 
poffefs  the  following  properties  :  When  fuffered  to  dry 
for  fome  time  on  a  filter,  it  afiumed  a  dark  green  co¬ 
lour,  and  felt  fomewhat  clammy  like  moift  clay.  “  I  tr[fh  TmJ, 
took  (fays  he)  a  fmall  portion  of  it,  and  added  it  to  6oI789» 
times  its  weight  of  boiling  water,  but  not  a  particle  of 
it  was  diflolved.  The  remainder  I  dried  in  a  land  heat; 
it  then  afiumed  a  finning  black  colour,  became  more 
brittle,  but  internally  remained  of  a  greenifh  yellow* 
and  weighed  one  ounce  and  a  half. 

“  By  treating  eight  quarts  more  of  the  faturated  ley 
in  the  fame  manner,  I  obtained  a  further  quantity  of 
the  greenifh  depolit ;  on  which  1  made  the  following 
experiments  : 

“  lft,  Having  digefted  a  portion  of  it  in  rectified 
fpirit  of  wine,  it  communicated  to  it  a  reddifh  hue,  and 
was  in  a  great  meafure  diflolved :  but  by  the  affufion 
of  diftilled  water  the  folution  became  milky,  and  a 
white  depofit  was  gradually  formed  ;  the  black  mattec 
diflolved  in  the  fame  manner. 

2dly,  Neither  the  green  nor  the  black  matter  was 
foluble  in  oil  of  turpentine  or  linfeed  oil  by  a  long  con¬ 
tinued  digeftion. 

3<ily,  The  black  matter  being  placed  on  a  red-hot 
iron,  burned  with  a  yellow  flame  and  a  black  fmoke, 
leaving  a  coaly  refidiuim. 

“  4thly,  The  green  matter  being  put  into  the  vitri¬ 
olic,  marine,  and  nitrons  acids,  communicated  a  brown* 
ifh  tinge  to  the  two  former,  and  a  greenifh  to  the  lat¬ 
ter,  but  did  not  feem  in  the  lead  diminifhed. 

u  Hence  it  appears,  that  the  matter  extra&ed  by  al¬ 
kalis  from  linen  yarn  is  a  peculiar  fort  of  refin,  different 
from  pure  refins  only  by  its  infolubility  in  effential  oils, 
and  in  this  refpedt  refembling  lacs.  I  now  proceed 
to  examine  the  power  of  the  different  alkalis  on  this 
fubftance.  Eight  grains  of  it  being  digefted  in  a  folu¬ 
tion  of  cryftallized  mineral  alkali,  faturated  in  the  tem¬ 
perature  of  6o°,  inftantly  communicated  to  the  folution 
a  dark  brown  colour  ;  two  meafures  (each  of  which 
would  contain  1  1  pennyweights  of  water)  did  not  en¬ 
tirely  diffolve  this  fubftance.  Two  meafures  of  the 
mild  vegetable  alkali  diflolved  the  whole. 

H  One  raeafure  of  cauftic  mineral  alkali,  whofe  fpeci- 
fic  gravity  was  *,05 3,  diflolved  nearly  the  whole,  lea- 
ving  only  a  white  refiduum. 

“  One  meafure  of  cauftic  vegetable  alkali,  whofe  fpe- 
cific  gravity  was  1,039,  diflolved  the  whole. 

u  One  meafure  of  liver  of  fulphur,  whofe  fpecific  gra? 
vity  was  1,170,  diflolved  the  whole. 

“  One  meafure  of  cauftic  volatile  alkali  diflolved  alfo 
a  portion  of  this  matter.” 

The  colouring  matter  of  cotton  is  much  more  foluble 
in  alkali  than  that  of  linen  ;  he'rice  the  greater  facility 
with  which  cotton  is  bleached. 

From  thefe  obfervations,  the  great  importance  of  al¬ 
kalis  in  bleaching,  and  the  neceffity  of  regulating  the 

ftrengthj 
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caching,  ftrength,  and  afcertainirig  the  purity,  of  the  leys  made 

— v - ufe  of,  mull  be  apparent.  Manufacturers,  therefore, 

lie  under  very  great  obligations  to  Mr  Kirwan,  who 
has  lately  examined  the  alkaline  matters  ufed  in  bleach¬ 
ing  with  his  ufual  accuracy  and  abilities.  The  refult 
of  his  experiments  was  as  follows  : 

\Jb  Tranf  Table  of  the  quantity  of  mere  alkali  in  1 00  Avoirdupois 
fy.  pounds  of  the  following  fubflanccs . 


Ann.  de 
ym .  VI. 
0. 


One  hundred  lbs . 

Cry  (tail  ized  foda 

Sweet  barilla 

Mtaly’s  cunnamara  kelp 

Ditto  defulphurated  by  fixed  air 

Strangford  kelp 

One  hundred  lbs . 

Dar.tzic  pearl  afh 
Clarke’s  refined  afh 
Cafhup 

Common  raw  Irifh  weed-afh 
Ditto  Dightly  calcined 

When  linen  is  allowed 


Mineral  Alkali . 
20  lbs. 

24 

3*437 
4,457 
1,25 

Vegetable  Alkali . 
63,53  lbs. 
26,87 
19,376 
j  ,6  66 
.*  4,666 

to  remain  for  fome  time  in 


oxy-muriatic  acid,  it  becomes  white.  It  is  evident,  then, 
that  when  the  colouring  matter  of  linen  is  faturated 
with  oxygen,  it  becomes  colourlefs  :  But  linen  bleach¬ 
ed  in  this  manner  very  foon  becomes  yellow,  efpecially 
when  expofed  to  heat.  Berthollet,  to  vvhofe  ingenious 
experiments  and  obfervations  we  are  indebted  for  the 
greater  part  of  the  above  remarks,  has  given  the  fol¬ 
lowing  explanation  of  the  caufe  of  this  change  :  He 
diflilled  the  colouring  matter  of  linen,  and  obtained  a 
thick  oil,  a  little  ammonia,  and  TVo  of  carbon  remain¬ 
ed  behind.  The  oil  contained  carbon  ;  and  he  fuppo- 
fed  that  carbonic  acid  gas,  and  carbonated  hydrogen 
gas,  were  difengaged.  He  concluded  in  confequence, 
that  one-third  of  this  colouring  matter  was  carbon. 
The  other  ingredient  in  the  oil  was  hydrogen ;  for  La- 
voifier  has  proved  that  oil  is  compofed  of  oxygen  and 
hydrogen.  The  colouring  matter  of  linen,  then,  is 
compofed  principally  of  carbon  and  hydrogen. 

Oxygen  combines  with  hydrogen  at  a  lower  tempe¬ 
rature  than  it  does  with  carbon  ;  for  if  a  confiderable 
quantity  of  oxy* muriatic  acid  be  mixed  with  a  folution 
of  fugar  (a  fubftance  which  confifls  chiefly  of  carbon 
and  hydrogen),  and  the  liquor  be  evaporated,  there 
remains  behind  little  elfe  than  carbon,  the  hydrogen 
having  combined  with  oxygen  and  formed  water,  which 
had  pahed  off  in  the  form  of  vapour.  Now,  whenever 
a  quantity  of  hydrogen  is  feparated  from  a  body  prin¬ 
cipally  compofed  of  hydrogen  and  carbon,  that  body 
affumes  a  brown  or  yellow  colour,  becaufe  the  carbon 
becomes  predominant  and  this  colour  becomes  the 
deeper  the  greater  the  proportion  of  the  carbon  is,  com¬ 
pared  to  that  of  the  hydrogen  ;  and  at  lafl,  when  no¬ 
thing  but  carbon  remains,  it  becomes  quite  black. 

It  is  probable,  then,  that  when  the  oxy-muriatic  a- 
cid  renders  linen  white  a  quantity  of  oxygen  has  com¬ 
bined  with  the  colouring  particles,  but  that  this  oxy¬ 
gen  gradually  enters  into  a  combination  with  the  hy¬ 
drogen,  and  forms  water  which  paffes  off;  that  then  the 
carbon  becomes  predominant,  and  the  linen  in  confe¬ 
quence  affumes  a  yellow  colour  *. 

The  fame  method  does  not  fucceed  in  bleaching 
wool  and  filk  which  anfwers  f  or  linen  and  cotton.  One 
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would  be  difpefed  to  think  that  tliefe  fub fiances  are  Bleaching, 
bleached  rather  by  lofing  oxygen  than  by  abforbmg  it. 

Wool,  for  inflance,  is  rendered  white  very  quickly  when 
expofed  to  the  fumes  of  fulphurous  acid,  which  we  of  wool  and 
know  has  a  flrong  affinity  for  oxygen,  and  foon  faUi-hlk. 
rates  itfelf  with  it.  But  what  paffes  during  the  white¬ 
ning  of  animal  matters  has  never  yet  been  properly 
enquired  into,  though  it  would  not  only  greatly  eluci¬ 
date  bleaching ,  but  dyeing  like  wife,  and  throw  much 
light  upon  fome  of  the  obfcurefl  parts  of  chemiitry. 

A  great  improvement,  however,  has  lately  been  made 
by  M.  Baume  in  the  manner  of  bleaching  filk-  Of  this 
improvement  we  fhall  proceed  to  give  an  account f.  I  See 

Before  the  filk  is  wound  off  the  cocons  in  which  the 
filk  worms  are  inclofed,  it  is  neceffary  to  kill  the  in-  Cbym.  xvii. 
feds,  otherwife  they  would  in  all  probability  eat  thro’  *\6.  and  a- 
it  and  deflroy  it.  This  is  commonly  done  by  expofing^^i 
the  cocons,  properly  wrapped  up,  fof  two  hours  to  th Cj^rlat”u 
heat  of  about  1  58  degrees  of  Fahrenheit  in  an  oven.;  2.  from 
after  which  they  are  kept  for  a  certain  time  in  a  maf3which  lad 
to  preferve  their  heat,  and  effedually  deflroy  fuch  of^c^vct^" 
the  infeds  as  might  have  elcaped  the  power  of  the  0 
oven.  The  effed  of  this  procefs- is,  that  the  filk  is  8 
hardened,  and  is  more  difficult  to  wind  off  than  before.  New  mods 
Hence  the  produd  of  filk  is  lefs  by  one  ninth  part  inf^w^tew" 
quantity,  and  inferior  in  quality  to  what  might  have111^  1  U 
been  obtained  by  winding  off  without  this  previous  ba- 
king.  Mr  Baume,  not  only  from  thefe  view's,  but  like- 
wife  becaufe  the  filk  which  has  not  been  baked  proves 
fufceptible  of  a  greater  luftre,  was  induced  to  deflroy 
the  cryfalis  by  lpirit  of  wine.  For  this  purpofe  he 
difpofes  them  in  a  wooden  box  in  a  flratr.m  fix  inches 
deep  :  upon  each  fquare  foot  half  a  pint  of  fpirit  of 
wine  is  to  be  fprinkled  with  a  fmall  watering-pot  made 
for  that  purpofe.  The  liquid  is  to  be  equally  diflribu- 
ted,  but  it  is  not  neceffary  that  all  the  cocons  fhould 
be  wetted.  They  are  then  to  be  mixed  by  hand.  In 
the  next  place  another  flratum  is  to  be  formed  over  the 
firft,  nearly  of  the  fame  depth,  which  is  to  be  fprinkled 
and  treated  as  before.  By  this  method  of  proceeding, 
the  box  becomes  filled,  and  mufl  then  be  covered,  and 
left  for  24  horns,  during  which  time  they  become  fpon- 
taneoufly  heated  to  about  100  degrees,  and  the  vapour 
of  the  fpirit  of  wine  exerts  itfelf  with  wonderful  activi¬ 
ty.  After  this  treatment  they  mufl  be  fpread  out  to 
dry,  which  happens  in  a  fhort  time,  and  is  abfolutely  ne- 
ceffary  previous  to  winding  off. 

The  fpirit  of  wine  to  be  ufed  in  this  operation  ought 
to  be  of  the  fpecific  gravity  .847,  at  the  temperature  of 
55  degrees.  It  is  of  the  greatefl  importance  to  life  that 
fpirit  only  which  has  been  kept  in  veffels  of  glafs,  of 
tinned  copper,  or  of  pure  tin.  Leaden  veffels  are  abfo- 
lutely  to  be  rejected  wooden  veffels  tinge  the  fpirit, 
which  gives  the  filk  a  degree  of  colour  of  confiderable 
permanency,  and  very  inimical  to  the  bleaching  procefs. 

The  filk  is  wound  off  upon  a  reel,  while  the  cocor.s 
are  kept  immerfed  in  water  almoft  boiling.  Upon  this 
part  of  the  procefs  M-  Baume  remarks,  ift,  That  the 
dead  cocons  mufl  be  feparated.  Thefe  are  known  by 
the  brown  or  black  lpots  on  their  i’urface.  2.  That 
well  water,  which  on  account  of  its  clearnefs  is  almoft 
univerfally  ufed  in  the  filk  manufactories,  moflly  con¬ 
tains  nitre,  and  is  extremely  prejudicial  to  the  bleaching 
procefs.  The  prefence  of  nitrous  acid  gives  a  yellow 
colour,  which  refills  bleaching  and  even  fcouring  ;  he 

therefore* 
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Bleachirg.  therefore  recommends  river* water.  3.  In  Tome  coun- 
'  V"  tries  a  fmall  quantity  of  alum  is  ufed.  Neither  this  nor 
.  any  other  laline  fubftance  is  of  the  leaf!  advantage  to  the 
colour,  beauty,  or  quality  of  the  filk. 

At  the  four  places  of  contact  of  the  fillc  upon  the 
reel,  all  the  threads  flick  together.  It  is  abfolutdy  ne- 
ceffary  that  this  fhould  be  remedied.  The  method  con- 
fifls  in  foaking  the  filk  in  a  fufficient  quantity  of  warm 
water,  at  about  90  degrees,  for  about  two  hours;  after 
which  the  threads  are  to  be  feparated  by  opening  the 
hanks  upon  a  pin,  and  lightly  rubbing  the  parts  which 
cohere.  When  the  filk  is  dry,  it  is  to  be  loofely  folded 
in  its  original  form,  and  is  ready  for  bleaching. 

The  filk  while  wet  is  foft,  and  part  of  its  gummy 
matter  is  in  fucli  a  (late,  that  its  threads  would  readily 
adhere,  if  wrung  while  warm  for  the  purpofc  of  clearing 
it  of  the  water.  After  fuch  improper  treatment  there 
would  be  no  other  remedy  than  to  foak  it  again  in  warm 
water. 

The  apparatus  for  bleaching  the  filk  confifts  of  a- 
ftone-ware  veffel,  nearly  of  a  conical  form,  capable  of 
holding  about  1 2  gallons,  having  a  large  opening  at  the 
one  end,  and  a  fmaller  of  about  an  inch  diameter  at 
the  other  end.  Common  pottery  cannot  be  ufed  in 
this  operation^  becaufe  it  is  foon  rendered  unferviceable 
by  the  a&ioYof  the  muriatic  acid,  and  the  ftone-ware 
itfelf  is  not  very  durable.  This  veffel  mufl  be  carefully 
examined,  to  afeertain  that  it  does  not  leak  in  the  flighteft 
degree  ;  after  which  the  infide  is  to  be  rubbed  with  a 
pumice-ftone,  to  clear  it  of  afperities  which  might  break 
the  threads.  A  cover  of  the  fame  material  is  to  be  fit¬ 
ted  on  by  grinding  ;  and  the  fmaller  aperture,  which  in 
the  ufe  is  the  lowed,  is  to  be  clofed  with  a  good  cork, 
in  the  middle  of  which  is  thrufl  a  fmall  glafs  tube  about 
a  quarter  of  an  inch  in  diameter  ;  this  is  likewife  flop¬ 
ped  with  a  cork,  excepting  at  the  time  when  it  is  requi¬ 
red  to  draw  off  the  liquid  contents  of  the  jar.  A  fmall 
perforated  falfe  bottom  is  placed  within  the  veffel,  to 
prevent  this  tube  from  being  obflru&ed. 

Six  pounds  of  yellow  raw  filk  are  to  be  difpofed  in 
the  earthen  pot ;  upon  this  is  to  be  ponied  a  mixture, 
previoufly  made,  of  48  pounds  of  fpirit  of  wine  of  the 
lpecinc  gravity  .867,  with  12  ounces  of  very  pure  ma¬ 
rine  acid,  abfolutdy  exempt  from  all  prefence  of  nitrous 
acid,  and  of  the  fpecific  gravity  1.114.  The  pot  is 
then  to  be  covered,  and  the  whole  left  in  digeflion  till 
the  following  day,  or  until  the  liquor,  which" at  firfl  af- 
fumes  a  fine  green  colour,  fa  all  begin  to  affume  that  of 
a  dnfky  brown. 

The  acidulated  fpirit  is  then  to  be  drawn  off,  clean 
fpirit  of  wine  poured  upon  the  filk,  and  drawn  off  re¬ 
peatedly  until  it  paffes  colourlefs.  The  filk  is  then  ful¬ 
lered  to  drain  without  ftirring  it.  In  this  flate  it  is 
ready  for  a  fecond  infufion. 

Forty. eight  pounds  of  fpirit  of  wine,  acidulated  with 
22  ounces  of  marine  acid,  is  now  to  be  poured  on  the 
filk,  and  the  whole  fullered  to  remain  for  24  hours  or 
longer,  until  the  filk  becomes  perfectly  white.  The 
time  required  for  this  fecond  infufion  is  commonly  long¬ 
er  than  for  the  Frit :  it  fometimes  amounts  to  two, 
three,  or  even  fix  days,  according  to  circumflanccs,  par¬ 
ticularly  the  temperature  and  the  nature  of  the  filk. 
Silk  which  has  been  in  the  oven  is  in  general  more  dif¬ 
ficult  to  bleach. 

V  hen  the  filk  has  thus,  obtained  its  utmoft  degree  of 


whitenefs,  the  acidulated  fpirit  is  to  be  drawn  off  into  a  Bleaching, 
feparate  veffel.  This  fluid  is  but  flfghtly  coloured,  and  ***** 
may  be  ufed  again  in  the  firfl  infufion  of  other  yellow 
filk,  with  the  addition  of  fix  ounces  more  of  marine 
acid.  The  receiving  veffel  is  to  be  removed,  and  ano¬ 
ther  clean  veffel  fubftituted  in  its  place.  The  filk  is 
then  fprir.kled  with  clean  fpirit,  and  occafionally  preffed 
down  with  the  hand.  As  foon  as  the  fpirit  of  wine 
comes  off  abfolutely  colourlefs,  a  third  infufion  is  to  be 
made  by  pouring  upon  the  filk  48  pounds  of  the  pure 
fpirit  without  acid,  which  is  to  remain  till  the  follow¬ 
ing  day  :  it  is  then  to  be  drawn  off,  and  referved  for 
wafhing  other  filk  after  the  firfl  infufion. 

After  the  filk  has  been  left  to  drain,  and  affords  no 
more  fpirit,  it  flill  retains  its  own  weight  of  that  fluid. 

This  is  recovered  by  fprinkling  the  filk  with  a  fmall 
quantity  of  very  clear  river-water  at  a  time.  While 
the  water  applies  itfelf  and  fubfides  along  the  filk,  it 
drives  the  fpirit  of  wine  before  it,  fo  that  the  firfl  por¬ 
tions  which  flow  from  the  tube  are  fcarcely  diminifhed 
in  flrength.  The  addition  of  water  is  to  be  continued 
until  nothing  but  mere  water  comes  off  below. 

In  this  fituation  the  filk  is  found  to  be  well  bleached, 
but  flill  retains  a  portion  of  marine  acid  fufficient  to 
render  it  harfh  to  the  touch,  and  after  a  time  brittle.  It 
mufl  be  wafhed  off  with  water.  The  befl  method  is  to 
put  the  filk  loofely  into  a  coarfe  woollen  bag,  which  is 
to  be  fecured  loofely  in  another  cloth  like  a  fmall  bed  or 
pillow,  then  placed  in  a  bafket,  and  left  in  a  running 
flream  for  five  or  fix  hours  ;  but  where  the  convenience 
of  a  flream  is  wanting,  the  earthen  pot  containing  the 
filk  is  to  be  covered  with  a  cloth,  and  water  pumped 
through  it  for  five  or  fix  hours,  or  until  that  which  if. 
fues  from  the  lower  aperture  gives  no  red  colour  to  the 
tindlure  of  turnfol.  At  this  period  the  lower  opening 
is  to  be  clofed,  and  the  veffel  filled  with  water,  which 
rnufl  be  changed  once  or  twice  in  24  hours. 

Though  the  mineral  acids  are  the  moll  powerful  and 
definitive  of  all  faline  fubftances,  yet  they  may  be  ap¬ 
plied  to  filk  when  diluted  writh  fpirit  of  wine  in  very 
confidcrable  dofes.  In  trials  made  to  afeertain  the  ma¬ 
ximum,  two  ounces  of  marine  acid  wrere  added  to  one 
pound  of  fpirit  of  wine,  without  altering  the  filk.  Two 
drams  of  marine  acid  caufe  a  very  perceptible  alteration 
in  one  pound  of  filk. 

Spirit  of  wine  which  has  been  mixed  with  nitrous 
acid  cannot  be  ufed  in  bleaching,  even  though  after¬ 
wards  re&ified  upon  an  alkali,  becaufe  it  flill  retains  a 
portion  of  nitrous  gas.  Pure  fpirit  of  wine  -without 
acid  extra&s  a  fine  yellow  colour  from  filk,  which  does 
not  feparate  for  yeais,  even  though  expofed  to  the  fun’s 
light.  Yellow  filk,  expofed  to  the  fun,  lofes  its  colour 
in  a  ffiort  time.  The  acidulated  fpirit  which  has  been 
ufed  in  the  infufion  of  filk,  is  changed  by  expofufe  to 
the  fun,  but  not  in  fuch  a  manner  as  to  be  rendered  fit 
for  ufe  a  fecond  time.  In  order  to  obtain  a  beautiful 
white  colour,  it  is  effential  that  the  filk  fhould  be  im¬ 
peded  in  a  large  quantity  of  the  fluid,  efpecially  at  the 
firfl  infufion.  Without  this  management  it  would  be¬ 
come  neccffary  to  make  three  infuiions  in  the  acidula¬ 
ted  fpirit.  When  the  firfl  infufion  is  well  managed, 
the  filk  will  have  loft  all  its  yellow  colour,  and  become 
considerably  white,  at  the  fame  time  that  the  liquor  will 
have,  begun  to  change  colour  a  little.  As  long  as  it 
continues  of  u  fine  green,  it  is  certain  that  it  has  not 

exhaufted 
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leaching,  exhaufted  its  whole  action  upon  the  filk.  The  duration 
of  this  firfb  infufron  may  be  longer  or  (hortcr,  without 
inconvenience,  according  to  the  temperature.  When 
the  temperature  is  at  77  of  Fahrenheit,  the  firft  infu- 
fion  is  often  made  in  10  or  12  hours.  In  irnall  experi¬ 
ments  the  heat  of  the  atmofphere  may  be  fupplied  by 
the  water  bath  ;  in  which  cafe,  all  the  inr'uGons  are  ca¬ 
ll  ly  made  in  the  courfe  of  a  day. 

When  the  firft  infufion*is  finifhed,  and  the  liquor 
drawn  off,  the  filk  appears  green ifh :  the  fubfequent 
walkings  in  fpirit  of  wine  clear  it  of  the  liquor  it  re¬ 
tained.  This  fpi  inkling  (hould  be  made  with  the  wa¬ 
tering  pot,  otherwise  the  quantity  poured  will  be  great¬ 
er,  and  the  management  more  wafteful. 

Pieces  of  gauze  and  entire  garments  of  filk  have  been 
fuccefstully  bleached  in  this  way. 

The  finell  natural  white  filks  are  rendered  infinitely 
whiter  by  this  procefs.  Spirit  of  wine  alone  has  the 
property  of  depriving  yellow  filk  of  its  colour,  which  it 
brings  to  the  Hate  of  the  naturally  white  filk.  In  this 
{late  the  filk  is  difpofed  to  acquire  a  greater  degree  of 
brightnefs  by  a  fingle  infufion  in  the  acidulated  fpirit. 
This  procefs  has  its  advantages  over  the  other,  to  which 
it  is  alfo  inferior  in  certain  refpe&s  ;  concerning  heither 
of  which  the  author  has  entered  into  any  detail. 

The  colouring  matter  was  found  to  be  a  refin  per- 
fe&ly  animalized,  affording  by  diftillation  the  fame  pro- 
duds  as  other  animal  matters,  and  the  concrete  volatile 
alkali. 

Silk  whitened  by  fcouring  may  be  dried  freely  in  the 
air  without  affe&ing  its  luftre.  This  is  not  the  cafe 
with  the  filk  bleached  in  the  gum  :  if  it  be  left  at  li¬ 
berty  to  dry  in  the  air,  it  refembles  white  flax  without 
any  luftre.  The  beauty  of  this  filk  confifts  in  its  fhining 
brilliancy;  to  fecure  which  it  mult  be  dried  in  a  ftate  of 
tenfion.  Mr  Baume  has  contrived  a  fimple  machine  for 
this  purpofe.  It  eonfifts  of  a  ftrong  fquare  frame  of 
wood  (landing  upright  upon  feet  :  the  upper  horizon¬ 
tal  bar  is  fix  feet  long,  and  has  fix  iron  pins  driven 
through  it  at  equal  diftances,  fo  as  to  project  on  each 
fide  for  the  purpofe  of  receiving  twelve  bobbins.  'Hie 
lower  horizontal  bar  is  moveable  up  and  down  in  a  mor¬ 
tice,  by  means  of  a  ferew  at  each  end  :  it  is  furnifhed 
with  fix  holes,  adapted  to  receive  as  many  pins  to  cor- 
refpond  with  thofe  above.  The  fkains  of  filk  are  to  be 
dreffed  and  arranged  upon  wooden  pins,  as  they  are 
taken  out  of  the  fack  from  walking.  As  foon  as  there 
are  twelve  together,  they  are  to  be  wrung  with  a  ftaff ; 
after  which  the  fkains  are  to  be  hung  one  by  one  upon 
as  many  bobbins  put  upon  the  upper  pins  of  the  fquare 
frame.  Another  bobbin  with  tails  is  to  be  inferted  in 
the  lower  loop  of  the  (bain,  and  faftened  to  the  corre- 
fponding  pin  of  the  lower  bar,  by  means  of  a  (trap  and 
hook,  which  need  not  be  deferihed  to  fuch  as  are  (light¬ 
ly  acquainted  with  mechanical  obje&s.  When  the  ma¬ 
chine  is  thus  fupplied  with  fkains  on  both  fiaes,  the 
lower  bar  of  the  frame  is  to  be  preffed  down  by  the 
ferews  until  the  filk  is  moderately  ftrelchcd*  When  it 
is  dry,  the  ferews  are  to  be  equally  (lackened,  the  fkains 
taken  off,  and  folded  with  a  flight  twift,  that  they  may 
not  become  entangled. 

To  complete  the  defeription  of  this  procefs,  it  only 
remains  to  fhow  how  to  recover  the  alcohol,  and  enfure 
the  purity  of  the  acids  made  ufe  of.  , 

The  alcohol  which  has  been  ufed  in  bleaching  filk  is 


acid,  and  loaded  with  colouring  matter.  In  this  rb.te  Bleaching. 

it  cannot  be  again  ufed.  There  ate  two  methods  of  — - - ' 

di  (tilling  it,  which  have  their  reipeetive  advantages  and  M,.£.  f 
inconveniences.  "  . 

.by  the  nrfi  the  acid  is  loft  ;  which  is  faturated  with  c^e  alcohol 
potafs,  in  order  that  the  diftillation  may  be  afterwards ufcd> 
per  ormed  in  a  copper  alembic.  A  folution  of  potafs 
is  to  be  poured  into  the  acid  fpirit,  and  (lirreri  about  to 
promote  the  laturation.  Carbonic  acid  is  difen^aged 
with  ftrong  effervescence  from  the  alkali,  and  the  point 
of  laturation  is  known  by  the  ufual  teft,  that  the^uid 
does  not  redden  the  tin&ure  of  turnfol.  The  diftilla¬ 
tion  is  then  to  be 'made  in  the  copper  alembic,  and  the 
alcohol  referved  in  proper  veffels. 

In  the  lecond  procefs  for  diflilling  without  alkali,  the 
acid  fpirit  is  diftributed  into  a  great  number  of  p-lafs  re¬ 
torts,  placed  in  the  fand-bath,  on  the  gallery  of  a  fur¬ 
nace.  The  firft  product  is  fcarcely  acid  ;  but  what 
follows  is  more  and  more  fo,  and  mud  be  kept  in  vef* 
ftls  of  glafs  or  (lone- ware,  which  become  embarraffmg 
on  account  of  their  number.  The  fluid  which  remains 
in  the  retorts  has  the  colour  of  beer  (lightly  turbid,  and 
contains  the  greateft  part  of  the  marine  acid.  Ic  mu  ft* 
be  poured  into  one  or  more  retorts,  and  concentrated  by 
heat  gradually  applied.  The  firft  liquor  which  comes 
over  is  (lightly  red,  turbid,  and  fcarcely  acid.  This  is 
to  be  thrown  away,  and  the  receivers  changed.  The 
fucceeding  produift  is  the  colourlefs  marine  acid,  of  an 
aromatic  imell  refembling  the  buds  of  poplar.  The  re¬ 
fin  of  the  filk  remains  in  the  retort  decompofed  by  the 
acid.  The  marine  acid  thus  obtained  i3  weaker  than  it 
originally  was  ;  which  is  in  fa£l  of  little  confequence, 
as  it  is  pure,  and  may  be  fafely  ufed,  either  by  increa- 
fing  the  dofe  proportional  to  its  diminifhed  ftrength,  or 
by  concentrating  it  if  required  in  the  ufual  way.  If 
this  diftillation  be  made  in  a  filver  alembic,  inftead  of 
retorts  of  glafs,  and  a  capital  and  worm  of  pure  tin  be 
annexed,  the  alcohol  will  be  obtained  fo  (lightly  acid  as 
fcarcely  to  redden  the  tin&ure  of  turnfol  ;  but  it  is 
fufnciently  acid  to  receive  injury  if  preferved  in  a  cop¬ 
per  veffel.  I0 

As  to  the  acid,  Mr  Baume  obferves,  that  the  muria- And^fpre- 
tic  acid  of  commerce  is  unfit  for  the  purpofe.  It  wasParln£  a 
formerly  prepared  with  the  marine  fait  of  the  faltpctre 
manufa&urers  ;  and  even  when  it  13  made  with  good 
fait,  the  decompolition  is  effeAed  with  common  vitrio¬ 
lic  acid  which  contains  nitrous  acid.  Marine  acid 
mixed  with  a  fmall  quantity  of  nitrous  acid  does  not 
prevent  the  filk  from  being  beautifully  whitened  :  it 
even  accelerates  the  procefs  confiderably,  and  in  the  mod 
fatisfadlory  manner.  But  the  alcohol,  every  time  it  is 
ufed  and  re&ifted,  becomes  charged  with  the  acid  and  ■> 
gas  of  nitre,  which  affume  the  chara&ers  of  the  nitrous 
anodyne  liquor.  In  this  ftate  neither  diftillations  nor 
repeated  replications  from  alkali  are  fufficient  to  fepa- 
rate  the  nitrous  matter  from  the  alcohol.  Then  it  is  * 
that  the  fuccefs  of  the  operator  va nifties,  with  a  degree 
of  rapidity  equal  to  the  advances  which  encouraged  his 
hopes  at  the  commencement. 

To  purify  common  fulphuric  acid,  100  pounds  of  it 
are  to  be  mixed  in  a  large  bafon  of  copper  with  the  fame 
quantity  of  river* water,  and  ftirred  with  a  wooden  fpa- 
fcula.  The  mixture  inftantly  becomes  heated  to  the 
boiling-water  point,  and  a  great  quantity  of  red  vapour 
is  difengaged,  which  has  the  fmell  of  aqua-regia,  and 
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Bleaching,  anfes  from  tlie  nitric  and  muriatic  acids.  When  this 
mixture  is  made,  it  is  proper  to  immerfe  the  bafon  to  a 
fuitable  depth  in  a  large  veffel  of  water,  to  haften  the 
cooling.  As  foon  as  it  is  fufficiently  cooled,  it  is  to  be 
drawn  off  into  bottles,  and  left  to  become  clear  during 
feveral  days.  It  is  in  the  next  place  to  be  decanted, 
and  conveyed  into  retorts  by  a  fyphon  funnel,  and  the 
rectification  proceeded  upon  until  it  becomes  perfectly 
white.  Towards  the  end  of  the  operation  a  fmall  quan¬ 
tity  of  fulphur  fublimes  in  the  neck  of  the  retort.  In- 
Itead  of  receivers,  a  fmall  glafs  cup  is  placed  beneath 
the  aperture  of  each  retort,  in  order  to  facilitate  the  dif- 
fipation  of  the  nitric  and  muriatic  acids.  When  the 
acid  in  the  retorts  is  fufficiently  cooled,  it  is  poured  a 
fecond  time  into  the  copper  bafon,  and  mixed  with  icq 
pounds  of  river-water,  as  at  firft,  and  again  concentra¬ 
ted  in  the  retorts  till  it  becomes  perfectly  clear.  The 
muriatic  acid  is  to  be  difengaged  from  common  fait 
1T  by  the  application  of  this  acid  in  the  ufual  manner. 
Bleaching  The  oxy-muriatic  acid  is  alfo  ufed  very  generally  for 
paper.  bleaching  paper,  or  rather  the  fluff  out  of  which  paper 
is  made.  It  has  been  alleged,  and  we  believe  with  fome 
truth,  that  fince  this  mode  of  whitening  paper  was  in¬ 
troduced  into  this  country,  the  flrength  of  paper  is 
much  inferior  to  what  it  was  formerly.  If  this  be 
really  the  cafe,  perh?.p3  it  is  owing  to  the  ufe  of  too 
concentrated  an  acid. 

We  (hall  finifh  this  article  with  MrChaptaPs  account 
of  this  procefs,  who  was  the  firft  perfon  that  introduced 
it.  t(  Blotting  paper  (fays  he),  by  being  put  into  oxy¬ 
genated  muriatic  acid,  is  bleached  without  fuffering 
any  injury  ;  and  rags  of  coarfe  bad  cloth,  fuch  as  are 
ufed  in  the  paper  manufactories  to  make  this  kind  of 
paper,  may  be  bleached  by  this  acid,  and  will  then  fur- 
nifh  paper  of  a  very  fuperior  quality.  I  bleached  by  it 
•an  hundred  weight  of  paile,  intended  to  be  made  into 
blotting  paper,  and  the  increafe  of  value  in  the  produdt 
was  computed  at  25  per  cent,  whereas  the  expence  of 
the  operation,  when  calculated  in  the  ftridteft  manner, 
l2  amounted  only  to  7  per  cent, 

Mrttle  of  “  The  property  poffeffed  by  this  acid,  of  bleaching 
whitening  paper  without  injuring  its  texture,  renders  it  very  va- 
old  book?,  ]uable  for  reftoring  old  books  and  fmoked  prints.  The 
latter,  when  difcoloured  to  fuch  a  degree  that  the  fob- 
jedt  of  them  could  hardly  be  diftinguifhed,  were  re-efta* 
blifhed  and  revived,  in  fo  aftonifhing  a  manner  that  they 
appeared  to  be  new  ;  and  old  books,  foiled  by  that  yeL 
low  tinge  which  time  always  produces,  may  be  to  com¬ 
pletely  renewed,  that  one  might  fuppoie  them  to  be 
juft  come  out  of  the  prefs.  The  fimplc  immerfion  of  a 
print  in  oxygenated  muriatic  acid  (leaving  it  therein  a 
longer  or  a  fhorter  time,  according  to  the  ftrength  of 
the  liquor)  is  all  that  is  required  for  bleaching  it ;  but 
when  a  book  is  to  be  bleached,  feme  farther  precau¬ 
tions  are  to  be  ufed.  As  it  is  neceffary  that  the  acid 
fhould  wet  every  one  of  the  leaves,  the  book  muft  be 
completely  fpread  open,  and  then,  by  letting  the  boards 
of  the  binding  reft  upon  the  Tides  of  the  veffel,  the  pa¬ 
per  only  will  be  immerfed  in  the  liquor.  If  any  of  the 
leaves  flick  together,  they  muft  be  carefully  feparated, 
that  all  of  them  may  be  equally  impregnated.  The  li¬ 
quor  takes  a  yellow  tinge,  the  paper  grows  white ;  and 
at  ter  two  or  three  hours  the  book  may  be  taken  out  of 
the  liquor,  and  foaked  in  clean  water,  which  fhould 
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the  acid  with  which  the  book  is  impregnated,  and 
alto  to  deprive  it  of  the  difagreeable  fmell  it  has  con¬ 
tra  died. 

“  The  above  method,  which  is  the  firft  I  made  ufe 
of,  has  generally  fucceeded  pretty  well;  too- often,  how¬ 
ever,  the  leaves  of  my  books  have  had  a  motley  appear¬ 
ance,  and  fometimes  feveral  pages  were  not  at  all  bleach¬ 
ed  ;  I  was  therefore  obliged  to  have  recourfe  to  the 
following  more  certain  procefs.  I  began  by  unfewing 
the  books,  and  reducing  them  into  fheets  ;  thefe  fheets 
I  placed  in  divifions  made  in  a  leaden  veffel,  by  means 
-of  thin  flips  of  wood,  to  that  the  leaves  when  laid 
flat  were  feparated  from  each  other  by  very  fmall  inter¬ 
vals.  I  then  put  the  acid  into  the  veffel,  pouring  it 
againft  the  fide,  that  the  leaves  might  not  be  diflurbed; 
and  when  the  operation  was  finifhed,  I  drew  ofF  the 
acid,  by  means  of  a  cock  fixed  in  tbi  bottom  of  the 
veffel.  I  then  filled  the  veffel  with  clean  water,  which 
waffled  the  leases,  and  took  off  the  fmell  of  the  oxyge¬ 
nated  acid.  They  may  then  be  dried,  fmoothed,  and 
new  bound.  In  this  manner  I  have  reflored  many  va¬ 
luable  books,  which  had  become  worthlefs  from  the  bad 
flate  they  were  in. 

“  When  I  had  to  bleach  prints  fo  torn  to  pieces  And  prints 
that  they  confifled  only  of  fragments  fitted  together, 
and  pafled  upon  paper,  I  wa9  afraid  I  might  lofe  tome 
of  thefe  fragments  in  the  liquor,  becaufe  they  feparate 
from  the  paper  by  the  toftening  of  the  pafte  ;  in  that 
cafe  therefore  I  took  the  precaution  of  enclofing  the 
print  in  a  large  cylindrical  bottle,  which  I  turned  upfide- 
dowu,  fixing  its  mouth  to  that  of  a  veffel  in  which  X 
had  put  a  mixture  proper  for  difengaging  oxygenated 
muriatic  gas.  This  gas  fills  the  infide  of  the  bottle,  and, 
ailing  upon  the  print,  takes  off  the  ftains,  ink-fpots, 

&c.  while  the  fragments  remain  pafled  to  the  paper, 
and  confeqnently  keep  their  refpedlive  places.” 

BLOCKS  ( Encycl.  Plate  XCV.  fig.  5.)  a ,  Repre- 
fents  a  fingle  block,  and  b,  c ,  two  double  ones  of  diffe¬ 
rent  kinds,  without  fir  ops ;  e9f,  two  double  tackle 
blocks,  iron  bound,  the  lower  one,/,  being  fitted  with 
a  fwivel ;  gf  a  double  iron  block  with  a  large  hook  ; 
hy  a  fmall  block  ;  a  top  block ;  k9  a  voyal  block  ;  /, 
a  clew  garnet  block  ;  m,  the  cat  block,  employed  to 
draw  the  anchor  up  to  the  cat-head.  See  Cat- Head , 

Encycl. 

Cape  or  Large  Snouted  BOAR,  a  fpecies  of  the 
genus  Sus,  which,  according  to  M.  Vaillant,  differs 
from  every  known  fpecies,  and  has  not  been  accurately 
deferibed  by  any  writer  of  natural  hiftory.  Buffon,  in¬ 
deed,  in  the  Supplement  to  his  Hiftory  of  Quadrupeds, 
has  given  a  figure  of  it ;  but  nothing  like  the  head  of 
the  animal  is  difcoverable,  fays  our  author,  in  that  fi¬ 
gure,  all  its  charadteriflics  having  been  omitted  by  the 
dranghtfman.  M.  Vaillant,  during  his  laft  travels  in 
Africa,  fhot  a  monftrous  boar  of  this  fpecies  on  the 
banks  of  Into -river,  and  in  the  country  of  the  Greater 
Nimiqvas.  He  deferibes  it  in  the  following  terms : 

Its  fnout,  inftead  of  being  taper  and  in  the  form  of  a 
probofeis,  is,  on  the  contrary,  very  broad  and  fquare  at 
the  end.  It  has  fmall  eyes,  at  a  very  little  diftance 
from  cachtother,  level  with  the  furface,  and  near  the 
top  of  the  forehead.  On  each  cheek  a  very  thick  carti¬ 
laginous  fkin  projects  horizontally,  being  about  three 
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snef.  inches  long  and  as  many  broad.  At  ^uu 

would  be  tempted  to  take  thefe  cx  ere  fences  for  the 
ears;  particularly  as  the  real  ears  of  the  animal,  flicking 
as  it  were  to  the  neck,  which  is  very  fhort,  are  partly 
concealed  by  an  enormous  mane,  the  bridles  of  which, 
in  colour  red,  brown,  and  greyiffi,  are  1 6  inches  in 
kngth  on  the  fhoulders.  Directly  below  thefe  falfe 
ears  is  a  bony  protuberance  on  each  fide,  pr^e&ing 
more  than  an  inch,  ferving  the  animal  to  flrike  with  to 
the  right  and  left.  The  boar  has,  befides,  four  tufks, 
of  the  nature  of  ivory,  two  in  each  jaw  :  the  upper  ones 
are  (even  or  eight  inches  long  ;  very  thick  at  the  bafe, 
and  terminating  in  an  obtufe  point,  grooved,  and  rifing 
perpendicularly  as  they  ifTue  from  the  lips  :  the  lower 
ones  are  much  fmaller,  and  fo  clofe  to  the  upper  ones 
when  the  mouth  is  fhut,  that  they  appear  as  one.  The 
head  is  a  truly  hideous  objeft.  It  is  fcarcely  lefs  fo  than 
that  of  the  hippopotamus,  to  which  at  firft  view  it  ap¬ 
pears  to  have  a  driking  iefemblance.  Syftematids,  ac- 
cuftomed  to  view  nature  only  according  to  rules  efta- 
bliflied  by  themfelves,  will  be  far  from  acknowledging 
this  animal  to  be  a  boar  ;  for,  not  to  mention  its  large 
fnout,  it  wants  incifive  teeth  in  both  jaws.  Notwith* 
{landing  its  wide  muzzle,  it  ploughs  up  the  earth  to 
feek  for  roots,  on  which  it  feeds.  It  is  very  a&ive, 
though  large  and  bulky;  running  with  fuch  fpeed,  that 
the  Hottentots  give  it  the  name  of  the  runner. 

BONhl  (1  heophilus),  was  born  at  Geneva  in  the 
year  1620.  His  parents  were  able  to  give  him  the  mod 
liberal  education,  and  his  genius  dire&ed  him  to  the 
lludy  of  phyfic  ;  and  that  he  might  have  every  advan¬ 
tage,  he  attended  on  the  le&ures  of  the  mod  eminent 
profeffors  in  many  of  the  celebrated  univerfities  in  Eu¬ 
rope.  In  1643  he  was  admitted  to  the  degree  of  M  D. 
and  was  for  fome  time  phyfician  to  the  Duke  of  Lon* 
gueville.  His  fuperior  flcill  in  his  profeffion  foon  brought 
him  into  confiderable  repute  ;  but  being  feized  with  an 
exceffive  deafnefs,  he  was  obliged  to  retire  from  bufi- 
nefs  when  about  60  years  of  age. 

During  this  retirement  he  employed  himfelf  in  col¬ 
lecting  all  the  obfervations  which  he  had  made  in  a 
practice  of  forty  years  duration,  and  in  arranging  them 
under  proper  heads.  His  firfl  publication,  which  was 
intitled  Pharos  Medicorum ,  &c.  confifls  of  p  radii  cal  cau¬ 
tions,  extracted  nioflly  from  the  works  of  Bellonius ; 
and  in  it  he  points  out  many  errors  which  then  prevail¬ 
ed  in  the  general  pra&ice  of  phyfic.  Of  this  work  he 
gave  to  the  world  a  fecond  edition,  confiderably  im¬ 
proved  and  greatly  enlarged;  and  in  1687  it  was  a 
third  time  printed  at  Geneva,  under  the  title  of  Laby- 
r  hit  hi  mcdict  extricati ,  Sc  c. 

In  1675  he  publifhed  Prodromus  anatomla  pradica , 
Jive  de  ahditis  niorborum  caufis ,  &c.  This  was  intended 
merely  as  an  introduction  to  a  work  that  foon  followed, 
under  the  title  of  Sepulchretum,  Jive  anatomla  pradtica  ex 
cadaveribus  morbo  denatis.  In  thefe  two  publications  he 
has  collected  a  great  number  of  curious  obfervations  up¬ 
on  the  difeafes  of  the  head,  bread,  belly,  and  other 
parts  of  the  body. 

In  1682  appeared  at  Geneva  Mercurius  Conipit alius. 
Jive  index  me dico -pra Eiicus  per  decifiones ,  cautiones ,  &c.  in 
folio  and  in  1684  and  1686  two  volumes  in  folio  like- 
wife,  intitled  Medicim  Septentrionalis  collatitia .  This  lafl 
work  is  a  colledlion  of  the  bed  and  mod  remarkable  ob* 
fervations  in  phyfic  which  had  been  then  made  in  Eng- 
Suppl.  Vol,  I.  Parti, 
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ranged  under  proper  heads,  according  to  the  feveral 
parts  of  the  human  body.  At  Geneva,  in  1692,  was 
publifhed,  in  three  volumes  folio,  Polyalthes,  five  The - 
Jaurus  tnedica  praSicus  ex  quibujlibet  rei  rnedi'ca  feriptori- 
bus  congejlus,  &c.  and  l'ome  years  befoie,  he  gave  to  the 
world  correa  editions  of  Theodori  Turqueti  de  Maerne 
traftaius  de  arthritide ,  una  cum  ejufdam  aliquot  confdiis  ; 
and  of  Jacobi  Rohaulti  trattatus  phyficus  e  Gallico  in  La- 
tinum  verfus .  f  his  laborious  and  uftful  author  died  of 
a  dropfy  on  the  29th  of  March  1698. 

BONNET  (Charles),  was  defended  from  a  French 
family,  who  being  compelled,  on  account  of  their  reli¬ 
gious  principles,  to  emigrate  from  their  native  country, 
eftabhfhed  themfelves  at  Geneva  in  the  year  1 572.  His 
grandfather  was  advanced  to  the  maeiflracy  in  'that  ci¬ 
ty,  and  adorned  by  his  integrity  an  eminent  flat  ion. 
His  father,  who  preferred  the  ihtion  of  a  private  citi¬ 
zen,  paid  unremitted  attention  to  the  education  of  his 
fon,  who  was  born  on  the  13  th  of  March  1720;  and 
Charles,  at  a  very  early  period,  reeompenfed  his  Ether's 
afiiduity,  by  the  amiablenefs  o*  his  difpofition,  and  the 
rapid  progress  he  made  in  general  literature.  When  he 
was  about  16  years  of  age,  he  applied  himfelf,  with 
great  eagernefs,  to  the  peruLl  of  Le  Spectacle  de  la  Na¬ 
ture;  and  this  work  made  fuch  a  deep  impreffion  on  hia 
mind,  that  it  may  be  faid  to  have  directed  the  taile  and 
the  fludies  of  his  future  life.  What  that  publication 
had  commenced,  was  confirmed  by  the  work  of  La 
Pluche ;  but  having  accidentally  fen  the  treatife  of 
Reaumur  upon  infe&s,  he  was  in  a  tranfport  of  joy. 
He  was  very  impatient  to  procure  the  book;  but  as  the 
only  copy  in  Geneva  belonged  to  a  public  library,  and 
as  the  librarian  was  relu&ant  to  entrufl  it  in  the  hands 
of  a  youth,  it  was  with  the  utmofl  difficulty  that  he 
could  obtain  his  end. 

By  the  poffeffion  of  this  treafure,  our  affiduous  youth 
was  enabled  to  make  feveral  new  and  curious  experi¬ 
ments,  which  he  communicated  to  Reaumur  himfelf; 
and  the  high  applauft  he  gained  from  fo  great  a  natu- 
ralift  added  frefh  vigour  to  his  affiduity. 

#  In  compliance  with  his  father  s  defires,  he  applied 
himfelf,  though  with  much  reluctance,  to  the  fludy  of 
the  law.  The  works  of  Rurlamaqui  pleafed  him  the 
mod,  on  account  of  the  perfpicuous  and  philofophic 
manner  in  which  the  fubjedl  was  treated;  the  inllitutes 
of  Hemecctus  gave  him  fome  courage  alfo,  as  he  per¬ 
ceived  order  and  connexion;  but  the  Roman  law  terri¬ 
fied  him  as  the  hydra  of  Lerna .  Notwithflanding  his 
application  to  thefe  authors,  he  dill  continued  attached 
to  natural  hiflory,  and  was  very  adlive  in  making  expe¬ 
riments.  The  experiments  which  demosdrate  that  tree- 
lice  propagate  without  copulation,  was  communicated 
by  Reaumur  to  the  Academy  of  Sciences  ;  and  this  cir- 
cumftance  occafioned  an  epidolary  correfpondence  be¬ 
tween  M.  Bonnet  and  that  great  naturalift.  This  was 
doubtlefs  very  flattering  to  a  youth  of  twenty  years. 
The  letter  of  Reaumur  was  accompanied  with  a  pre- 
fent  of  that  very  book  which  he  had  borrowed  with  fo 
much  difficulty  two  years  before* 

Animated  by  fuch  diftinguifhed  marks  of  approba¬ 
tion,  he  diligently  employed  every  moment  he  could 
deal  from  the  dudy  of  jurifprudence  to  the  completion 
of  his  natural  hiftory  of  the  tree-loufe  ;  to  experiments 
on  the  refpuation  of  catterpiliars  and  butterflies,  which 
M  he 
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Bonnet.  1,e  difcovere-i  to  be  effefied  by  ftigmata,  or  lateral  pores ;  they  carefully_traced. 
ail  examination  of  the  conftru&ion  of  the  tsema  or 
tape-worm;  in  frequent  coriefponcknce  with  Reaumur; 
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and  in  abiding  Trcinbley  in  bis  difcoveiies  and  publica¬ 
tion  concerning  millepedes,  f<c.  Having  in  the  year 
1 7^3  obtained  the  degree  of  dc&or  of  laws,  lie  lelin- 
t|u iflied  a  purfuit  which  he  had  commenced  with  fo 
much  reluctance.  In  the  fame  year  he  was  admitted  a 
fellow  of  the  Royal  Society,  to  which  he  lrad  commu¬ 
nicated  a  treatife  on  infeds. 

Bonnet  being  now  liberated  from  his  other  purfuits, 
applied  himfelf,  without  intermifiion,  to  colleding  toge¬ 
ther  his  experiments  and  obfervations  concerning  the 
tree  loufe  and  the  worm,  which  he  publifhed  in  i  74<f 
under  the  title  of  Infe&clogy .  This  work  acquired  de- 
ferved  approbation  from  the  public,  and  was  honoured 
by  the  commendation  of  the  celebrated  B.  de  Juffieu. 
He  was  reproached,  however,  in  a  periodical  publica¬ 
tion,  with  having  paid  too  little  attention  to  the  deli¬ 
cacy  of  his  reader  ;  though  his  patience  and  accuracy 
we-e  acknowledged  to  be  deferving  of  praife.^  Such 
u  nr  emitted  application  and  labour  could  not  fail  of  be¬ 
coming  injurious  to  his  health.  Inflammations,  nervous 
fever,  fore  eyes,  &c  compelled  him  to  relinquifh  the 
ufe  of  the  microicope  and  the  ftudy  of  infe&s.  This 
pre%Ttntion  was  fo  extremely  mortifying  to  a  man  of  his 
tafte  and  a&ivity  of  mind,  that  he  was  thrown  into  a 
deep  melancholy,  which  could  only  be  fubdued  by  the 
refolution  infpired  by  philotophy,  and  the  confolations 
of  religion  :  thefe  gradually  roufed  him  from  a  dejedled 
Rate  of  mind.  About  the  end  of  the  year  1746  our 
philo fopher  was  cholen  member  of  the  Literary  Inftitu- 
tion  at  Bologna,  which  introduced  him  to  a  correfpon- 
dence  with  the  famed  Zanotti,  who  maybe  deemed  the 
Pontenelle  of  Italy. 

In  the  year  1747  he  undertook  a  very  difficult  work 
on  the  leaves  of  plants  ;  which,  of  all  his  publications 
in  natural  hiftory,  bore  the  ftrongeft  marks  of  origina¬ 
lity,  both  with  refpeft  to  the  manner  in  which  his  ex¬ 
periments  were  made,  apd  the  difeoveries  reful ting  from 
them.  His  extreme  attachment  to  natural  hiflory  gra¬ 
dually  led  him  to  a  fludy  of  a  very  different  nature ; 
fpeculative  philofophy  now  engaged  his  whole  atten¬ 
tion.  The  fir  A  fruits  of  his  meditations  in  this  depart¬ 
ment  was  his  EJfay  on  Pfychology.  In  this  work  the 
principal  fa<ffs  obfervable  in  human  nature,  and  the  con- 
fequences  refulting  from  them,  are  dated  in  a  concife 
and  confpicuous  manner.  He  contemplated  man  from 
the  firft  moment  of  his  exiftence,  and  purfued  the  de- 
velopement  of  his  fenfes  and  faculties  from  Ample  growth 
up  to  intelligence.  The  work,  which  was  publifhed 
without  his  name,  met  with  great  oppofition,  and  was 
criticifed  with  feverity;  but  the  eenfures  were  dire&cd 
more  againft  his  expreflions  than  his  principles  ;  nor 
were  they  of  fufficient  importance  to  impede  the  gene¬ 
ral  acceptance  of  the  publication. 

His  analyfis  of  the  mental  faculties  was  Amply  a  de¬ 
velopment  of  the  ideas  contained  in  the  preceding 
work.  It  engaged  his  inceffant  attention  for  the  (pace 
of  five  years  ;  nor  was  it  completed  before  175*9.  It  is 
fomewhat  fingular  that  both  he  and  the  Abbe  de  Con¬ 
dillac  fhould  have  illuftrated  their  principles  by  the  fup- 
poiition  of  a  ftatue,  organized  like  the  human  body, 
which  they  conceived  to  be  gradually  infpired  with  a 
foul,  and  the  progreifive  developement  of  whole  powers 
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In  the  year  1760  this  work  was  Bonnet, 
publifhed  at  Copenhagen,  by  order  and  at  the  expence 
of  Frederick  V.  and  it  was  followed  in  1762  by  con¬ 
templations  on  organized  bodies.  In  this  the  author 
had  three  principal  obje&s  before  him ;  the  full  was  to 
give  a  concife  view  of  every  thing  which  appears  inte* 
refling  in  natural  hiflory,  refpe&ing  the  origin,  deve¬ 
lopement,  and  reproduction  of  organized  bodies  ;  the 
fecond  was  to  confute  the  two  different  fyilems  founded 
upon  the  Epigeneiis  ;  and  the  third  was  to  explain  the 
fyflem  of  Germs,  indicate  the  ground  uoon  which  it 
was  tounded,  its  correspondence  with  faCts,  and  the 
confequences  refulting  from  it.  This  work  was  recei¬ 
ved  with  much  fatisfii&ion  by  natural  philoiophers. 

The  Academy  ow  Berlin,  which  had  pro po fed  the  fame 
fubjeCt  as  a  prize  queflion  for  1761,  declared  that  they 
confidered  the  treatife  as  the  offspring  of  clofe  obfei  va- 
tion  and  profound  reafoning;  and  that  the  author  would 
have  had  an  indubitable  right  to  the  prize,  it  he  had 
confined  his  labours  to  the  precife  flatement  of  the 
.queflion.  It  muft  alfo  be  recorded,  to  the  honour  of 
the  great  Malefkerbes ,  that  he  reverfed  the  interdict 
which  the  public  -cenfor  had  laid  upon  this  book,  un¬ 
der  the  pretext  that  it  contained  dangerous  principles. 

The  Contemplation  of  Nature  appeared  in  1764.  In 
this  work  the  author  fir  A  enlarged  upon  the  common 
conceptions  entertained  concerning  the  exiftence  and 
perfections  of  God ;  and  of  the  order  and  uniformity 
obfervable  in  the  univerfe.  He  next  defeends  to  man, 
examines  the  parts  of  his  compofition,  and  the  various 
capacities  with  which  he  is  endowed  Fie  next  pro¬ 
ceeds  to  the  plants  ;  affembles  and  deferibes  the  laws  of 
their  economy  5  and,  finally,  he  examines  the  infeCts, 
indicates  the  principal  circumftances  in  which  they  dif¬ 
fer  from  larger  animals,  and  points  out  the  philosophi¬ 
cal  inferences  that  may  legitimately  be  deduced  from 
thefe  differences  ;  and  he  concludes  with  obfervations 
refpe&ing  the  induftry  of  infeCts.  This  work  being  of 
a  popular  nature,  the  author  {pared  no  pains  in  bellow¬ 
ing  upon  it  thofe  ornaments  of  which  it  was  fufeepti- 
ble.  The  principles  which  he  thus  difeovered  and  ex¬ 
plained,  induced  him  to  plan  a  fyflem  of  moral  philo - 
fophy  ;  which,  according  to  his  ideas,  confifted  iolely 
in  the  obfervance  of  that  relation  in  which  man  is  pla¬ 
ced,  refpe&ing  all  the  beings  that  turround  him.  The 
firft  branch  would  have  comprehended,  various  means 
which  philofophy  and  the  medical  fcience  have  difeo¬ 
vered  for  the  prevention  of  difeafe,  the  prefervation  and 
augmentation  of  the  corporeal  powers,  and  the  better  ex¬ 
ertion  of  their  force:  in  the  fecond,  he  propofed  to  fhewy 
that  natural  philofophy  has  a  powerful  tendency  to  em- 
bellifh  and  improve  our  mind,  and  augment  the  number 
of  our  rational  amufements,  while  it  is  replete  with  be¬ 
neficial  effects  refpedting  the  focicty  at  large.  To  ma- 
nifeft  the  invalidity  of  opinions,  merely  hypothetical,  he 
undertook,  in  the  third  place,  to  examine,  whether 
there  were  not  truths  within  the  compals  of  human 
knowledge,  to  which  the  mo  ft  fceptical  philofopher  muft 
be  compelled  to  yield  his  confent,  and  which  might 
ferve  as  the  bafis  of  all  our  reafonings  concerning  man 
and  his  various  relations.  He  then  would  have  diredl- 
ed  his  attention  to  a  firft  caufe,  and  have  manifefted 
how  greatly  the  idea  of  a  Deity  and  Supreme  Law¬ 
giver  favoured  the  conclufions  which  reafon  had  drawn 
from  the  nature  and  properties  of  things ;  but  it  is 

deeply 
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deeply  to  be  regretted  that  his  health,  impaired  by  in- 
'  cedant  labour,  would  not  permit  him  to  complete  the 


defign. 

His  hft  publication  was  the  Palhigenefis ,  which  treats 
of  the  prior  exigence  and  future  Rate  of  living1  beings. 

Of  his  publications  in  natuial  hiftory,  thofe  deemed 
the  moft  excellent  are,  his  Treatife  on  the  bell  Means 
of  preferving  Infers  and  Fifli  in  Cabinets  of  Natural 
Hiftory  ;  a  DifTertation  on  the  Loves  of  the  Plants  ; 
fundry  pieces  on  the  Experiments  of  Spallanzani,  con- 
cernin'T  the  Reproduction  of  the  Head  of  the  Snail ;  a 
DifTertation  on' the  Pipa,  or  Surinam  Tod  ;  and  diffe¬ 
rent  Treatifes  on  Bees. 

In  the  year  1783  he  was  defied  honorary  member 
of  the  Academy  of  Sciences  at  Paris;  and  of  the  Aca¬ 
demy  of  Sciences  and  the  Belles  Lettres  at  Berlin. 

Much  of  his  time  was  employed  in  a  very  extenfive 
correfpondence  with  fome  of  the  mod  celebrated  natu¬ 
ral  philofophers  and  others.  Of  this  number  were  Reau¬ 
mur,  De  Geer  the  Reaumur  of  Sweden,  Du  Hamel, 
the  learned  Haller,  the  experimental  philofopher  Spal¬ 
lanzani,  Van  Swieten,  Merian ,  and  that  ornament  of 
Switzerland  the  great  Lambert .  He  entertained,  how¬ 
ever,  the  ntmoft  averfton  to  controverfy.  He  thought 
that  no  advantage  to  be  obtained  by  it  could  compen- 
fate  for  the  lofs  of  that  repofe  which  he  valued,  with 
Newton,  as  the  rem  prorfus  fubflantialem .  He  never 
anfwered  remarks  that  were  made  to  the  prejudice  of 
his  writings,  but  left  the  decifion  with  the  public;  yet, 
ever  ready  to  acknowledge  his  errors,  he  was  fincerely 
thankful  to  every  one  who  contributed  to  the  perfec¬ 
tion  of  his  works.  He  was  ufed  to  fay,  that  one  con- 
feffion,  I  was  in  the  wrong,  is  of  more  value  than  a 
thoufand  ingenious  confutations. 

His  literary  occupations,  and  the  care  he  was  obliged 
to  take  of  his  health,  prevented  him  from  travelling. 
He  delighted  in  retirement,  and  every  hour  was  occu¬ 
pied  in  the  improvement  of  his  mind.  The  lad  25 
years  of  his  life  were  (pent  in  the  fame  rural  fituation 
where  he  had  palled  the  greater  part  of  his  early  days  ; 
yet  notwithftanding  the  purfuit  of  literature  was  his  fu- 
prerne  delight,  he  never  refufed  to  fufpend  his  ftudies, 
when  the  good  of  his  country  ieemed  to  demand  his 
fer  vices. 

He  was  chofen  in  1  752  member  of  the  Grand  Coun¬ 
cil  in  the  republic  of  Geneva  ;  and  he  affifted  regularly 
at  their  deliberations  till  the  year  1768,  where  he  di- 
flinguifhed  himfelf  by  his  eloquence  ;  his  moderation, 
united  with  flrmnefs  ;  by  his  good  fenfe  and  penetra¬ 
tion  in  cafes  of  difficulty  ;  and  by  the  zeal  with  which 
he  endeavoured  to  reclaim  his  fellow-citizens  to  that 
ancient  fimplicityof  manners  which  had  been  fo  condu¬ 
cive  to  the  welfare  of  the  ftate,  and  to  the  love  of  vir¬ 
tue,  fo  efTential  to  the  exigence  of  genuine  liberty.  His 
conduft,  in  every  cafe,  was  confident  with  his  princi¬ 
ples.  He  took  no  pains  to  accumulate  wealth,  but  re¬ 
mained  fatisfled  with  a  fortune  equal  to  his  moderate 
wants,  and  to  the  exercife  of  his  benevolence.  The 
perfeA  correfpondence  between  his  extenfive  knowledge 
and  virtuous  deeds  procured  him  univerfal  efteem. 

In  the  year  1788  evident  fymptoms  of  an  hydrops 
pe 61  oris  manitefted  themfelves  ;  and  from  this  time  he 
gradually  declined.  He  fuftained  his  iudifpofition  with 
unremitted  cheerfulneis  and  compofure.  After  various 
fluctuations,  ufual  in  that  complaint,  he  died  on  the 
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20th  of  May  1793,  m  the  73d  year  of  his  as-e;  retain- 
ing  his  prefence  of  mind  to  the  laft  moment,  adminifter- 
mg  comfort  to  furrounding  friends  and  relatives,  and 
attempting  to  alleviate  the  diftrefs  of  his  diiconfolate 
wile,  in  whofe  arms  he  expired. 

As  a  demonftration  of  the  high  value  placed  upon 
his  labours  and  talents  by  the  literati,  we  have  only  to 
remark,  that  he  was  member  of  nroft  of  the  learned  fo- 
cieties  or  Europe. 

.  B00hKEIF'p,NG>  is  an  art  of  which  the  importance 
is  universally  known  ;  and  as  commonly  praftifed,  it  has 
been  fufficienlly  explained  in  the  Encyclopaedia  Britan, 
nica.  Lut  fince  that  article  was  written,  a  great  im¬ 
provement  has  been  introduced  into  the  art,  or  rather  a 
new  method  of  book-keeping  has  been  invented,  by 
Air  Edward  Thomas  Jones,  of  the  city  of  Briftoi. 
accountant  who  calls  it  the  Engli/h  fyjlcm  of  lookup. 
"‘S  ’  an(*  thinks  that  by  it  accounts  may  be  more  regu¬ 
larly  kept,  and  errors  in  accounts  more  eafily  detected 
than  by  any  other  method  hitherto  known.  We  a^c 
much  inclined  to  be  of  his  opinion  ,  and  fhall  therefore 
lay  before  our  readers  his  defeription  of  this  method,  as 
we  find  it  in  the  fpecification  of  the  patent  which  was 
granted  to  him  January  1 6.  1796. 

The  Englijh  Syjlem  of  Book- Keeping  requires  three 
books,  called  a  day-book  or  journal,  an  alphabet,  ?nd  a 
ledger,  which  muft  be  ruled  after  the  following  method 
viz.  the  day-book  to  have  three  columns  on  each  page! 
for  receiving  the  amount  of  the  tranfadions  ;  one  co¬ 
lumn  of  which  to  receive  the  amount  of  debits  and  cre¬ 
dits,  one  column  to  receive  the  debits  only,  and  one 
column  to  receive  the  credits  only  ;  or  it  may  be  ruled 
with  only  two  columns  on  each  page,  one  column  to 
receive  the  amount  of  the  debits,  and  one  column  to 
receive  the  amount  of  the  credits.  There  mull  alfo  be 
on  each  page  of  the  day-book  four  other  colums  ruled, 
two  on  the  left  fide  next  the  amount  of  the  debits,  and 
two  on  the  right  fide  next  the  amount  of  the  credits, 
for  receiving  the  letter  or  mark  of  poking,  and  the  page 
of  the  ledger  to  which  each  amount  is  to  be  potted. 

The  alphabet  need  r«ot  be  ruled  at  all,  but  muft  con¬ 
tain  the  name  of  every  account  in  the  ledger,  the  letter 
that  is  annexed  to  it  as  a  mark  of  potting,  and  the  page 
of  the  ledger.  & 

The  ledger  muft  be  ruled  with  three,  four,  five,  or 
feven  columns  on  each  page,  as  may  be  moft  agreeable, 
for  receiving  the  amounts  of  the  different  tranfadions 
entered  in  the  day  book.  And  the  procefs  for  ufing 
thefe  books,  or  making  up  books  of  accounts  on  this 
plan,  is  as  follows. 

When  a  perfon  enters  into  trade,  whether  by  himfelf 
or  with  copartners,  he  mutt  have  an  account  opened 
with  himfelf  in  the  ledger ;  entering  firft  in  the  day¬ 
book,  and  then  to  the  credit  of  his  account  in  the  led¬ 
ger,  the  amount  of  the  property  he  advances  into  trade: 
The  account  may  be  headed  either  with  his  name  only, 
or  elfe  called  his  flock- account. 

Tf  you  buy  goods,  give  the  perfon  credit  of  whom 
you  purchafe;  when  you  fell  goods,  debit  the  perfon  to 
whom  faid  goods  are  fold,  if  yon  pay  money,  debit 
the  perfon  to  whom  paid,  not  only  for  what  you  pay, 
but  alfo  for  any  difeotint  or  abatement  he  may  allow, 
and  give  the  cafhier  credit  for  the  ruat  amount  paid. 

If  you  receive  money,  credit  the  perfon  of  whom  you 
•receive  it,  not  only  for  what  he  pays,  but  alfo  for  arty 
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Book-  difcount  or  abatement  you  may  allow,  and  debit  the 
keeping.  ca(hier  for  the  neat  amount  received ;  taking  care  in 
w— "v~ —  t|lcfe  entries  to  have  nothing  myfterious  or  obicure,  but 
merely  a  plain  narrative  of  the  faft,  introducing  not  one 
ulelefs  word,  and  avoiding  every  technical  term  or  phrafe 
except  the  words  debit  and  credit,  which  are  full  and 
Comprehend  ve,  and  the  only  terms  that  are  applicable 
to  every  tranfaftion,  and  may  be  affixed  to  every  entry. 

But  as  a  hurry  of  bufinefs  will  fometimes  take  place 
in  almoft  every  counting  houfe,  which  may  caulet  e 
entries  to  be  made  to  the  debit  inftead  of  the  credit  of 
an  account  in  the  day  book,  and  to  the  credit  mftead  of 
the  debit,  Mr  Jones  has  endeavoured  as  much  as  poffible 
to  counteract  the  evil,  by  having  only  one  column  tor 
receiving  the  amount  of  every  tranfa&ion,  whethei  e- 
bits  or  credits,  at  the  inftantof  making  the  entry;  and, 
for  the  convenience  of  feparating  the  debits  from  the 
credits,  previous  to  polling,  which  is  neceffary  to  pre¬ 
vent  con fufi on  and  perplexity,  he  has  two  other  columns 
on  the  fame  page  ;  that  on  the  left  fide  into  wh.ch  the 
amount  of  every  debit  muft  be  carefully  entered,  and 
that  on  the  right  for  the  amount  of  the  credits,  which 
columns  mud  be  call  up  once  a  month.  The  column 
of  debits  and  credits  of  itfelf  forming  one  amount;  the 
column  for  the  debits  producing  a  fecond  amount  ;  and 
the  column  of  credits  a  third  amount ;  which  lecond 
and  third  amounts,  added  together,  muft  exadly  agree 
with  the  firft  amount,  or  the  work  is  not  done  right. 

By  this  means  the  man  of  bufinefs  may  obtain  month¬ 
ly  fuch  a  ftatement  of  his  affairs  as  will  (how  how  much 
be  owes  for  that  month,  and  how  much  is  owing  to 
him  ;  and  the  debits  being  added  together  for  any  gi¬ 
ven  time,  with  the  value  of  the  flock  of  goods  on  hand, 
will,  when  the  amount  of  the  credit  is  fubtraaed  there¬ 
from,  ffiew  the  profits  of  the  trade.  .  .  (1. 

Our  author  now  proceeds  to  the  procefs  of  poiiing ; 
which  begins  with  opening  an  account  in  the  ledger 
with  every  perion  to  whole  debit  or  credit  there  has 
been  an  entry  made  in  the  day-book  ;  affixing  to  each 
account  a  letter,  which  is  to  be  nfed  as  a  mark  of  port¬ 
ing.  The  perfon’s  name,  place  of  abode,  and  the  folio 
of  the  ledger,  muft  then  be  entered  in  the  alphabet, 
with  the  fame  letter  prefixed  to  each  name  as  is  affixed 
to  the  account  in  the  ledger.  #  Next  the  page  of  the 
ledger  on  which  each  account  is  opened  (ana  which  will 
he  leen  in  the  alphabet)  muft  be  affixed  to  each  amount 
in  the  day-book,  in  the  column  for  that  purpofe.  The 
date  and  amount  of  each  debit  muft.  then  be  pofted  in 
the  columns  for  receiving  it  in  the  ledger,  on  the  left 
or  debit  fide  of  that  account  to  which  it  relates;  enter¬ 
ing,  as  a  mark  ot  polling  in  the  day-book,  apainft  each 
amount,  the  fame  letter  that  is  affixed  to  the  account  in 
the  ledger,  to  which  faid  amount  may  fce  pofted.  Ob- 
ferving  that  the  debits  of  January,  February,  March, 
&c.  muft  be  pofted  into  the  column  for  tbofe  months 
in  the  ledger,  and  the  credits  muft  alfo  be  pofted  in 
like  mannei,  filling  up  each  account  in  the  centre,  at 
the  expiration  of  every  month,  with  the  whole  amount 
of  the  month's  tranfa&ions ;  thus  having,  in  a  imall 
fpace,  the  whole  ftatement  of  each  perlon’s  account  for 
the  vear;  in  the  colums  to  the  right  and  left  the  amount 
feparattly  of  each  tranfadlion  ;  and  m  the  centre  a 
monthly  ftatement. 

Having  deferibedthe  procefs  of  this  method  of  book¬ 
keeping,  he  thus  fhews  how  to  examine  books  kept  by 


this  method,  fo  as  to  afeertain,  to  an  abfokte  certainty,  JWfc- 
if  the  ledger  be  a  true  reprefentation  of  the  day-book  ;  xtilovh 
/.  e.  not  only  if  each  tranfaftion  be  corredlly  pofted,  as 
to  the  amount  thereof,  but  alfo  if  it  be  rightly  entered’ 
to  the  debit  or  credit  of  its  proper  account.  This  ex¬ 
amination  differs  from  the  modes  that  have  heretofore 
been  pra&ifed,  as  well  in  expedition  as  in  the  certain 
accuracy  which  attends  the  procefs  ;  it  being  only  ne* 
ceftary  to  caft  up  the  columns  through  the  ledger  de¬ 
bits  and  credits,  according  to  the  examples  piven  ;  and 
the  amount  of  thofe  columns,  if  right,  muft  agree  with 
the  columns  in  the  day  book  for  the  fame  correfpond- 
ing  fpace  of  time.  Thefe  callings  fhould  take  place 
once  a  month  ;  and  if  the  amounts  do  not  agree,  the 
polling  muft  then,  but  not  elfe,  be  called  over  ;  and 
when  the  time,  whether  it  be  one,  two,  three,  or  four 
months,  that  is  allotted  to  each  column  of  the  ledger  is 
expired,  the  amount  of  each  column  Ihould  be  put  at 
the  bottom  of  the  firft  page,  and  carried  forward  to  the 
bottom  of  the  next,  and  fo  on  to  the  end  of  .the  ac¬ 
counts  ;  taking  care  that  the  amount  in  the  day-book, 
of  each  month's  tranfa&ions,  be  brought  into  one  grofs 
amount  for  the  fame  time. 

But  although  this  procefs  muft  prove  that  the  ledger 
contains  the  whole  contents  of  the  day-book,  and  nei¬ 
ther  more  nor  lefs,  yet  it  is  not  complete  without  the 
mode  of  afeertaining  if  each  entry  be  pofted  to  its  right 
account ;  which  may  be  afeertained  by  the  following 
method.  He  has  laid  down  a  rule  that  a  letter,  which 
may  be  ufed  alphabetically  in  any  form  or  fhape  that  is 
agreeable,  fhall  be  affixed  to  each  account  in  the  led¬ 
ger,  and  the  fame  letter  prefixed  to  the  names  in  the  al¬ 
phabet,  thefe  letters  being  uied  as  marks  of  polling,  and 
affixed  to  each  account  in  the  day-book  as  it  is  pofted; 
it  is  only  necefl'ary  therefore  to  compare  and  fee  that 
the  letter  affixed  to  each  entry  in  the  day  book  is  the 
fame  as  is  prefixed  to  the  fame  name  in  the  alphabet ; 
a  difference  here  {hews  of  courfe  an  error,  or  elfe  it 
mull  be  right. 

At  the  end  of  the  year,  or  at  any  other  time,  when 
perfons  balance  their  accounts,  if  there  be  no  objeftions 
to  the  profits  of  the  trade  appearing  in  the  books,  the 
ftock  ot  goods  on  hand  at  prime  coll  may  be  entered  in 
the  day-book,  ei:her  the  value  in  one  amount,  or  the 
particulars  fpecified,  as  may  be  mofl  expedient,  and  an 
account  opened  for  it  in  the  led  >er,  to  the  debit  of 
which  it  muft  be  pofted.  The  calling  up  of  the  led¬ 
ger  ir.uft  then  be  completed  ;  and  when  found  to  agree 
with  the  day  book,  and  the  amount  placed  at  the  bot¬ 
tom  of  each  column,  fubtraft  the  credits  from  the  de¬ 
bits,  and  it  will  ffiew  the  profit  of  the  tiade  ;  unlefs  the 
credits  be  the  greater  amount,  which  will  ffiew  a  lofs. 

In  taking  off  the  balances  of  the  ledger,  one  rule  mull 
be  obferved,  and  it  cannot  be  dope  wrong  :  As  you 
proceed,  firft  iee  the  difference  between  the  whole 
amounts  of  the  credits  and  debits  on  each  page  for  the 
year,  with  which  the  difference  of  the  otitftandin^  ba¬ 
lances  of  the  feveral  accounts  on  each  page  muft  exaift- 
ly  agree,  or  the  balances  will  not  be  taken  right.  By 
this  means  every  page  will  be  proved  as  you  proceed* 
and  the  balances  of  ten  thoufand  ledgers,  on  this  plan* 
could  not  unobfervedly  be  taken  off  wrong. 

BGSCOVICH  (Roger  Joftph),  one  of  the  moll 
eminent  mathematicians  and  philolophers  of  the  pre- 
fent  age,  was  bom,  of  virtuous  and  pious  parents,  00 

the 
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.  the  !ith  of  May  171 1,  in  the  city  of  Ragufa,  the  ca- 
pital  of  a  fmall  republic  of  the  fame  name,  lying  on  the 
eaftern  coaft  of  the  Adriatic  Sea.  At  baptiim,  the 
name  of  Roger  was  given  him^  to  which  he  added 
that  of  Jofeph  when  he  received  the  facrament  (a)  of 
confirmation. 

He  ft ud ied  Latin  grammar  in  the  fchools  which 
were  taught  by  the  Jefuits  in  his  native  city.  Here 
it  foon  appeared  that  he  was  endued  with  fuperior  ta¬ 
lents  for  the  acquifition  of  learning  He  received  know¬ 
ledge  with  great  facility,  and  retained  it  with  equal 
firmnefs.  None  of  his  companions  more  readily  per¬ 
ceived  the  meaning  of  any  precept  than  he  ;  none  more 
juftly  applied  general  rules  to  the  particular  cafes 
contained  under  them.  He  enounced  his  thoughts 
with  great  perfpicuity,  and  came  foon  to  compofe  with 
propriety  and  elegance.  His  application  was  equal  to 
his  capacity,  and  his  progrefs  was  rapid.  At  the  be¬ 
ginning  of  the  15th  year  of  his  age,  he  had  already  a  one 
through  the  gramma’*  claffes  with  applaufe,  and  had 
ftudied  rhetoric  for  fome  months.  His  moral  behavi¬ 
our  had  likewife  been  very  good  ;  he  was  refpe&ful  and 
obedient  to  his  parents  and  mailers,  affable  and  obli¬ 
ging  to  his  equals,  and  exemplary  in  all  the  duties  of 
religion.  Jt  was  now  time  for  him  to  determine  what 
courfe  he  would  fleer  through  life  ;  nor  did  he  hefitate 
long  in  coming  to  a  refolution. 

The  Jefuit  fathers,  by  teaching  the  fciences  to  youth, 
were  very  ufeful,  and  at  the  fame  time  had  a  fine  op* 
portunitv  of  obferving  their  fcholars  and  of  drawing 
into  their  fociety  thofe  boys  who  feeme  d  fit  for  their 
purpofe.  Such  a  fubjeCt  as  the  young  Bofcovich  could 
not  elcape  their  attention.  They  fiieived  him  particu¬ 
lar  kindnefs,  to  which  he  was  not  infenfible.  He  had 
an  ardent  third  for  learning  ;  to  advance  in  which  he 
felt  liimfelf  capable  ;  and  he  thought  he  could  nowhere 
have  a  better  opportunity  of  gratifying  this  laudable 
inclination  than  in  their  order,  in  which  fo  many  per- 
fons  had  fhone  in  the  republic  of  letters.  According¬ 
ly,  with  the  confent  of  his  parents,  he  petitioned  to  be 
received  among  them;  and  his  petition  was  immediately 
granted,  becaufe  it  was  cefired  by  thofe  to  whom  it 
was  made. 

It  was  a  maxim  with  the  Jefuits  to  place  their  moft 
eminent  lubje&s  at  Rome,  as  it  was  of  importance  for 
them  to  make  a  good  figure  on  that  great  theatre. 
Wherefore,  as  Roger’s  mailers  had  formed  great  ex¬ 
pectations  of  him,  they  procured  his  being  called  to 
that  city;  whither  he  was  fent  in  the  year  1725,  and 
entered  the  novicelhip  with  great  alacrity.  This  no- 
viedhip  was  a  lpace  of  two  years,  in  which  the  candi¬ 
date  made  a  trial  of  his  new  flate  of  life  ;  and  in  the 
mean  time  his  new  fuperiors  obferved  him,  and  delibe¬ 
rated  whether  or  not  they  would  admit  him  into  their 
body.  During  thefe  two  years,  the  novice  was  princi¬ 
pally  employed  in  exercifes  of  piety,  in  ftudying  books 
of  Chriflian  morality,  and  in  becoming  perfectly  ac¬ 
quainted  with  the  rules  and  conllitutions  of  the  order. 
After  thefe  two  years  were  paft,  the  Jefuits  were  wil¬ 
ling  to  retain  Bofcovich,  and  he  was  no  lefs  defnous  of 


remaining  with  them.  He  therefore  paffed  to  the  Bofcovich. 

lchool  or  rhetoric  ;  in  which,  for  two  other  years  under  - v * 

the  moll  expert  mailers  of  the  fociety,  young  men  per¬ 
fected  themfelves  in  the  art.,  of  writing  and  fpeaking, 
which  was  of  fo  great  confequence  to  perfons  who  were 
deftihed  to  treat  fo  much  with  their  neighbours  Here 
Bofcovich  became  pcrfeAly  well  acquainted  with  all  the 
claffical  authois,  and  applied  with  fome  prediledlion  to 
Latin  poetry. 

After  this  he  removed  from  the  noviciate  to  the  Ro¬ 
man  College,  in  order  to  Ihidy  philolophy,  which  he 
did  for  three  years.  In  order  to  underiland  the  doc¬ 
trine  of  phyfics,  it  was  neccffary  to  premife  the  know¬ 
ledge  of  the  elements  of  geometry,  which  is  alfo  other- 
wiie  proper  for  forming  the  mind,  and  for  giving  to  it 
a  true  talle  for  truth.  Here  it  was  that  our  young 
plulofopher  came  to  be  in  his  true  element ;  and  it  now 
appeared  how  extremely  fit  his  genius  was  for  this  kind 
of  ftudy  His  mailer,  though  he  was  able  and  expert, 
inllead  of  leading  him  on,  was  fcarcely  able  to  keep 
pace  with  him,  and  hi*3  condifciples  were  left  tar  be¬ 
hind.  He  likewife  found  the  application  of  the  ma¬ 
thematics  to  natural  philofophy  pleafant  and  eafy. 

From  all  this,  before  the  end  of  the  three  years,  he 
had  made  a  great  advancement  in  phyfical  and  matlx> 
tical  knowledge,  and  his  great  merit  was  generally  ac¬ 
knowledged  by  his  companions,  and  well  known  to  his 
fuperiors  He  h?d  already  begun  to  give  prwate  lef- 
fons  on  mathematics. 

According  to  the  ordinary  courfe  followed  by  the 
Jefuits,  their  young  men,  after  ftudying  philofophy, 
were  wont  to  be  employed  in  teaching  Latin  and  the 
belles  lettres  for  the  fpace  of  five  years,  that  fo  they 
might  become  ftili  better  acquainted  with  polite  learn¬ 
ing,  and  arrive  at  the  ftuiy  of  theology  and  the  prieft- 
hood  at  a  riper  age.  But  as  Roger  had  difeovered 
extraordinary  talents  for  geometrical  ftudies  it  was 
thought  by  his  fuperiors  that  it  would  be  a  pity  to  de¬ 
tain  him  from  his  favourite  purfuits  in  a  drudgerj  for 
which  fo  many  others  were  fit  enoughs  He  was  there¬ 
fore  di fpenfed  with  from  teaching  thofe  fchools,  and 
was  commanded  to  commence  the  ftudy  of  divinity. 

During  the  four  years  that  he  applied  to  that  fu- 
blime  fcience,  he  flill  found  fome  leifure  for  geometry 
and  phyfics;  and  even  before  that  fpace  was  ended, 
he  was  named  profeffor  of  his  beloved  mathematics. 

He  was  now  placed  in  an  office  for  which  he  was* 
fuperlatively  fit,  and  for  which  he  had  a  particular  pre¬ 
dilection.  Befides  having  feen  all  the  beft  modern  pro¬ 
ductions  on  mathematical  fubje&s,  he  ftudied  diligently 
the  ancient  geometricians,  and  from  them  learned, that 
cxaCt  manner  of  reafoning  which  is  to  be  obferved  in 
all  his  works.  Although  he  himfelf  perceived  eafily 
the  concatenation  of  mathematical  truths,  and  could 
follow  them  into  their  moft  abftrufe  recedes,  yet  he  ac¬ 
commodated  himfelf  with  a  fatherly  condefcenfion  to 
the  weaker  capacities  of  his  fcholars,  and  made  every  de- 
monftration  clearly  intelligible  to  them.  When  he  per¬ 
ceived  that  any  of  his  diiciples  were  capable  of  advan¬ 
cing  falter  than  the  reft,  he  himfelf  would  propofe  hi& 

giving; 
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B 'f-ovkh.  gTVfig  them  pnV.te  Efforts,  that  fo  they  might  not  lcfe 
s— vr~ — '  their  time  ;  or  he  would  propcfe  to  them  proper  books, 
with  directions  how  to  thidy  them  by  the  mi  elves,  being 
always  ready  to  folv.e  difficulties  that  might  occur  to 
them. 

To  the  end  that  he  might  be  the  more  uferul  to  his 
fcholars,  he  took  time  from  higher  puifuits  to  compofe 
new  elements  of  arithmetic,  algebra,  plain  and  folid 
geometry,  and  of  plain  and  fpheric  trigonometry  ;  and 
although  thete  fubje&s  had  been  well  treated  by  a  great 
many  authors,  yet  Bofcovich  s  work  will  always  be  e- 
fteemed  by  good  judges  as  a  mafterly  performance,  well 
adapted  to  the  puvpofe  for  which  it  was  intended.  To 
this  he  afterwards  added  a  new  expofition  of  conic  fec- 
tions  ;  in  which,  from  one  general  definition,  he  draws, 
with  admirable  perfpicuity,  all  the  properties  of  thofe 
three  mTi  ufeful  curves.  He  had  meditated  a  com¬ 
plete  body  of  pure  and  mixed  mathematics,  in  which 
weie  to  be  comprehended  treatifes  on  mufic,  and  on  ci¬ 
vil  and  military  architecture  ;  but  from  accomplifhing 
this  he  was  prevented  by  «.  ther  neceflary  occupations. 

According  to  the  cuflom  of  fchools,  every  clafs  in 
the  Roman  College,  towards  the  end  of  the  fcholaftic 
year,  gave  to  the  public  fpecimens  of  their  proficiency. 
With  this  view  Bofcovich  publifhed  yearly  a  differtation 
on  fome  interefting  phyfico-mathematical  fubjeCt.  The 

-  do&rine  of  this  differtation  was  defended  publicly  by  fome 
of  his  fcholars,  shifted  by  their  maker.  At  thefe  lite¬ 
rary  differtations  there  was  always  a  numerous  con- 
courfe  of  the  moft  learned  men  in  Rome.  His  new 
opinions  in  philolophy  were  here  rigoroufly  examined 
and  warmly  controverted  by  perfons  well  verfed  in 
phyfical  ftudies :  but  he  propofed  nothing  without  fo¬ 
lid  grounds ;  he  had  foreleen  all  their  objections,  an- 
fvvered  them  viCtorioufly,  and  always  came  off  with 
great  applaufe  and  increafe  of  reputation.  He  publifh¬ 
ed  likewife  differtations  on  other  occafions  ;  and  thefe 
works,  though  fmall  in  fize,  arc  very  valuable  both  for 
the  matter  they  contain,  and  alfo  for  the  manner  in 
which  it  is  treated.  The  principal  fubjeCts  of  thefe  dif- 
fertations  are  the  following :  The  fpots  in  the  fun  ; 
the  tranfit  of  mercury  under  the  fun  ;  the  geometrical 
conftruCtion  of  fpheric  trigonometry;  the  aurora  bo¬ 
realis  ;  a  new  life  of  the  telefcope  for  the  determination 
of  celeftial  obje&s  ;  the  figure  of  the  earth  ;  the  argu¬ 
ments  made  ufe  of  by  the  ancients  to  prove  the  rotun¬ 
dity  of  the  fame  ;  the  circles  which  are  called  ofcula- 
tors ;  the  motion  of  bodies  projected  in  a  fpace  void  of 
reliflance  ;  the  nature  of  infinites  and  of  infinitely  little* 
quantities;  the  inequality  of  gravity  in  different  parts 

.  of  the  earth  ;  the  annual  aberration  of  the  fixed  (bars  ; 

(  the  limits  of  the  certainty  to  which  aftronomical  obferva- 
tions  can  arrive ;  a  difeufiion  on  the  whole  or  aftrono- 
my  ;  the  motion  of  a  body  attracted  by  certain  forces 
towards  an  immoveable  centre  in  fpaces  void  of  refift- 
ance  ;  a  mechanical  pioblun  on  the  folid  of  greateft 
attraction  ;  a  new  method  of  uiing  the  obfervation  of 

-  the  phafes  in  the  lunar  eclipfes  ;  the  cycloid  ;  ~the  lo- 
giftic  and  certain  other  curve  lines  ;  the  forces  that  are 
called  living  ;  the  comets ;  the  flux  and  reflux  of  the 
fea  ;  light;  whirlwinds;  a  demouftration  and  illuftra- 
tion  of  a  paffage  in  Newton  concerning  the  rainbow; 
the  denv.,  nitration  and  illuftration  of  a  method  given 

v  by  Eulfr  regarding  the  calculation  of  fractions;  the 
deli  i  ruination  of  the  orbits  of  a  planet  by  means  of  ca¬ 


toptrics,  certain  conditions  of  its  motions  being  given  ;  Bofcovj 
the  centre  of  gravity  and  that  of  magnitude  ;  the  at- 
mofphere  of  the  moon  ;  the  law  of  continuity,  and  the 
conftquences  of  it  in  the  dements  of  matter  and  their 
forces  ;  the  law  ot  the  forces  that  cxift  in  nature  ;  len- 
ies  and  dioptrical  telefcopes ;  the  perturbation  which 
appears  to  be  cauled  mutually  by  Jupiter  and  Saturn, 
and  that  chiefly  about  the  time  of  their  conjunction  ; 
the  divifibility  of  matter  and  the  dements  of  bodies ; 
the  objective  micrometer;  -  befides  other  fubjeCts  of  the 
like  nature,  of  which  he  has  treated  in  leparate  pieces, 
or  in  communications  inlerted  in  the  tranlaCtions  ot  li- 
terary  locieties  or  academies,  he  being  a  member  of 
thofe  that  arc  moft  famous  in  Europe.  It  was  in  fome 
of  the  abovementiontd  differtations  that  Bofcovich  made 
known  firft  to  the  world  his  fentiments  concerning  the 
nature  of  body,  which  he  afterwards  digefled  into  a  re¬ 
gular  theory,  which  is  juftly  become  io  famous  among 
the  learned. 

Father  Noceti,  another  Jelult,  had  compofed  two 
excellent  poems  on  the  rainbow  and  the  aurora  borealis. 

Thefe  poems  were  publifhed  with  learned  annotations 
by  Bofcovich  ;  in  which,  among  other  things,  he  with 
great  lagacity  diicovers  errors  in  optics  into  which  De 
l)ominit,  Kepler,  and  others,  had  fallen. 

His  countryman,  Benedict  Stay,  after  having  pub- 
lifhed  the  philofophy  of  Eefcartes  in  Latin  verfe,  at¬ 
tempted  the  fame  with  regard  to  the  more  modern  and 
more  tiue  philolophy,  and  has  executed  it  with  won- 
derful  iuccefs,  to  the  admiration  ot  all  good  judges. 

The  two  firft  volumes  of  this  elegant  and  accurate 
work  were  publifhed  with  annotations  and  fupplements 
by  Bofcovich.  Thefe  fupplements  are  fo  many  fhort 
differtations  on  the  moft  important  parts  of  phyfics  and 
mathematics.  Here  is  to  be  found  a  iolution  of  the 
problem  ot  the  centre  of  ofcillation,  to  which  Huygens 
had  come  by  a  wrong  method  ;  here  he  confutes  Euler, 
who  had  imagined  that  the  vis  inertia  was  neceflary  in 
matter ;  here  he  refutes  the  ingenious  efforts  of  Riccati 
on  the  Leibmtzian  opinion  of  the  forces  called  living* 

He  likewife  (hews  the  falfchood  of  the  mathematical 
prejudice,  according  to  which  the  right  line  is  confider- 
ed  as  effentially  more  Ample  than  curves,  and  makes  it 
appear,  that  the  notion  of  the  laid  right  line  is  com¬ 
monly  accompanied  with  many  paradoxes.  He  demon- 
ftrates.  by  the  doCtrine  of  combinations,  fome  beautiful 
theorems  concerning  the  fpace  occupied  by  the  fmall 
maffes  of  body,  with  many  ufeful  oblervations  on  fpace 
and  time. 

Benedict:  XIV.  who  was  a  great  encouragcr  of  learn¬ 
ing,  and  a  beneficent  patron  of  learned  men,  was  not 
ignorant  how  valuable  a  iubjeCt  Rome  poffefled  in  Bof¬ 
covich  ;  and  this  pope  gave  him  many  proofs  of  the 
efteem  lie  had  for  him.  Two  ffffures  which  had  been 
perceived  in  the  capola  of  the  church  of  St  Peter’s  on 
the  Vatican  had  occafioned  lome  alarm.  The  pope 
defired  Bofcovich  and  fome  other  mathematicians  to 
make  their  oblervations  and  give  their  opinion  on  the 
fame.  They  obeyed*,’  arid  tfcdir  opinion  was  printed. 

They  fn ewe d  that  'there  was  no  >canfe  to  apprehend 
danger;  but,  for  greater  iecurity,  they  propoted  cer¬ 
tain  precautions,  which  were  adopted  and  put  in  exe¬ 
cution. 

The  high  opinion  whiclrthe  pop£  had. formed  of  his 
talents,  and  the  favour  in  which  he  was  -  with  Cardinal 

Valenti, 


BOS  l  95  1  BOS 


jfrovlch  Valenti,  mini /her  of  Hate,  proved  hindrances  to  his  go - 
ing  to  America,  for  which  a  propofal  was  made  to  him 
by  the  court  of  Lifbon.  Some  differences  had  long 
fubfifled  between  Spain  and  Portugal  concerning  the 
boundaries  of  their  refpeCtive  dominions  in  that  great 
continent ;  and  John  V.  of  Portugal  wifhed  that  Bof- 
covich  would  go  over  and  make  a  topographical  furvey 
of  the  country  in  difpute.  lie  was  not  unwilling  to 
undertake  fuch  a  talk,  which  was  entirely  to  his  tafle  ; 
and  he  was  refolved  at  the  fame  time  to  meafure  a  de¬ 
gree  of  the  meridian  in  Brazil,  which  might  be  com¬ 
pared  with  that  meafured  at  Quito  by  the  French  aca¬ 
demicians  Bouguer  and  Condamine,  with  the  Spaniards 
Ulloa  and  Doy.  But  the  pope  hearing  of  this  propo¬ 
fal,  fignihed  to  the  Portuguefe  miniiler  at  Rome,  that 
}iia  m3.ller  mud  needs  excufe  him  for  detaining  Bofco- 
vich  in  Italy,  where  he  had  occafion  for  him,  and  could 
by  no  means  confent  to  part  with  him. 

Accordingly  a  commiffion  was  given  to  Bofcovich 
by  Benedict  to  correct  the  maps  of  the  papal  ellate, 
and  to  meafure  a  degree  of  the.  meridian  pafling  thro’ 
the  fame.  This  he  performed  with  great  accuracy, 
afiilled  by  F.  Chriftopher  Maire  an  Englifh  Jefuit,  and 
like  wife  a  great  mathematician.  Their  map  was  en¬ 
graved  at  Rome,  and  is  perhaps  the  moft  exad  piece  of 
the  kind  that  ever  was  printed,  as  all  the  places  are 
laid  down  from  triangular  obfervations  made  by  the 
ableft  hands.  Bofcovich  alio  pnblifhed,  in  a  quarto 
volume  in  Latin,  an  account  of  the  whole  expedition, 
which  appeared  at  Rome  in  the  year  17 55,  and  was 
afterwards  printed  at  Paris  in  French  in  the  year  1770. 
Here  he  gives  a  detail  of  their  obfervations  and  of  the 
methods  they  followed,  and  like  wife  of  the  difficulties 
they  encountered,  and  how  they  were  iurmounted.  One 
of  thefe  embarrafied  them  a  good  deal  at  the  time,  but  was 
afterwards  matter  of  diverfion  to  them  and  others  Some 
of  the  inhabitants  of  the  Apeninnes,  feeing  them  pafs 
from  hill  to  hill  with  poles  and  ftrange  machines,  ima¬ 
gined  that  they  were  magicians  come  among  their 
mountains  in  fearch  of  hidden  treafures,  of  which  they 
had  fome  traditions  :  and  as  tempeils  of  thunder  and  hail 
happened  about  the  fame  time,  they  iuppoied  that  .thefe 
calamities  were  caufed  by  the  forceries  of  their  new 
vifitants.  They  therefore  infilled  that  Bofcovich  and 
Maire  Ihould  depart  ;  and  it  was  not  eafy  to  convince 
them  that  their  operations  were  harmlefs.  In  this  work 
there  is  inferred  a  defeription  of  the  inRruments  made 
life  of  in  determining  the  extent  of  the  degree  of  the 
meridian  ;  and  the  whole  work  may  be  extremely  ufe- 
ful  to  pradieal  geometricians  and  allronomerg. 

In  the  year  1757  the  republic  of  Lucca  entrufled 
Bofcovich  with  the  management  of  an  affair  which  was 
to  them  of  confiderable  importance.  Between  that  re¬ 
public  and  the  regeney  of  Tuicany  there  had  arifen  a 
diiagreeable  difpute  concerning  the  draining  of  a  lake, 
and  the  direction  to  be  given  to  fome  waters  near  the 
boundaries  of  the  two  Hates.  The  Lucchefe  fenate 
cliofe  our  philofopher  to  treat  of  this  buftnefs  on  their 
part.  He  repaired  to  the  fpot,  conlidered  it  attentive¬ 
ly,  and  drew  up  a  writing,  accompanied  with  a  map, 
to  fhew  more  clearly  what  appeared  to  him  mod  equi¬ 
table  and  mod  advantageous  for  both  parties.  In  order 
to  enforce  his  reafons  the  more  effectually,  it  was 
thought  proper  that  he  fhould  go  to  Vienna,  where  the 
emperor  Francis  I.  who  was  likewife  grand  duke  of 


iufeany,  redded.  He  was  fo  fuccefsful  in  this  nego-  Bofcovich* 
ci  at  ion,  that  he  obtained  every  thing  that  Lucca  deli- 
red,  and  at  the  fame  time  acquired  great  efteem  at  the 
impel  ial  court.  In  proof  of  this,  the  unpiefa  queen 
made  lus  opinion  be  afked  concerning  the  liability  of 
the  Cetarean  library,  and  the  repairs  to  be  made  in  it ; 
which  he  gave  in  writing,  and  it  was  received  with 
thanks,  as  being  very  well  grounded. 

.  ^^-ke  haci  concluded  the  affair  which  had  brought 
him  to  Vienna,  he  forefaw  that,  for  a  month  or  two, 
the  blows  in  the  Alps  would  not  allow  him  to  return 
to  Italy.  He  therefore  refolved  to  employ  that  time 
in  completing  his  fyltem  of  natural  philofophy,  on 
which  he  had  been  meditating  for  the  fpscc  of  thirteen 
years.  He  pnblifhed  his  work  on  that  great  fubjed 
in  the  beginning  or  the  year  17^8,  in  the  abovernen- 
tioned  city.  We  (ball  in  the  end  give  an  account  of 
that  celebrated  fyftem,  and  here  go  on  with  our  nar¬ 
ration. 


On  his  return  to  Lucca,  he  not  only  met  with  the 
approbation  of  all  he  had  done  for  the  fntered  of  the 
republic,  but  alfo  the  fenate,  in  teflimony  of  their  gra¬ 
titude,  made  him  prefents,  and  inrolled  him  in  the  num¬ 
ber  of  their  nobility,  whieh  was  the  greatell  honour 
they  had  in  their  power  to  confer  on  him. 

He,  who  was  thus  ufeful  to  foreigners,  could  not  re- 
fufe  to  be  ferviceable  to  his  own  country  when  an  oc¬ 
cafion  of  being  fo  offered  itfelf.  The  Britifh  miniftry 
had  been  informed,  that  fhips  of  war,  for  the  French, 
had  been  built  and  fitted  out  in  the  fea-ports  of  Ragu- 
fa,  and  had  %nified  their  difpleafurc  on  that  account. 
This  occafioned  uneafinefs  to  the  fenate  of  Ragufa,  as 
their  iuhjeds  are  very  fea-faring,  and  much  employed 
in  the  carrying  trade  ;  and  therefore  it  would  have  been 
inconvenient  for  them  to  have  caufed  any  difguft  againit 
them  in  the  principal  maritime  power.  '  Their  coun¬ 
tryman  Bofcovich  was  deflred  to  go  to  London,  in  or¬ 
der  to  fatisfy  that  court  on  the  aboveraentioned  head  ; 
and  with  thi3  defire  he  complied  cheerfully  on  many  ac¬ 
counts.  His  fuccefs  at  London  was  equal  to  that  at 
Vienna.  He  pleaded  the  caufe  of  his  eountrymen  ef¬ 
fectually  there,  and  that  without  giving  any  offence  to 
the  Freneh,  with  whom  Ragufa  foon  after  entered  in¬ 
to  a  treaty  of  commerce, 

Bofcovich  eame  to  London  the  more  willingly,  as 
he  was  defirous  of  converfing  with  the  learned  men  of 
Britain.  He  was  received  by  the  prefident  and  prin¬ 
cipal  members  of  the  Royal  Society  with  great  reiped; 
and  to  that  great  body  he  dedicated  his  poem  on  the 
eelipfes  of  the  fun  and  moon,  which  was  printed  on 
this  occafion  at  London,  in  the  year  1760.  This 
is  one  of  his  works  on  which  he  himfelf  put  the  greatefl 
value,  and  it  has  been  much  elteemed  by  the  learned. 
An  edition  of  it  was  publilhed  at  Venice  the  year  follo  w¬ 
ing,  and  a  third  at  Paris,  which  is  the  moil  earred  :  a 
tranflation  of  it  into  French  has  likewife  been  publilhed 
at  Paris.  In  this  very  elegant  Latin  poem  he  gives 
an  exad  compend  of  aflronomy,  which  ieives  as  an  in¬ 
troduction  to  the  fubjed  ;  he  then  explains  all  that  be¬ 
longs  to  the  doCtrine  of  eelipfes,  and  their  ufe  in  geo¬ 
graphy  ;  he  cortfiders  the  phenomena  that  are  obfer- 
ved  in  the  eelipfes  erf  the  fun,  .and  likewife  of  the  moon  \ 
he  propofes  a  theorem,  which  is  his  own,  concerning, 
the  diitribution  of  light  refraCted  from  the  atmo- 
fphere  of  the* earth  by  the  fhadow  of  the  moon,  which 

>  happens- 
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Bofcovich.  happens  In  the  lunar  eclipfes ;  lie  explains  the  pheno- 

1 - i - -  menon  of  the  reddilh  colour  which  often  appears  in  the 

moon  when  fhe  is  eclipfcd,  of  which  a  fufficient  expli¬ 
cation  had  not  before  been  given:  this  the  author 
draws  from  the  fundamental  dodrine  of  Newton’s  theo¬ 
ry  concerning  light  and  colours  ;  and  hence  takes  oc- 
cafion  to  give  a  clear  idea  of  the  principal  confequences 
of  the  faid  theory.  All  this  is  clothed  with  a  beauti¬ 
ful  poetical  drefs,  and  is  adorned  with  pleafant  epifodes, 
not  to  mention  the  learned  annotations  which  are  fub- 
joined.  This  poem  was  compofed,  for  the  moft  part, 
wlii lit  the  author  was  in  journeys,  or  by  way  of  amufe- 
ment,  when  he  was  obliged  to  wait  for  the  opportuni¬ 
ties  of  making  aft ronomical  obfervations. 

The  fellows  of  the  Royal  Society  invited  Bofcovich 
to  accompany  fome  of  their  number  to  America,  to  ob- 
ferve  the  tranfit  of  Venus,  which  was  to  happen  in  the 
year  1762  ;  but  being  otherwife  engaged,  he  could  not 
accept  of  that  invitation.  He  intended,  however,  by  all 
means  to  oblerve  that  remarkable  phenomenon,  and  had 
fixed  on  Conftantinople  as  a  proper  place  for  doing  fo. 
He  was  conducted  thither  in  a  Venetian  man  of  war,  and 
much  honoured  by  one  of  the  bayloe  of  that  republic, 
who  commanded  the  veffel ;  but,  to  his  great  regret, 
they  arrived  too  late.  He  returned,  by  land,  in  the 
company  of  the  Englifh  ambaffador  ;  and  a  relation  of 
that  journey  was  publifhed  in  French  and  afterwards  in 
Italian. 

During  thefe  journeys,  Bofcovich’s  place  in  the  Ro¬ 
man  College  was  well  filled  by  fome  of  thofe  whom  he 
himfelfhad  trained  up  in  mathematical  learning.  He 
was  now  called  by  the  fenate  of  Milan  to  teach  mathe¬ 
matics  in  the  univerlity  of  Pavia,  with  the  offer  of  a 
very  conftderable  falary.  He  and  his  fuperiors  thought 
proper  to  accede  to  this  propofal,  and  he  was  received 
without  being  fubje6led  to  any  previous  examination  ; 
which  was  always  obferved,  except iag  in  fuch  an  extra¬ 
ordinary  cafe,  by  the  decrees  of  the  univerfity.  Here 
he  taught,  with  great  applaufe,  for  the  fpace  of  fix 
years,  having  at  the  fame  time  the  care  of  the  obferva- 
tory  of  the  Royal  College  of  Brera.  About  the  year 
k  1770.  the  emprefs  queen  made  him  profeflor  of  ailro- 
xiomy  and  optics  in  the  Palatine  fchools  of  Milan  ;  re¬ 
quiring  of  him,  however,  that  he  fhould  continue  to 
improve  the  obfervatory  of  Brera  ;  which,  under  his  di- 
rediion,  became  one  of  the  moft  perfect  in  Europe. 

Pie  re  he  was  extremely  happy,  teaching  the  fciences, 
applying  to  his  favourite  fludies,  and  converfing  and 
corresponding  with  men  of  learning  and  of  polifhed 
manners  ;  when  an  event  happened  which  caufed  to 
him  the  moft  fenfible  aftlidtion.  In  the  year  1773,  t^lc 
fociety  to  which  he  belonged,  and  to  which  he  had 
been  from  his  youth  warmly  attached,  was,  to  his  great 
regret  and  difappointment,  abolifhed.  They  who  h*d 
been  Jcfuits  were  allowed  no  longer  to  teach  publicly  ; 
nor  was  there  any  exception  made  in  favour  of  Bofco¬ 
vich,  neither  (fuch  was  his  humour  then)  would  he 
have  accepted  of  it,  though  it  had  been  offered  him. 
PropoUls  were  made  to  him  by  feveral  perfons  of  diT- 
tindion  ;  and,  after  fome  deliberation,  he  chofe  Paris 
for  his  place  of  abode ;  to  which  he  was  induced  by 
the  circumftance  of  his  being  intimately  acquainted 
with  the  prime  minifler  at  that  court.  He  had  not 
been  many  months  at  Paris  when  the  univerfity  of  Piik 


Pent  him  an  invitation  to  go  thither,  in  order  to  pro-  Bofcovich, 

fefs  aftronomy.  But  the  French  minifler,  underftand- 

ing  this,  declared  to  the  minifler  of  Tufcany,  that  it 

was  the  intention  of  his  moft  Chriftian  majefty  to  make 

his  dominions  agreeable  to  Bofcovich,  by  giving  him 

liberal  appointments.  In  fad  he  was  foon  naturalized, 

and  two  large  penfions  were  bellowed  on  him ;  the  one 

as  an  honourable  fupport,  to  the  end  that  he  might 

profecute  his  fublime  fludies  at  his  eafe  and  in  affluence; 

the  other  as  a  falary  annexed  to  a  new  office,  created 

in  his  favour,  under  the  name  of  Direflor  of  Optics  for 

the  Sea  Service ,  and  with  the  folc  obligation  of  peifed- 

ing  the  lenfes  which  are  ufed  in  achromatical  telefcopes. 

At  Paris  he  remained  ten  years,  applying  principally 
to  optics,  and  much  regarded,  not  only  by  the  moft; 
reasonable  men  of  letters,  but  likewife  by  the  princes 
and  minilleis,  both  of  France  and  of  other  nations. 

But  the  greateft  men  are  not  exempt  from  being  en¬ 
vied.  Some  of  the  French  were  difpleafed  that  a  fo¬ 
reigner  fhould  appear  fuperior  to  themfeKes  ;  others  of 
them  could  not  forget  that  Bofcovich  had  difeoverei 
and  expofed  their  millakes.  The  irreligion  which  pre¬ 
vailed  too  much  among  thofe  who  bore  the  name  of 
philofophers,  was  difagreeable  to  him.  Thefe,  and 
other  fuch  circumftances,  made  him  wearied  of  Paris, 
and  he  defired  to  revilit  his  friends  in  Italy  ;  for  which 
purpofe  he  obtained  leave  of  abfence  for  two  years. 

The  ftrft  place  in  Italy  in  which  he  made  any  flay  was 
at  Baffano,  a  town  in  the  territories  of  Venice.  Here, 
mindful  of  his  obligations,  he  printed  what  he  had  been 
preparing  for  the  prefs  during  his  ftay  in  France  ;  and 
this  compofes  five  volumes  in  large  odavo,  and  is  a  trea- 
fure  of  optical  and  aflronomical  knowledge.  The  fub- 
jeds  treated  of  in  thefe  volumes  are  as  follow  :  A  new 
inftrument  for  determining  the  refrafting  and  diverging 
forces  of  diaohonous  bodies;  a  demonftration  of  the 
falfehood  of  the  Newtonian  analogy  between  light  and 
found  ;  the  algebraic  formulas  regarding  the  tocufes  of 
lenfes,  and  their  applications  for  calculating  the  fpheri- 
city  of  thofe  which  are  to  be  ufed  in  achromatical  tele- 
fcopes;  the  corredions  to  be  made  in  occular  lenfes,  and 
the  error  of  the  fphericity  of  certain  glades;  the  caufes 
which  hinder  the  exad  union  of  the  folar  rays  by  means 
of  the  great  burning  glaffes,  and  the  determination  of 
the  lofs  arifing  from  it ;  the  method  of  determining  the 
different  velocities  of  light  palling  through  different  me¬ 
diums  by  mean3  of  two  dioptrical  telefcopes,  one  com¬ 
mon,  the  other  of  a  new  kind,  containing  water  between 
the  objedive  glafs  and  the  place  of  the  image  ;  a  new 
kind  of  objedive  micrometers;  the  deft  ds  and  inutility 
of  a  dioptrical  telefcope  propofed  and  made  at  Pans, 
which  gives  two  images  of  the  fame  objed,  the  one  di- 
red,  the  other  inverfe,  with  two  contrary  motions  of 
moveable  objeds ;  maffes  floating  in  the  atmofpliere,  as 
hail  of  an  extraordinary  fize,  Ren  on  the  fun  with  the 
telefcope,  and  refembling  fpots ;  the  aftronomical  re- 
fradions,  and  various  methods  for  determining  them  ; 
various  methods  for  determining  the  orbits  of  comets 
and  of  the  new  planet,  with  copious  applications  of  thefe 
dodrines  to  other  aftronomical  fubjeds,  and  ft  ill  more 
generally  to  geometry  and  to  the  fcience  of  calculation; 
the  errors,  the  redifications,  and  the  ufe  of  quadrants, 
of  fextants,  of  aftronomical  fedors,  of  the  meridian  line, 
of  telefcopes  called  the  inflruments  of  tranfits,  ©f  the 

meridian. 
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Hofcofich.  meridian,  and  of  the  oaralla&ic  machine  ;  the  trlgono* 
V-—'  metrical  differential  formula;,  which  are  of  fo  much  ufe 
in  agronomy;  the  ufe  of  the  micrometical  rhombus,  ex¬ 
tended  to  whatever  oblique  pofition  ;  the  error  arifing 
from  refra&ions  in  tiling  the  affronomical  ring  for  a  fun- 
dial,  and  the  corre&ion  to  be  made  ;  the  appearing  and 
the  disappearing  of  Saturn’s  ring ;  the  methods  of  de¬ 
termining  the  rotation  of  the  fun  by  means  of  the  fpots, 
propofed  formerly  by  the  author,  and  now  perfected  ; 
the  greateft  exafmefs  poffible  in  determining  the  length 
of  a  pendulum  ofcillating  every  fecond  of  middle  time 
by  the  companion  of  terreftrial  and  celeffial  gravity  ;  a 
compend  of  aftrouomy  for  the  ufe  of  the  marine,  con¬ 
taining  the  elements  of  the  heavenly  motions,  and  of 
the  affronomical  inftruments  to  be  explained  to  a  prince 
in  the  courfe  of  one  month  ;  a  method  for  determining 
the  altitude  of  the  poles  with  the  greateft  exa&neff,  by 
means  of  a  gnomon  alone,  where  other  inffruments  are 
not  to  be  had  ;  the  determination  of  the  illuminated 
edge  of  the  moon  to  be  obferved  on  the  meridian  ;  a 
method  of  ufmg  the  letrograde  return  of  Venus  to  the 
fame  longitude,  for  determining  the  lefs  certain  elements 
of  her  orbit  ;  a  method  for  correcting  the  elements  of  a 
comet,  of  which  the  longitude  of  the  node  is  given,  and 
the  inclination  of  the  orbit  has  been  found  nearly  ;  an¬ 
other  method  for  the  fame  purpofe,  and  for  finding  the 
elliptical  orbit,  when-  the  parabolic  one  does  not  agree 
with  the  obfervations ;  a  method  for  correcting  the  ele¬ 
ments  of  a  planet  by  three  obfervations;  the  projedlion 
of  an  orbit  inclined  in  the  plane  of  the  ecliptic;  the  pro¬ 
jection  of  an  orbit  inclined  in  any  other  plane;  the  cal¬ 
culation  of  the  aberration  of  the  ftars,  arifing  from  the 
fuccefiive  propagation  of  light;  fome  beautiful  theorems 
belonging  to  triangles,  which  are  of  great  ufe  in  aftro- 
nomy,  reduced  to  moff  fimple  demonftrations. 

After  having  feen  the  impreffion  of  thefe  five  volumes 
fmifhed,  Bofcovich  left  Baffano,  made  an  excurfion  to 
Rome,  and  vilited  his  old  friends  there  and  in  other 
places  of  Italy.  He  then  took  up  his  abode  at  Milan, 
and  applied  to  the  revifing  of  fome  of  his  old  works, 
and  to  the  compofing  of  new  ones.  He  fet  himfelf  par¬ 
ticularly  to  prepare  annotations  and  fupplements  to  the 
remaining  two  volumes  of  Stay’3  Modern  Phiiofophy, 
which  he  had  not  had  time  to  pubKfh  fooner,  and  which 
he  lived  not  to  publifh. 

He  was  happy  at  Milan  In  the  neighbourhood  of 
Brera,  where  was  his  favourite  obfervatory  ;  and  in  the 
company  of  many  friends,  who  were  become  the  more 
dear  to  him  by  his  long  abfehce  from  them.  But  he 
began  to  confider,  with  grief,  that  his  two  years  of  ab- 
fence  were  drawing  to  an  end.  He  was  very  unwilling 
to  leave  Italy  and  return  to  France.  He  thought  of 
applying  for  a  prolongation  of  his  abfence;  he  thought 
of  making  intereft  at  the  Imperial  court  for  fome  ho¬ 
nourable  commiffion,  which  might  be  a  pretext  to  him 
for  remaining  at  Milan;  but  he  was  afraid  that  the  pro- 
pofal  of  never  returning  to  France  might  appear  indeli¬ 
cate  and  ungrateful  to  a  nation  from  which  he  was  re¬ 
ceiving  considerable  penfions.  He  apprehended  that 
thofe  perfons  at  Paris  who  had  before  oppofed  him, 


ivmiia  take  occafion  to  tax  him  with  ingratitude,  and  Bofcmch. 

that  hence  his  reputation,  would  be  tarnifhed.  Thefe,  - J 

and  other  fuch  thoughts,  occafioned  a  great  perplexity 
of  mind,  which  was  followed  by  a  deep  melancholy ; 
and  this  could  not  be  alleviated  by  the  advice  and  com¬ 
fort  of  his  friends,  becaufe  by  degrees  he  became  inca¬ 
pable  of  hearing  reafon,  his  ideas  being  quite  confufed, 
and  his  imagination  difordered.  To  this  difagreeable 
change  the  flate  of  his  health  perhaps  contributed.  A 
gout  had  been  wandering  for  fome  time  through  his 
body,  and  he  had  caught  a  fevere  cold  ;  nor  would  he 
admit  of  medical  afflffance,  of  which  he  had  always  been 
very  diffident.  ^  It  may  alfo  be  that  his  long  and  in¬ 
tense  application  had  hurt  the  organs  of  the  brain, 
which  in  fome  manner  are  fubfervient  to  the  ufe  of  rea- 
fon  as  long  as  the  foul  is  united  to  the  body.  Be  that 
as  it  will,  during  the  laft  five  months  of  his  life  this 
great  man,  who  had  been  fo  far  fuperior  in  reafoning  to 
his  ordinary  fellow  creatures,  was  much  inferior  to  eve¬ 
ry  one  of  them  who  is  endued  with  the  right  ufe  of  the 
uriderftanding.  He  had  indeed  fome  lucid  intervals, 
and  once  there  were  hopes  of  a  recovery ;  but  he  foon 
relapfed,  and  an  impoffhume  breaking  in  his  breaft,  put 
an  end  to  his  mortal  exiffence.  He  died  at  Milan 
on  the  13th  of  February  1787,  in  the  76th  year  of  his 
age. 

He  was  tall  in  flature,  of  a  robuft  conflitution,  of  a 
pale  complexion.  His  countenance  was  rather  long, 
and  was  expreffive  of  cheerfulnefs  and  good  humour. 

He  was  open,  fincere,  communicative,  and  benevolent. 

His  friends  fometimes  regretted  that  he  appeared  to  be 
too  irritable,  and  too  fenfible  of  what  might  feem  an 
affront  or  negle&,  which  gave  himfelf  unneceffary  un- 
eafmefs.  He  was  always  unffained  iri  his  mo-als,  obe¬ 
dient  to  his  fuperiors,  and  exa&  in  the  performance  of 
all  Chriffian  duties,  as  became  a  Catholic  prieft,  and  in 
the  obfervance  of  the  particular  rules  of  his  order.  His  * 
great  knowledge  of  the  works  of  nature  made  him  en¬ 
tertain  the  higheft  admiration  of  the  power  and  wifdom 
of  their  Creator.  He  faw'the  neceffity  and  advantages 
of  a  divine  revelation,  and  was  flncerely  attached  to  the 
Chriffian  religion,  having  a  fovereign  contempt  of  the 
prefumption  and  foolifh  pride  of  unbelievers  ;  and  being 
fully  perfuaded  that  we  cannot  make  a  more  noble  ufe 
of  our  underftanding  g  than  by  fubjefting  it  humbly  to 
the  authority  of  the  Supreme  Being,  who  knows  num- 
berlefs  truths  far  beyond  the  utmoft  limits  of  our  nar¬ 
row  comprehenfion,  and  who  may  juffly  require  our 
belief  of  any  of  them  that  he  fees  fit  to  propofe  to  us. 

The  death  of  our  philofopher,  who  truly  defer ved 
that  name,  was  heard  with  regret  by  the  learned 
through  Europe,  and  more  than  ordinary  refptd  has 
been  paid  to  his  memory.  At  Ragufa  funeral  exequies 
were  performed  for  him  with  great  folemnity  by  order 
of  the  fenate,  who  affifted  at  them  in  a  body  ;  on  which 
occafion  an  eloquent  oration  in  praife  of  hini  was  pro¬ 
nounced.  By  a  decree  of  the  fame  fenate,  a  Latin  in- 
feription  to  his  honour,  engraved  on  marble,  was  placed 
in  the  principal  church  of  their  city.  Of  this  inferip- 
tion  the  following  is  a  copy : 
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Sofcavich,  Boscovichu  Elogium  Ragus^S,  Bofcovle^ 

Marmore  Infculptum. 

Rogerio.  Nicolai.  F.  Boscovichio, 

Summh  Ingenii.  Viro.  Philofopho.  Et.  Mathematieo.  Praeftantiffimo 
Scriptori.  Operum.  Egregiorum 
Res.  Phyficas.  Geometricas.  Aftronomicas 
Plurimis.  Inventis.  Suis.  Au&as.  Continentium  i 

Celebriorum.  Europe.  Academiarum,  Socio 
Qui.  In.  Soc.  Jefu.  Cum.  EfTet.  Ac.  Romas.  Mathefim.  Profiteretur 
Benedifto.  XIV.  Mandante 
Multo.  Lahore.  Singulari.  Induftria 
Dimenfus.  Eft.  Gradum.  Terreftris.  Circuli 
Boream.  Verfus.  Per.  Pontificiam.  Ditionem.  Tranfeuntis 
Ejufdemque.  Ditionis.  In.  Nova.  Tabula.  Situs.  Qmnes.  Defcripfit. 

Stabilitati.  Vaticano.  Tholo.  Reddundae 
Portubus.  Superi.  Et.  Inferi.  Maris.  Ad.  Juftam.  Altitudinem.  Redigendis 
Reftagnantibus.  Per.  Campos.  Aquis.  Emittendis.  Commonftravit.  Viam 
Legatus.  A.  Lucenfibus.  Ad.  Francifcum.  I.  Casfarem.  M.  Etrurise.  Ducem 
Ut.  Amnes.  Ab.  Eorura.  Agro.  Avcrterentur.  Obtinuit 
Merito.  Ab.  Iis.  Inter.  Patricios.  Cooptatus 
Mediolanum.  Ad.  Docendum.  Mathematicas.  DiCciplinas,  Evocatus 
Braidenfem.  Extruxit.  Inftruxitque.  Servandis.  Aft r is.  Speculam 
Deletse.  Turn.  Societati.  Suse.  Superftes 
Lutetias.  Parifiornm.  Inter.  Gallias.  Indigenas.  Relatus 
Commiffum.  Sibi.  Perficiundae.  In.  Ufus.  Maritimos. 

Opticae  Munus.  Adcuravit 

Ampla.  A.  Ludovico.  XV  Rege.  Xmo.  Attributa.  Penfione 
Inter.  Hsec*  Et.  Poefim.  Mira.  Ubertate  Et.  Facilitate.  Excoluit 
Do&as.  Non.  Semel.  Sufcepit.  Per.  Europam.  Peregrinationes 
Multorum.  Amicitias.  Gratia.  Virorum.  Principum.  Ubique.  Floruit 
Ubique.  Animum.  Chriftianarum.  Virtutum 
Veraeque.  Religionis.  Studiofum.  Prae  fe-tulit 
Ex.  Gallia.  Italiam.  Revifens.  Jam.  Senex 
Cum.  Ibi.  In.  Elaborandis.  Edendifque.  Poftremis.  Operibus 
Plurimum.  Contendiflet.  Et.  Novis.  Inchoandis.  Ac.  Vetenbus.  Abiolvendis- 

Sefe.  Adcingerct 

In  Diuturnum.  Incidit.  Morbum.  Eoque.  Obiit,  Mediolani 
Id.  Feb.  An.  MDCCLXXXVII.  Natus.  Annos  LXXV.  Menfes  IX.  Dies  IL 
Huic  'Optime.  Merito.  De.  Republica.  Civi 
Quod.  Fidem.  Atque  Operam.  Suam.  Eidem.  Saepe.  Probaverit 
In.  Arduis.  Apud.  Exteras*  Nationes 
Bene.  Utiliterque.  Expediundis.  Negotiis 
Quodque.  Sui.  Nominis.  Celebritate.  Novum.  Patrias.  Decus.  Adtulerit 
Poft.  Funebrem.  Honor em.  In.  Hoc.  Templo.  Cum.  Sacro.  Et.  Laudations 

Publice.  Delatum 
Ejufdem  Pempli  Cura  tores 
Ex.  Senatus.  Confulto 
M.  P.  P. 


This  infcription  was  compofed  by  his  friend  and  coun¬ 
tryman  the  celebrated  poet  Benedict  Stay.  Zamagna, 
another  of  his  countrymen,  who  had  likewife  been  his 
fellow  jefuit,  publiftied  a  panegyric  on  him  in  elegant 
Latin.  A  (hort  encomium  of  him  is  to  be  found  in  the 
j EJlratto  della  Litter  atur  a  Europea ;  and  another,  in  form 
of  a  letter,  was  diredied  by  M.  de  la  Lande  to  the  Pa- 
rifian  journalifts,  and  by  them  given  to  the  public.  A 
more  tull  elogium  has  been  written  by  M.  Fabroni ;  and 
another  is  to  be  met  with  in  the  journal  of  Modena  ;  a 
third  was  publiftied  at  Milan  by  the  Abbate  Ricca  ; 
and  a  fourth  at  Naples  by  the  Dr  Julius  Bajamonti,  of 
which  a  fecond  edition  was  made. in  the  year  1790.  Of 
this  laft  chiefly  ufe  has  been  made  here 

But  what  muft  fecure  to  Bofcovich  the  efteem  of  po- 
fterity  are  his  works,  of  the  greater  part  of  which  we 


have  already  taken  notice.  We  have  mentioned,  1.  His 
Elements  of  Mathematics,  with  h is  Treat ife  on  Conic 
Se&ions  ;  2.  His  many  diflertations  publiftied  during 
his  profeflbrftiip  in  the  Roman  college ;  3,  His  account 
of  his  Survey  of  the  Pope’s  Eftate  ;  4.  His  Theory  of 
Natural  Philofophy  ^  5.  His  Poem  on  the  Eclipies  5 
6.  His  five  volumes  printed  at  BafFano. 

To  thefe  we  may  add  his  hydrodyuamical  pieces.  He 
had  made  a  particular  ftudy  of  the  force  ot  running  wa¬ 
ter,  and  of  its  effe&s  in  rivers ;  and  he  was  often  con- 
iulted  concerning  the  beft  means  to  prevent  rivers  from 
corroding  their  banks,  and  from  overflowing  the  neigh¬ 
bouring  plains,  which  oTen  happens  in  Italy,  where  the 
Alps  and  Apennines  pour  down  fo  many  impetuous 
ftreams.  He  gave  g  writing  on  the  damages  done  by 
the  Tiber  at  Porto  Felice  j  another  on  the  project  of 

turning 
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Saitovich,  turning  the  navigation  to  Rome  from  Ftumiemo  to  Mac- 
carefe  ;  a  third  on  two  torrents  in  the  territory  of  Pe- 
T  Jgia  ;  a  fourth  oh  the  bulwarks  on  the  river  Panaro  ; 
a  fifth  on  the  river  Sidone,  in  the  territory  of  Placen¬ 
tia  ;  a  fixth  on  the  entrance  into  the  fea  of  the  Adige. 
He  wrote  other  fuch  works  on  the  bulwarks  of  the 
Po  ;  on  the  harbours  of  Ancona,  of  Rimini,  of  Magna 
Vacca,  and  Savona,  befides  others,  almoft  all  which  were 
printed.  He  had  likewife  received  a  commiflion  from 
Clement  XIII.  to  vifit  the  Pomptin  lakes,  on  the  drain¬ 
ing  of  which  he  drew  up  his  opinion  in  writing,  to 
which  he  added  further  elucidations  at  the  defire  of 
Pius  VI.  On  thefe  occafions  he  fhowed  how  ufefnl 
philofophy  may  be  to  the  public  ;  and  of  this  he  gave 
another  proof  when  it  was  referred  entirely  to  his  judge¬ 
ment  to  determine  whether  or  not  the  cupola  of  the  ca¬ 
thedral  of  Milan  could  bear  the  weight  of  a  very  high 
fpire,  which  it  was  propofed  to  raife  on  it,  and  which 
was  adually  ereded  according  to  his  diredions. 

His  application  to  abitrufe  fiudies  did  not  hinder 
him  from  paying  fome  attention  to  what  is  more  plea* 
fant.  We  have  feen  that  he  was  a  poet :  he  was  alfo 
well  acquainted  with  hiftory,  and  particularly  with  that 
of  the  Greeks  and  Romans,  and  with  their  antiquities. 
He  wrote  a  difiertaMon  on  an  ancient  villa  difeovered  in 
his  time  upon  theTufculan  Hill,  and  on  an  ancient  dial 
found  there,  which  difiertation  was  publifhed  at  Rome 
in  a  literary  journal.  He  wrote  likewife  three  letters 
on  the  obelifk  of  Casfar  Augustus,  two  of  which  were 
printed  with  his  own  name,  and  the  third  under  the 
name  of  another. 

Befides  all  thefe  works  that  were  given  to  the  public 
in  his  lifetime,  many  writings  of  his  remained  in  manu- 
feript  in  the  hands  of  different  perfons,  and  particularly 
with  his  friend  M.  Gaetani,  and  many  more  with  Count 
Michael  de  Sorgo,  a  Ragufan  fenator,  who  inherited 
all  his  papers  that  were  in  his  own  hands  at  his  death. 
Thefe,  it  is- hoped,  have  either  been  already  fent  to  the 
preis  or  will  be  fo  ;  as  nothing  came  from  the  pen  of 
Bofcovich  which  was  not  ufeful 
the  light. 
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and  deferving  to  fee 


It  now  remains  that  we  give  an  account  of  his 
Theory  of  Natural  Philosophy;  and  in  doing 
this  we  fhall,  in  the  jirjl  place,  hy  before  our  readers  a 
view  of  this  fyftem.  We  fhall,  in  the  fecotid  place,  re¬ 
late,  from  what  principles  and  by  what  fteps  it  was  de¬ 
duced.  We  fhall,  thirdly ,  take  notice  of  the  principal 
objections  made  to  it,  and  fubjoin  the  author’s  anfwers 
to  the  fame.  We  fhall,  finally ,  fhew  how  happily  it 
may  be  applied  to  explain  the  general  properties  of  mat¬ 
ter,  as  well  as  the  particular  qualities  of  all  the  claffes 
of  bodies,  which  have  been  examined  according  to  what 
x  it  teaches. 

I  Lw  of  !•  In  this  fyftem,  therefore,  the  whole  mafs  of  matter, 

<  fcovich’sof  w  hich  all  the  bodies  of  the  univerfe  are  compofed, 
k  con^s  an  exceeding  great,  yet  ftill  finite,  number  of 

|  bfophy  fimpk>  indivifible,  inextended,  atoms.  Thefe  atoms  are 
endued  with  repulfive  and  attractive  forces,  which  vary 
and  change  from  the  one  to  the  other,  according  to  the 
diftance  between  them,  in  the  following  manner:  In 
the  leaft  and  innermoft  diftances  they  repel  one  ano¬ 
ther  5  and  this  repulfive  force  increafes  beyond  all  li¬ 


mits  as  the  diftances  are  diminifhed,  and  is  confequent-  Bofcovich' "i 
ly  fufticient  for  extingnifhing  the  greateft  velocity,  and  Syftem  of 
for  preventing  the  contad  of  the  atoms.  In  the  fen-  PHlofophv 
fible  diftances,  this  force  is  attractive ,  and  decreafes,  at 1  y  — — , j 

leaft  fenfibly,  as  the  fquares  of  the  diftances  fncreafe, 
conflituting  univerfal  gravity,  and  extending  beyond 
the  fphere  of  the  moft  diftant  comers.  Between  this 
innermoft  repulfive  force  and  the  outermoft  attradive 
one,  in  the  infenfible  diftances,  many  varieties  and  chan¬ 
ges  of  the  force,  or  determination  to  motion,  take 
place :  for  the  repulfive  force  decreafes  as  the  diftance 
increafes.  At  a  certain  diftance  it  comes  to  vanifh  en- 
tirely ;  and,  wrhen  that  diftance  is  increafed,  attradion 
begins,  increafes,  becomes  lefs,  vanifhes;  and  the  diftance 
becoming  greater,  the  force  becomes  repulfive,  increafes, 
leffen's.  and  vanifhes  as  before.  Many  varieties  and  chan¬ 
ges  of  this  kind  happen  in  the  infenfible  diftances,  fome- 
times  more  rapidly,  fometimes  more  flowly,  and  fome- 
times  one  of  the  forces  may  come  to  nothing,  and  then 
return  back  to  the  fame  without  palling  to  the  other.  For 
all  this  there  is  full  room  in  the  diftances  that  are  in¬ 
fenfible  to  us,  feeing  the  leaft  part  of  fpace  is  divifible 
in  Infinitum,  Befides  thefe  repulfive  and  attradive  for¬ 
ces,  our  atoms  have  that  vis  inertia  which  is  admitted 
by  almoft  all  modern  philofophers.  Thefe  atoms,  en¬ 
dued  with  thefe  forces,  conftitute  the  whole  fubftance 
of  Bofcovich ’s  fyftem;  wl  ich,  however  fimple  and  fhort 
it  may  appear  to  be,  has  numberlefs  and  very  wonder-  2 
ful  confequences,  as  we  fhall  fee  afterwards.  But,  that  The  whole 
a  more  clear  idea  of  the  whole  theory  may  be  eafilytheory  ex" 
formed,  we  fhall  make  ufe  of  a  geometrical  figure  well  £ r€^  b\ 
accommodated  to  that  purpofe.  The  right  line  C'AC  caf  curved" 
is  an  axis,  from  which,  in  the  point  A,  is  drawn  theplate  Vt! 
right  line  AB  at  right  angles.  AB  is  confidered  as  an%-  6* 
afymptote ;  on  each  fide  of  which  the  two  curves,  quite 
fimikr  and  equal,  DEFGHIKLMNOPQRSTVU  on 
the  one  fide,  and  D'E  FG'  on  the  other,  are  placed. 

Now,  if  ED  be  fuppofed  to  be  afymptotical ,  and  be  ex¬ 
tended,  it  will  ftill  approach  to  BA,  but  will  never 
come  to  touch  it.  This  curve  ED  approaches  to  the 
axis  CC,  comes  to  it  in  E,  cuts  it  and  departs  to  a 
certain  diftance  in  F,  after  which  it  again  approaches 
the  fame  axis  and  cuts  it  in  G.  In  like  manner  it 
forms  the  arches  GHI,  IKL,  LMN,  NOP,  PQL. 

At  laft  it  goes  on  in  T psV,  which  is  afymptoti- 
cal,  and  approaches  to  the  axis ;  fo  that  the  diftan¬ 
ces  from  it  are  in  a  duplicate  reciprocal  proportion 
of  the  diftances  from  the  right  line  BA.  If  from 
any  points  of  the  axis,  as  from  a,  h ,  d,  we  raife  the 
perpendiculars  a  g,  b  r,  d  h9  the  fegments  of  the  axis 
A  a,  A  by  Ad ,  are  called  abfeifies,  and  represent  the  dif¬ 
tances  of  any  two  points  of  matter  from  one  another; 
and  the  perpendiculars  ag ,  hr ,  d h,  are  called  ordinates , 
and  exhibit  the  repulfive  or  attradive  foice,  according 
as  it  lies  on  the  fame  fide  with  D,  or  on  the  other  fide 
of  the  axis. 

Now  it  is  evident  that,  in  this  form  of  the  curve  line, 
the  ordinate  ag  will  be  increafed  beyond  whatever  li¬ 
mits,  if  the  abfeifs  A  a  be  leffened  likewife  beyond  what¬ 
ever  limits;  that  if  this  abfcils  be  increafed  to  A  b,  the 
ordinate  will  be  leffened,  and  will  pafs  into  hr ,  which 
will  ftill  be  leffened  as  it  approaches  from  b  to  E,  where 
it  will  come  to  nothing ;  that  then,  the  axis  being  in¬ 
creafed  to  A  dy  the  ordinate  will  change  its  diredion  in¬ 
to  b  hy  and,  on  the  oppofite  fide,  will  increafe  at  firft: 
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USofcovich’s  to  F,  then  it  will  decreafe  through  i  /  as  far  as  G,  where 
^Natural*  It:  W1* ^  aga*n  van*fh>  and  again  change  its  dire&ion  in 
JPliiloffphyA7*  n  10  the  former,  and  that,  in  the  fame  manner,  it 
— .t  will  vanifh  and  change  its  directions  in  all  the  fedlions 
I,  L,  N,  P,  R,  until  the  ordinates  of,  vs,  become  of  a 
conftant  direction,  and  decreafe,  at  leaft  fenffbly,  in  a 
reciprocal  duplicate  proportion  of  the  abfciifes  A  o , 
A  v.  Wherefore,  it  is  manifeft,  that  by  fuch  a  curve 
are  exprefTed  our  forces;  at  firft  repulftve ,  and  increafing 
beyond  all  limits,  the  diflances  being  leffened  in  like 
manner,  and  which  decreafe,  the  fame  diftances  being 
augmented;  then  vanifh,  change  their  dire&fon,  and  be¬ 
come  attractive  ;  vanifh  again,  and  become  repuljive ;  till 
at  laft,  at  fenfible  diftances,  they  remain  on  the  fide 
opposite  to  D,  and  are  attractive  in  a  duplicate  recipro¬ 
cal  proportion  of  the  diflances. 

We  may  alfo  obferve,  that  the  ordinates  may  increafe 
or  decreafe  rapidly,  as  in  y  v,  z  t ,  or  ilowly,  as  in  v  x, 
zc;  and,  confequently,  that  the  forces  may  increafe  or 
decreafe  in  like  manner.  We  may  add,  that  the  curve 
may  return  back  without  interfe&insr,  or  even  touching, 
the  axis,  as  in  f,  and  may  return  after  having  touched 
the  fame  axis. 

Although  this  curve  expreffes  very  clearly  the  repul - 
five  and  attractive  forces  of  our  fyflem,  yet,  at  firft 
fight,  it  may  appear  to  be  a  complicated  it  regular  line. 
But  the  author  {hews  that  his  curve  is  uniform  and  re¬ 
gular,  and  may  be  exprefTed  by  one  uniform  algebrai¬ 
cal  equation  ;  which  it  will  be  neceffary  for  us  to  con- 
fider,  in  order  to  give  fatisfadion  to  our  readers,  and  to 
^  do  juftice  to  the  theory. 

The  fimpli-  Wherefore,  from  what  we  have  feen,  the  curve  muft 
dty  of  this  have  the  following  fix  conditions:  i fl,  It  muft  be  regular 
vedT  Pr°*  anc*  ^imP*e’  an^  not  compose!  of  an  aggregate  of  arches  of 
different  curves,  idly ,  It  is  neceffary  that  it  cut  the  axis 
CAC  in  certain  given  points  only,  at  two  equal  diftances 
on  each  fide  AE',  AE,  AG',  AG,  and  fo  on.  $dly. That 
to  every  abfeifs  an  ordinate  correfpond.  4 thly,  That  if  we 
take  equal  abfeiffes  on  each  fide  of  A,  they  have  equal 
ordinates .  5/y^/y,  That  the  right  line  AB  be  an  afymp - 

tote,  the  area  BAED  being  afymptotical,  and  confe¬ 
quently  infinite.  .  6thly,  That  the  arches  terminated  by 
any  two  interfe&ions  may  be  varied  at  pleafure,  and  re¬ 
cede  to  any  diftance  from  the  axis  C'A  C,  and  approach 
at  pleafure  to  whatever  arches  of  whatever  curves,  cut¬ 
ting  them,  touching  them,  or  ofculating  them,  in  any 
place  and  manner.  ✓ 

In  order  to  find  an  algebraical  formula  exprefling 
the  nature  of  a  curve  line  that  would  anfwer  all  thefe 
fix  conditions,  let  us  call  the  ordinate  y,  the  abfeifs  x, 
and  let  it  be  made  x  *  Then  let  us  take  the  values 
of  all  the  abfeiffes  AE,  AG,  A  I,  &c.  with  the  nega¬ 
tive  fign,  and  let  the  fum  of  the  fquares  of  all  thefe  va¬ 
lues  be  called  a ,  the  fum  of  the  products  of  every  two 
fquares  b ,  the  fum  of  the  produ&s  of  every  three,  c, 
aud  fo  on  ;  and  let  the  produd  of  all  of  them  be  cal¬ 
led  /,  and  the  number  of  the  fame  values  m.  All  this 
being  fuppofed,  let  it  be  made  z  +  a  z  tn~l  -f  bz 

&c.  +/  =.  P.  If  we  fuppofe  P  equal  to  no¬ 
thing,  it  is  clear  that  all  the  roots  o^‘  that  equation  will 
be  real  and  pofitive  ;  that  is,  the  fquares  only  of  the 
quantities  AE,  AG,  AI,  &c.  which  will  be  the  values 
of  x  ;  and  therefore,  as  it  is  x  =  +  a/  z,  becaufe  it  is 
xx  =:  2,  it  is  iikewife  clear  that  the  values  of  x  will  be 
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both  AE,  AG,  AI,  pofitive,  and  A'E\  AfG\  &c.  ne-  Bofcovich1* 
gativc.  Syftenv  of 

This  being  done,  let  any  quantity  be  multiplied  by  ,,^at,Ura)J 
z,  providing  it  hath  no  common  divifor  with  P,  left  '  j 
z  vanifhing,  it  Iikewife  might  vanifh ;  and  having  made 
x  an  infinitefim  of  the  firft  order,  it  may  become  an 
infinitefim  of  the  fame,  or  of  a  lower  order,  as  will 
be  whatever  formula  zr  +  g  zr~~l  +  h  z  r~~2  See.  +  /; 
which,  being  fuppofed  equal  to  0 ,  may  have  as  many 
imaginary,  and  as  many  and  whatever  real  roots,  pro¬ 
viding  none  of  them  be  tliofe  of  AG,  AE,  AI,  Sic* 
either  pofitive  or  negative.  If  then  the  whole  formula 
be  multiplied  by  z,  let  this  prcdu<ft  be  called 

If  we  make  P — Q/  2=  0 ,  this  equation  will  fatisfy 
the  five  firft  conditions  above  mentioned ;  and  the  va¬ 
lue  of  QJjeing  properly  determined,  the  fixth  condition 
alio  may  be  complied  with. 

For,  in  the  firft  place,  feeing  the  value  P  and  Q^are 
made  equal  to  0,  they  have  no  common  root,  and  there¬ 
fore  no  common  divifor.  Hence  this  equation  cannot 
be  reduced  to  two  by  divifion  ;  and  therefore  it  is  not 
compofed  of  two  equations,  but  is  limple,  and  therefore 
exhibits  one  fimple  continued  curve,  which  is  not  com¬ 
pofed  of  any  others  ;  which  is  the  firft  condition. 

Secondly ,  The  curve  thus  exprefTed  will  cut  the  axis 
C'AC  in  all  the  points -E  ,  G,  I,  &c.  Gf,  &c.  and  in 
them  only  :  for  it  will  cut  that  axis  only  in  thofe  points 
in  which  y  ==  0,  and  in  all  of  them.  Moreover,  where 
it  will  be  y  ~  o}  it  will  alfo  be  Qjy  2=  0;  and  therefore, 
becauie  of  P — Qy~o,  it  will  be  P  =:  0.  But  this 
will  happen  only  in  thole  points  in  which  2;  will  be  one 
of  the  roots  of  the  equation  F  =r  0  ;  that  is,  as  we  have 
feen  above,  in  the  points  E,  G,  I,  or  E',  G ,  &c.  1 
wherefore,  only  in  thofe  points  will  y  vanifh,  and 
the  curve  cut  the  axis.  Again,  that  the  fame  curve 
will  cut  it  in  all  thefe  points,  is  clear  from  this,  that  in 
them  all  it  will  be  P  zr  0.  Wherefore  it  will  Iikewife 
he  =:  0  >  tut  it  will  not  be  Qj==  0 ,  feeing  there  is 
no  common  root  of  the  equations  P  =  0  ana  Qj=r  0  ; 
it  muft  therefore  be  y  re  0,  and  the  curve  will  cut  the 
axis :  and  thus  the  fecond  condition  is  fatisfied. 


Befides,  whereas  it  is  P—  Qjc  =  0 ,  it  will  be  y  = 

the  abfeifs  x  being,  however,  determined,  we  will  have 
a  certain  determinate,  quantity  for-*  ;  and  thus  P,  Q, 
will  be  determined,  and  the  only  two  of  the  kindT 
Wherefore  y.  alfo  will  be  foie  and  determined;  and 
therefore  to  every  abfeifs  zy  one  only  ordinate  y  will 
correfpond.  This  is  the  third  condition. 

Again,  whether  x  be  affumed  pofitive  or  negative, 
providing  it  be  of  the  fame  length,  ftiil  the  value  Z~  XX 
will  be  the  fame,  and  therefore  the  values  of  both  P 
and  Qjvill  be  the  fame  :  wherefore  y  will  ftiil  be  the 
fame.  Taking,  therefore,  equal  abfeiffes  z  on  both 
fidcs  of  A,  the  one  pofitive,  the  other  negative,  they 
will  have  equal  correfponding  ordinates.  This  is  the 
fourth  condition. 


If  x  be  leffened  beyond  all  limits,  whether  it  be  po- 
fitive  or  negative,  s  Iikewife  will  be  leffened  beyond  all 
limits,  and  will  become  an  infinitefim  of  the  fecond  or¬ 
der:  wherefore,  in  the  value  P,  all  the  terms  will  de¬ 
creafe  in  infinitum ,  except  in  y,  becaufe  all  the  reft  be¬ 
fides  it  are  multiplied  by  z ;  and  thus  the  value  P  will 
be  as  yet  finite.  But  the  value  Q^,  which  has  the  for¬ 
mula 
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will  be  lettered  m  infinitum ,  and  bem g  fucceffively  put  for  x,  the  values  of  the  ordinate  Bofcovfch’ » 

P  y  muft  fucceffively  be  Ni,  N2,  N3,  See.  ;  and,  there-  syftem 
therefore  tt*  r™  *u«4.  _ /\  .u _ u  Natural 


mu!a  multiplied  by  z, 
will  bean  infinitefim  of  the  fecond  order 


y  will  be  augmented  in  infinitum ,  fo  as  to  become  an 
infinite  of  the  fecond  order.  Wherefore  the  cuive  will 
have  the  right  line  AB  for  an  afymptole ,  and  the  area 
BAED  will  increafe  in  infinitum:  and  if  the  ordinate 
y  te  a  {Turned  pofitive  on  the  fide  AB,  and  exprefs  re- 
pulfive  forces,  the  afymptotic  arch  ED  will  lie  on  the 
fame  fide  AB.  This  is  the  fifth  condition. 

Now  the  value  Q^can  be  varied  in  infinite  manners ; 
fo  that  dill  the  conditions  for  which  it  was  afTumed  may 
be  fulfilled  ;  and  therefore  the  arches  of  the  curve  in¬ 
tercepted  by  the  interfe&ions  may  be  varied  in  infinite 
manners ;  fo  that  the  firlt  five  conditions  of  the  curve 
may  be  implemented  :  whence  it  follows,  that  they 
may  be  fo  varied  that  the  fixth  condition  may  alfo  be 
anfwered. 

For  if  there  be  given,  however  many,  and  whatever 
arches  of  whatever  curve,  providing  they  be  fuch  that 
they  recede  always  from  the  afymptote  AB,  and  thus 
no  right  line  parallel  to  that  afymptote  cut  thefe  arches 
in  more  than  one  point,  and  in  them  let  there  be  ta¬ 
ken  as  many  points  as  you  pleafe,  and  as  near  one  ano¬ 
ther  ;  it  will  be  eafy  to  afl'ume  fuch  a  value  of  P,  that 
the  curve  (hall  pafs  through  all  thefe  points,  and  the 
fame  may  be  varied  infinitely  ;  fo  that  dill  the  curve 
will  pafs  through  all  the  fame  points. 

Let  the  number  of  points  afTumed  be  what  you  pleafe 

r,  and,  from  every  one  of  fuch  points,  let  right  lines 
be  drawn  parallel  to  AB,  as  far  as  the  axis  C'AC,  which 
mull  be  the  ordinates  of  the  curve  that  is  fought ;  and 
let  the  abfcifTes  from  A  to  the  faid  ordinates  be  called 
Ml,  M2,  M3,  Sc c.  and  the  ordinates  'N*,  'N2,  'N5,  &c. 
Let  there  now  be  taken  a  certain  quantity  A2sr+B;&r“I 
+  C and  let  this  quantity  be  fuppofed  equal 
to  R.  Then  let  another  fuch  quantity  T  be  affirmed, 
fo  that  2;  vanifhing,  whatfoever  term  of  it  may  vanifh, 
and  fo  that  there  be  no  ‘common  divifor  of  the  value  of 
P,  and  of  the  value  of  R  +  T  ;  which  may  be  eafily 
done,  feeing  all  the  divifors  of  the  quantity  P  are 
known.  Let  it  now  be  made  Qr:  R+T,  and  then  the 
equation  of  the  curve  will  be  P  —  Ry — Tyz=o.  Af¬ 
ter  this,  let  there  be  put  in  the  equation  Mi,  M2,  M3, 
fucceffively  for  x,  and  Nr,  N2,  N3,  See.  for y  ;  we  will 
have  a  number  of  equations  equal  to  r,  which  will  con¬ 
tain  the  values  of  A,  B,  C,  . . . .  G,  each  of  them  of  one 
dimenfion,  in  number  likewife  equal  to  r ;  and,  befides, 
we  will  have  the  given  values  of  Mr,  M2,  &c.  Ni,  Nz, 
N3,  See.  and  the  arbitrary  values  which  in  T  are  the 
coefficients  of  z. 

By  thefe  equations,  which  are  in  number  r,  it  will 
be  eafy  to  determine  the  values  A,  B,  C, . . .  .  G,  which 
are  likewife  in  number  r,  affirming  in  the  firfl  equation, 
according  to  the  ufual  method,  the  value  A,  and  fub- 
flituting  it  in  all  the  following  equations  ;  by  which 
means  the  equations  will  become  r —  i .  Thefe,  again, 
by  throwing  out  the  value  B,  will  be  reduced  to  r — 2, 
and  fo  on  until  we  come  to  one  only  ;  in  which  the  va¬ 
lue  Q^being  determined  by  means  of  it,  going  back, 
all  the  preceding  values  will  be  determined,  one  by  each 
equation. 

The  values  A,  B,  C, . . .  .  G,  being  in  this  manner 
determined,  in  the  equation  P — Ry— Ty  =  0,  or  F  — 
Q^y  zzo9  it  is  clear  that,  the  values  Ml,  M2,  M3,  &c. 


fore,  that  the  curve  muft  pafs  through  thefe  given  points  phUofonhv 
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in  tliofe  given  curves;  and  flill  the  value  Q^wiil  have  . 
all  the  preceding  conditions.  For  z  being  lefTened  be¬ 
yond  \Vhatever  limits,  every  one  of  its  terms  will  be 
lefTened  beyond  whatever  limits,  feeing  all  the  terms  of 
the  value  of  T  are  lefTened  which  were  thus  afTumed, 
and  likewife  the  terms  of  the  value  R  are  lefTened, 
which  are  all  multiplied  by  %  ;  and,  befides  this,  there 
will  be  no  common  divifor  of  the  quantities  P  and  Q , 
feeing  there  is  none  of  the  quantity  P  and  R+T. 

But  if  two  of  the  nearefl  of  the  points  afTumed  in  the 
arches  of  the  curves,  on  the  fame  fide  of  the  axis,  be  fup¬ 
pofed  to  accede  to  one  another  beyond  whatever  limits, 
and  at  laflto  coincide,  which  will  be  done  by  making  two 
M  equal,  and  likewife  two  N  equal;  then  the  curve  fought- 
will  touch  the  arch  of  the  given  curve ;  and  if  thiee 
fuch  points  coincide,  they  will  ofculate  it ;  nay,  as  ma¬ 
ny  points  as  we  pleafe  may  be  made  to  meet  together 
where  we  pleafe ;  and  thus  we  may  have  ofculations  of 
what  order  we  pleafe,  and  as  near  one  another  as  we 
pleafe,  the  arch  of  the  given  curve  approaching  as  we 
pleafe,  and  at  whatever  diflances  we  pleafe,  to  what¬ 
ever  arches  of  whatever  curves,  and  yet  ilill  preferving 
all  the  fix  conditions  required  for  expreffing  the  law  of 
the  repulfive  and  attra&ive  forces.  And  whereas  the 
value  of  T  can  be  varied  in  infinite  manners,  the  fame 
may  be  done  in  an  infinite  number  of  ways  ;  and  there¬ 
fore  a  fimple  curve,  anfwering  the  given  conditions,  may 
be  found  out  in  an  infinite  number  of  ways.  ^  E.  F . 

What  we  have  faid  will,  we  hope,  fatisfy  our  readers, 
and  efpecially  thofe  of  them  who  are  in  the  leaft  ac¬ 
quainted  with  high  geometry,  that  Bofcovich’s  curve  is 
fimple,  regular,  and  uniform ;  and  that  therefore  the 
law  of  repulfive  and  attra&ive  forces,  exprefTed  by  it,  is 
fimple  and  regular. 

II.  If  this  fyflem  were  a  mere  hypothefis,  it  would 
flill  be  very  ingenious,  and,  from  what  we  (hall  fay  af¬ 
terwards,  would  flill  be  well  adapted  for  explaining  the 
phenomena  of  nature.  But  its  author  is  far  from  look¬ 
ing  upon  it  as  an  arbitrary  fuppofition  ;  lie  afiures  us 
that  he  was  led  to  it  by  a  chain  of  Uriel  reafoning,  from 
evident  principles.  We  fhall  now  give  an  abridgement 
of  that  realoning  from  his  DifTertations  on  the  Law  of 
Continuity ,  and  from  his  Theory  of  Natural  Philofophy.  ^ 

Fie  tells  us,  then,  that  in  the  examination  of  Leib- pr  )ois  of 
nitz’s  opinion  of  the  vires  viva,  he  came  to  confider  the  theory*, 
the  collifion  of  bodies,  and  took  for  example  two  equal 
bodies,  A  proceeding  with  fix  degrees  of  velocity,  and 
B  following  with  the  velocity  of  1 2  :  after  the  colli- 
lion,  they  proceed  jointly  with  the  common  velocity 
9.  Now,  in  the  moment  of  collifion,  it  either  happens 
that  A  pafTes  abruptly  from  the  velocity  6  to  the  velo¬ 
city  9,  without  patting  through  the  velocity  7  and  8, 
and  B  pafTes  from  12  of  velocity  to  9,  without  patting 
through  11  and  10;  or  elfe  there  muft  be  fome  caufe 
which  accelerates  the  one  and  retards  the  other  be¬ 
fore  they  come  to  contact.  In  the  firfl  cafe,  the  law 
of  continuity  is  broken  ;  in  the  fecond,  immediate  con- 
taft  of  bodies  would  be  rejected.  Maclaurin  faw  this 
difficulty,  and  mentioned  it  in  his  work  on  Newton's 
Difcoveries ,  1.  r.  c.  4.  He,  not  having  courage  to  re¬ 
cede  from  the  common  opinion,  allowed  a  breach,  in 
ich  cafes,  of  the  law  of  continuity;  but  Bofcovich 

maintains 
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BofcovicVs maintains  the  univerfality  ©f  the  law  of  continuity*  and  would  be  two  denfities,  6  and  9 
gyftem  of  Bnlrk  that  nn  bodies  touch  one  another  really  and  ma- 


Natural  holds,  that  no  bodies  touch  om 
Phiiofophy.  thematically,  but  only  phyfically  and  ienfibly  to  us 
i— -y-..  ■ >  "The  law  of  continuity  is  that  by  which  •variable  quan¬ 
ta  titles ,  paffing  from  one  magnitude  to  another ,  pafs  through 

lithe  intermediate  magnitudes ,  without  ever  abruptly  paf 
proved*1^  fing  0T£r  and  °f  fhem.  This  law  Bofcovich  proves  to 
be  univerfal,  in  the  firft  place,  from  induction.  Thus 
we  fee  that  the  diftances  of  two  bodies  can  never  be 
changed  without  their  paffing  through  all  the  inter¬ 
mediate  diftances.  We  fee  the  planets  move  with  dif¬ 
ferent  velocities  and  directions  ;  but  in  this  they  ftili 
obferve  the  law  of  continuity.  In  heavy  bodies  projec¬ 
ted,  the  velocity  decreafes  and  increafes  through  all  the 
intermediate  velocities :  the  fame  happens  with  regard 
to  elafticity  and  magnetifm.  No  body  becomes  more 
or  lefs  denfe  without  palling  through  the  intermediate 
denfities.  The  light  of  the  day  increafes  in  the  morn¬ 
ing  and  decreafes  at  night  through  all  the  intermediate 
poflible  degrees.  In  a  word,  if  we  go  through  all  na¬ 
ture,  we  {hall  fee  the  law  of  continuity  flridlly  take 
place,  if  all  things  be  rightly  confidered.  It  is  true, 
we  fometimes  make  abrupt  paftages  in  our  minds  ;  as 
when  we  compare  the  length  of  one  day  with  that  of 
another  immediately  following,  and  fay  that  the  fecond 
is  two  or  three  minutes  longer  or  fhorter  than  the  for¬ 
mer,  pafling  all  at  once,  in  our  way  of  fpeaking,  round 
the  globe ;  but  if  we  take  all  the  longitudes,  we  (hall 
find  days  of  all  the  intermediate  lengths.  We  likewife 
fometimes  confound  a  quick  motion  with  an  inftantane- 
ous  one  :  thus,  we  are  apt  to  imagine  that  the  ball  is 
thrown  abruptly  out  of  the  gun  ;  but,  in  truth,  fome 
fpace  of  time  is  required  for  the  gradual  inflammation 
of  the  powder,  for  the  rarefaction  of  the  air,  and  for 
the  communication  of  motion  to  the  ball.  In  like  man¬ 
ner,  all  the  objections  made  againfl  the  law  of  continui- 
6  ty  may  be  folved  to  fatisfaCtion. 

A  breach  of  But  however  ftrong  this  argument  from  judgment 
this  law  im-  may  appear  to  be,  yet  Bofcovich  goes  farther,  and 
fjoflible.  maintains,  that  a  breach  of  this  law,  in  the  proper  cafes, 
is  metaphyfically  impofilble.  This  argument  he  draws 
from  the  very  nature  of  continuity.  It  is  efiential  to 
continuitythat,  where  one  partof  the  thing  continued  ends 
and  another  part  begins,  the  limit  be  common  to  both. 
Thus,  when  a  geometrical  line  is  divided  into  two,  an 
indivifible  point  is  the  common  limit,  of  both  :  thus 
time  is  continued ;  and  therefore  where  one  hour  ends, 
another  immediately  begins,  and  the  common  limit  is 
an  indivifible  inftant.  Now,  as  all  variations  in  variable 
quantities  are  made  in  time,  they  all  partake  of  its  con 
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in  the  fame  inftant.  BofcoviJJ 


tinuity;  and  hence  none  of  them  can  haftea  by  an 


abrupt  pafTage  from  one  magnitude  to  another,  without 
pafling  through  the  intermediate  magnitudes.  As  we 
cannot  pafs  from  the  fixth  hour  to  the  ninth  without 
pafling  through  the  feventh,  and  eighth  ;  becaufe,  if 
we  did,  there  would  be  a  common  limit  between  the 
fixth  hour  and  the  ninth,  which  is  impofilble ;  fo  like¬ 
wife  you  cannot  go  from  the  diftance  6  to  the  diftance 
9  without  pafling  through  the  diftances  7  and  8  ;  be¬ 
caufe,  if  you  did,  in  the  inftant  of  pafTage  you  would  be 
both  at  the  diftance  6  and  at  the  diftance  9,  which  is 
impoflible.  In  like  manner,  a  body  that  is  condenfed 
©r  rarefied  cannot  pafs  from  the  denfity  6  to  the  den- 
fity  9,  or  vice  verfa ,  without  pafling  through  the  den- 
fitics  7  and  8  j  becaufe,  in  the  abrupt  pafTage,  there 


The  body  mufl  pafs  through  all  the  intermediate  den-  S>’W 
fit iss.  This  it  may  do  quickly  or  flowly,  but  {bill  it 
muft  evidently  pafs  through  them  all.  The  like  may  t  j 
be  faid  of  all  variable  quantities ;  and  thence  we  may 
conclude,  that  the  law  of  continuity  is  univerfal. 

But,  in  creation,  is  there  not  an  inftance  of  an  abrupt  Objed^  \ 
pafTage  from  non -exiflence  to  exiflence  ?  No,  there  is  not; to  thiiJt,  I 
becaufe  before  exiflence  a  being  is  nothing,  and  there- an^wert<l  * 
fore  incapable  of  any  ftate.  In  creation,  a  being  does 
not  pafs  from  one  ftate  to  another  abruptly ;  it  pafies 
over  no  intermediate  ftate ;  it  begins  to  exift  and  to 
have  a  ftate,  and  exiflence  is  not  divifible.  Do  we  not, 
at  leaft,  allow  of  an  abrupt  pafTage  from  repulfive  to  i 

attradlive  forces  in  our  very  theory  itfelf  ?  We  do  not. 

Our  repulfive  forces  diminifh,  through  all  the  interme-  $ 
diate  magnitudes,  down  to  nothing;  through  which, 
as  a  limit,  they  pafs  to  attra&ion.  In  the  building  of 
a  houfe  or  fhip,  neither  of  them  is  augmented  abruptly; 
becaufe  the  additions  made  to  them  are  effedted  folely 
by  a  change  of  diftances  between  the  parts  of  which 
they  are  compofed  ;  and  all  the  intermediate  diftances 
are  gone  through.  The  like  may  be  laid  of  many 
other  fuch  cafes  ;  and  ftili  the  law  of  continuity  re¬ 
mains  firm  and  conftant.  J 

Let  us  now  apply  this  doarine  to  the  cafe  above  Impoffibi-  { 
mentioned  of  the  collifion  of  two  bodies.  We  fay  that  toy 
the  body  B  cannot  pafs  from  the  velocity  6  to  the  ve- ta<^ tc'  I1 
locity  9  without  palling  through  the  velocities  6  and  75^1 
becaufe  if  it  did,  in  the  moment  of  contadl  of  the  two 
fuperficies  it  would  have  the  velocities  6  and  9.  Now 
a  body  cannot  have  two  velocities  at  the  fame  inftant. 

For  if  it  had  two  aBual  velocities  at  the  fame  time,  it 
would  be  in  two  different  places  at  the  fame  time  :  if 
it  had  two  different  potential  velocities  or  determinations 
to  a  certain  velocity,  it  would  be  capable  of  being,  after 
a  given  time,  in  two  places  at  once — both  which  are 
impoflible.  It  is  therefore  neceffary  that  it  go  through 
the  velocities  7  and  8,  and  through  all  the  parts  of 
them.  What  we  have  faid  of  the  bodies  A  and  B  may 
be  laid  univerfally  of  all  bodies.  Therefore  no  two  bo¬ 
dies  in  motion  can  come  to  immediate  contadl ;  but 
their  velocities  muft  undergo  the  fuccefiive  neceffary 
change  before  contadl.  And  as  the  velocity  to  be  ex- 
tinguifhed  may  be  increafed  beyond  all  limits,  an  ade¬ 
quate  caufe  to  effedl  this  extindlion  muft  be  admitted. 

This  naturally  leads  us  to  the  interior  repulfive  forces  Repulfivt 
of  our  fyftem  .  for  the  caufe  retarding  the  one  body  force* 
and  accelerating  the  other  muft  be  a  force,  becaufe  by 
this  we  mean  a  determination  to  motion  ;  and  it  mult 
be  repulfive,  becaufe  it  adls from  the  body;  and  it  muft: 
increafe  beyond  all  limits,  teeing  the  velocity  of  the  in¬ 
curring  bodies  may  be  increafed  beyond  all  limits.  It 
muft  likewife  be  mutual,  becaufe  adlion  and  readlion  are 
always  equal,  as  may  be  proved  by  indudlion. 

From  thefe  repulfive  forces  Bofcovich  deduces  the  fn  extend- 
inextenfion  of  his  atoms  :  for  this  repulfion  being  com-  ed  atomfc 
mon  to  all  matter,  muft  caufe  a  perfedl  fimplicity  in  the 
firft  elements  of  body.  If  thefe  elements  were  extend¬ 
ed,  and  confequently  compounded  of  particles  of  an  in¬ 
ferior  order,  thefe  particles  might  pofiibly  be  feparated, 
and  then  they  might  meet,  and  an  abrupt  pafTage  from 
one  velocity  to  another  might  take  place,  which  we 
have  excluded  from  nature  by  indudlion,  and  by  a  pofi- 
tive  argument. 


Befides 


BOS 


r 


ttti  tive 
ore 


Ot-s 


5oft  ich’s  Befides  this,  by  reje&ing  the  extenfion  or  the  ti 
Syf  n  of  elements  of  matter,  we, get  rid  at  once  of  all  the  diffi 
*  ra!  culties  arifing  from  er  n  nued  extenfion  in  body,  which 
have  always  perplexed  the  philofophers,  and  have  never 
been  latisfa&orily  explained.  If  the  elements  of  matter 
are  expended,  each  of  them  may  be  divided  in  infinitum , 
and  each  part  may  ftill  be  divided  in  infinitum.  Can 
this  divifion  be  a&ually  made  by  the  power  of  God  or 
not  ?  Can  there  be  one  infinite  in  number  greater  than 
another  ?  Can  there  be  a  compound  without  a  ftmple  of 
the  fame  kind?  Thcfe  difficulties  regard  not  lpace, 
which  is  no  real  being  ;  but  they  would  regard  matter 
if  it  had  continued  extenfion.  All  thefe  perplexities 
are  removed  by  maintaining,  as  Bofcovich  does,  that  the 
firft:  elements  of  bodies  are  perfe&ly  fimple,  and  there* 
fore  inextended  (a). 

With  regard  to  the  exterior  attra&ive  forces  of  our 
fyftem,  there  can  be  no  queftion;  feeing  they  conftitute 
univerfal  gravity,  the  effe&s  of  which  we  fee  and  feel 
every  day.  But  between  the  interior  repulfive  and  ex¬ 
terior  attra&ive  forces  we  muft  admit  many  tranfitions 
from  repulfion  to  attraction,  and  from  attraction  back 
to  repulfion,  in  infenfible  diftances,  which  are  indicated 
to  us  by  cohefion,  fermentation,  evaporation,  and  other 
phenomena  of  nature.  And  thus  we  have  given,  in 
fhort,  Bofcovich’s  proofs  of  his  whole  fyftem. 

III.  This  fyftem  has  been  well  received  by  the  learn¬ 
ed  in  Europe,  and  has  contributed  much  to  render  its  au¬ 
thor  famous  ;  yet  many  obje6lions  againft  it  have  been 
propofed  Some  are  ft ar tied  at  the  rejection  of  all  imme¬ 
diate  contact  between  bodies ;  and  indeed  Bofcovich  is 
pethaps  the  firft  of  mankind  who  advanced  that  opi¬ 
nion  ;  but  he  allows  that  bodies  approach  fo  near  to 
one  another,  as  to  leave  no  fenfible  diftance  between 
them:  and  hisrepullive  forces  make  the  fame  impreffion 
on  the  nerves  of  our  fenles  as  the  folid  bodies  could  do. 
And  therefore  this  opinion  of  his,  however  new,  is  no- 
wile  contrary  to  the  teltimony  of  our  fenfes.  He  only 
removes  a  prejudice  which  was  before  univerfal. 

Some  fay,  that  they  cannot  even  form  an  idea  of  an 
inextended  atom,  and  that  Bofcovich  reduces  all  mat¬ 
ter  to  nothing :  but  certainly  extenfion  is  not  neceffary 
for  the  effence  of  a  being ,  as  muft  be  allowed  by  all 
thofe  who  hold  that  fpirits  are  inextended.  Becaufe 
all  the  bodies  that  fall  under  ourfenfes  are  extended,  we 
are  apt  to  look  upon  extenfion  as  effential  to  matter  : 
but  this  error  may  be  corrected  by  reflexion,  and  an 
idea  of  an  inextended  atom  may  be  formed,  by  confider- 
ing  the  nature  of  a  mathematical  point,  which  is  the 
limit  of  any  two  contiguous  parts  of  a  line. 

Others  again  have  faid,  that  if  the  elements  of  mat¬ 
ter  were  void  of  extenfion,  there  would  be  no  diffe¬ 
rence  between  body  and  fpiiit  But  the  difference  be¬ 
tween  body  and  fpirit  does  not  confift  in  the  having  or 
not  having  extenfion  \  but  in  this,  that  the  atoms  of 
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matter  are  endued  with  icpulfive  and  attractive  forces,  Bofcvich*# 
which  fffirit  has  not;  and  fpirit  lias  a  capacity  of  thought  s‘ 
and  volition  which  bodies  have  not.  Natural 

We  may  here  obferve,  that  among  the  ancients  Zeno,  ,>hll(,|bphy; 
and  among  the  moderns  Leibnitz,  held,  that  the  firft 
principles  of  mutter  are  inextended  points,  But  both 
held  this  opinion  with  the  inconfiftency,  that  they  main¬ 
tained  the  continued  cxtenlioii  ©f  -bodies,  without  ever 
being  able  to  fhew  how  continued  extenfion  could  arife 
from  inextended  elements. 

It  has  been  objected  likewife,  that  our  repulfive  and 
attractive  forces  are  no  better  than  the  occult  qualities 
of  the  Peripatetics.  The  like  objection  has  been  made 
to  Newtcn’s  attraction  ;  but  the  anfwer  is  eafy.  We 
oblerve  the  effects,  and  take  notice  of  them  :  for  them 
we  muft  admit  an  adequate  caufe,  without  being  able 
to  determine,  whether  that  caufe  is  an  immediate  law 
of  the  Creator,  or  fome  mediate  inftrument  that  he 
makes  life  of  for  that  purpofe. 

Some  are  unwilling  to  give  up  the  idea  of  motion 
occafioned  by  immediate  impulfe  :  but  can  they  fhow  a 
good  reafon  why  fome  diftance  may  not  occafion  motion 
as  well  as  no  diftance  ?  Theie  are  the  principal  objec¬ 
tions  that  have  been  made  againfl  the  Bofcovichian 
fyftem.  ^ 

IV.  Before  we  proceed  to  the  explication  of  pheno*  O!  ferva- 
mena  by  means  of  our  theory,  we  muft  advert,  that  fn  dons  with 
the  curve  expreffing  this  theory,  the  abfcifles  denote ^curvL 
the  diftances  between  the  atoms  that  are  under  confix 
deration ;  the  oidinates  give  the  prefent  forcer  and  the 
area  between  any  two  of  thefe  ordinates  gives  the  fquare 
of  the  velocity  generated  between  them:  the  arches  are 
either  repulfive  or  attractive,  according  as  they  fall  up¬ 
on  the  fame  fide  with  the  afymptotic  curve  EG,  or  on 
the  oppofite  fide. 

We  muft,  in  the  next  place,  confider  the  paffages 
from  one  fide  of  the  axis  to  the  other.  Sometimes  the 
paffage  is  from  repulfion  to  attraction,  at  other  times  l4 
from  attraction  to  repulfion.  The  firft  are  called  limits  Limits  of 
of  cohefion ,  because  a  particle  removed  from  that  limit  cohefion, 
returns  back  to  it ;  became  if  it  is  removed  to  a  greater  &c* 
diftance  it  i3  attracted  back,  and  if  it  is  removed  nearer 
it  is  repelled  back  The  fecond  are  called  limits  of  non - 
cohefion  ;  becaufe  a  particle  removed  thence  to  a  great¬ 
er  diftance  is  repelled  ftill  further,  and  if  removed  near¬ 
er  it  is  attracted  ftill  nearer.  Of  the  firft  kind  are 
E,  I,  N;  of  the  fecond  are  G,  L.  Likewife,  when  the 
curve  touches  the  axis,  it  may  either  be  an  attractive 
part  of  the  curve,  or  a  repulfive  part.  Thefe  limits 
may  be  nearer  one  another,  or  farther  away  ;  and  the 
limits  of  cohefion  may  be  ftronger  or  weaker,  accord¬ 
ing  as  the  forces  near  them  are  greater  or  lefs. 

Bofcovich  confiders  minutely  the  effects  of  thefe  va¬ 
rieties  of  limits  and  forces  ;  firft  with  regard  to  two 
points,  then  with  regard  to  three  and  four,  demonftra* 

ting 


(a)  If  a  particle  of  matter  is  not  extended,  in  what  refpect  does  it  differ  from  a  point  ©f  fpace?  Says  Bofco¬ 
vich,  it  is  endowed  with  attra6live  and  repulfive  forces*  What  is  this  it  before  it  is  thus  endowed  ?  Does  it  then, 
differ  from  a  point  of  fpace  ?  We  can  form  no  notion  of  any  fuch  difference.  But  a  point  of  fpace,  confidered 
as  an  individual,  is  diftinguiftied  from  another  individual  only  by  it3  fituation  ;  it  is  therefore  immoveable,  but 
matter  is  moveable.  Have  thefe  forces,  then,  which  make  matter  an  obje&  of  fenfe,  any  iubftratum,  any  thing 
in  which  they  arc  inherent  as  qualities  ?  What  are  the  things  which  theie  qualities  diftinguifh  from  each  other  aa 
individuals  \  - 
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B>  ftov'chb  ting  the  great  variety  of  fcrce3  that 
^ Natural*  ^ie^e  v<-rious  combinations,  and  (hewing  how  from  fim- 
I'hiloftnhy. ple  ?toms  a  great  variety  of  bodies  may  be  formed.  He 
j  particularly  proves,  that,  from  the,  various  pofition  of 
the  atoms,  they  may  either  always  repel  or  always  at- 
trad  other  atoms,  or  do  neither.  Four  atoms  may 
form  a  pyramid,  eight  may  form  a  cube,  and  fo  on,  in 
regular  or  irregular  figures.  Particles  of  the  loweft  or- 
,  dcr  may  compofe  particles  of  a  fccond  order,  thefe  of  a 
third,  and  fo  on.  This  he  exemplifies  by  a  library,  in 
which  the  letters  of  the  books  fhould  be  compofed  of 
fmall  points,  placed  fo  near  one  another  as  that  their 
diftance  could  not  be  perceived  without  the  help  of  a 
inicrofcope.  Here  the  letters  will  be  compofed  of 
points,  the  words  of  letters,  and  all  the  variety/);  books 
on  different  fubjeds,  and  in  different  languages,  would 
be  compofed  of  words.  In  like  manner,  he  fays,  his 
atoms  may  compofe  particles,  thefe  may  compofe  others 
of  different  orders,  of  which  may  be  formed  various 
bodies,  animal,  vegetable,  air,  fire,  water,  earth,  whole 
1 6  planets,  central  bodies,  the  whole  uni verfe. 

The  fyftem  But  to  be  more  particular,  our  author  proceeds  to 
applied,  to  appjy  fyftem  to  mechanics,  and  demonftrates,  with 
his  ulual  accuracy  and  originality,  what  regards  the 
centre  of  gravity,  adion  and  reaction,  the  coilifion  of 
bodies,  the  centre  of  equilibrium,  and  of  ofcillation. 
Of  thefe  fubjeds  he  treats  in  the  fecond  part  of  his 
*Theoria;  to  which  we  muff  refer  our  learned  readers,  as 
it  canpot  be  eafily  abridged. 

In  the  third  part  of  the  fame  work  he  proceeds  to 
jy  account  for  the  general  properties  of  matter,  beginning 
Jmpenetra-  with  impenetrability.  This  naturally  flows  from  the  in. 
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tenor  repulfive  forces,  which  prevent  the  compenetra- 
tion  of  any  two  points.  Befides,  as  the  leaft  part  of 
fpace  is  divifible  in  infinitum,  it  is  infinitely  improbable 
that  any  two  points  fhould  ever  meet,  feeing  they  have 
an  infinite  number  of  other  lines  in  which  they  can 
move,  befides  the  one  that  would  join  them.  But  an 
appai  ent  compenetration  might  take  place,  if  one  body 
fhould  meet  another  with  fo  great  a  velocity  as  not  to 
give  time  to  the  repulfive  forces  to  exert  their  adion. 
Thus  an  iron  ball  may  pafs  lwiftly  near  a  ftrong  mag¬ 
net,  without  being  fenfibly  attracted  by  it,  which  it 
would  be  if  it  moved  more  flowly.  Thus  a  ball  from 
a  gun  paffes  through  a  piece  of  wood  fo  quickly  as  to 
make  only  a  paffage  for  itfelf,  without  breaking  the 
neighbouring  parts,  which  it  would  do  were  its  mo¬ 
tion  more  flow.  Of  this  kind  of  compenetration  we 
have  a  tcfemblance  in  light  paffing  through  pellucid  bo¬ 
dies. 

Cohefion  has  never  been  well  accounted  for  by  any 
philosopher  before  Bofcovich.  From  his  fyftera  it  fol¬ 
lows  naturally,  as  we  have  feen  in  fpeaking  of  the  limits 
of  cohefion  ;  for  when  two  atoms  are  placed  in  a  limit 
of  that  kind,  they  neceffarily  cohere  more  or  lefs  ftrong- 
lv,  according  as  that  limit  is  flronger  or  weaker.  From 
the  cohefion  of  the  atoms  arifes  the  cohefion  of  com¬ 
pounded  particles,  and  confequently  of  fenfible  bodies. 

From  the  cohefion  of  particles  arifes  the  extenfion  of 
bodies;  becaufe  there  muff  always  be  fpace  between  the 
particles.  However,  it  is  evident  that  this  extenfion  is 
not  formed  of  a  continuity  of  matter  ;  though  it  may 
appear  to  be  fo  to  our  feufes,  which  cannot  peictive 
t  ft: tail  intermediate  diffance  between  the  parts  of 
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may  arife  from  fome  bodies,  and  much  lefs  the  diftances'  between  the 
Ample  elements  of  which  they  are  compofed. 

Extenfion  of  bodies  involves  figurhbUity  ;  becaufeeve- 
ry  extended  body  muff  be  fu Hounded -by  fome  iuperfi- 
cies  of  a  certain  figure  ;  but  the  fuperficies  of  bodies 
can  never  be  accurately  determined,  upon  account  of 
the  inequalities  in  all  furfaces.  We  take,  however,  that 
figure  for  the  true  one  which  the  body  appears  to  come 
neareff.  Thus  we  call  the  earth  a  globe,  notwith Hand¬ 
ing  the  hills  and  valleys  that  are  on  it. 

-Under  the  fame  figure,  and  of  .the  fame  magnitude, 
dierc  may  be  contained  very  different  quantities  of  mat¬ 
ter.  Henee  we  come  to  the  confideration  of  denfitv . 
That  body  is  mod  denfe  which  contains  in  the  lame 
fpace  the  greateft  number  of  atoms,  and  vice  verfa. 

This  denfity  may  be  increafed  beyond  any  given  li¬ 
mits  by  the  nearer  approach  of  the  atoms  to  one  ano¬ 
ther.  Hence  a  body  of  any  given  magnitude,  however 
fmall,  may  come  to  be  divifible  beyond  any  given  li¬ 
mits. 

Mobility,  which  is  likewife  reckoned  among  the  ge¬ 
neral  properties  of  body,  is  effential  to  oifr  fyftem,  fee- 
rag  an  effential  part  of  itconfifls  in  farces,  which  are  de¬ 
terminations  to  motion,  at  leaft  in  ceitain  diftances. 

Univerfal  gravity  in  fenfible  diftances  is  likewife  a 
branch  of  our  theory.  On  which  fubjed  it  may  be  ob- 
ferved,  that  perhaps  our  curve,  after  it  has  extended 
beyond  the  fphere  of  the  comets  mod  diftant  from  the 
fun,  may  depait  from  its  afymptotical  nature,  and  ap¬ 
proach  to  the  axis,  interfed  it, ’and  pafs  to  repulfion. 
This  would  dfedually  anfwer  the  objedion  made  by 
fome  againft  Newton’s  attradion,  when  they  allege, 
that,  from  his  opinion,  it  would  follow,  that  the  fixed 
ftars,  and  all  matter,  would  be  drawn  together  into  one 
mafs.  If  fuch  a  repulfion  takes  place,  it  may  foon  pafs 
again  into  attradion,  and  form  limits  of  cohefion  ;  fo 
that  our  fun  may  be  in  fuch  a  limit  with  regard  to  the 
fixed  ftars,  and  our  planetary  fyftem  make  only  a  fmall 
part  of  the  whole  uni  verfe.  And  this  may  fuffice  con¬ 
cerning  the  general  properties  of  matter. 

Let  us  now  defeend  to  fome  particular  claffes  of  bo¬ 
dies,  of  which  fome  are  fluid,  others  folid.  The  parts 
of  fluid  bodies  are  eafily  feparated,  and  eafily  moved 
round  one  another,  becaufe  they  are  fpherical  and 
very  homogeneous ;  and  hence  their  forces  are  direded 
more  to  their  centres  than  to  one  another,  and  their  mo¬ 
tions  through  one  another  are  lefs  obftruded.  Between 
the  particles  of  fome  of  them  there  is  very  little  attrac¬ 
tion,  as  in  fine  fand  or  fmall  grains  of  feed,  which  ap¬ 
proach  much  to  fluidity.  The  paticles  of  fome  others 
of  them  attrad  one  another  fenfibly,  as  do  thofe  of  wa¬ 
ter,  and  ft  ill  more  thofe  of  mercury.  This  variety  arifes 
from  the  various  combinations  of  the  particles  them- 
lelves,  of  which  we  have  already  taken  notice.  But  in 
air  the  particles  repel  one  another  very  flrongly  ;  and 
hence  comes  that  great  rarefadion,  when  it  is  not  com* 
preffed  by  an  external  force.  Its  particles  muft  be  pla¬ 
ced  in  ample  limits  of  repulfion. 

Solid  bodies  aie  formed  of  paralielopipeds,  fibres,  and 
of  irregular  figures.  This  ocesdion?  a  greater  cohefion 
than  in  fluids,  and  prevents  the  motion  of  the  parts 
rour.d  one  another  ;  fo  that  when  one  part  is  moved  all 
the  reft  follow.  Of  thefe  bodies  fome  are  harder,  whole 
particles  are  placed  in  limits  which  have  flrong  repul¬ 
five 


Fluici; 


Soiiiitr, 


bos  r  105  i 

WxK'z  five  arches  within  them  ;  others  are  fofter,  whole  parti-  the  limits 
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S  m  ■  f  rJe8  have  thofe  arches  of  repuliion  weaker.  Some  are 
the  particles  of  which  are  placed  in  limits  that 
w  have  weak  arches  of  repuliion  and  attradion  on  each 
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fide  ;  and  if  thofe  arches  are  Ihort,  the  paticles  may 
come  to  new  limits  of  cohefion,  and  remain  bent ;  but 
if  the  arches  are  longer,  the  former  repuliion  and  attrac¬ 
tion  will  continue  to  ad,  and  brim*  back  the  body  to 
its  former  poiition  ;  nay,  in  doing  this  with  an  accele¬ 
rated  velocity,  the  parts  will  pafs  their  former  limits, 
and  vibrate  backwards  and  forwards,  as  may  be  feen 
in  a  bended  fpring.  Thus  elaflicity  is  accounted  for. 

Vifcous  bodies  Hand  in  the  middle  between  folid  and 
fluid.  Their  particles  have  lefs  cohefion  than  the  firft, 
and  more  than  the  fecond :  they  flick  to  other  bodies 
by  an  attradion  which  their  particles  have  from  their 
compofition.  In  like  manner  water  itfelf  flicks  to  fome 
bodies,  and  is  repelled  by  others.  All  which  arifes 
from  the  different  compofition  of  the  particles,  which 
gives  a  variety  of  refpedfve  forces. 

What  appears  very  wonderful  in  nature,  is  the  com¬ 
pofition  of  organic  bodies.  But  if  we  confider  that 
particles  may  be  fo  formed,  that  they  may  repel  fome 
and  attrad  others,  the  whole  of  vegetation,  nutrition, 
and  fecretion,  may  be  underflood,  and  follows  from  our 
fyflem.  And  as  one  particle  may  attract  another  in 
one  part  only,  and  repel  it  in  every  other  fituation, 
hence  may  be  gathered  the  orderly  fituation  of  the  par¬ 
ticles  in  many  cryflallizations.  The  great  variety  of  re- 
pulJive  and  attractive  forces,  or  limits  of  cohefion,  of 
the  pofition  of  atoms,  and  of  combinations  of  particles, 
will  account  for  all  thefe  phenomena. 

The  chemical  operations,  which  are  fo  curious  in 
themfelvcF,  ar.d  fo  uieful  to  fociety,  are  well  explained 
by  Bofcovich’s  fyflem,  and  ferve  as  a  confirmation  of  its 
truth.  Of  this  we  fhall  give  fome  inflances.  When 
fome  folids  are  thrown  into  fome  liquids,  there  hap¬ 
pens  to  be  a  greater  attradion  between  the  particles  of 
the  folid  and  of  the  liquid  than  there  is  between  the 
particles  of  the  folid  itfelf.  Hence  the  particles  of  the 
folid  are  detached  and  fnrrounded  by  the  fluid  ;  this 
mixture  retaining  the  form  of  globules,  and  therefore 
continuing  to  be  fluid  This  is  called  folution.  But 
when  the  folid  particles  are  covered  to  a  certain  depth, 
the  attractive  forces  ceafe  on  account  of  the  different 
di (lances,  and  no  more  of  the  folid  is  detached.  Then 
the  fluid  is  faid  to  be  J'aturatcd.  If  into  this  mixture 
another  folid  be  put,  the  particles  of  which  attract  the 
fluid  more  flrongly,  and  perhaps  at  greater  diilances 
than  the  particles  of  the  former  ;  then  the  fluid  will 
abandon  the  former  and  cleave  to  the  latter,  diffolving 
them,  and  the  particles  of  the  former  will  fall  to  the 
bottom  in  the  form  of  powder,  into  which  they  had 
been  reduced  by  the  folution.  This  fep  aration  is  called 
precipitation .  Perhaps  rain  arifes  from  a  precipitation 
of  this  kind,  when  the  aqueous  particles  are  left  by  die 
air,  which  is  more  flrongly  attraded  by  fome  other  par¬ 
ticles  floating  in  the  atmofphere. 

fluids  of  the  fame  fpecific  gravity  are  ealily  mixed  ; 
and  even  though  the  (peciiic  gravity  be  different,  the 
particles  of  the  one  attract  thofe  of  the  other,  in  fuch  a 
manner  that  they  ieem  to  form  one  fluid  by  a  kind  of 
folution  Nay,  it  happens,  that  two  fluids  mixed  toge¬ 
ther  form  a  folid,  btcauie  their  particles  come  to  be  in 
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of  cohefion.  They  may  even  occupy  lefsBofcov.ch’. 
ipace  than  they  did  before,  by  being  attraded  into  lefs  Svftem  °f 
diilances  between  their  parts.  Natural 

Fermentation  is  a  necefiary  confequence  of  our  f y(.  1>hiIofoPh>V 

tem*  -^Sr  W*16n  ^odies’  whofe  particles,  by  the  vaiiety 
of  their  compofition,  are  endued  with  different  forces, 
come  to  be  mixed,  there  mult  arife  an  agitation  of  the 
parts,  and  an  ofcillation  among  them  ;  fometimes  great¬ 
er,  fome  times  lefs,  according  to  the  nature  of  the  par¬ 
ticles.  This  agitation  is  Hopped  by  the  expulfion  of 
lome  particles,  by  the  intrufion  of  others  into  vacant 
fpaces,  and  by  the  imprefllon  of  external  bodies ;  but 
always  there  is  a  change  in  what  remains,  becaufe  there 
is  a  pew  difpofnion  of  particles.  ^ 

Fire  confifls  in.  a  violent  fermentation  of  fulphure-  Fire  audfu* 
ous  matter,  efpecially  when  it  meets  with  the  matter rion>  ^c’ 
of  light  in  any  quantity.  This  fermentation  agitates 
itrongly  the  parts  of  other  bodies,  feparates  them  from 
one  another,  and  often  throws  them  into  a  (late  of  fu- 
fion  ;  the  cohefion  between  their  parts  being  broken, 
and  they  being  thrown  into  a  circular  motion.  In  this 
flate  they  may  be  often  mixed  together,  fo  as  to  form 
one  body  ;  they  may  be  again  feparated  by  the  adion 
of  the  fame  fire,  which  evaporates  fome  of  them  fooner, 
fome  later..  Hence  the  art  of  fmelting  metals. 

When,  in  the  agitation  occafioned  by  fire,  fome  of 
the  particles  are  thrown  out  into  an  arch  of  repuliion, 
they  may  fly  off  and  evaporate.  Sometimes  the  whole 
body  may  be  thrown  into  a  flrong  repulfion  and  volati¬ 
lization,  or  a  fudden  explofion  take  place  ;  when,  be¬ 
fore  the  particles  are  near  an  equilibrium,  a  fmall  force 
may  occafion  a  great  change  ;  as  the  foot  of  a  bird  may 
occafion  the  fall  of  a  great  rock,  which  was  before  al- 
mofl  detached  from  a  mountain.  In  evaporation,  the 
bodies  that  remain  affume  a  particular  figure,  as  all 
falts  do ;  and  this  upon  account  ot  their  particles  ha-  * 

ving  certain  parts  only  that  attrad  one  another,  and 
confequently  occafion  a  particular  difpoiition.  All 
theie  chemical  operations  evidently  prove  that  there  aie 
in  nature  repulfive  and  attradive  forces  between  the  par¬ 
ticles  of  bodies  at  fmall  diilances  5  which  greatly  con¬ 
firms  our  whole  fyftem. 

.  Bofcovich  holds,  that  light  is  an  effluvium,  emitted  Light, 
with  great  velocity  from  the  luminous  bodies  by  a 
flrong  repulfion.  He  explains  all  the  mofl  remarkable 
properties  of  this  extraordinary  matter  according  to  his 
own  principles,  and  that  with  great  acntenefs.  On  this 
fubjeft  it  is  oblervable,  that  Newton  law  the  neceffity 
of  admitting  repulfive  foices  for  the  reflexion  of  light, 
which  extend  at  fome  difiance  from  the  receding  fur- 
face,  and  therefore  refemble  the  repulfive  forces  of  our 
theory. 

Our  author  gives  likewife  a  probable  explication  of  Electricity 
eledricity,  according  to  Franklin  s  ingenious  hypothe-and  mag- 
fis,  and  hkewife  of  magnetiim,  deducing  the  whole  0fUct^m* 
the  appearances  from  various  attradions  and  repulfions. 

He  fnppofes  that  fire  and  the  tledrical  fluid  differ  only 
in  thie,  that  fire  is  in  adual  fermentation,  and  not  fo 
the  eledrical  fluid. 

Finally,  he  explains  our  bodily  fenfations,  in  which  .^nfutlon 
he  agrees  pretty  much  with  other  philolophers ;  except¬ 
ing  in  th ! s,  that  what  they  attribute  to  the  immediate 
conud  of  bodies,  or  of  certain  particles  emitted  irom 
them,  he  afenbes  to  attradions  and  repulfions  ;  which 
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indeed  are  particularly  fit  for  caufing  that  motion  in 
our  nerves,  which  is  fuppofed  to  take  place  in  the  or¬ 
gans  of  fenfation,  and  to  be  thence  communicated  to 
the  brain. 

It  is  to  be  obferved,  that  although  Bofcovich  main¬ 
tains,  that  the  very  firft  elements  of  matter  are  void  of 
extenfi-on  ;  yet  he  allows,  that  of  thefe  elements,  com¬ 
bined  in  a  certain  manner,  may  be  formed  extended 
particles  of  various  figures,  the  parts  o!  which  may  be 
fo  coherent  as  to  be  inseparable  by  any  power  in  na¬ 
ture.  By  thefe  means  the  opinion  of  thofe  philofophers, 
who  are  fo  fond  of  extended  particles,  may  be  in  fo  far 
gratified.  Nay,  the  Peripatetics  may,  if  they  pleafe, 
adopt  Bofcovich’s  inextended  atoms  for  their  Materia 
Prima  without  any  inconfiftency ;  and  his  repulfive  and 
Ettra&ive  forces  may  ferve  for  their  JubJiantial  forms. 
And  as  God  can  make  imprefiions  ©n  our  fenfes  inde¬ 
pendently  of  the  atoms,  their  abfolute  accidents  may 
in  fome  fenfe  be  admitted.  Nor  would  fome  fuch  ex* 
traordinary  exertions  of  Divine  Power  favour  idealifm 
in  the  ordinary  courfe  of  nature. 

But  what  is  of  more  conieo;iience,  it  is  more  than 
probable,  that  had  Newton  lived  to  be  acquainted  with 
the  Bofcovichian  theory,  he  would  have  paid  to  it  a  ve¬ 
ry  great  regard.  This  we  may  conje&ure  trom  what 
he  fays  in  his  lad  queftion  of  optics  ;  where,  after  ha¬ 
ving  mentioned  thofe  things  which  might  be  explained 
by  an  attractive  force,  fucceeded  by  a  repulfive  one  on 
a  change  of  the  difiances,  he  adds,  u  And  if  all  thele 
things  are  fo,  then  all  nature  will  be  very  fimple,  and 
confident  with  itfelf,  effe&ing  all  the  great  motions  of 
the  heavenly  bodies  by  the  attraction  of  gravity,  which 
is  mutual  between  all  thofe  bodies,  and  almofi  all  the  lefs 
motions  of  its  particles  by  another  certain  attractive  and 
repulfive  force,  which  is  mutual  between  thofe  parti¬ 
cles.”  And  a  little  after,  treating  of  the  elementary 
particles,  he  fays:  “  Now  it  feems  that  thele  elemen¬ 
tary  particles  not  only  have  in  themfelves  the  vis  inertia, 
and  thofe.  paffive  laws  of  motion  which  necelfarily  arife 
from  that  force,  but  that  they  likewife  perpetually  re¬ 
ceive  a  motion  from  certain  a&ive  principles ;  fuch  as 
gravity,  and  the  caufe  of  fermentation,  and  of  the 
cohefion  of  bodies.  And  I  conlider  thefe  principles, 
not  as  occult  qualities,  which  are  feigned  to  flow  from 
the  fpecific  forms  of  things,  but  as  liniverfal  laws  of  na¬ 
ture,  by  which  the  things  themfelves  were  formed.  For 
that  truly  fuch  principles  cxifl,  the  phenomena  of  na¬ 
ture  fhew,  although  what  may  be  their  caufes  has  not 
as  yet  been  explained.  To  affirm  that  every  fpecies  of 
things  is  endued  with  fpecific  occult  qualities,  by  which 
they  have  a  certain  power,  is  indeed  to  fay  nothing  ; 
but  to  deduce  two  or  three  general  prmciples  of  mo¬ 
tion  from  the  phenomena  of  nature,  and  then  to  explain 
how  the  properties  and  aCtion  of  all  corporeal  things 
follow  from  thofe  principles,  this  truly  would  be  to  have 
made  a  great  advancement  in  philofophy,  although  the 
caufes  of  thofe  principles  were  not  as  yet  known. 
Wherefore  I  do  not  helitate  to  maintain  the  above  faid 
principles  of  motion,  feeing  they  extend  widely  through 
all  nature.”  From  this  paffage  we  may  fafely  conclude, 
that  the  great  Britifli  philofopher  would  have  been 
highly  plcafed,  had  lie  feen  all  nature  fo’well  explained 
by  the  one  fimple  law  of  forces  propofed  by  the  Ragu- 
fan. 

Bofcovich  himfelf  was  fo  fully  convinced  of  the  truth 
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of  his  fyfiem,  that  he  was  wont  to  make  ufe  of  the  fol-  Bofcovid 
lowing  comparifon  :  When  a  letter  has  been  written  in  s^hm( 
occult  characters,  and  we  are  endeavouring  to  decypher  phi,*^ra 

it,  wc  make  various  fuppofitions  of  alphabets  ;  and - ^ 

when  we  have  found  c  ne  according  to  which  the  whole 
letter  comes  to  have  a  reafonable  meaning,  agreeable  to 
all  the  circumftances  of  time,  place,  perfons,  and  things, 
we  can  entertain  no  doubt  of  our  having  difeovered  the 
true  key  of  the  cypher — fo,  faid  he,  my  fyfiem  explains 
fo  well  all  the  phenomena  to  which  it  has  been  properly 
applied,  that  I  muft  flatter  myfelf  that  I  have  diicover- 
ed  the  true  key  of  nature. 

The  being  accufiomed  to  contemplate  fo  deeply  the£x;/e,1c? 
univerfe  and  the  materials  of  which  it  is  compofed,  made  of  God/ 
Bofcovich  fee  moft  clearly  the  evident  neceffity  of  ad¬ 
mitting  an  all-powerful,  intelligent,  felf-exifient  Being, 
for  the  creation  of  thofe  materials,  and  for  the  arrange¬ 
ment  of  them  into  their  prefent  beautiful  form,  lie 
was  at  a  lofs  to  find  words  firong  enough  to  expiets  his 
furprife,  that  there  fhould  be  any  man,  not  to  fay  any 
one  pretending  to  the  name  of  philoiopher,  who  could 
be  fo  deaf  as  not  to  hear  the  voice  of  nature  loudly  pro¬ 
claiming  its  Author  from  all,  even  the  leafi  of  its  parts. 

He  gives  us  his  ientiments  on  this,  the  mod  important 
of  all  fubjedls,  in  the  appendix  to  his  Theonay  in  which 
lie  treats  of  God  and  of  the  foul  of  man. 


There,  in  the  firft  place,  he  {hows  the  abfurdity  ofrp^^ 


their  opinion,  who  maintain  that  this  world  may  have  can,n(  t  ,e 
been  the  work  o  (chance,  the  effedl  ot  a  jumble  of  fclf  theeffed 
exiilent,  felf  moving  atoms;  becaufe  chance  is  an  empiy  char.« ; 
word  without  a  real  meaning.  Whatever  exifts  has  its 
determinate  caufe,  and  can  only  be  called  fortuitous  by 
us  on  account  of  our  ignorance  of  that  cauie.  Befides  j 
this,  though  the  number  of  atoms  compofing  this  world 
is  finite,  yet  their  poffible  combinations  are  many  times 
infinitely  infinite:  for  they  may  be  placed  in  infinite  pla¬ 
ces  of  an  infinite  line  ;  of  thefe  lines  there  is  an  infinite 
number  in  every  plane ,  and  of  thefe  planes  there  is  an 
infinite  number  in  fpace.  Again,  thefe  points  may  have 
an  infinite  number  ot  velocities  in  an  infinite  number  of 
directions.  From  all  this  it  is  evident,  that  the  combi¬ 
nations  in  which  the  points  of  matter  may  be,  is  infi¬ 
nite  in  a  high  degree,  whereas  duration  can  be  infinite 
in  only  one  dimenfion.  Hence  it  is  infinitely  impro¬ 
bable  that  ever  the  piefent  combination  of  things  could 
come  out  by  chance.  And  this  is  fo  much  the  more 


infinitely  improbable,  becaufe  the  diforderly,  chaotic 
combinations,  are  infinitely  more  than  the  regular  ones. 

The  whole  of  matter  might  roll  about  in  a  blind  motion 
for  a  boundlefs  eternity,  without  ever  being  capable  to 
produce  one  fingle  mufhrom.  . 

Moreover,  had  matter  been  in  motion  from  all  eter¬ 
nity,  every  atom  would  have  deferibed  an  infinite  line, 
and  then  a  part  ot  that  line  would  be  aftignable  at  an 
infinite  difiance  from  the  point  of  fpace  in  which  the 
atom  is  at  prefent:  but  an  infinite  line  can  never  be  run 
over;  therefore  the  atom  could  never  have  come  to  its 
prefent  place  ;  and  therefore  the  fuppofition  is  abfurd. 
Nothing  fuccefiive  can  be  eternal  with  a  pafi  eternity, 
though  it  can  continue  without  end.  God  alone  can 
be  eternal  and  a&ually  infinite  ;  but  his  eternity  and 
infinity  are  beyond  our  comprehenfion. 

Neither  can  the  world  have  exifted  of  itfelf  in  any^orhav< 
thing  like  to  its  prefent  form  from  all  eternity  ;  for<=x :fted 
matter  is  perfectly  indifferent  to  numberlefs  ftate3,  andh°mett 
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to  its  prefent  date  it  mud  be  determined.  This  prefent 
date  is  perfedlly  incapable  of  determining  itfelf,  becaufe 
this  determination  mult  be  previous  to  its  exiftence.  It 
mull  be  determined  by  the  preceding  Hate,  which  is  al- 
fo  incapable  of  determining  itfelf,  and  for  its  determina¬ 
tion  we  mull  have  recourfe  to  the  Hate  before.  Thus, 
though  we  go  back  to  eternity,  we  (hall  Hill  find  a  nul¬ 
lity  of  determination  :  now  an  infinite  fum  of  nothing  is 
nothing;  and  therefore  as  the  prefent  Hate  of  things 
could  have  no  determination,  it  could  not  poffibly  exift. 

It  is  therefore  evident  that  there  mud  he  a  Deter¬ 
miner  extrinfic  to  the  material  world.  This  Determi¬ 
ner  mult  have  an  infinite  knowledge  of  all  the  poilible 
combinations,  and  an  infinite  eledlive  creative  power  to 
chufe  and  create  freely  the  combination  he  pleafed,  in 
that  point  of  eternity  that  he  chofe,  with  all  the  num- 
berlefs  circumHances  that  are  agreeable  to  him. 

And  here  what  a  vafi  field  of  contemplation  is  laid 
open  to  a  phiiofophic  mind  !  What  a  truly  infinite 
knowledge  was  requifite  to  forefee  fo  many  ends,  and 
fo  many  means  requiiite  for  obtaining  thofe  ends,  as  are 
contained  in  the  creation  1  Let  us  coniider  light,  for  ex¬ 
ample,  which  was  to  be  emitted  for  fo  many  ages  from 
fo  many  luminous  bodies,  with  fo  great  velocity,  fo  as 
to  penetrate  lb  many  mediums  with  different  degrees  of 
refle&ibility  and  refrangihiiity,  with  fo  many  other  won- 
derful  qualities ;  at  the  fame  time,  fo  many  bodies  were 
to  he  perfectly  fitted  for  refledling  this  light  in  a  cer¬ 
tain  manner,  and  the  animal  eye  was  to  be  fo  formed  as 
to  have  a  pidlure  ©f  vifible  obje&s  painted  on  the  bot¬ 
tom  of  it. — How  many  particular  combinations  were 
neceffary  for  all  this  ?  What  fhall  we  fay  of  the  fo  ma¬ 
ny  herbs,  flowers,  trees,  and  animal  bodies,  as  there  are 
on  this  our  ea-th  ?  All  their  kinds  and  fpecies,  all  the 
fenes  of  their  individuals,  all  their  parts  and  particles, 
were  forefeen,  intended,  and  contrived,  by  one  ad  of 
the  Divine  Mind.  Again,  how  woiideiful  are  the  hea¬ 
venly  bodies,  o^  what  furprifing  magnitude,  moving  in 
the  moH  beautiful  order,  at  an  immenfe  diilance  from 
one  another?  To  fay  nothing  of  the  numberlefs  crea¬ 
tures  that  are  beyond  the  reach  of  the  bell  telefcope,  or 
below  that  of  the  microfcope.  He  who  refleds  ever  fo 
little  on  thefe  things,  mull  neceffarily  fee  the  muff  evi¬ 
dent  proofs  of  an  infinite  power,  wifdom,  and  provi¬ 
dence  ;  and  lie  muff  be  filled  with  admiration  and  aw  ul 
refped  for  the  Creator  and  Ruler  of  the  univerfe. 

■  Nor  are  we  unconcerned  fpedators  of  this  grand 
feene.  .  God  has  been  pleafed  to  make  ns  enter  deeply 
into  his  great  plan  of  creation.  He  fingled  us  out 
among  an  infinite  number  of  poffible  human  beings,  in 
order  to  call  us  into  exiffence  at  a  fixed  period;  and  he 
has  made  a  vaH  number  of  his  creatures  contribute  to 
the  formation  of  thefe  wonderful  machines,  our  bodies, 
as  likewife  to  our  nourifhment,  to  our  prefervation,  to 
our  neceflities,  conveniences,  and  gratifications.  •  Every 
moment  that  we  exiff  we  are  enjoying  a  great  number 
of  benefits,  exprefsly  defigned  for  us  by  that  Supreme 
Being,  T  his  evidently  demands  from  us  the  higheff 
degree  of  gratitude,  love,  and  obedience. 

Let  us  go  a  Hep  Hill  farther  :  Is  it  not  very  reafon- 
able  to  fuppofe,  that  our  God,  who  affords  us  fo  many 
in  fiances  of  his  beneficence  towards  us  in  the  natural 
order,  will  alfo,  out  of  compaffion  to  our  weaknefs  and 
ignorance,  have  favoured  us  with  a  more  full  and  expli¬ 
cit  manifeHation  of  himfelf,  of  our  duties  towards  him, 
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and  of  his  intentions  concerning  us?  According  to  Bof-  Bofhmen, 
covich  and  all  true  philofophers,  reafon  itfelf  alone,  and  tgofvvelt. 
true  philofophy,  point  out  to  us  the  probability  at  leaft 
of  God’s  having  given  us  a  Hill  better  and  furer  guide, 
by  whofe  diredlion  we  may  attain  to  that  perfect  happi- 
nefs  which  we  naturally  third  after,  and  to  which  we 
muH  have  been  defigned  by  our  Maker.  This  is  pro¬ 
bable  from  reafon  alone  ;  and  of  this  great  fadt  we  are 
afcertained  by  unqueHionable  authority. 

BOSHMEN  have  been  generally  deferibed  as  adiftinA 
race  of  Hottentots,  who  are  enemies  to  the  paltoral  life, 

(fee  BosHiEs-Men,  Encycl)  This  M  Vaillant  affirms 
to  be  a  miflake ;  and  we  think  lie  has  completely  pro¬ 
ved  that  it  is  fo.  Thefe  infamous  wretches  (fays  he) 
do  not  form  a  particular  nation,  nor  are  they  a  people 
who  have  had  their  origin  in  the  places  where  they  are 
now  found..  Bofhmen  is  a  name  compofed  of  two  Dutch 
words,  .which  iignily  bujh  men ,  or  men  of  the  woods; 
and  it  is  under  this  appellation  that  the  inhabitants  of 
the  Cape,  and  all  the  Dutch  in  general,  whether  in  A- 
frica  or  America,  diHinguifh  thofe  malefactors  or  afLf- 
fins  who  defert  from  the  colonies,  in  order  to  efcape 
piinifhment.  In  a  word,  they  are  what  in  the  Britifh 
and  French  Wed  India  iflands  are  called  Maroon  Ne¬ 
groes.  Thefe  Bofhmen,  therefore,  far  from  being  a  di- 
Hindl  fpecies,  are  only  a  promifeuous  affemblage  of  mu. 
lattoes,  negroes,  and  maftizos,  of  every  fpecies,  and 
fometimes  of  Hottentots  and  baders  (fee  Baster,  Sup¬ 
plement J,  who  all  differing  in  colour,  refemble  each  other 
in  nothing  but  in  villany.  They  are  land  pirates,  who 
live  without  laws  and  without  difeipline,  abandoned  to 
the  utmod  mifery  and  defpair;  bafe  deferters,  who  have 
no  other  refources  but  plundering  and  crimes.  They 
retire  to  the  ftceped  rocks  and  the  mod  inacceffible  ca¬ 
verns,  and  there  they  pafs  their  lives.  From  thefe  ele¬ 
vated  places  they  command  an  extenfive  profpedl  over 
the  furrounding  plains,  lie  in  wait  for  the  unwary  tra¬ 
veller  and  the  fcattered  flocks,  pour  down  upon  them 
with  the  velocity  of  an  arrow,  and  fuddenly  falling  up. 
on  the  inhabitants  and  their  cattle,  daughter  them  with- 
out  diftindtion.  Loaded  with  booty,  and  whatever  they 
can  carry  with  them,  they  then  repair  to  their  gloomy 
caves,  which  they  never  quit  till,  like  the  lions,  hunger 
again  impels  them  to  frefh  maffacres.  But  as  treachery 
always  marches  with  a  trembling  Hep,  and  as  the  pre¬ 
fence  of  one  refolute  perfon  is  diffident  to  overawe  whole 
troops  of  thefe  banditti,  they  carefully  fliun  thofe  plan¬ 
tations  where  they  are  certain  that  the  owners  them- 
felves  refide.  Artifice  and  cunning,  the  ufual  refources 
of  timid  fouls,  are  the  oply  means  which  they  employ, 
and.the  only  guides  that  accompany  them  in  theii  ex- 
peditions.,> — Vaillant' s  Travels  into  the  Interior  Parts 
of  Africa. 

BOSWELL  (James),  known  to  the  learned  world 
as  the  author  of  a  life  of  Dr  Johnfon  and  of  feveral  other 
valuable  works,  was  born,  we  believe,  at  Auchinleck  in 
Ayrfhire,  in  174°*  f  he  family  from  which  he  fprung 
was  ancient  and  honourable.  At  the  time  cf  his  birth 
his  father  was  a  well  employed  lawyer  at  the  Scotch 
bar  ;  but  was  -afterwards  raifed  to  the  dignity  of  Judge, 
and  filled  that  important  dation  with  acknowledged 
learning,  probity,  and  honour.  His  title  was  Lord 
Auchinleck,  taken  from  his  family  inheritance  ;  and  he 
died  in  i 782  :  on  which  accafion  Dr  johnfon  wrote  an 
elegant  and  inftrudlive  letter  to  the  fubjedi  of  this  brief 
O  2  memorial; 
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Bofwell.  memorial ;  of  which  we  fhall  tranfcrlbe  a  paffage  that 
alludes  to  fome  flight  domeftic  differences,  which  did 
not  happen  in  vain,  iince  they  gave  rife  to  fuch  falutary 
advice : 

“  Your  father’s  death  had  every  circumftance  that 
could  enable  you  to  bear  it.  It  was  at  a  mature  age, 
and  it  was  expc&ed  ;  and  as  his  general  lffe  had  been 
pious,  his  thoughts  had,  doubtlefs.  for  many  years  paft, 
been  turned  upon  eternity.  That  you ^did  not  find  him 
fenfible  mull  doubtlefs  grieve  you ;  his  difpofition  to¬ 
wards  you  was  undoubtedly  that  of  a  kind,  though  not 
of  a  fond,  father.  Kindnefs,  at  leaft  a&ual,  is  in  our 
own  power,  but  fondnefs  is  not  ;  and  if,  by  negligence 
or  imprudence,  you  had  extinguifhed  his  fondnefs,  he 
co (lid  not  at  will  rekindle  it.  Nothing  then  remained 
between  you  but  mutual  forgivenefs  of  each  other’s 
faults,  and  mutual  defire  of  each  other’s  happinefs.” 

The  occafion  of  this  family  dilfention  is  unknown  to 
us.  It  might  oiiginate  in  the  difference  of  their  politi¬ 
cal  principles,  Mr  Bofwell  being  a  zealous  Tory,  ar.d 
his  father,  as  he  reprefents  him,  a  rancorous  Whig  ;  or 
it  may  have  arifen  from  the  celebrated  Douglas  caufe, 
which  fet  many  friends  at  variance  in  Scotland,  and  in 
which  Lord  Auchinleck  and  his  fon  took  oppofite  fldes. 
The  Judge  gave  his  vote  on  the  bench  for  the  Duke  of 
Hamilton;  and  the  advocate  (for  Mr  Bofwell  was  then 
at  the  bar)  was  fo  keen  a  partizan  of  Douglas,  that 
when  the  caufe  was  finally  decided  by  the  Houfe  of 
Peers,  he  got  poffeflion  or  a  Chinefe  gong ,  and,  at  the 
head  of  a  number  of  young  men  and  boys  patrolled  the 
flreets  of  Edinburgh,  and  made  a  loud  and  exulting 
noife  at  the  windows  of  his  father’s  houfe,  where  there 
was  no  fymptom  difplayed  of  the  general  joy. 

In  1762  Mr  Bofwell  made  his  firff  journey  to  Lon¬ 
don  ;  where,  under  the  aulpices  of  Dodfley  the  bookfel- 
ler,  he  puhlifhed,  44  The  Cub  at  Newmarket,  a  Tale.” 
By  the  title  of  Cub  he  meant  to  cnara&erize  himfelf,  as 
the  reader  will  perceive  in  the  following  lines*  which 
we  fliall  give  as  a  fpecimen  of  the  poem ; 

Lord  Eglintonne,  who  loves,  you  know, 

A  little  dafh  of  whim,  or  fo, 

By  chance  a  curious  Cub  had  got, 

On  Scotia’s  mountains  newly  caught. 

During  his  (lay  in  London,  Mr  Bofwell  was  intro¬ 
duced  to  Dr  Johnfon,  with  whom  it  is  well  known  he 
continued  to  live  in  intimacy  from  that  time  till  John- 
fon’s  death  in  1784  ;  and  this  intimacy  procured  him 
the  friendfhip  of  Burke,  Goldfmiih,  Sir  Jolhua  Rey¬ 
nolds,  and  many  other  men  of  eminence,  who  compofed 
what  was  called  The  Literary  Chib .  In  the  latter  end 
of  1765  he  became  acquainted  with  General  Paoli  when 
on  his  travels ;  and  after  his  return  he  puhlifhed,  in 
1768  or  1 769,  his  account  of  Corlica,  with  the  44  Jour¬ 
nal  of  a  Tour  to  that  Ifland.” 

Of  this  work,  which  gained  him  fome  diflin&ion  in 
the  world,  his  great  friend  Johnfon  writes  thus:  44  Your 
hiftory  is  like  all  other  hiftories,  but  your  journal  is  in  a 
very  high  degree  curious  and  delightful.  There  is  be¬ 
tween  the  hiffory  and  the  journal  that  difference  which 
there  wdl  always  be  found  between  notions  borrowed 
from  without  and  notions  generated  within.  Your  hi¬ 
ftory  was  copied  from  books;  your  journal  rofe  out  of 
your  own  experience  and  obfervation.  You  exprefs 
images  which  operated  ftrongly  upon  youfelf,  and  you 


have  impreffed  them  with  great  force  upon  your  read-  Bofwell, 
ers,  I  know  not  whether  T  coull  name  any  narrative  'Y*^ 
by  which  curiolity  13  better  excited  or  better  grati¬ 
fied.” 

In  1770  Mr  Bofwell,  who  was  then  in  good  prac¬ 
tice  at  the  Scotch  bar,  married  an  amiable  woman, 
by  whom  he  had  two  fons  and  three  daughters,  who 
furvived  him.  In  1773  he  was  chofen  a  member  of 
the  Literary  Club  ;.  and  in  the  autumn  of  the  fame 
year  he  vilited  the  Hebrides  in  company  with  his  illuf- 
trious  friend  Johnfon;  after  whofe  death  he  puhlifhed  a 
very  entertaining  account  of  their  tour,  the  places  they 
faw,  the  characters  with  whom  they  eonverfed,  and  their 
own  remarks  on  the  different  converfations.  To  many 
perfons,  both  in  England  and  Scotland,  this  book  gave 
great  offence,  as  it  brought  before  the  public  the  uu- 
guaided  talk  of  private  locial  circles  ;  but  it  furely  fur- 
nifhed  much  entertainment,  as  it  exhibited  a  more  faith¬ 
ful  pidture  of  Hebridian  manners  than  the  Biitifh  pub¬ 
lic  had  ever  before  feen. 

In  1784,  when  Mr  Fox’s  famous  India  bill  was  be~ 
fore  Parliament,  Mi  Bofwell  puhlifhed  a  44  Letter  to  the 
People  of  Scotland  on  the  Prcfent  State  of  the  Na¬ 
tion  in  which  he  contends,  that  no  charter  would  be 
fafe  if  that  bill  fhould  pafs  into  a  law ;  and  more  than 
infinuates,  that  the  principle  of  it  was  equally  inimical 
to  the  liberties  of  the  fubjedl  and  to  the  prerogative  of 
the  king.  Dr  Johnfon  feems  to  have  thought  of  that 
bill  as  he  did  ;  foi  having  read  the  letter,  he  writes  to 
the  author  his  approbation  of  it  in  the  following  words: 

44  I  am  very  much  of  your  opinion  ;  and,  like  you,  feel 
great  indignation  at  the  indecency  with  which  the  king 
is  every  day  treated.  Your  paper  contains  very  confi- 
derable  knowledge  of  the  hiftory  and  of  the  conftitu- 
tion,  very  properly  produced  and  applied.” 

In  1785  Mr  Bofwell  quitted  the  Scotch  bar,  and 
went  to  refide  in  London,  where  he  continued  till  the 
day  of  his  death.  Having  entered  himfelf  in  one  of  the 
inns  of  court,  and  ftndied  the  Englifh  law,  he  became  a 
banifter  in  England  :  but  we  have  reafon  to  believe 
that  his  practice  there  was  not  fo  fuccefsful  as  it  had 
been  in  his  own  country.  He  enjoyed,  however,  more 
completely  than  he  could  do  in  Edinburgh,  the  conver- 
fatioii  of  the  great,  the  wife,  the  witty,  and  the  good  ; 
and  fuch  converfation  he  always  valued  above  wealth.  • 

He  frequently  vifited  his  native  country,  and  efpecially 
Auchinleck,  the  feat  of  his  anceftors  ;  and  foon  after 
his  return  from  one  of  thofe  vifits  he  was  feized  with 
a  diforder  which  proved  fatal,  on  Tuefday  the  19th  of 
May  1795. 

Such  were  the  principal  events  in  the  life  of  Mr  Bof¬ 
well.  Of  his  character,  it  would  be  difficult  to  fay 
much  more  than  he  has  laid  himfelf  in  his  44  Journal  of  a 
Tour  to  the  Hebrides  and  which  may,  with  fome 
propriety,  be  copied  here  : 

44  I  have  given  a  fketch  of  Dr  Johnfon.  My  readers 
may  wifh  to  know  a  little  of  his  fellow-traveller.  Think, 
then,  of  a  gentleman  of  ancient  blood  ;  the  pride  of 
which  was  his  predominant  paflion.  He  was  then  in 
his  33d  year,  and  had  been  about  four  yeais  happily 
married.  His  inclination  was  to  be  a  foldier  ;  but  his 
father,  a  refpedlable  Judge,  had  preffed  him  into  the 
profeffioii  of  the  law.  He  had  travelled  a  good  deal, 
and  feen  many  varieties  of  human  life.  He  had  thought 
more  than  any  body  fuppofed,  and  had  a  pretty  good 
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flock  of  general  karnin*  and  knowledge.  He  had  all  matician,  was  then  profeflor  royal  of  hydrography  at  Bonder. 
Dr  Johnfon  s  principles,  with  fomc  degree  of  relaxation,  that  port ;  and  under  him  young  Bouguer  ftudied  ma- '  ' 


He  had  rather  too  little  than  too  much  prudence  ;  and 
hia  imagination  being  lively,  he  often  faH  things  of 
which  the  eftett  was  very  different  from  the  intention. 
He  refembled  fome times 

‘  The  beft  good  mfm,  with  the  worft-natur’d  mufe.’ 

“  He  cannot  deny  himfelf  the  vanity  of  finifhing  with 
the  encomium  of  Dr  Johnfon,  whofe  friendly  partiality 
to  the  companion  of  this  tour  represents  him  as  one 
«  whofe  acutenefs  would  help  my  inquiry,  and  whofe 
gaiety  of  convention,  and  civility  of  manners,  are  fuf- 
fieient  to  countera&  the  inconveniences  of  travel,  in 
countries  lefs  hofpitable  than  we  have  paffed.” 

Few  of  Mr  Bofwell’s  fiiends,  we  believe,  could  add- 
much  to  this  candid  confeffion.  His  enemies,  if  he  had 
any,  might  dwell  upon  his  failings;  but  his  failings  were 
few,  and  injurious  to  no  perfon.  In  his  chara&er  good 
nature  was  predominant.  He  appeared  to  entertain  fen- 
liments  of  benevolence  to  all  mankind,  and  to  be  inca¬ 
pable  of  intentionally  injuring  a  human  being.  His  con¬ 
vention- talents  were  always  pleafmg,  and  often  fafei- 
nating.  But  can  we  wonder  -at  this  in  him  who,  with 
a  capacity  to  learn,  had  been  the  companion  0^  Johnfon 
for  more  than  20  years?  His  attachment  to  the  Doc¬ 
tor  for  fo  long  a  period  was  a  meritorious  perfeverance 
in  the  defire  of  knowledge.  To  it  the  world  is  in¬ 
debted  for  the  mofl  finifhed  pi&ure  of  an  eminent  man 
that  ever  was  executed.  We  know  there  are  objections 
to  the  mock  of  giving  the  life  of  Johnfon.  It  has  been 
thought  that  ignorance  has  been  wantonly  expofed,  and 
the  privacy  of  focial  life  endangered.  We  fhall  not  en¬ 
ter  deeply  into  this  queftion.  All  that  we  can, certain¬ 
ly  affiim  is,  that  the  work  has  been  read  with  avidity 
and  pleafure  ;  and  that  he  who  does  not  wifh  to  read  it 
again  may  be  fufpe&ed  to  be  deficient  in  tafle  and  in 
temper. 

Mr  Bofwell  has  been  accufed  of  vanity  ;  but  when 
this  accufation  is  brought  again  ft  him,  it  fhould  not  be 
forgotten  that  he  enjoyed  advantages  which  rendered 
that  confpicuous  in  him  from  which  no  man  can  claim 
an  exemption.  We  know  not  the  man  who  would  not 
have  been  vain  to  poffefs  fo  much  of  Dr  Johnfon’s  con- 
verfation,  and  proud  to  give  it  to  the  world,  in  hopes 
that  he  who  venerated  Johnfon  would  not  be  unthank¬ 
ful  to  his  biographer.  From  the  Do&or,  however,  he 
appeared  to  his  friends  to  have  imbibed  a  portion  of  me¬ 
lancholy,  of  which  indeed  he  complained  himfelf  during 
the  laft  two  or  three  years  of  his  life  ;  and  he  hew  for 
relief  where  perhaps  it  is  beft  to  be  found,  to  the  foeiety 
of  the  learned  and  the  gay.  Here,  as  he  confefTes,  he 
had  rather  too  little  than  too  much  prudence and,  with 
more  attachment  to  the  a&ivity  of  rural  life,  he  might, 
piobably,  have  lengthened  his  days.  But  as  his  “  be¬ 
lief  in  revelation  was  unfhaken,”  and  his  religious  im- 
preflions  deep,  and  recurring  frequently,  let  us  hope  that 
he  has  now  attained  that  ftate  from  which  imperfeCtion 
and  calamity  are  alike  excluded. 

BO  TANY-bay.  See  New  Holland ,  Encycl.;  and 
New  South  IV ales  in  this  Supplement. 

BOUGUER  (Peter),  an  eminent  mathematician  and 
mechanical  philo fopher,  was  born  at  Croific,  in  Lower 
Bretagne,  on  the  10th  of  February  1698.  His  father 
John  Bouguer,  who  was  like  wife  a  coniiderable  mathe- 


thematics,  and  the  application  of  them  to  fhip-buildimr, 
almoft  from  the  period  when  he  began  u/fpeak;  fo 
that  he  was  a  proficient  in  thefe  fciences  before  he  had 
reached  beyond  the  years  of  childhood.  He  was,  how¬ 
ever,  removed  from  Groihc  to  the  Jefuits  college  at 
Vanncs,  where,  at  13  years  of  age,  he  triumphed,  in  a 
public  contefi,  over  a  profeflor  of  mathematics,  who  had 
advanced  a  mathematical  propofition  erroneoufly.  Two 
years  after  this  he  loft  his  father,  whom  he  was  appoint¬ 
ed  to  fucceed  in  the  office  of  hydrographer,  after  being 
publicly  examined,  and  giving  the  molt  complete  proof 
of  his  being  duly  qualified  to  fill  the  vacant  chair.  He 
was  indeed  qualified  by  prudence  as  well  as  by  fciencc  5 
for  however  furprifing  it  may  be,  he  filed  it  both  with 
dignity  and  with  abilities,  though  then  not  more  than 
15  years  of  age. 

In  the  years  1727,  1729,  and  1731,  he  gained  the 
prizes  (ucceffively  propofed  by  the  Academy  of  Sciences 
for  effays  on  the  beft  way  of  equipping  fhips  with  malls, 
on  the  beft  method  of  obfervingat  fea  the  height  of  the 
ftars,  and  on  the  moft  advantageous  way  of  obferving 
the  declination  of  the  magnetic  needle  or  the  variation 
of  the  compafs. .  In  1729  he  publifhed  an  Optical  EJfay 
upon  the  Gradation  of  Light ,  in  which  he  examined  the 
intenfity  of  light,  and  determined  its  degrees  of  diminu¬ 
tion  in  paffing  through  different  pellucid  mediums,  and 
particularly  in  traverfing  the  earth’s  atrnofpheic  Of 
this  effay,  which  was  written  upon  a  fubjeCl  that  till  then 
had  not  attia&ed  the  attention  o^  philolophers,  the  read¬ 
er  will  find  fome  account  in  the  Encyclopaedia  Britan • 
nica,  under  the  title  Optics,  n°32,  See. 

In  1730  Bouguer  was  removed  from  the  port  of 
Croific  to  that  of  Havre.  In  1731  he  obtained*  in  the 
Academy  of  Sciences,  the  place  of  affociate  geometri¬ 
cian,  vacant  by  the  promotion  of  Maupertuis*to  that  of 
penfioner  ;  and  in  1735  he  was  promoted  to  the  office 
of  penfioner-aftronomer.  The  fame  year  he  was  fent 
on  the  commiffion  to  South  America,  along  with  Mcffrs  - 
Godin,  Condaminc,  and  Je,uffieu,<  to. determine  the  mea- 
furc  of  the  degrees  of  the  meridian,  and  the  figure  of 
the  earth.  In  this  painful  and  troublefome  buhuefs  of 
ten  years  duration,  chiefly  among  the  lofty  Cordelier 
mountains,  our  author,  befides  attending  to  the  objeCf  of 
the  voyage,  made  many  feientihe  obfervations,  viz.  on 
the  effeCt  of  the  Cordeliers- on  the  polarity  of  the  mag¬ 
netic  needle;  on  the  expanfion  and  contraction  of  metals  " 
and  other  lubftances,  by  the  fudden  and  alternate  chan¬ 
ges  of  heat  and  cold  among  thofe  mountains  ;  and  on 
the  refraCtion  of  the  atmoiphere  from  the  tops  of  the 
fame,  with  the  Angular  phenomenon  of  the  fudden  in- 
creafe  of  the  refraction,  when  the  ftar  can  be  obferved 
below  the  line  of  the  level.  He  likewife  afeertained  the 
laws  of  the  denfity  of  the  air  at  different  heights,  from 
obfervations  made  at  different  points  of  thofe  enormous 
mountains  ;  he  difeovered  that  the  mountains  have  an 
cffeCt  upon  a  plummet,  though  he  did  not  affign  the 
quantity  of  that  effeCt  ;  he  found  out  a  method  of  efti- 
mating  the  errors  committed  by  navigators  in  determi¬ 
ning  their  route  ;  gave  a  new  conftruCtion  of  the  log 
for  ineafuring  a  {hip  5  way;  and  made  feveral  other  life- 
fill  improvements.  M.  Bouguer  made  at  different  times  • 
fome  important  experiments  on  the  famous  reciproca¬ 
tion  of  the  pendulum  \  he  invented  in  1747  the  heljo- 
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meter  (fee  that  article  Encycl .)  ;  and  made  many  dif- 
coveries  relating  to  the  inteniity  of  light  (for  which  fee 
Optics -Index,  Encycl.)  His  unremitting  application 
to  ftudy  undermined  his  health,  and  he  died  on  the  15th 
of  Augufl  1  758,  in  the  6 ill  year  of  his  age. 

Of  his  works  which  have  been  published,  the  chief 
are,  1 .  The  Figure  of  the  Earth,  determined  by  the 
Obfervations  made  in  South  America,  1749,  in  4to. 
2 .  Treatife  on  Navigation  and  Pilotage,  Paris,  1732, 
in  4to.  This  work  has  been  abridged  by  M.  La  Caille, 
in  one  volume  8vo,  1768.  3.  Treatife  on  Ships,  their 

Conftru&iori  and  Motions,  in  4to,  1756.  4.  Optical 

Treatife  011  the  Gradation  of  Light,  fir  ft  in  1729,  then 
.a  new  edition  in  1760,  in  4to. 

His  papers  that  were  inferted  in  the  Memoirs  of  the 
Academy  are  very  numerous  and  important  :  as,  in  the 
Memoirs  for  1726,  comparifon  of  the  force  of  the  fo- 
lar  and  lunar  light  with  that  of  candles  j  1731,  obfer¬ 
vations  on  the  curvilinear  motion  of  bodies  in  mediums; 
J732,  upon  the  new  curves  called  the  lines  of  purfuit ; 

1 733,  to  determine  the  fpecies  of  couoid,  to  be  coti- 
ftrufted  upon  a  given  bafe  which  isexpofed  to  the  fhock 
of  a  fluid,  fo  that  the  impulfe  may  be  the  leaft  poffible; 
determination  of  the  orbit  of  comets  ;  1734,  compari¬ 
fon  of  the  two  laws  which  the  earth  and  the  other  pla¬ 
nets  muf£  obferve  in  the  figure  which  gravity  caufes 
them  to  take ;  on  the  curve  lines  proper  to  form  the 
arches  in  domes ;  j  73 7,  obfervations  on  the  equinoxes; 
on  the  length  of  the  pendulum  ;  1736,  on  the  length 
of  the  pendulum  in  the  torrid  zone  ;  011  the  manner  of 
determining  the  figure  of  the  earth  by  the  meafure  of 
the  degrees  of  latitude  and  longitude;  1739,  on  the 
aftronomical  refra&tons  in  the  torrid  zone;  obfervations 
on  the  lunar  eclipfe  of  the  8th  September  1737,  made 
at  Quito  ;  1744,  ftort  account  of  the  voyage  to  Peru 
by  the  members  of  the  Royal  Academy  of  Sciences,  to 
meafure  the  degrees  of  the  meridian  near  the  equator,  and 
from  thence  to  determine  the  figure  of  the  earth;  ?  74*, 
experiments  made  at  Quito  and  divers  other  places  in  the 
torrid  zone,  on  the  expanfion  and  contra&ion  of  metals 
by  heat  and  cold;  on  the  problem  of  the  malting  of 
fhips;  1 746, treatife  on  (hips,  their  ftru&ure  and  motions; 
on  the  impulfe  of  fluids  upon  the  fore  parts  of  pyrami- 
doids,  having  their  bafe  a  trapezium  ;  continuation  of 
the  (hort  account  given  in  1744  of  the  voyage  to  Peru 
for  meafuring  the  earth  ;  1747,  on  a  new  conftru&ion 
of  the  log,  and  other  inflruments  for  meafuring  the  run 
of  a  fhip;  1  748,  of  the  diameters  of  the  larger  planets; 
the  new  inltrument  called  a  heliometer ,  proper  for  deter¬ 
mining  them,  with  obfervations  of  the  fun  ;  obfei  vation 
of  the  eclipfe  of  the  moon  the  8th  of  Augufl  1748  ; 
1749>  fecond  memoir  on  aftronomical  refradiions,  ob¬ 
served  in  the  torrid  zone,  with  remarks  on  the  manner 
of-*  conftru&ing  the  tables  of  them  ;  figure  of  the  earth 
determined  by  MM.  Bouguer  and  Condamine,  with  an 
abridgment  of  the  expedition  to  Peru  ;  1750,  obferva- 
tion  of  the  lunar  eclipfe  of  the  13th  December  1750; 

1 7 5 1  >  on  form  of  bodies  moll  proper  to  turn  about 
themfelves,  when  they  are  pufhed  by  one  of  their  ex¬ 
tremities,  or  any  other  point  ;  on  the  moon's  parallax, 
with  the  eftimation  of  the  changes  caufed  in  the  paral 
laxes  by  the  figure  o^  the  earth  ;  obfervation  of  the  lu¬ 
nar  eclipfe  the  2d  of  December  1751  ;  1-52,  on  the 
operations  made  by  feamen,  called  corrections ;  1753, 
obfervation  of  the  paflage  of  Mercury  over  the  fun  the 
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6th  of  May  1753  >  on  dilatations  of  the  air  in  the  Bread, 
atmofphere  ;  new  treatife  of  navigation,  containing  the 
theory  and  practice  of  pilotage,  or  working  of  fhips  ; 

1754,  operations,  &c.  for  diftinguifhing,  among  the 
different  determinations  of  the  degree  of  the  meridian 
near  Paris,  that  which  ought  to  b,e  preferred  ;  on  the 
diredlion  which  the  firing  of  a  plummet  takes;  folution 
of  the  chief  problems  in  the  working  of  fhips  ;  17 57, 
on  the  apparent  magnitude  of  obje&s  ;  fecond  memoir 
on  the  chief  problems  in  the  working  of  fhips;  17^7, 
account  of  the  treatife  on  the  working  of  fhips;  on  the 
means  of  meafuring  the  light. 

BREAD  is  fo  eflential  an  article  of  food  that  every 
ufe  ul  method  of  making  it  fhould  be  generally  known. 

Much  has  accordingly  been  faid  on  that  lubjuR  (Encycl.) 
under  the  tides  Baking  Barm,  Bread,  and  Yeast  ; 
but,  fince  the  laft  of  thefe  articles  was  pubhfhed,  we 
have  feen,  in  Dr  Townfon’s  Travels  in  Hungary ,  a  me¬ 
thod  of  making  bread  at  Debretzen  ;  of  which,  as  it 
may  fometimes  be  adopted  with  advantage  in  this  coun¬ 
try,  an  account  may,  with  propriety,  be  inferted  here. 

In  the  baking  of  this  bread,  a  fubltitute  is  uied  for 
yeall,  which  is  thus  made  :  Two  good  handfuls  of 
hops  are  boiled  in  four  quarts  of  water ;  this  is  poured 
upon  as  much  wheaten  bran  as  can  be  well  moiftened 
by  it  ;  to  this  are  added  four  or  five  pounds  of  leaven; 
when  this  is  only  warm,  the  mafs  is  well  worked  to¬ 
gether  to  mix  the  diffeient  parts.  This  mafs  is  then 
put  in  a  warm  place  for  24  hours  ;  and  after  that  it  is 
divided  into  fmall  pieces,  about  the  fize  of  a  hen’s  egg, 
or  a  frnall  orange,  which  are  dried  by  being  placed 
upon  a  board,  and  expoied  to  a  dry  aw,  but  not  to  the 
fun  ;  when  dry,  they  are  laid  by  for  ufe,  and  may  be 
kept  half  a  year.  This  is  the  ferment  ;  and  it  may  be 
ufed  in  the  following  manner  :  For  a  baking  of  fix  large 
loaves,  fix  good  handfuls  of  thefe  balls,  broken  into  frag¬ 
ments,  are  taken  and  diflolved  in  feven  or  eight  quarts  of 
v/arm  water.  This  is  poured  through  a  fieve  into  one  end 
of  the  bread  trough,  and  three  quaits  more  of  warm 
water  are  poured  through  the  fieve  after  it,  and  what 
remains  in  the  fieve  is  well  prefled  out.  This  liquor  is 
mixed  up  with  fo  much  flour  as  to  form  a  mats  of  the 
fize  of  a  large  loaf:  this  is  ilrewed  over,  with  flour  ;  the 
fieve,  with  its  contents,  is  put  upon  it,  and  then  the 
whole  is  covered  up  warm,  and  left  till  it  has  rifen 
enough,  and  its  furiace  has  begun  to  crack :  this  forms 
the  leaven.  Ihen  13  quarts  of  v/arm  water,  in  which 
fix  handfuls  of  fait  have  been  diflolved,  a**c  poured 
through,  the  fieve  upon  it,  and  the  neceflary  quantity 
of  flour  is  added,  and  mixed  and  kneaded  with  the  lea¬ 
ven  ;  this  is  covered  up  warm,  and  left  for  about  an 
hour.  It  is  then  formed  into  loaves,  which  are  kept 
in  a  warm  room  half  an  hour;  and  after  that  they  are 
put  in  the  oven,  where  they  remain  two  or  three  hours, 
according  to  the  fize.  The  great  advantage  of  this 
ferment  is,  that  it  may  be  made  in  great  quantities  at 
a  time,  and  kept  for  ufe.  Might  it  not  on  this  ac¬ 
count  be  ufe? ul  on  board  of  fhips,  and  likewife  for  ar¬ 
mies  when  in  the  field  ?  * 

Bread,  in  whatever  way  it  is  made,  is  a  dear  article  ; 
and  it  may  be  a  defirable  objedl  to  many  of  our  readers 
to  know  at  what  price  the  baker  can  afford  to  fell  it. 
i  his  depends  upon  the  price  of  wheat,  the  quantity  of 
flour  which  the  wheat  may  give,  the  lofs  at  the  mill, 
the  expence  of  grinding,  and  the  expence  of  baking. 
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Brea-3.  Of  the  price  of  wheat  we  can  fay  nothing  with  pre-  Jed  before  the  police  officers.  They  admitted  the  fadl 
— v — '  cifion,  became  it  varies  according  to  the  goodncfa  or  that  loaves,  baked  at  the  fame  time,  and  in  the  fame 
badnefs  of  the  crop,  and  other  circumftances ;  but  a  oven,  were  feldom,  if  ever,  of  the  fame  weight ;  but 
bufhel  of  Efftx  wheat,  Winchefler  meafurc,  may  be  they  infilled,  that  they  contained,  each,  the  flandard 
taken,  on  an  average,  as  weighing  60  lb.  Sixty  pounds  quantity  of  dou  h  and  that  the  variety  of  weight 
of  wheat  will  yield,  exclufive  of  the  lofs  in  grinding  among  them  mult  proceed  from  fome  caufe,  which  they 
and  dreffing,  45I  lb.  of  that  kind  of  flour  which  is  cal-  did  not  pretend  to  afcertaiu.  The  matter  was  refer- 
led  feconds  ;  which  alone  is  uled,  through  the  greateft  red  to  the  Royal  Academy  of  Sciences,  which  appoint- 
part  of  England,  for  b.ead,  and  which  makes,  indeed,  ed  one  of  its  members  to  fuperintend.  lor  fome  days, 
the  heft  of  all  bread,  though  not  the  whitefl.  A  peck  the  whole  procefs  of  baking.  This  being  done,  it  was* 
of  this  flour,  weighing  14  lb.  will  take  up  between  fix  found,  that,  of  loaves  baked  in  a  large  oven,  thofe  were 
and  feven  pints  of  water,  and  give  18  lb.  of  excellent  always  heavieft  which  occupied  the  centre  of  the  oven, 
bread;  or  a  bufhel  of  flour,  weighing  56  lb.  will  yield  and  that  the  bakers  were  "innocent  of  the  crime  with 
72  lb.  of  bread.  The  expence  of  baking  a  bufhel  of  which  they  were  charged.  The  fa&,  we  think,  may 
fuch  flour  is,  in  Eflex  and  iome  other  En  rlifh  counties,  eafily  be  accounted  for.  Even  in  an  oven  there  mult 
about  ninepence  ;  viz.  yeaft,  on  an  average,  twopence;  be  fome  condenfation  of  fleam;  and,  from  the  very 
fait,  before  the  late  tax,  one  halfpenny;  and  baking,  fhape  of  the  oven,  the  greateft  quantity  muft  be  con- 
fixpence.  denfed  towards  the  centre.  Hence  the  loaves  in  the 

But  feconds  is  not  all  that  is  got  from  wheat.  A  centre  are  neceffarily  wetter  and  heavier  than  thofe 
bufhel  of  6c  lb.  of  wheat  gives,  befides  45 \  lb.  of  fe-  round  the  circumference,  if  the  plain  of  the  oven  has 
conds,  131b.  of  offal,  i.  e.  of  pollards  and  bran;  for  been  equally  heated. 


the  u-tmoft  lofs  in  grinding  and  dreffing  a  bufhel  of 
wheat  fhould  not  exceed  1  pound  8  ounces.  The  mil¬ 
lers,  indeed,  ufually  reckon  on  two  pounds  of  lofs  ;  but 
we  can  fay,  with  the  utmoft  confidence,  that  the  ac¬ 
tual  lofs  is  rather  lefs  than  we  have  Bated  it.  A  cor- 
refpondert  of  ours,  on  whofe  accuracy  we  can  depend, 
weighed,  in  1795*  *wo  bufhels,  Winchefter  meafure, 
the  one  of  white  and  the  other  of  red  wheat,  and  found 
the  weight  of  them  both  to  be  122  lb.  This  wheat 
was  ground  by  his  own  fervants,  and  it  yielded  121-I 
pounds  of  meal,  fo  that  there  was  here  but  ~  lb.  loft  of 
two  bufheh,  or  of  122  lb.  in  grinding.  He  admits 
that  he  fuffered  the  ftones  to  turn  too  clofe,  and  that 
the  lofs  fhould  therefore  have  been  fomewhat  greater. 
The  meal  was  dreffed,  as  the  wheat  had  been  ground, 
under  his  own  eye  ;  and  every  poffible  precaution  being 
taken  to  prevent  his  being  deceived  in  the  refult,  he 
had  of  flour,  or  feconds ,  93-^  lb.  and  of  bran  and  pollard 
25I  lb.  ;  fo  that  he  loft,  of  two  bufhels,  but  2 1  lb.  both 
in  grinding  and  dreffing.  The  effal,  or  bran  and  pol¬ 
lard,  being  dreffed  in  a  bolting  mill,  yielded  as  follows : 

Sharps  -  6  lb.  o  oz. 

Fine  pollard  5  8 

Coarle  pollard  7  8 

Broad  bran  5  8 


Altogether  24  8 

There  was  loft,  therefore,  in  bolting,  only  one  pound  ; 
ard  of  the  (harps,  about  three  pounds,  if  fifted,  would 
have  been  good  flour.  Indeed  were  the  ft  arps  and  fine 
pollard  to  be  added  to  the  flour.,  the  bread  would,  per¬ 
haps,  be  better,  and  more  wholefome,  than  without 
fuch  addition.  From  thefe  data,  which  we  believe  to 
be  very  accurate,  it  will  be  tafy  to  calculate,  it  the 
price  of  wheat  be  given,  what  fhould  be  the  price  of 
flour  per  bufhel  and  peck,  the  price  of  bread  per  pound, 
and  the  quantity  of  bread  that  fhould  be  fold  for  a 
fhilling. 

It  is  a  faff,  however,  which  fhould  be  attended  to, 
that  loaves  are  not  always  of  the  fame  weight,  though 
made  of  equal  quantities  of  the  very  fame  dough.  This 
was  fully  afeertained  fome  years  ago  at  Paris.  On  a 
violent  complaint  that  the  bread  was  not  always  of  the 
fame  flandard  weight,  the  bakers  of  the  city  were  cal- 


Bread  of  Bice  might  occaflonally  be  of  great  ufe  m 
many  countries  during  a  fcarcity  of  wheat;  but  the 
method  of  making  it  is  not  generally  known.  It  is 
indeed  impoffible  to  make  bread  of  the  flour  of  rice, 
which  is  harfh  and  dry  like  fand  or  afhes,  by  treating  it 
in  the  manner  in  which  wheat-flour  is  commonly  treat¬ 
ed  ;  and  therefore  it  has  been  propofed  to  mix  it  with 
an  equal  quantity  of  the  flour  of  rye.  But  this  me¬ 
thod  of  uiing  the  flour  of  rice  is  a  very  uncertain  reme¬ 
dy  in  cafe  of  want ;  fmee  we  can  have  no  rice* bread 
if  we  have  not  rye.  We  are  taught,  however,  in  the 
Journal  des  Sciences ,  des  Lettres ,  et  des  Arts ,  how  to 
make  excellent  biead  from  rice  alone,  by  a  method 
which  the  author  of  the  memoir  fays  he  learned  from 
the  natives  of  America. 

According  to  this  method  of  making  the  wifhed-for 
bread,  the  firft  thing  to  be  done  to  the  rice  is,  to  re¬ 
duce  it  to  flour,  by  grinding  it  in  a  mill,  or,  if  we  have 
not  a  mill,  it  may  be  done  in  the  following  manner  ; 
Let  a  certain  quantity  of  water  be  heated  in  a  fauce- 
pan  or  caldron  ;  when  the  water  is  near  boiling,  let  the 
rice  we  mean  to  reduce  into  flour  be  thrown  into  it  : 
the  veffel  is  then  to  be  taken  off  the  Are,  and  the  rice 
left  to  foak  till  the  next  morning.  It  will  then  be  found 
at  the  bottom  of  the  water,  which  is  to  be  poured  off, 
and  the  rice  put  to  drain  upon  a  table  placed  in  an  in¬ 
clined  pofition.  When  it  is  dry,  it  muft  be  beat  to 
powder,  and  paffed  through  the  fineft  fieve  that  can  be 
procured. 

When  we  have  brought  the  rice  into  flour,  we  muff 
take  as  much  of  it  as  may  be  thought  neceffary,  and 
put  it  into  the  kneading-trough  in  which  bread  is  ge¬ 
nerally  made.  At  the  fame  time  we  muft  heat  fome 
water  in  a  faucepan  or  other  veffel,  and,  having  thrown 
into  it  fome  handfuls  of  rice,  we  muft  let  them  boil  to¬ 
gether  for  fome  time  :  the  quantity  of  rice  muft  be* 
fuch  as  to  render  the  water  very  thick  and  glutinous. 
When  this  glutinous  matter  is  a  little  cooled,  it  muft 
be  pomed  upon  the  rice-flour,  and  the  whole  muft  be 
well  kneaded  together,  adding  thereto  a  little  fait,  and 
a  proper  quantity  of  leaven.  We  are  then  to  cover  the 
dough  with  warm  cloths,  and  to  let  it  ftand  that  it 
may  rife.  During  the  fermentation,  this  pafte  (which,: 
when  kneaded,  muft  have  fuch  a  proportion  of  flour  as 
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to  render  It  pretty  firm)  becomes  To  foft  and  liquid 
„  that  it  Teems  impofiible  it  fliould  be  formed  into  bread. 
It  is  now  to  be  treated  as  follows : 

While  the  dough  is  rifing,  the  oven  mufl  be  heated; 
and,  when  it  is  of  a  proper  decree  of  heat,  we  mufl: 
take  a  flewpan  cf  tin,  or  copper  tinned,  to  which  is 
fixed  a  handle  of  iufkcient  length  to  reach  to  the  end 
of  the  oven.  A  little  water  mull  be  put  into  this  (lew- 
pan,  which  mud  then  be  filled  with  the  fermented  pafle, 
and  covered  with  cabbage  or  any  other  large  leaves  or 
with  a  fheet  of  paper.  When  this  is  done,  the  (lew- 
pan  is  to  be  put  into  the  oven,  and  pufhed  forward  to 
the  part  where  it  is  intended  the  bread  (hall  be  baked  ; 
it  mud  then  be  quickly  turned  upfide  down.  The 
heat  of  the  oven  a£is  upon  the  pafte  in  fuch  a  way  as 
to  prevent  its  fpreading,  and  keeps  it  in  the  form  the 
flewpan  has  given  it. 

In  this  manner  pure  rice-bread  may  be  made  ;  it 
comes  out  of  the  oven  of  a  fine  yellow  colour,  like  paf- 
try  which  has  yolk  of  eggs  over  it.  It  is  as  agreeable 
to  the  tafle  as  to  the  fight ;  and  may  be  made  ufe  of, 
like  wheat-bread,  to  put  into  broth,  &c.  It  mufl,  how¬ 
ever,  be  obferved,  that  ;t  lofes  its  goodnefs  very  much 
as  it  becomes  dale. 

It  may  be  here  remarked,  that  the  manner  in  which 
Indian  corn  is  ufed  in  fome  countries,  for  making  bread, 
can  only  produce  (and  does  in  fa&  produce)  very  bad 
dough,  and  of  courfe  very  bad  bread.  To  employ  it 
advantageoufly,  it  fhould  be  treated  like  rice  ;  and  it 
may  then  be  ufed,  not  only  for  making  bread,  but 
alfo  for  pa  (fry. 

BREWING  is  an  art  of  vaft  importance,  and  has 
accordingly  been  explained  in  the  Encyclopaedia  Bri- 
tannica.  A  few  improvements,  however,  have  been 
made  in  the  art,  which,  though  not  noticed  in  that 
Work,  feem  to  be  worthy  of  general  attention,  and, 
therefore,  to  deferve  a  place  in  this  Supplement.  The 
Aril,  of  which  we  fhall  give  an  account,  is  an  invention 
of  Mr  William  Ker  of  Kerjield>  in  the  county  of 
Tweedale,  for  the  faving  of  hops,  and,  at  the  fame 
time,  giving  to  the  liquor,  whether  ale,  beer,  or  porter, 
a  fuperior  flavour  and  quality. 

The  fleam  which  arifes  from  the  boiling  copper  is 
known  to  be  (lionoly  impregnated  with  the  effential 
oil  of  the  hops,  in  which  their  flavour  confllls.  In- 
ftead,  therefore,  of  allowing  it  to  efcape  and  evaporate, 
as  it  does  in  the  common  mode  of  brewing,  Mr  Ker 
contrives  to  preferve  and  condenfe  it,  by  means  of  a 
winding-pipe  Axed  to  the  copper,  flmilar  to  the  worm 
of  a  dill,  or  by  a  draight  pipe  pafling  through  cold 
water,  or  any  other  cooling  medium.  The  oil  arid  wa¬ 
ter,  thus  obtained,  are  returned  into  the  worts  when 
boiled,  or  the  oil,  after  being  feparated  from  the  water 
along  with  which  it  had  been  exhaled,  is  returned  into 
the  worts  after  they  are  boiled  ;  and  the  watery  part, 
which,  after  the  oil  is  feparated,  dill  continues  impreg¬ 
nated  with  the  aromatic  tade  and  bitter  of  the  hon,  Is 
returned  into  the  next  copper  or  boiling- veflel ;  and  fo 
on  from  one  copper  or  boiling- vefTel  into  another.  Bv 
this  procefs  a  confiderable  part  of  the  hop  and  flavour, 
which  is  led  in  the  ordinary  mode  of  brewing,  is  pre- 
ferved  :  the  flavour  or  the  liquor  is  improved  by  the 
prefervation  of  the  finer  parts  or  the  aromatic  oil ;  and 
the  ale  and  beer  are  better  feenred  from  any  tendency 
to  acidity  or  putrefaction,  and  therctore  mud  be  fitter 


for  home  confumption  and  exportation.  For  this  in-  Brewing, 
vention,  which  is  certainly  Ample,  and  we  think  ra- - ra¬ 

tional,  Mr  Ker  obtained  a  patent,  dated  March  4.  178S. 

On  the  4”h  of  June  17^0,  Mr  John  Long  of  Long. 

'ville,  in  the  county  of  Dublin ,  Ireland,  obtained  a  pa¬ 
tent  for  an  improvement  in  brewing,  refembling,  in  one 
particular,  this  invention  of  Mr  Ker’s.  To  his  inven¬ 
tion,  however,  he  gives  the  name  of  an  entire  new  me - 
thody  in  all  the  ejfential  parts ,  of  brewing  good  malt -li¬ 
quor  ;  and  therefore,  as  it  comprehends  the  whole  pro- 
cefs  of  brewing,  we  fliail  lay  it  before  our  readers  in 
the  words  of  its  author. 

“  *  •  For  the  better  extra&ing  from  malt,  place  near  a 
mafh  tun  a  (hallow  copper  or  other  veflel  that  will 
readily  heat  ;  the  curb  of  which  to  be  on  a  level  with 
the  tun,  and  to  contain  from  two  to  fix  hogfheads,  ac¬ 
cording  to  the  dimenfion  o:  the  tun,  mere  or  lefs  ;  and, 
at  the  lower  end  of  the  copper,  have  a  cock  from  two 
to  five  inches  diameter,  more  or  lefs,  to  condufl  the 
heated  liquor  from  the  copper  into  a  tube  which  paf- 
fes  down  the  external  part  of  the  tun,  and  enters  it 
through  an  aperture  about  fix  inches  from  the  bottom  5 
then  forming  two  revolutions,  more  or  lefs,  through  die 
body  of  ^  the  tun,  and  communicating  its  heat  to  the 
wort  as  it  paffes  through  the  tube  ;  and  then,  at  a  con¬ 
venient  diftance  from  the  place  it  firfl  entered,  it  runs 
from  the  tun  into  a  cillern  or  tub,  fituate  as  near  as 
convenient  to  the  copper  or  heating  veflel.  In  the  tub 
or  ciftern  is  to  be  placed  a  pump,  for  the  purpofe  of 
conveying  the  cooler  liquor  back  to  the  copper  or  heat- 
ing-veflcl  again  ;  there  to  receive  the  heat  of  208  de¬ 
crees,  more  or  lefs  (  which  it  will  require  after  the  firfl: 
half  hour),  and  then  convey  it  through  the  mafhing  tun 
as  before,  and  in  the  fame  manner,  as  long  as  the  work¬ 
ing  brewer  or  difliller  may  think  neceffary,  to  raife  the 
mafliing-tun  to  any  degree  of  heat  required.  By  ad¬ 
hering  to  the  foregoing  procefs,  the  firfl:  liquor  may, 
with  the  greateft  fafety,  be  let  upon  the  malt  from 
20  to  $0  degrees  lower  than  the  prefent  practice;  by 
which  means  it  operates  with  gentlenefs,  opens  and  ex¬ 
pands  the  male  and  raw  corn,  and  prepares  it  for  the 
reception  of  (harper  or  warmer  liquor,  fo  as  to  extrad 
the  whole  of  the  faccharine  quality  from  the  malt  and 
raw  coin.  By  the  foregoing  method,  the  mafhing  tun, 
inftead  of  lofmg  its  firfl  heat  (which  it  does  by  the 
prefent  pradlicy),  continues  to  increafe  in  heat  every* 
moment,  by  conveying  the  heated  liquor  through  the 
tube  into  the  tun ;  by  which  means,  at  the  end  of  two 
hours,  the  working  brewer  or  difliller  can  have  the  tun 
brought  to  any  degree  of  heat  he  (hall  think  belt  fuited 
to  the  different  qualities  cf  the  malt  or  raw  corn.  Per- 
fons  who  would  wifft  to  fave  expence,  may  heat  their 
mafhmg-tun  at  the  fide  or  bottom  by  a  large  piece  of 
metallic  fubffance  made  fire-proof,  and  fixed  therein  ; 
which,  in  fome  degree,  will  aniwer  the  end  propofed, 
but  with  great  trouble  and  delay. 

“2.  I  o  prevent  the  woit  from  receiving  a  difagree- 
able  flavour  while  in  the  under-back,  a  tube  mufl  be 
placed  at  the  cock  of  the  mafhiug.tun,  to  receive  the 
wort  as  it  comes  off,  and  convey  it  to  a  oreat  ciftern 
or  icfrigeratory,  which  is  fupplied  with  a  flream  of 
water.  The  wort,  pafling  through  that  medium  in  a 
fpiral  tube,  foon  lofes  that  heat  which  fo  otten  proves 
prejudicial  to  the  brewer  and  difliller  in  warm  weather : 
then  pafs  it  from  the  tube  into  a  veflel  in  which  pumps 
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arc  placed,  to  return  the  worts  Into  the  copper  for  the 
purpofe  of  boiling  off.  All  veffels  for  receiving  the 
cold  wort  mult  be  placed  lower  than  the  fource  whence 
the  wort  comes. 

“  3.  As  the  great  ebje#  of  long  boiling  the  wort  is 
remedied,  by  my  invention  of  taking  the  extra#  from 
the  hops  in  a  feparate  manner  from  the  worts,  I  boil 
my  worts  no  longer  than  from  15  to  20  minutes  ;  and, 
by  purfuing  that  method,  I  fave  much  time  and  fuel, 
and  regulate  my  lengths  accordingly. 

“  4.  I  tteep  my  hops,  the  preceding  day  to  which 
they  are  to  be  ufed,  in  a  copper  or  other  vefTel,  with 
as  much  fluid,  blood- warm,  as  will  cover  the  hops,  where 
it  is  to  remain  over  a  flow  fire  at  lead  14  hours,  clofe 
covered  ;  the  copper  at  the  tenth  hour  not  to  be  of  a 
greater  heat  than  175  degrees,  continuing  flow  until 
the  laft  hour.  Then  I  bring  the  copper  gradually  to 
a  fimmer  or  flow  boil  ;  in  which  {late  1  let  it  remain 
about  10  minutes,  and  then  run  off  the  fluid  ;  and  this 
I  do  at  the  fame  time  the  firft  wort  is  boiled  off,  that 
they  may  both  pafs  together  through  the  refrigeratory 
into  the  fermentation  or  working* tun.  After  the  fore-' 
going  operation,  l  cover  the  hops  again  with  other  li. 
quor,  and  bring  the  copper  to  boil  as  foon  as  conve¬ 
nient,  and  let  it  remain  in  that  ft  ate  a  confiderable 
time,  until  the  fecond  worts  are  boiled  off;  Then  I 
pafs  the  hop-fluid  with  the  wort,  the  fame  as  in  the 
firft  inflance  ;  and,  if  there  is  a  third  wort,  I  boil  my 
hops  a  third  time  with  fmali  woits,  and  pafs  it  off  as 
before  ;  by  which  means  I  gradually  obtain  the  whole 
of  the  effential  oil  and  pleafing  bitter  from  the  hops, 
which  is  effedtuaily  prtferved  in  the  beer. 

“  5.  To  cool  worts.  When  the  wort  is  boiled  off, 
it  is  conducted  from  the  cock  of  the  copper  or  boiler 
into  a  tube  of  a  proper  dimenfton,  which  paffes  the 
wort  from  the  cock  to  the  large  ciflern  or  refrigerate* 
ry,  and  there  performs  feveral  revolutions,  in  a  fpiral 
manner,  through  the  fame  tube  ;  which  is  immerfed  in 
conftant  fupply  of  cold  water,  where  it  lofes  the  greateft 
part  of  its  heat  in  a  fhort  time,  and  thence  continues  a 
ftraight  courfe  through  the  tube,  a  little  elevated  and 
of  a  fuitable  length,  placed  in  brick-work,  until  it  meets 
a  fmali  refrigeratory,  fupplied  with  colder  water  from  a 
refervoir  made  for  that  purpofe  at  the  head  of  the 
works ;  whence  a  continual  ftream  runs  on  the  furface 
of  the  tube  down  to  the  great  refrigeratory,  cooling 
the  wort  as  it  paffes,  in  order  to  enable  the  working 
brewer  or  diftiller  to  fend  it  into  the  backs  or  working- 
tuns  at  whatever  degree  of  heat  he  (hall  think  proper. 
There  isnootherdifference  between  brewer  and  diftiller  in 
this  procefs,  but  that  the  diftiller  immediately  paffes  the 
llrong  wort  from  the  mafhing-tun  to  the  back,  through 
the  fame  machinery  above  inferted,  and  the  tubes  may 
be  made  of  lead,  or  any  other  metallic  fubftance. 

“6.  To  enable  me  to  brew  in  the  warm  fummer 
months,  I  ftnk  my  backs  or  working-tuns  at  leaft  to  a 
level  with  the  ground,  but  if  deeper  the  better,  and 
cover  them  clofely  by  an  arch  made  of  bricks,  or  other 
materials,  that  will  totally  exclude  the  atmofpheric  air 
from  them.  I  place  them  as  near  as  poffible  to  a 
fpring  or  fand-drain,  as  their  depth  will  naturally  draw 
the  water  thence,  which  mufl  be  fo  contrived  as  to  pafs 
or  flow  round  the  backs  or  tuns.  I  then  introduce  a 
large  tube,  which  paffes  through  the  tuns,  and  keeps 
the  wort  feveral  degrees  lower  than  can  poffibly  be 
Suppl.  Vox,.  I.  Part  I# 
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done  by  the  prefent  pradllce  ;  by  which  means  I  can 
produce  a  complete  fermentation  even  In  the  (W-days 

Tfn  “ld  Wealher’  if  the  tun  and  backs 

Ihould  lofe  the  firft  heat,  intended  to  carry  It  through 
the  procels  by  the  foregoing  method,  you  may  convey 
a  iupply  of  warm  or  boding  water  by  the  tube,  which 
pafles  through  the  body  of  the  backs  or  tun,  communi¬ 
cating  its  heat,  which  rifes  to  any  degree  the  working 
brewer  ihall  think  proper:  by  purfuing  this  method,  in 
the  coldelt  leafon,  I  never  want  a  fermentation.” 

We  regret  that  we  cannot  with  propriety  ftate  to 
our  readers,  under  tills  article,  a  fummary  of  Mr  Rich- 
ardfon  of  Hull’s  Philofophhal  Principles  of  Bre-wir.z  , 
for  as  the  author  has  a  new  edition  of  his  work  in  the 
prefs,  it  is  our  duty  rather  to  refer  to  It,  than  to  quote 
irom  a  former  edition,  which  contains  not  his  laft  im¬ 
provements.  See  Fermentation  and  Malt,  in  this 
Supplement. 

[of  See  Sc0TALE  in  thi,:  Supplement. 

•  ‘  bCe  that  artlcle  (Encycl-)>  and  Arch 

in  this  Supplement.  A  vtWra- bridge,  of  large  fpan 

'  ^0llld  be  conftrufled  on  the  principles  explained  under 
the  title  Roof  (Encycl.)  See  atfo  Crntrf.  (Subbl. ) 

BRINDLEY  (James),  was  born  at  Tunfted,  in 
the  panfh  of  Wormhill,  Derbyfnire,  in  171  6.  His  fa- 
ther  was  a  fmali  freeholder,  who  diffipated  his  property 
in  company  and  Held  amufements,  and  negle#ed  his  fa¬ 
mily.  In  confequence,  young  Brindley  was  left  defti- 
tute  of  even  the  common  rudiments  of  education,  and 
till  the  age  of  1 7  was  cafually  employed  in  ruftic  la¬ 
bours.  At  that  period  he  bound  himfelf  apprentice  to 
one  Bennet,  a  mill- wright  at  Macclesfield,  in  Chefhire, 
where  his  mechanical  genius  prefently  developed  itfelf! 
The  matter  being  frequently  abfent,  the  apprentice  was 
often  left  for  v/eeks  together  to  finifh  pieces  of  works 
concerning  which  he  had  received  no  inftru#ion  ;  and 
Bennet,  on  his  return,  was  often  greatly  aftonifhed  to 
fee  improvements  in  various  parts  of  mechanifm,  of 
which  he  had  no  previous  conception.  It  was  not  lone- 
before  the  millers  diicoveied  Brindley’s  merits,  and  pr<> 
ferred  him  in  the  execution  of  their  orders  to  the  maf- 
ter  or  any  other  workman.  At  the  expiration  of  hia 
fervitude,  Bennet  being  grown  into  years,  he  took  the 
management  of  the  buftnels  upon  himfelf,  and  by  his 
{kill  and  induitry  contributed  to  fupport  his  old  matter 
and  his  family  in  a  comfortable  manner. 

In  proccfs  of  time  Brindley  fet  up  as  a  mill-wright 
on  his  own  account ;  and  by  a  number  of  new  and  in¬ 
genious.  contrivances  greatly  improved  that  branch  of 
mechanics,  and  acquired  a  high  reputation  in  the  neigh¬ 
bourhood.  His  fame  extending  to  a  wider  circle,  he 
was  employed,  in  1752,  to  ere#  a  water-engine  at  Clif¬ 
ton,  in  Lancafhire,  for  the  purpofe  of  draining  fome  coal 
mines.  Here  he  gave  an  eflay  of  his  abilities  in  a  kind 
of  work  for  which  he  was  afterwards  fo  much  diftin- 
guifhed,  driving  a  tunnel  under  ground  through  a  rock 
nearly  600  yards  in  length,  by  which  water  was  brought 
out  of  the  Irwell  for  the  purpofe  of  turning  a  wheel 
fixed  30  feet  below  the  furface  of  the  earth.  In  1755- 
he  was  employed  to  execute  the  larger  wheels  for  aftlk 
mill  at  Congleton  ;  and  another  perfon,  who  was  enga¬ 
ged  to  make  other  parts  of  the  machinery,  and  to  fu- 
perintend  the  whole,  proving  incapable  of  completing 
the  work,  the  bufinefs  was  entirely  committed  to  Brind¬ 
ley  ;  who  not  only  executed  the  original  plan  in  a  maf- 
P  terly 
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BrHdIey.  terly  manner,  but  made  the  addition  of  many  curious 

!~~~v - anti  valuable  improvements,  as  well  in  the  coritrnaion 

of  the  engine  itfelf,  as  in  the  method  of  making  the 
wheels  and  pinions  belonging  to  it.  About  this  time, 
too,  the  mills  for  grinding  flints  in  the  Staffordfhire 
potteries  received  various  ufeful  improvements  from  his 
ingenuity. 

In  the  year  1756  he  undertook  to  ereft  a  fleam  en¬ 
gine,  upon  a  new  plan,  at  Newcaftle-nnder-Line  ;  and 
he  was,  for  a  time,  very  intent  upon  a  variety  of  con¬ 
trivances  for  improving  this  ufeful  piece  of  mechanilm. 
But  from  thefe  defigns  he  was,  happily  for  the  public, 
called  away  to  take  the  lead  in  what  the  event  has  pro¬ 
ved  to  be  a  national  concern  of  capital  importance — the 
proje&ing  the  fyflem  of  canal  navigation.  The  Duke 
of  Bridgewater,  who  had  formed  his  defign  of  carrying 
a  canal  from  his  coal-works  at  Worfley  to  Manchefter, 
was  induced  by  the  reputation  of  Mr  Brindley  to  confult 
him  on  the  execution  of  it  ;  and  having  the  fagacity 
to  perceive,  and  ftrength  of  mind  to  confide  in,  the  ori¬ 
ginal  and  commanding  abilities  of  this  felf  taught  ge¬ 
nius,  he  committed  to  him  the  management  of  the  ar¬ 
duous  undertaking.  The  nature  of  this  enterprife  has 
already  been  defcribed  ( EncycL  vol.  IV.  p  80  )  ;  it  is 
enough  here  to  mention,  that  Mr  Brindley,  from  the 
very  firft,  adopted  thofe  leading  principles,  in  the  pro¬ 
jecting  of  thtfe  works,  which  he  ever  after  adhered  to, 
and  in  which  he  has  been  imitated  by  all  fucceeding 
artifls.  To  preferVe  as  much  as  poffible  the  level  of  his 
canals,  and  to  avoid  the  mixture  and  interference  of  all 
natural  dreams,  were  objects  at  which  he  conftantly 
aimed.  To  accomplifh  thefe,  no  labour  or  expence 
was  fpared  ;  and  his  genius  feemed  to  delight  in  over¬ 
coming  all  obdacles  by  the  difcovery  of  new  and  ex¬ 
traordinary  contrivances. 

The  mod  experienced  engineers  upon  former  fyftems 
were  amazed  and  confounded  at  his  proje&s  of  aque¬ 
duct  bridges  over  navigable  rivers,  mounds  acrofs  deep 
valleys,  and  fubterraneous  tunnels  ;  nor  could  they  be¬ 
lieve  in  the  practicability  of  fome  of  thefe  fchemes  till 
they  law  them  effected.  Trv  the  execution^  the  ideas 
he  followed  were  all  his  own  ;  and  the  minuted,  as  well 
as  the  greated,  of  the  expedients  he  employed,  bore  the 
damp  of  originality.  Every  man  of  genius  is  an  en- 
thufiad.  Mr  Brindley  was  an  enthufiad  in  favour  of 
the  fuperiority  of  canal  navigations  above  thofe  of  ri¬ 
vers  ;  and  this  triumph  of  art  over  nature  led  him  to 
view  with  a  fort  of  contempt  the  winding  dream,  in 
which  the  lover  of  rural  beauty  fo  much  delights.  This 
fentiment  he  is  laid  to  have  expreffed  in  a  Itriking  man¬ 
ner  at  an  examination  before  a  committee  of  the  Houfe 
of  Commons,  when,  on  being  afkcd,  after  having  made 
fome  contemptuous  remarks  relative  to  rivers,  what  he 
conceived  they  were  created  for  ?  he  anfvvered,  “  to  feed 
navigable  canals.”  A  direCt  rivalry  with  the  naviga¬ 
tion  of  the  Irweli  and  Merfey  was  the  bold  enterprize 
of  his  fird  great  canal ;  and  fmce  the  fuccefs  of  that 
defign,  it  has  become  common,  all  over  the  kingdom, 
to  tee  canals  accompanying,  with  infulting  parallel,  the 
courfe  of  navigable  nvers. 

Alter  the  fuccefsful  execution  of  the  Duke  of  Bridge¬ 
water’s  canal  to  the  Merfey,  Mr  Brindley  was  employ¬ 
ed  in  the  revived  defign  of  carrying  a  canal  from  that 
river  to  the  Trent,  through  the  counties  of  Cheder  and 
Stafford*  This  undertaking  commenced  in  the  year 
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1766 ;  and  from  the  great  ideas  it  opened  to  the  mind  Brindley 
of  its  conductor,  of  a  fcheme  of  inland  navigation  which 
fhould  connect  all  the  internal  parts  of  England  with 
each  other,  and  with  the  principal  fea-ports,  by  means 
of  branches  from  this  main  dem,  he  gave  it  the  empha- 
tical  name  of  the  grand  trunk .  In  executing  this,  he 

was  called  upon  to  employ  all  the  refources  of  his  in¬ 
vention,  on  account  of  the  inequality  and  various  na¬ 
ture  of  the  ground  to  be  cut  through  :  in  particular, 
the  hill  of  Harecadle,  which  was  only  to  be  paffed  by 
a  tunnel  of  great  length,  bored  through  drata  of  dif¬ 
ferent  confi deucy,  and  fome  of  them  mere  quickfand, 
proved  to  he  a  mod  difficult,  as  well  as  expenfive, 
pbdacle,  which,  however,  lie  completely  furmourued. 

While  this  was  carrying  or.,  a  branch  from  the  grand 
trunk,  to  join  the  Severn  near  Bewdley,  was  committed 
to  his  management,  and  was  fmifhed  in  1772.  Ide  alfo- 
executed  a  canal  fiom  Droit wicli  to  the  Severn  ;  and 
he  planned  the  Coventry  canal,  and  for  fome  time  fu- 
perintended  its  execution  ;  but  on  account  of  fome  dif¬ 
ference  in  opinion  lie  religned  that  office.  The  Clief- 
terfield  canal  was  the  lad  undertaking  of  the  kind  which 
he  conduced,  but  he  only  lived  to  finiffi  fome  miles  of 
it.  There  was,  however,  fcarcely  any  defign  of  canal- 
navigation  fet  on  foot  in  the  kingdom,  during  the  lat¬ 
ter  years  of  his  life,  in  which  he  was  not  confulted, 
and  the  plan  of  which  he  did  not  either  entirely  form, 
or  revife  and  improve.  All  thefe  it  is  needlcfs  to  enu¬ 
merate  ;  but,  as  an  indance  of  the  vadnefs  of  his  ideas, 
it  may  be  mentioned,  that,  on  planning  a  canal  from  Li¬ 
verpool  to  join  that  of  the  duke  of  Bridgewater  at 
Runcorn,  it  was  part  of  Ills  intention  to  carry  it,  by  an 
aqueduct  bridge,  acrofs  the  Merfey,  at  Runcorn  Gap, 
a  place  where  a  tide,  fometimes  rifing  fourteen  feet,  rufhes 
with  great  rapidity  through  a  fudden  contraction  of  the 
channel.  As  a  mechanic  and  engineer,  he  was  like- 
wife  confulted  on  other  occafions  ;  as  with  refpeCt  to 
the  draining  of  the  low  lands  in  different  parts  of  Lin- 
colnfhire  and  the  I  fie  of  Ely,  and  to  the  clean  fing  of 
the  docks  of  Liverpool  from  mud.  He  pointed  out  a 
method,  which  has  been  fuccefsfully  praCtifed,  of  build¬ 
ing  fea-walls  without  mortar  ;  and  lie  was  the  author 
of  a  very  ingenious  improvement  of  the  machine  for 
drawing  water  out  of  mines  by  the  contrivance  of  a  lo- 
£ng  and  a  gaining  bucket. 

The  intenfity  of  application  which  all  his  various  and 
complicated  employments  required,  probably  fhortened 
his  days ;  as  the  number  of  his  undertakings,  in  fome 
degree,  impaired  his  uftfuliiefs.  He  fell  into  a  kind 
chronic  fever,  which,  after  continuing  fome  years,  with 
little  intermiffion,  at  length  wore  out  his  irame,  and 
put  a  period  to  his  life  on  September  27.  1772,  in  the 
,  56th  year  of  his  age.  He  died  at  Tunhurtt,  in  Staf* 
fordfhire,  and  was  buried  at  New  Chapel  in  the  fame 
county. 

In  appearance  and  manners,  as  well  as  in  acquire¬ 
ment,  Mr  Brindley  was  a  mere  pe  dant.  Unlettered, 
and  rude  of  fpeech,  it  was  eafier  for  him  to  devife 
means  for  executing  a  defign  than  to  communicate  his 
ideas  concerning  it  to  others.  Formed  by  nature  for 
the  profeffion  he  affumed,  it  was  there  alone  that  he  < 
was  in  his  proper  element;  and  fo  occupied  was  hia 
mind  with  his  bufmefs,  that  lie  was  incapable  of  relax¬ 
ing  in  any  of  the  common  amufements  of  life.  As  he 
had  not  the  ideas  of  other  men  to  affift  him,  whenever 

a  point 
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\to#ft  £  point  of  difficulty  in  contrivance  occurred,  it  was  bis 
dTot.  cuftom  to  retire  to  his  bed,  where,  in  perfect  folitude, 
v  he  would  He  for  one,  two,  or  three  days,  pondering  the 
matter  in  his  mind  till  the  requifite  expedient  had  pre¬ 
sented  itfelf.  This  is  that  true  infpiration  which  poets 
have  almoft  exclufively  arrogated  to  themfelyeSj  but 
which  men  of  original  genius  in  eveiy  walk  are  actua¬ 
ted  by,  when,  from  the  operation  of  the  mind  acting 
upon  itfelf,  without  the  intrufion  of  foreign  notions, 
they  create  and  invent. 

A  remarkably  letentive  memory  was  one  of  the  ef- 
fential  qualities  which  Mr  Brindley  brought  to  his  men¬ 
tal  operations.  This  enabled  him  to  execute  all  the 
parts  of  the  moft  complex  machine  in  due  order,  with¬ 
out  any  help  of  models  or  drawings,  provided  he  had 
once  accurately  fettled  the  whole  plan  in  his  mind.  In 
his  calculations  of  the  powers  of  machines,  he  followed 
a  plan  peculiar  to  himfelf ;  but,  indeed,  the  only  one 
he  could  follow  without  inftrudlion  in  the  rules  of  art. 
He  would  work  the  queftion  fome  time  in  his  head, 
and  then  fet  down  the  refult  in  figures.  Then  taking 
it  up  in  this  ftage,  he  would  again  proceed  by  a  mental 
operation  to  another  reiult ;  and  thus  he  would  go  on 
by  ftages  till  the  whole  was  finifhed,  only  making  ufe 
of  figures  to  mark  the  feveral  refults  of  his  operations. 
But  though,  by  the  wonderful  powers  of  native  genius, 
he  was  thus  enabled  to  get  over  his  want  of  artificial 
method  to  a  certain  degree,  yet  there  is  no  doubt  that 
when  his  concerns  became  extremely  complicated,  with 
accounts  of  various  kinds  to  keep,  and  calculations  of 
all  forts  to  form,  he  could  not  avoid  that  perplexity 
and  embarraffment  which  a  readinefs  in  the  proceftes 
carried  on  by  pen  and  paper  can  alone  obviate.  His 
eftimates  of  expence  have  generally  proved  wide  of  rea¬ 
lity  ;  and  he  feems  to  have  been  better  qualified  to  be 
the  contriver,  than  the  manager,  of  a  great  defign.  His 
moral  qualities  were,  however,  highly  refpe&able.  He 
was  far  above  envy  and  jealoufy,  and  freely  communi¬ 
cated  his  improvements  to  perfons  capable  of  receiving 
and  executing  them  ;  taking  a  liberal  fatisfa&ion  in 
forming  a  new  generation  of  engineers  able  to  proceed 
with  the  great  plans  in  the  fuccefs  of  which  he  w£s  fo 
deeply  interefted.  His  integrity  and  regard  to  the  ad¬ 
vantage  of  his  employers  were  unimpeachable.  In  fine, 
the  name  of  Brindley  will  ever  keep  a  place  among  that 
fmall  number  of  mankind  who  form  eras  in  the  art  or 
fcience  to  which  they  devote  themfelves,  by  a  large  and 
durable  extenfion  of  its  limits. 

BR1SSOT  (J.  P.),  aded  fo  confpicuous  a  part  in 
the  French  revolution,  that  a  fair  detail  of  the  principal 
events  of  his  life  would  undoubtedly  be  acceptable  to  all 
our  readeis.  A  fair  detail,  however,  of  fuch  a  life,  we 
believe  it  impoflible  at  prefent  to  give  ;  for  characters 
like  Brifiot’s  are  almoft;  always  mifreprefented  both  by 
their  friends  and  by  their  enemies;  and  till  the  troubles 
which  they  have  excited,  or  in  which  they  have  been 
engaged,  have  long  fubhded,  the  impartial  truth  is  no¬ 
where  to  be  found. 

In  a  fulfome  panegyric,  tinder  the  denomination  of 
The  Life  of  J A  Brijfot ,  faid  to  be  written  by  himfelf, 
we  are  told,  that  he  was  born  January  14.  1754;  and 
that  his  father  was  a  traiteur ,  or  “  the  keeper  of  an 
eating-hoiife,”  but  in  what  place  we  are  not  informed. 
Our  author,  however,  aflbres  us,  that  the  old  man  was 
in  eafy  circumflances,  and  that  he  employed  all  the 
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means  refulting  from  them  to  give  to  his  numerous  fa-  Btiffbt, 
mily  a  good  education.  The  fubjedi  of  this  memoir  — v™ 
was  intended  for  the  bar  ;  but  not  rtliftmig  the  fh idles 
neceffiiry  to  fit  him  for  the  proftftiun  of  the  law,  or  if 
we  choofe  to  believe  him,  having  a  mmd  too  pure  and 
upright  for  the  ftudy  of  chicane ,  he  relinquiftied  the  pur- 
fuit  after  five  years  of  drudgery! 

To  relieve  his  wearinefs  and  difguft,  he  applied  him¬ 
felf,  he  fays,  to  literature  and  the  iciences  The  ftudy 
of  the  languages  was  above  all  others  his  favourite  pur- 
fuit.  Chance  brought  him  acquainted  with  two  Eng- 
lifhmen  011  their  travels  through  France  :  he  learned 
their  language  ;  and  this  circumftance,  lie  tells  us,  de¬ 
cided  his  fate. 

u  It  was  at  the  commencement  of  my  pafiion  for 
that  language  (continues  he)  that  I  made  the  meta- 
niorphoiis  of  a  diphthong  in  my  name,  which  has  fince 
been  imputed  to  me  as  fo  heinous  a  crime.  Born  the 
thirteenth  child  of  my  family,  and  the  fccond  of  my 
brothers  in  it,  I  bore,  for  the  fake  of  diftindticn.  ac¬ 
cording  to  the  cuftom  of  Beauce,  the  name  of  a  village 
in  which  my  father  pofTeffed  fome  landed  property. 

This  village  was  called  Ouarville ,  and  Ouarville  became 
the  name  by  which  I  was  known  in  my  own  country. 

A  fancy  ftruck  me  that  J  would  caft  an  Englifh  air  up¬ 
on  my  name;  and  accordingly  1  fubftituted,  in  the  place 
of  the  French  diphthong  ou>  the  w  of  the  Englifh, 
which  has  prcciiely  the  iarr.e  found  ”  For  this  pue¬ 
rile  affectation,  which  was  certainly  not  criminal,  he 
juftifies  himfelf  by.  the  example  of  the  literati  of  the 
j6th  and  17th  centuries,  who  made  no  fc rr.pl e  ot  Gre- 
cifmg  and  Latinifing  their  appellatives. 

Having  profecuted  his  lludies  for  two  years,  he  had 
an  application  from  the  Englifh  proprietor  of  a  paoer 
then  much  in  circulation,  and  intitled  Le  Courier  dt 
V Europe,  This  man  having  drawn  upon  himfelf  an  at¬ 
tack  from  government,  felt  and  yielded  to  the  ueceftity 
of  printing  his  paper  at  Boulogne  fur-mer.  It  was  his 
wifh  to  render  it  interefting  to  the  French  in  the  ciepait- 
ment  of  mifcellaneous  intelligence  ;  which  he  therefore 
wifhed  to  fubrnit  to  the  luperintendency  and  arrangement 
of  Brifiot,  who  reprefents  himfelf  as  for  fome  moments 
hefitating.  The  profeffion  of  a  journalift,  fubjedl  to  a  li- 
cenler,  was  repugnant  to  his  principles  ;  yet  it  feenred 
his  independence,  and  put  into  his  power  the  means  of 
profecuting  an  inveftigation  of  conftitutions  and  of  the 
fciences.  After  fome  ridiculous  rtafomng  from  the  ori¬ 
ginal  ftations  of  Bayle,  Pojlel,  and  Roujjeau,  he  at  laft: 
accepted  of  the  employment,  and  became  enamoured 
of  it,  “  becaufe  (fays  he)  it  enabled  me  to  ferve  talents 
and  virtue,  and,  as  it  were,  to  inoculate  the  French  with 
the  principles  of  the  Englifh  conltitution. 

This  employment,  however,  did  not  laft  for  any 
length  of  time.  The  plan  of  the  proprietor  of  the  Cou¬ 
rier  was  overthrown  by  admin iftrat ion,  and  Briftot  quit¬ 
ted  Boulogne  to  return  to  his  firft  ftudie?.  Having  in¬ 
formed  us  of  this  fadl,  he  makes  an  extravagant  pre¬ 
tence  to  nnfullied  virtue,  and  calls  upon  the  inhabitants 
of  the  city  which  he  had  left  to  bear  wiintfs,  not  only 
that  he  had  no  vices,  but  that  he  had  not  even  the  f  eds 
of  any  one  of  the  vices  which  his  adverfaries,  it  items, 
had  laid  to  his  charge. 

k<  Donbtlefs  (lays  he),  too  eager  to  pubh'fh  my  ideas, 

I  conceived  that  the  proper  moment  had  arrived,  and1  I 
felt  an  inclination  to  commence  with  an  important  work. 

P  2  lie vi  king. 
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Revolting,  from  the  very  inftant  of  my  beginning  to  re¬ 
flet,  agamft  religious  and  political  tyranny,  I  folemnly 
protefted,  that  thenceforward  I  would  confecrate  my 
whole  life  to  their  extirpation.  Religious  tyranny  had 
fallen  under  the  redoubled  ftrokes  of  Rouffeau,  ofVol* 
taire,  of  Diderot,  and  of  D’Alembert.  It  became  ne- 
cefTary  to  attack  the  fecond  and  this  was  a  talk 
which  the  vanity  of  BrifFot  led  him  to  confider  as  refer¬ 
red  for  him. 

What  Voltaire  and  his  friends  meant  by  religious  ty¬ 
ranny,  and  how  they  conduced  their  attacks  againft  it, 
are  matters,  alas !  too  well  known  to  all  Europe ;  and 
as  our  author  chofe  thefe  philofophers  for  his  guides, 
we  might  infer,  without  much  degree  of  miftake,  what 
he  underflood  by  political  tyranny,  and  by  what  means 
he  meditated  its  extirpation.  But  he  has  not  left  us 
to  make  this  difcovery  by  inference. 

“  It  became  neceffary  (fays  he)  to  break  in  pieces 
the  political  idol,  which,  under  the  name  of  monarchy , 
pradlifed  the  mod  violent  defpotifm  ;  but  to  attack  it 
openly,  was  to  expofe  the  affailant  without  the  poffibili- 
ty  of  ferving  mankind.  It  was  by  a  fide  blow  that  it 
was  to  be  wounded  mod  effe dually and  therefore  he 
refolved  to  begin  his  operations  by  attacking  fome  of 
thofe  abnfes  whi£h  might  be  reformed  without  apparent¬ 
ly  fhaking  the  authority  of  the  prince. 

Our  readers,  at  leaf!  the  fober  part  of  them,  will  pro¬ 
bably  think,  that  this  mode  of  attack  is  not  peculiar  to 
Brifibt,  but  that  it  has  been  pradfifed,  or  attempted  to 
be  put  in  pra&ice,  by  afpiring  demagogues  in  all  ages 
and  countries,  who  have  uniformly  begun  their  career 
of  innovation  by  exciting  the  public  mind  againft  thofs 
abufes  in  government,  of  which  the  exiftence  cannot 
wholly  be  denied.  The  fubje£V  to  which  our  author 
thought  fit  to  call  the  attention  of  his  countrymen,  was 
the  criminal  jurifprudence  i  a  fubjedt,  fays  he,  which, 
with  the  exception  of  fome  paiticulars  that  had  been 
fuccefsfully  inveftigated  by  Beccaria  and  Servan,  no 
writer  had  thoroughly  confidered  in  a  philofophical  point 
of  view.  Thinking  himfelf  fully  equal  to  this  talk,  he 
"drew  up  a  general  plan  ;  and  in  the  year  1780  publifh 
ed  his  Theory  of  Criminal  Laws,  in  twovols  8vo.  This 
work,  favourably  received  by  foreigners,  applauded  by 
fome  journalifts,  and  pulled  to  pieces  by  others,  procu 
red  him  the  friendfhip  of  the  warmeft  advocates  for  hu¬ 
man  liberty-  in  whofe  opinion  the  defcdls  of  his  plan 
were  highly  pardonable,  on  account  of  the  energy  com 
fpicuous  in  his  remarks.  This  publication  was  foon 
followed  by  two  difcourfes  which  gained  the  prize  in 
1782  at  the  academy  of  Chaions-fur-Marne  ;  the  one 
upon  the  reform  of  the  criminal  laws,  and  the  other  on 
the  reparation  due  to  innocent  perfons  unjuftly  accufed. 

It  is  natural  to  fuppofe  that  the  government  beheld 
with  an  evil  eye  thefe  writings,  which,  under  pretext 
of  dragging  into  light  the  abu'es  of  the  criminal  laws, 
infmuated  dangerous  principles  on  the  nature  of  govern¬ 
ment  in  general. 

His  next  work  was  inti  tied,  A  Philofophical  Library 
cf  the  Criminal  Laws ,  in  10  vols  ;  the  true  objedl  of 
which  was  to  diffeminate  in  France  thofe  principles  of 
liberty  which  guided  the  Englifh  and  the  Americans  in 
framing  and  expounding  their  laws. 

But  the  ftudy  of  legiftation  and  politics  had  not  en¬ 
tirely  drawn  him  off  from  that  of  other  fciences  ;  fuch 
as  chcmiftry,  phyfics,  anatomy,  theology,  &c.  Thefe 


he  conftantly  cultivated  with  ardour;  blit  acknowledges  Bri 
that  in  each  he  met  with  obfcurities,  and  that  in  every  — — * 
quarter  truth  efcaped  from  his  refearches.  He  there¬ 
fore  fat  down  to  inveftigate  the  nature  of  truth,  and 
the  proper  method  of  attaining  to  it  in  every  depart¬ 
ment  of  refearch  ;  and  the  refult  of  his  labours  was  a 
kind  of  novum  organum>  by  which  he  fee  ms  to  have  ex¬ 
pelled  that  Bacon’s  work  would  be  buried  in  oblivion  ; 
and  co  this  important  volume  he  gave  the  title  of  Con¬ 
cerning  Truth  ;  or,  Thoughts  on  the  Means  of  attaining 
Truth  in  all  the  Branches  of  Human  Knowledge.  This 
volume  was  meant  as  nothing  more  than  the  introduc¬ 
tion  to  a  greater  work,  in  which  lie  propofed  to  invefti- 
gate  what  is  certain  in  knowledge  and  what  doubtful r 
apd  then  to  ftrike  the  balance  of  the  account. 

He  was  prevented,  however,  from  completing  his 
plan,  which  he  regrets  exceedingly ;  for,  as  he  affirms, 
with  becoming  modejly ,  his  work  would  certainly  have 
amended  its  readers  !  But  the  French  government  hap¬ 
pened  to  think  otherwife  ;  his  aim,  which,  lie  fays,  was 
to  lead  mankind  to  reflect  on  their  rights,  was  perceived, 
and  he  was  accufed  to  the  minifter  as  a  feditious  writer.. 

The  career  of  genius  was  Popped  by  the  dread  of  the 
Baftile  ;  and  he  was  obliged  to  take  refuge  in  London.. 
There  it  was  his  wifh  to  create  a  univetfcil  confederation 
of  the  friends  of  liberty  and  truth ,  and  to  eftablifh  a 
centre  of  correfpondence  and  union  with  the  learned  and 
the  politicians  of  Europe.  This  dark  deiign,  however* 
was-  fruflrated  by  the  treachery,  as  it  would  appear,  of 
his  aflociates,  who  had  bound  themfelves,  he  fays,  by 
the  moft  facred  oaths ,  to  affift  him,  and  had  offered  to 
ftgn  articles  even  with  their  own  blood . 

Finding  himfelf  unable  to  proceed  dire&ly  to  the  ob- 
je&  which  he  had  in  view,  he  refolved  to  enlighten  his. 
countrymen  gradually,  and  to  begin  with  exciting  their 
love  and  admiration  or  the  Englifh  conflitution.  That 
conflitution,  which  he  had  inveftigated  on  the  fpot,  ap¬ 
peared  to  him  a  model  for  thofe  focieties  which  were 
defirous  of  changing  their  form  of  government.  It  was 
but  little  known,  he  fays,  in  France  (the  work  of  De 
Lolme  being  at  that  time  only  in  the  hands  oc  the  learn¬ 
ed)  ;  and  to  make  it  known  was  to  make  it  beloved,  was 
to  render  it  defired.  But  the  French  miniflers  flood 
upon  their  guard,  and  it  became  neceffary  to  deceive 
them.  He  refolved  therefore  to  bring  forward  a  jour¬ 
nal,  written  actually  in  London,  and  profeffing  to  con¬ 
tain  only  a  defcription  of  the  fciences  and  arts  of  England *, 
whilft  the  greater  part  of  it  was  to  be  occupied  in  rea¬ 
lity  by  an  inveftigation  of  the  Eng/i/h  conflitution. 

After  many  difficulties,  the  miniftry  granted  a  privi¬ 
lege  for  this  journal,  being  publifhed  in  London,  to  be 
reprinted  in  Paris;  and  it  firll  appeared  in  1784.  “  In 
the  twelve  numbers  which  have  been  publiftied  (fay3 
the  author),  the  friends  of  liberty  muft  have  perceived* 
that  if,  on  the  one  fide,  I  endeavoured  to  inculcate  more 
juft  ideas  than  had  hitherto  been  entertained  concerning 
this  celebrated  ifland  ;  fo,  on  the  other,  I  refolutely, 
made  my  advances  toward  that  important  end  which  has 
perpetually  prefided  over  all  my  labours,  the  univerfal 
emancipation  of  mend9 

His  affairs  calling  him  at  this  time  to  Paris,  he  was 
arrefted  and  conveyed  to  the  Baftile  on  the  1 2th  o£ 

July  1784.  In  this  condu£l  of  the  government  we 
cannot  perceive  any  thing  very  tyrannica’*  or  arbitrary* 
fince  he  copfefTes,  that,  ia  the  16th  page  of  the  firfl 

number 
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number  of  his  Journal,  he  had  fuffercd  fhe  fecret  andfa- 
u  vourite  aim ,  which  always  guided  his  pen,  to  become 
difcernible.  He  was,  however,  difcharged  from  prifon 
on  the  sth  of  September,  and  returned  with  increafed 
zeal  to  his  former  employments. 

“  This  perfecution  (fays  he),  far  r!t)m  extincuifhing 
the  ardour  or  my  wifhes  to  inculcate  the  principles  of 
freedom,  ferved  only  to  inflair.e  it  the  more.”  Accoid- 
iaglv,  in  1785,  he  publifhed  two  letters  to  the  Empe¬ 
ror  Jofeph  II.  concerning-  the  right  of  emigration ,  and  the 
right  of  people  to  revolt .  The  full  of  thefe  letters, 
which,  though  well  known  in  Germany,  were  in  France 
fiippreffed  by  the  police ,  'was  occafioned  by  what  the  ^ 
author  calls  the  ridiculous  and  barbarous  edidl  againft 
emigration  ;  and  the  fecond  by  the  punifhment  of  Ho- 
riah  the  chief  of  the  Walachian  infurgents.  In  this  laft 
letter  he  lays  it  down  as  a  maxim,  that  all  people  under 
fucli  a  government  as  that  of  the  Walachians ,  have  from 
nature  a  facred  right  to  revolt,  a  ri  *ht  which  they  can 
and  ought  to  exercife.  In  the  fame  fpirit  he  brought 
out,  in  1786,  his  Philofophical  Letters  on  the  Hiftory 
of  England,  in  2  vols,  and  A  Critical  Examination  of 
the  Travels  of  the  Marqiiis  de  ChattUeux  in  North 
America 


The  French  revolution  appearing *to  him  extremely 
diflant,  notwithftanding  all  his  efforts  to  haften  it,  he 
reiolvtd  to  leave  France  for  the  purpofe  of  fettling  in 
America.  His  project  received  the  approbation  of  fe- 
veral,  whole  fentiments  were  congenial  with  his  own. 
But  as  it  was  thought  imprudent  to  tranfport  numerous 
families  to  a  count ly  fo  far  off,  without  thoroughly 
knowing  it,  Briffot  was  engaged  to  proceed  thither,  to 
examine  the  different  places,  to  obferve  the  inhabitants, 
and  to  difeover  w  here  and  in  what  manner  the  eftablifh- 
ment  they  had  propofed  might  be  moft  advant.ageoufly 
fixed.  He  had  fome  time  before  inflituted  a  fociety  at 
Paris  for  accomplifhing  the  abolitionof  the  negro  trade, 
and  for  fioftenin?  the  condition  of  the  flaves.  At  the 
period  of  his  departure,  this  foe  iety*  confided  of  a  con¬ 
siderable  number  of  diflinguifhed  members,  and  he  was 
commiffioned  to  carry  the  firff  fruits  of  their  labours  to 
America.  His  ftay  there,  however,  was  not  fo  long  as 
he  was  defirous  of  making  it.  In  the  beginning  of 
1789  he  was  recalled  by  the  news  of  the  French  revo¬ 
lution,  which  he  conceived  might  probably  produce  a 
change  in  his  own  meafures  and  in  thole  of  his  friends. 
This  idea,  added  to  other  circum fiances,  accelerated  his 
return.  The  fire  had  blazed  forth  in  his  native  coun- 
try.  **  Hope  (fays  he)  animated  every  heart  ;  the  moft 
diflinguifhed  champions  had  engaged  in  the  conteff  ;  I 
too  became  defirous  to  break  a  lance,  and  I  publifhed 
my  Plan  of  Conduct  for  the  Deputies  of  the  Peopled 9 
Phis,  and  other  works  of  a  iimilar  kind,  of  which  he 
loudly  boafts  the  merits,  railed  him  high  in  the  favour 
of  the  republican  part  of  the  nation,  and  he  became 
prefident  of  his  diftridt  ;  where  he  a£ted,  according  to 
his  own  account,  with  great  uprightnefs  in  the  munici¬ 
pality.  in  the  firff  committee  of  enquiries,  and  as  an 
elector.  At  lafl  he  became  a  member,  firff  of  the  Na¬ 
tional  Affembly >9  and,  after  its  diffolution,  of  the  Sangui¬ 
nary  Convention  ;  and  by  fome  means  or  other  got  to 
be  the  leader  of  a  party  called  fometimes  the  Girondijls, 
and  fometimes  the  Briffotines .  From  that  period  the 
principal  events  of  his  life  were  involved  with  the  pub¬ 
lic  tranfa&ionj  of  the  nation,  of  which  we  have  given 
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an  account  in  the  Encyclopaedia  under  the  title  Revo- 
lueton  (fee  that  article,  n*  101  —  182.)  The  Giron- s 
d.lt  taction  was  denounced  by  the  Mountain,  and  Bvif- 
Ht  iuftereu  by  the  guillotine  on  the  ^oth  of  November 

U9e\i  He  ,  lndeed  hy  a  veiT  Lntence;  but 

his  fall  was  the  natural  confequence  of  that  anarchical 
tyranny  under  which  no  man  had  contributed  more  than 
ne  to  luhjtci  his  native  country. 

BROWN  (Dr  John),  author  of  the  Ekrnenta  Med't. 
etna,  &c.  was  born  in  the  village  of  Dunfe,  or,  as  tome 
lay,  Luntlaws,  in  the  county  of  Berwick,  in  the  year 
"  035  0-  His  parents  were  of  mean  condition,  but 
much  retpeRed  in  the  neighbourhood  for  the  integrity 
of  their  lives.  His  father  gained  his  livelihood  in  the 
humble  capacity  or  a  day-labourer ;  while  his  mocher 
contributed  her  fhare  towards  the  fupport  of  the  rami- 
ly  by  the  profit,  a  riling  from  a  milch  cow 

Such  were  the  perfons  who,  in  bn  obfeure  Dart  oP 
the  country,  gave  birth  to  a  fan  deftined,  at  a  future 
period,  to  make  adiffmguifhed  figure  in  the  republic  of 
letters  ;  and  from  whom  originated  a  fyffem  of  the  ani¬ 
mal  economy,  which,  whatever  be  its  real  merits,  has. 
undoubtedly  produced  a  confiderable  revolution  in  the 
pra&ice  of  medicine. 

At  the  age  of  three  or  four  years,  young  Brown  was^ 
put  to  a  reading  fchool  in  Dunfe,  which  he  himfelf 
commemorates  as  the  place  rather  of  his  education  than 
of  his  nativity.  Here,  under  the  tuition  of  an  old  wo- 
man,  he  very  early  began  to  exhibit  marks  of  that 
ltrength  of  nnnd  for  which  he  was  afterwards  fo  emi¬ 
nently  diftinouifhed.  In  the  fhort  period  of  a  year  he 
became  able  to  read  with  facility  any  part  of  the  Bible,, 
and  acquired  over  his  clafs-fellows  that  fupeiiority  which 
he  ever  after  maintained  both  at  fchool  and  college. 

It  was  almolt  immediately  after  his  entrance  into  this 
fchool,  that  his  infatiable  deiire  of  reading  commenced;, 
and  io  unremitting  was  his  application,  that  he  is  laid 
never  to  have  been  found,  even  at  thofe  hours  which 
children  much  more  advanced  in  life  devote  to  amufe. 
ment,  without  a  book  in  his  hand. 

While  he  was  making  this  rapid  progrefs  in  the  ru¬ 
diments  of  literature,  he  fuffered  what  muff  have  ap¬ 
peared  to  be  a  very  heavy  lofs  in  the  death  of  his  fa¬ 
ther  ;  but  his  mother  foon  afterwards  married  a  worthy 
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inan  o  the  fame  name,  whole  care  and  attention  fup- 
plied  the  place  of  a  father  to  her  fon.  This  man  being 
a  weaver,  defigned  to  educate  his  fon-in  law  to  the  lame 
bufinefs,  and  began  to  inffrutf  him  in  his  art  when  he 
was  about  nine  years  of  age:  but  the  tafte  which  young 
Brown  had  already  acquired  for  letters,  made  him  look, 
with  difguft  on  the  infipid  employment  of  a  weaver. 
His  ftep- father  was  no  tyrant,  and  his  mother  was  affec¬ 
tionate.  They  were  both  proud  of  the  talents  which 
at  fo  early  a  period  of  life  had  appeared  in  their  fon, 
and  they  felt  no  inclination  to  ftruggle  with  the  invin¬ 
cible  averfion  which  he  expreffed  to  the  bufinefs  for 
which  they  intended  him. 

Another  circumftance.  however,  contributed  in  no 
fmall  degree  to  make  them  recal  their  original  refolu- 
tion  They  were  both  of  that  led  of  religionifts  which 
in  Scotland  are  called  Scceders  (fee  Secede rs,  Encycl .); 
and  it  was  fuggefted  to  them  by  fome  perfons  of  their 
own  perfuafion,  who  had  remarked  the  uncommon  abili¬ 
ties  of  the  boy,  that  ne  might  one  day  prove  an  able 
fupport  and  promoter  of  their  tenets  as  a  preacher.  He 
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was  accordingly,  much  to  his  fatisfa&ion,  taken  away 
from  the  bufinefs  to  which  he  had  conceived  fuch  a 
diftafte,  and  fent  to  the  grammar-fchool  of  Dunfe, 
which  was  taught  at  that  time  by  a  gentleman  of  the 
name  of  Cruickfhank,  eminent  for  his  grammatical 
knowledge.  Here  he  appears  to  have  fpent  fome  years 
with  uncommon  advantage  and  happinefs  ;  during  which 
he  was  eileemed  by  all  the  country  round  as  a  kind  of 
prodigy.  Like  Johnfon,  and  many  other  men  of  the 
higheit  celebrity,  he  united  in  the  fame  perfon  uncom¬ 
mon  powers  of  mind,  with  no  lefs  (Length  of  body,  as 
indeed  his  appearance  indicated  ;  and  in  his, youth  he 
infured  hi3  own  perfonal  importance  among  his  fchool  - 
fellows,  by  excelling  them  not  lefs  in  athletic  cxerciies 
than  in  the  talks  preferred  by  their  mailer.  He  was 
particularly  fond,  when  a  boy,  of  pradiling  the  pugilidic 
art ;  and  indeed  until  the  lad  period  of  his  life  he  was 
obferved  by  his  friends  always  to  view  an  exhibition  of 
that  kind  with  peculiar  relifh.  He  alfo  prided  himfelf 
much  in  being  a  dout  walker ;  and  mentions  his  ha¬ 
ving,  in  one  day,  accomplifhed,  when  but  fifteen  year3 
of  age,  a  journey  of  fifty  miles  between  Berwick  upon- 
Tweed  and  Morpeth  in  Northumberland.  When  far¬ 
ther  advanced  in  life,  he  travelled  on  foot  from  four  in 
the  afternoon  of  one  day  to  two  in  the  afternoon  of 
next  day,  with  the  fhort  interval  of  one  hour’s  reil  ! 
But  as  one  of  his  biographers  veryjudly  observes,  “  we 
have  feen  that  he  could  make  a  more  rational  ufe  of 
his  drength  than  merely  to  dake  it  againd  time  and 
-  fpace  *” 

.  His  early  years  while  at  fchool  were  marked  by  the 
i  mod  rigid  attachment  to  his  fed.  So  drift  indeed  were 
his  religious  fentiments,  if  a  boy  of  ten  @r  eleven  can  be 
faid  to  have  any  fentiments  deterving  to  be  called  reli¬ 
gious,  that  he  would  have  conceived  the  holding  of  any 
communion  with  the  etlablifiied  church  as  a  kind  of 
profanation.  An  event,  however,  happened,  fome  time 
between  the  eleventh  and  thirteenth  years  of  his  age, 
which  produced  a  total  and  unexpefted  revolution  in 
his  religious  *  opinions.  At  a  meeting  of  the  provincial 
fynod  of  Merle  and  Teviotdale,  he  was  prevailed  upon, 
though  not  without  manifeding  much  reludance,  to 
accompany  a  party  of  his  fchool  fellows  to  the  parifh 
church  of  Dunfe.  The  confequence  of  this  trar  fgref- 
fion,  as  he  had  dreaded,  was  an  immediate  fummons  to 
appear  before  the  feffioii  of  the  Seceding  congregation  ; 
to  which,  through  pride,  not  choofing  to  attend,  in  or¬ 
der  to  preclude  a  formal  expulfion,  he  voluntarily  abju¬ 
red  their  tenets,  and  openly  avowed  his  apodacy  to  the 
cdabli  fitment. 

All  changes  in  religion  which  are  not  the  confequence 
of  candid  in ve (ligation  are  dangerous.  He  who  leaves 
one  fed  he  knows  not  why,  will  quickly  abandon,  with 
s\8  little  reafon,  that  to  which- in  a- fit  of  paflion  he  had 
hafiily  joined  himfelf.  From  the  moment  of  hi.*  quit¬ 
ting  the  communion  of  the  Secoders,  Brown’s  religious 
ardour  differed  a  gradual  abatement ;  and  though,  to 
pleafe  his  mother,  he  continued  to  profecute  his  dudies 
with  a  view  to  the  office  of  a  clergyman  in  the  church 
of  Scotland,  his  opinions  became  daily  more  and  more 
lax,  and  his  life  of  courfe  ltfs  and  kfs  regular.  It  was, 
however,  a  confiderable  time  before  he  admitted,  in 
their  full  extent,  thofe’ principles  of  irrcligion  which  lie 
afterwards -avowed  ;  for  upon  his  firft  pending  the  El- 
fays  of  Mr  Hume,  though  bis  own  zeal  was  then  much 
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cooled,  he  exprefied  great  indignation  at  their  danger¬ 
ous  tendency. 

At  the  age  of  twelve  years  he  had  been  employed  by 
MrCruickfhank  as'akind  of  ufher  in  the  fchool  of  Dunfe  5 
and  that  gentleman  having  declared  that  his  knowledge 
of  the  Latin  language  was  equal  to  his  own,  his  fame  as 
a  fcholar  was  fo  fpread  over  the  country,  that  at  the  age 
of  thirteen  he  was  entruded  with  the  education  ot  a 
gentleman’s  fon  in  the  neighbourhood,  when  he  quitted 
the  fchool  and  his  beloved  matter.  In  his  new  fitua- 
tion,  however,  he  remained  not  long.  Dr  Beddoes  con* 
jeftnres,  that  to  the  diffnefs  of  pedantry  he  added  the 
fournefs  of  a  bigot,  and  was  therefore  a  disagreeable  in¬ 
mate  of  the  family.  That  a  boy  of  thirteen,  proud  of 
his  talents,  and  prouder  of  his  learning,  fhould  have  the 
diffnefs  of  a  pedant,  is  indeed  extremely  probable  ;  it 
was  the  natural  confequence  of  the  praife  with  which 
he  had  been  honoured  by  Mr  Cruickfhank  :  but  there 
is  reafon  to  believe  that  of  his  original  bigotry  few  tra¬ 
ces  now  remained.  The  real  caufe  of  his  difmifiion  rrom 
the  family,  we  are  affined,  was  his  pride;  and  as  it  mud 
have  been  the  pride  of  parts,  it  confirms  the  fird  p  art  ox 
Dr  Beddoes’s  conjecture. 

It  feems  he  was  much  difpleafed  that,  when  company 
were  at  dinner,  he  was  not  defired  to  remain  after  the 
cloth  was  removed  ;  and  yet  if  he  was  then  only  thir¬ 
teen  years  of  age,  it  is  not  eafy  to  conceive  for  what 
purpofe  he  fhould  have  daid.  He  could  not  poffibly 
know  much  of  the  world,  or  of  any  thing  likely  to  em¬ 
ploy  the  converfation  of  country-gentlemen  ;  and  we 
cannot  help  thinking,  that  the  matter  of  the  houfe 
would  have  treated  his  gueds  with  rudenefs  had  he  de¬ 
tained  among  them  a  raw  boy  to  liden  to  every  un¬ 
guarded  exprefiion  which  might  eicape  them  over  their 
wine.  It  would  appear,  however,  that  he  was  not  un¬ 
willing  to  give  the  tutor  of  his  (on  an  opportunity  of 
dilplaying  his  abilities,  when  fuch  fubjefts  were  intro¬ 
duced  as  he  knew  him  to  have  ttudied  ;  for  a  dilpute 
having  arifen,  one  day  after  Brown  had  retired  to  his 
own  room,  concerning  the  decrees  of  Providence,  he 
fent  to  requett  his  opinions  on  that  abftrufe  fubjeft.  By 
the  mefienger  Brown  returned  a  verbal  anfwer,  that 
“  the  decrees  of  Providence  are  very  unjud,  for  having 
made  blockheads  lairds.” 

Mr  Cruickfhank  had  fome  time  before  reqiietted  him 
to  return  to  the  fituation  which  he  had  formerly  held 
in  the  fchool  of  Dunfe  ;  and  we  cannot  wonder  that, 
immediately  after  making  this  infolent  anfwer,  he  found 
it  convenient  to  comply  with  his  requed.  He  was  now 
about  fifteen,  and  he  continued  in  the  fchool  till  the 
20th  year  of  his  age  ;  during  which  time,  from  the 
condant  habit  of  teaching  the  Latin  and  Greek  lan¬ 
guages,  he  acquired  a  wonderful  facility  in  reading  both 
thefe  languages,  and  in  writing  the  fonner,  though  he 
wrote  not  with  tade. 

About  this  time  it  occurred  to  him  that  he  might 
turn  his  claffical  acquirements  to  more  account,  by  be¬ 
coming  a  private  teacher  ot  languages  in  Edinburgh, 
To  that  city  he  accordingly  repaired,  where,  while  he 
obtained  a  livelihood  as  a  teacher,  he  propofed  at  the 
fame  time  to  purfue  his  theological  (Indies  at  tiie  univer- 
fitv.  But  an  accident  happened  to  him  here  which  made 
him  altogether  change  the  plan  he  had  come  upon  ;  and 
the  death  of  his  mother,  after  a  refidence  of  fome  time  in 
Edinburgh,  abfclved  him,  as  he  thought,  from  the  promife 
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Srown.  which  he  had  made  to  her  of  appearing  one  day  in  the 
pulpit.  Shortly  after  an  unfuccefsful  competition  for 
one  of  the  chairs  then  \>acant  in  the  high-fehool,  an  ap¬ 
plication  was  made  to  a  friend  of  his  for  a  proper  per- 
fon  to  turn  a  medical  thefis  into  Latin.  Brown  was 
recommended.  He  was  limited  to  a  certain  time  ;  with¬ 
in  which  it  appeared  tcarce  praflicable  to  perform  the 
talk.  He  accomplifhed  it,  however,  and  in  iuch  a  fly le 
of  grammatical  corredtncfs  and  purity  as  far  exceeded  the 
general  run  of  fuch  productions.  On  this  being  remark¬ 
ed  to  him  by  his  friends,  he  obferved,  “  that  he  now 
knew  his  (Length,  and,  was  ambitious  of  riding  in  his 
carriage  as  a  phyfician.”  lie  therefore  determined  to 
apply  himfelf  with  ardour  to  the  (ludy  of  medicine,  to 
which  this  accidental  circumftance  alone  directed  his  at¬ 
tention.  Accordingly,  at  the  commencement  of  the 
next  winter  feflion,  be  addreffed  a  Latin  letter  to  each 
of  the  medical  ptofeiTors,  and  by  them  was  prefented 
with  tickets  of  admittance  to  their  feveral  claffes. 

From  fuch  a  favourable  beginning,  being  of  a  very 
fanguine  difpoftion,  he  conceived  the  moft  flattering 
expectations  of  his  future  fuccefs  ;  and  indeed  for  fome 
time  he  feems  to  have  lived  in  affluent  circumftances. 
His  attainments  were  fo  various,  and  in  fuch  requeft  in 
Edinburgh,  that  as  a  fingle  man  he  could  fcarcely  fail 
to  gain  a  competent  living ;  for  during  the  lall  five 
years  of  his  iefidence  under  Mr  Cruickfhank,  to  a  tho¬ 
rough  acquaintance  with  ancient  hiffory,  he  had  added 
a  very  confiderable  knowledge  of  mathematics;  in  which, 
among  other  branches  of  fcience,  he  never  had  any  ob¬ 
jection  to  give  inftru&ions.  In  the  acquifition  of  that 
variety  of  knowledge  which  he  poffcffed,  he  was  greatly 
affiled  by  a  moft  tenacious  memory  ;  to  the  retentive  - 
nefs  of  which  an  old  fchooh fellow  bears  teftimony,  by 
affirming,  that  “  after  once  reading  over  the  lefion,  con¬ 
fiding  of  two  odlavo  pages  in  Latin,  he  would  lay  afide 
the  book,  and  preleClthe  whole  over  without  miilaking 
a  tingle  word  ” 

Brown,  already  in  eafy  circumftances  for  an  indivi¬ 
dual,  faw,  or  thought  he  faw,  in  the  cftablifhment  of  a 
boarding.-houfe  for  (indents  a  refource  which  would  en¬ 
able  him  to  maintain  a  family ;  and  in  expectation  of 
realifing  this  profpeCt,  he  married,  in  1765,  the  daugh¬ 
ter  of  a  refpeCtable  tradefman  in  Edinburgh.  The  di- 
ftinguifhed  attention  at  that  time  paid  him  by  Hr  Cul¬ 
len,  in  whofe  family  he  had  become  a  neceffary  perfon, 
contributed  in  all  probability  to  /Lengthen  his  hopes 
that  his  houfe  would  be  filled  v/ith  proper  boarders 
through  the  DoCtor’s  recommendation.  His  fuccefs  in 
this  v/ay  for  fome  time  anfwered  his  moft  fanguine  ex¬ 
pectations  ;  and  his  circumftances  at  one  period  were  fo 
flounfhing,  that  he  is  laid  to  have  kept  a  one-horfe 
chaife. 

It  was,  perhaps,  the  greateft  misfortune'  that  could 
have  befallen  Brown,  that  he  poffeffed,  in  a  high  de¬ 
gree,  thofe  talents  which  make  a  man’s  company  fought 
after  by  the  gay  and  the  diftipated :  He  was  capa¬ 
ble  of  u  fetting  the  table  in  a  roar.”  We  need  not 
therefore  wonder  at  his  frequently  negledling  more 
neceffary  purlin ts  to  enjoy  the  conviviality  of  the  nu¬ 
merous  friends  who  courted  his  company  ;  or  that  drink¬ 
ing  and  difTipation  became  habitual  to  him.  He  was 
as  deficient  in  point  of  prudence  as  he  excelled  in  ge¬ 
nius.  His  houfe  was  filled  with  refpt&able  boarders; 
but  as  he  lived  too  fplendidly  for  an  income  at  heft  but 
precarious,  he  became  gradually  involved  in  debt,  and  his 
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affairs  were  ft  ill  more  embarrafied  by  the  burden  of  a  nu-  Brown, 
merous  family.  Soon  after  he  began  to  be  involved  in 
thefe  difficulties,  lie  fuffered  an  additional  lofs  in  being 
ceprived  of  the  patronage  of  Dr  Cullen,  in  confequence 
of  a  difagieement  that  had  taken  place  between  them. 

This  enmity,  which  had  for  fome  time  before  fecretly 
fubfifted,  probably  from  mutual  jealoufy.  was  at  length 
excited  into  an  open  rupture  ;  firft,  by  Dr  Cullen’s  not 
exerting  his  intereft  in  procuring  for  Brown  the  theo¬ 
retical  chair  of  medicine,  then  vacant  in  confequence  ei¬ 
ther  of  the  death  or  refignation  of  Dr  Alexander  Monro 
Drummond;  and,  fecondly,  by  his  reje&ing,  fome  time 
after,  Brown’s  petition  for  admittance  into  the  Edin¬ 
burgh  Philofopliical  Society. 

In  177 6  Brown  was  eledled  prefident  of  the  Medical 
Society  ;  and  the  fame  honour  was  again  conferred  on 
him  in  1780.  He  was  led  on,  in  the  gradual  manner 
he  himfelf  deferibes  in  his  mafterly  preface  to  the  Ele- 
menta  Mcdicln a,  to  the  difeovery  of  his  new  dodlrine  ; 
which,  on  dropping  all  correfpondence  with  his  former 
friend  and  benefaftor,  he  now,  for  the  firft  time,  began 
to  illuftrate  in  a  courfe  of  public  le&ures  ;  and  in  thefe 
he  difolayed  equal  ingenuity  and  pliilofophical  profun¬ 
dity  Much  about  the  time  of  which  we  now  fpcak, 
he  publi  filed  the  firft  edition  of  the  Elementa  M edict  me  ; 
a  work  which  certainly  proves  its  author  to  have  been 
a  man  of  uncommon  genius  and  originality  of  thought. 

The  circumftances  in  which  this  work  was  compofed 
reflect  great  honour  on  his  abilities.  He  never  retired 
to  his  ftudy  ;  but,  totally  abforbed  in  his  own  ideas, 
wrote  with  the  greateft  tranquillity  amidft  the  noife 
of  ten  children,  occafionally  fettling  their  childifh  dif- 
ferences. 

In  the  year  1779,  though  he  had  ftudied  medicine 
ten  or  twelve  years  at  the  univerfity  of  Edinburgh,  he 
was  prevailed  upon  by  his  friends  to  take  a  degree  at 
St  Andrews,  where  he  gave  a  confpicuous  proof  of  his 
facility  in  Latin  compofition.  He  wrote  a  thefis,  or 
inaugural  difiertation,  in  the  tavern  while  the  cloth  was 
laying  for  dinner  ;  and  one  of  his  companions,  who  was 
finding  befide  him,  having  uttered  a  falfe  note,  or  fung 
out  of  time,  Mr  Brown,  in  the  middle  of  his  writing,  > 
flopped  to  (hew  him  how  the  fong  ought  to  be  fung,  - 
and  then  inftantly  proceeded  in  his  thefis. 

His  family  having  now  become  fo  numerous  as  to  ren¬ 
der  keeping  a  boarding  houfe  inconvenient,  he  had  alrea¬ 
dy  for  lorne  time  given  it  up*  and  depended  for  fupport 
entirely  on  his  prafbice  as  a  phyfician  and  his  public 
ledfuies.  At  this  time,  the  disputes  between  the  Culle- 
niansand  the  Brunonians  (as  the  young  men  now  ftyled 
themfelves)  were  carried  on  with  fuch  acrimony  on  both 
fides,  in  the  different  focieties,  that  it  was  not  unufual  for 
them  to  terminate  in  duels  ;  and  there  exifts  at  this  day, 
on  the  records  of  the  Medical  Society,  a  law  which  it 
was  thought  expedient  to  ena&,  by  which  a  member 
who  challenges  another  for  any  thing  find  in  public  de** 
bate  incurs  the  penalty  of  expullion. 

Obfer-ving  the  fludents  of  medicine  frequently  to 
feek  initiation  into  the  myfteries  of  free-maionry,  Dr 
Brown  thought  their  youthful- curiofity  afforded  him  a 
chance  of  piofelyies.  In  1784,  he  inftituted  a  meet¬ 
ing  of  that  fraternity,  and  intided  it  the  Lodge  of  the 
Roman  Eagle.  The  bufinefs  was  conduced  in  the  La¬ 
tin  language,  which  he  fpoke  with  the  fame  fluency  as 
Scotch  ;  and  he  diiplayed  much  ingenuity  in  turning 
into  Latin  all  the  terms  ufed  in  maionry. 
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Brown.  ^  As  the  terms  on  which  he  lived  with  his  brethren 
cp  t^e  faciqty  Were  flich  that  he  obftinately  avoided 
meeting  them  even  in  confultation,  we  may  conclude 
that  his  own  private  practice  was  but  limited.  His 
friends  affirmed,  perhaps  without  fufficient  proof,  that 
cabals  were  formed  againft  him,  and  every  advantage 
taken  of  the  errors  he  was  led  to  commit  by  hie  own 
imprudence.  After  a  long  feries  of  druggies,  there¬ 
fore,  hoping  to  meet  with  that  encouragement  among 
the  Englifh  of  which  he  had  been  difappointed  in  his 
own  country,  he  put  in  pra&ice  a  plan  upon  which  he 
had  long  meditated,  and  removed  in  1786  with  part  of 
his  family  to  London.  Immediately  on  his  arrival,  an 
incident  befel  him,  which  Dr  Beddoes  fays  he  has  heard 
the  late  Mr  Murray,  bookfeller  in  Fleet- ft reet,  relate  as 
a  proof  of  his  fimplicity.  The  peculiarity  of  his  ap¬ 
pearance,  as  he  moved  along  (a  fhort  fquare  figure, 
with  an  air  of  dignity,  in  a  black  fait,  which  heighten¬ 
ed  the  fcarlet  of  his  cheeks  and  nofe)  fixed  the  atten- 
tion  of  fome  gentlemen  in  the  ftreet.  They  addreffed 
him  in  the  dialed  of  his  country.  His  heart,  heavy  as 
it  muft  have  been,  from  the  precariouinefs  of  his  fitua- 
tion,  and  diftance  from  his  accuftomed  haunts,  expand¬ 
ed  at  thefe  agreeable  founds.  A  converfation  enfued  ; 
and  the  parties,  by  common  confent,  adjourned  to  a  ta¬ 
vern.  Here  the  ftranger  was  kindly  welcomed  to  town  ; 
and,  after  the  glafs  had  circulated  for  a  time,  fomething 
was  propofed  by  way  of  fober  amufement — a  game  at 
cards,  or  whatever  the  Do&or  might  prefer.  The 
Dodtor  had  been  too  civilly  treated  to  demur  ;  but  his 
purfe  was  fcantily  furniihed,  and  it  was  neceffary  to 
quit  his  new  friends  in  fearch  of  a  fupply.  Mr  Murray 
was  the  perfon  to  whom  he  had  recourfe  :  the  reader 
will  not  wonder  that  his  interference  ftiould  have  fpoiled 
the  adventure. 

A  London  fharper,  of  another  denomination,  after¬ 
wards  tried  to  make  advantage  by  the  Dodor.  This 
was  an  ingenious  fpeculator  in  public  medicines.  He 
thought  a  compofition  of  the  molt  powerful  ftimulants 
might  have  a  run,  under  the  title  of  Dr  Brown's  ex- 
-■ citing  pill ;  and,  for  the  privilege  of  his  name,  offered 
him  a  fum  in  hand  by  no  means  contemptible,  as  well 
as  a  (hare  of  the  contingent  profits.  Poor  Brown, 
needy  as  he  was,  fpurned  at  the  propofal. 

After  this  period,  his  life  affords  little  variety  of  in¬ 
cident.  Like  Avicenna,  his  time  feems  to  have  been 
fpent  between  his  literary  purfuits  and  his  pleafures. 
A  fplendid  manner  of  living,  without  an  income  to  fup- 
port  it,  had  become  habitual  to  him  :  The  confequence 
was,  that,  from  inability  to  difeharge  certain  debts  he 
had  contra&ed,  he  was  thrown  into  the  king’s  bench 
prifon ;  from  which,  however,  he  was,  not  long  after¬ 
wards,  releafed  by  the  exertions  of  a  few  firm  friends, 
particularly  Mr  Maddifon  of  Charing- crofs,  a  gentle¬ 
man  univeifally  refpe&ed  for  his  well-known  benevo¬ 
lence.  .As  a  proof  of  the  adivity  he  was  ftill  capable 
of  exerting,  it  will  be  fufficient  to  mention,  that  he  ac- 
complifhed  the  tranflation  of  his  Elemental  with  the 
addition  of  the  fupplementary  notes,  within  23  days, 
having  been  informed  that  a  tranflation  of  the  fame  was 
about  to  be  publifhed  by  another  perfon. 

Shortly  before  his  death,  the  ambaffador  of  the 
king  of  Pruffia,  in  the  name  of  his  mafter.  made  Dr 
Brown  an  offer  of  a  fettlement  in  the  court  of  Berlin  ; 
during  the  negociation  of  which,  he  was  unexpededly 


cut  off  by  an  apoplexy  early  in  the  morning  of  the  7th  Brown, 
of  October  1788,  the  day  fucceeding  that  on  which  he  v** 
had  delivered  to  a  company  of  thirteen  gentlemen  the 
greater  part  of  the  introdudory  ledure  to  his  fecond 
courfe.  At  his  death,  he  was  between  52  and  53  years 
of  age.  His  remains  were  interred  in  the  church  yard 
of  St  James’s,  Picadilly  ;  and  the  only  monument  left 
behind  him  to  tranfmit  his  name  to  pofterity  is  hi3 
own  works  ;  which,  when  perfonal  prejudice  no  longer 
fhall  prevail  againft  their  ingenious  author,  cannot  fail 
to  procure  him  all  that  deferved  celebrity  which  they 
have  already,  in  part,  obtained  in  the  different  coun¬ 
tries  of  Europe. 

In  1787,  he  publifhed  his  “  Obfervations,”  without 
his  name,  which  he  afterwards,  however,  refers  to  in 
the  Elements  as  his  own.  The  “  Enquiry,”  faid  to 
be  written  by  Dr  Jones,  and  which  was  compofed  in  as 
fhort  a  time  as  the  generality  of  men  would  tranferibe 
a  work  of  its  extent,  we  can  affirm,  from  undoubted 
authority,  to  be  his  produdion. 

This  (ketch  of  the  life  of  the  unfortunate  Dr  Brown 
would  be  of  very  little  value,  if  not  followed  by  a  view 
of  his  fyftem  ;  but  to  give  a  complete  view  of  that  fyf- 
tem  would  far  exceed  the  limits  within  which,  in  a 
work  like  this,  fuch  articles  muft  be  confined.  We 
truft,  therefore,  that  our  readers  will  be  fatisfied  with 
an  abftrad;  and  as  we  are  neither  the  partifans  nor  op¬ 
ponents  of  the  Dodor,  and  not  very  partial  to  any  me¬ 
scal  fyjlem  whatever,  we  fhall  content  ourfelves  with 
fnfertiug,  in  this  place,  the  view  which  Dr  Beddoes  has 
given  of  Dr  Brown’s  fundamental  propofitions  in  the 
valuable  obfervations  which  he  has  prefixed  to  his  edi¬ 
tion  of  the  Elements  of  Medicine. 

“  The  varied  ftrudure  of  organized  beings  (fays  Dr 
Beddoes),  it  is  the  bufinefs  of  anatomy  to  explain.  Con- 
feioufnefs,  affifted  by  common  obfervation,  will  diftin- 
gmfh  animated  from  inanimate  bodies  with  precifion 
more  than  fufficient  for  all  the  ends  of  medicine.  The 
caufe  of  gravitation  has  been  lert  unexplored  by  all  pru¬ 
dent  philo  fop  hers  ;  and  Brown,  avoiding  all  uftlefs  dif- 
quifition  concerning  the  caufe  of  vitality,  confines  him- 
lelf  to  the  phenomena  which  this  great  moving  princi¬ 
ple  in  nature  may  be  obferved  to  produce.  His  moft 
general  propofitions  are  eafy  of  comprehenfion. 

“  I*  To  every  animated  being  is  allotted  a  certain 
portion  only  of  the  quality  or  principle  on  which  the 
phenomena  of  life  depend.  This  principle  is  denomi¬ 
nated  excitability . 

“  2.  The  excitability  varies  in  different  animals,  and 
in  the  fame  animal  at  different  times.  As  it  is  more 
intenfe,  the  animal  is  more  vivacious  or  more  fufceptible 
of  the  adion  of  exciting  powers. 

3-  Exciting  powers  may  be  referred  to  two  claffes. 

I .  External ;  as  heat,  food,  wine,  poilons,  contagions, 
the  blood,  fecreted  fluids,  and  air.  2.  Internal ;  as  the 
fundious  of  the  body  itfelf,  mufcular  exertion,  think¬ 
ing,  emotion,  and  paffion. 

“  4.  Life  is  a  forded  ftate  ;  if  the  exciting  powers 
are .  withdrawn,  death  enfues  as  certainly  a3  when  the 
excitability  is  gone. 

**  $  The  excitement  may  be  too  great,  too  final!,  or 
in  juft  meafure. 

6.  By  too  great  excitement,  weaknefs  is  induced, 
becaufe  the  excitability  become  deftdive ;  this  is  indi- 
reft  debility  ;  when  the  exciting  powers  or  ftimulants 
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wn,  are  withheld,  weakness  is  induced  ;  and  this  is  direQ  de- 
i  lility.  Here  the  excitability  is  in  excefs. 

“  7.  Every  power  that  afts  on  the  living  frame  is 
ftimulant,  or  produces  excitement  by  expending  excita¬ 
bility.  Thus,  although  a  perfon,  accuftorned  to  ani- 
mal  food,  may  grow  weak  if  he  lives  upon  vegetables, 
ftill  the  vegetable  diet  can  only  be  confidered  as  pro! 
ducingan  efFeft,  the  fame  in  kind  with  animals,  though 
inferior  in  degree.  Whatever  powers,  therefore,  we 
imagine,  and  however  they  vary  from  fuch  as  are  habi¬ 
tually  applied  to  produce  due  excitement,  they  can  only 
weaken  the  fyftem  by  urging  it  into  too  much  motion, 
or  fuffering  it  to  (ink  into  languor. 

8.  Excitability  is  feated  in  the  medullary  portion 
of  the  nerves,  and  in  the  mufcles.  As  foon  as  it  is 
anywhere  afFeded,  it  is  immediately  affe&ed  everywhere ; 
nor  is  the  excitement  ever  increafed  in  a  part,  while  it  is’ 
generally  diminifhed  in  the  fyftem;  in  other  words,  diffe- 
rent  parts  can  never  be  in  oppofite  (Fates  of  excitement. 

“  1  have  already  fpoken  of  an  illuflration,  drawn  np 
by  Mr  Cliriftie  from  a  familiar  operation,  to  facilitate 
the  conception  of  Brown’s  fundamental  pofitions.  1 
introduce  it  here  as  more  likely  to  anfwer  its  puroofe 
than  if  feparately  placed  at  the  end  of  mv  preliminary 
obfervations.  ‘  Suppofe  a  fire  to  be  made  in  a  grate, 
fi  led  with  a  kind  of  fuel  not  very  combuftible,  and 
which  could  only  be  kept  burning  bv  means  of  a  ma- 
.  chmne  containing  feveral  tubes,  placed  before  it,  and 
conftantly  pouring  ftreams  of  air  into  it.  Suppofe  alfo 
a  pipe  to  be  fixed  in  the  back  of  the  chimney,  through 
which  a  conftant  fupply  of  frefh  fuel  was  gradually  let 
down  into  the  grate,  to  repair  the  watte  occafioned  by 
the  name,  kept  up  by  the  air  machine. 

‘  riie  grate  will  reprefent  the  human  frame ;  the 
hid  in  it,  the  matter  of  life— -the  excitability  of  Dr 
Brown,  and  the  fenforial  power  of  Dr  Darwin  •  the 
tube  behind,  fupplyinjr  frefh  fuel,  will  denote  the  power 
of  ail  living  fy (terns,  conftantly  to  regenerate  or  reproduce 
excitability  ;  while  the  air  machine,  of  feveral  tube8, 
denotes  the  various  ftimuli  applied  to  the  excitability 
of  the  body  ;  and  the  flame  drawn  forth  in  conlequence 
o.  that  application  reprelents  life,  the  product  of  the 
exciting  powers  a&ing  upon  the  excitability. 

.  ‘  ^s.Dr  Brown  has  defined  life  to  be  a  forced  /late, 
it  is  fitly  reprefented  by  a  flame  forcibly  drawn  forth 
from  fuel  little  difpofed  to  combuftion,  by  the  conftant 
application  of  ftreams  of  air  poured  into  it  from  the 
different  tubes  of  a  machine.  If  fome  of  thefe  tubes 
are  fuppofed  to  convey  pure  or  dephlogifticated  air, 
they  will  denote  the  higheft  clafs  of  exciting  powers, 
camphor,  lpirits,  wine,  tobacco,  &c.  the 
Giftuiible  ftimuli  of  Dr  Brown,  which  bring  forth  for  a 
time  a  greater  quantity  of  life  than  ufual,  as  the  blow- 
mg  in  of  pure  air  into  a  fire  will  temporarily  draw  forth 
an  uncommon  quantity  of  flame.  If  others  of  the  tubes 
be  fuppofed  to  convey  common  or  atmofpheric  air,  they 
wi  reprefent  the  ordinary  exciting  powers,  or  ftimuli, 
applied  to  the  human  frame,  fuch  as  heat,  light,  air, 
ood,  drink,  &c.  while  fuch  as  convey  impure  and  in¬ 
flammable  air  may  be  ufed  to  denote  what  have  for¬ 
mer  y  been  termed  fedative  powers,  fuch  as  poifons, 
contagious  miafmata,  foul  air,  &c. 

I  he  reader  will  now  probably  be  at  no  lofs  to  un- 
derttand  the  feeming  paradox  of  the  Brunonian  fyftem; 
at  food,  drink,  and  all  the  powers  applied  to  the  bo- 
Buppl.  Vol.  I.  Part  I. 
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dy,  though  they  fupport  life,  yet  confume  it  •  for  he 
will  lee,  that  the  application  of  thefe  powers,  though 
it  brings  forth  life,  yet  at  the  fame  time  it  waftes  the 
excitability  or  matter  of  life,  juft  as  the  air  blown  into 
the  fire  brings  forth  more  flame,  but  waftes  the  fuel  or 
matter  of  fire.  This  is  conformable  to  the  common 
aying,  the  more  a  fpark  is  blown,  the  brighter  it 
burns,  and  the.  fooner  it  is  fpent”  A  Roman  poet 
has  given  us,  without  intending  it,  an  excellent  illuftra- 
tlon  of  the  Brunonian  fyftem,  when  he  fays, 

Balnea t,  vina ,  Z7" ?nus,  confumunt  corpora  noflra  ; 

Sed  vitam  faciunt  balnea ,  vina ,  P~enus. 

“  Wine,  warmth,  and  love,  our  vigour  drain  ; 

“  Yet  wine,  warmth,  love,  our  life  fuftain  ” 

Or  to  tranflate  it  more  literally, 

“  Baths,  women,  wine,  exhauft  our  frame; 

“  But  life  itklfis  drawn  from  them.” 

‘Equally  eafy  will  it  be  to  illuftrate  the  two  kinds 
of  debility,  termed  dired  and  indired,  which,  according 
to  Brown,  are  the  caufe  of  all  difeafes.  If  the  quanl 
tity  of  ftimulus,  or  exciting  power,  is  proportioned  to 
the  quantity  of  excitability,  that  is,  if  no  more  excite¬ 
ment  is  drawn  forth  than  is  equal  to  the  quantity 
excitability  produced,  the  human  frame  will  be  in  a 
ftare  of  health,  juft  as  the  fire  will  be  in  a  vigorous 
itare  when  no  more  air  is  blown  in  than  is  fufficient  to 
confume  the  frefh  fupply  of  fuel  conftantly  poured  down 
by  the  tube  behind. .  If  a  fufficient  quantity  of  ftimulus 
is  not  applied,  or  air  not  blown  in,  the  excitability  in 
the  man,  and  the  fuel  in  the  fire,  will  accumulate,  pro¬ 
ducing  direct  debility for  the  man  will  become  weak, 
and  the  fire  low.  Carried  to  a  certain  degree,  they  will 
occalion  death  to  the  firft,  and  extin&ion  to  the  laft. 
If,  again,  an  over  proportion  of  ftimulus  be  aoplied,  or 
too  much  air  blown  in,  the  excitability  will  foon  be 
wafted,  and  the  matter  of  fuel  almoft  fpent.  Hence 
will  arife  indired  debility,  producing  the  fame  weaknefs 
in  the  man,  and  lownefs  in  the  fire,  as  before,  and  equal¬ 
ly  terminating,  when  carried  to  a  certain  degree,  in 
death  and  extin&ion. 

As  all  the  difeafes  of  the  body,  according  to  Dr 
Brown,  are  occafioned  by  dired  or  indired  debility, 
in  confequence  of  too  much  or  too  little  ftimuli,  fo  all  the 
defeds  of  the  fire  mnft  arife  from  dired  or  indired  low¬ 
nefs,  in  confequence  of  too  much  Or  too  little  air  blown 
into  it.  As  Brown  taught  that  one  debility  was  never 
to  be  cured  by  another,  but  both  by  the  more  judicious 
application  of  ftimuli,  fo  will  be  found  the  cafe  in  treat¬ 
ing  the  defeds  of  the  fire.  If  the  fire  has  become  low, 
or  the  man  weak,  by  the  want  of  the  needful  quantity 
of  ftimulus,  more  muft  be  applied,  but  very  gently  at 
firft,  and  increafed  by  degrees,  left  a  ftrong  ftimulus  ap¬ 
plied  to  the  accumulated  excitability  (hould  produce 
death  ;  as  in  the  cafe  of  a  limb  benumbed  with  cold 
(that  is,  weakened  by  the  accumulation  of  its  excitabi¬ 
lity  in  confequence  of  the  abftradion  of  the  ufual  fti¬ 
mulus  of  heat),  and  fuddenly  held  to  the  fire,  which 
we  know  from  experience  is  in  danger  of  mortification, 
or  as  in  the  cafe  of  the  fire  becoming  very  low  by  the  ac¬ 
cumulation  of  the  matter  of  fuel,  when  the  feeble  flarre, 
affailed  by  a  fudden  and  ftrong  blaft  of  air,  would  be 
overpowered  and  put  out,  inftead  of  being  nourifhed 
and  increafed.  Again,  if  the  man  or  the  fire  have  been 
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Browr;  rendered  indire&ly  weak,  by  the  application  of  too 
much  ftimulus,  we  are  not  fuddenly  to  withdraw  the 
whole,  or  even  a  great  quantity  of  the  exciting  powers 
or  air,  for  then  the  weakened  life  and  dirrtinifhed  flame 
might  fink  entirely ;  but  we  are  by  little  and  little  to 
diminifh  the  Overplus  of  ftimulus,  fo  as  to  enable  the 
excitability,  or  matter  of  fuel,  gradually  to  recover  its 
proper  proportion.  Thus  a  man  who  has  injured  his 
conilitutioii  by  the  abufc  of  fpirituous  liquors  is  not 
fuddenly  to  be  reduced  to  water  alone,  as  is  the  prac¬ 
tice  of  fome  phyficians,  but  he  is  to  be  treated  as  the 
judicious  Dr  Pitcairn  of  Edinburgh  is  laid  to  have 
treated  a  Highland  chieftain,  who  applied  to  him  for 
advice  in  this  lituation.  The  Do&or  gave  him  no  me¬ 
dicines,  and  only  exadled  a  promife  r  f  him,  that  he 
would  every  day  put  in  as  much  wax  into  the  wooden 
queich .  out  of  which  he  drank  his  whifky,  as  would  re¬ 
ceive  the  imprefli on  of  his  arms.  The  wax  thus  gra¬ 
dually  accumulating,  diminifhed  daily  the  quantity  of 
the  whifky,  till  the  whole  queich  was  filled  with  wax  ; 
and  the  chieftain  was  thus  gradually,  and  without  in¬ 
jury  to  his  conftitution,  cured  of  the  habit  of  drinking 
l'pirits. 

*  Thefe  analogies  might  be  purfued  farther  ;  but  my 
object  is  folely  to  furnifh  fome  general  ideas,  to  prepare 
the  reader  for  entering  more  eafily  into  the  Brunonian 
theory,  which  I  think  he  will  be  enabled  to  do  atter 
perufing  what  I  have  faid.  The  great  excellence  of  that 
theory,  as  applied,  not  only  to  the  pra&ice  of  phyfic, 
but  to  the  general  conduct  of  the  health,  is,  that  it  im- 
preffes  on  the  mind  a  fenfe  of  the  impropriety  and  dan¬ 
ger  of  going  from  one  extreme  to  another.  The  hu¬ 
man  frame  is  capable  of  enduring  great  varieties,  if 
time  be  given  it,  to  accommodate  itfelf  to  different  flates. 
All  the  mifehief  is  done  in  the  tranfition  from  one  ftate 
to  another.  In  a  ftate  of  low  excitement  we  are  not 
rafhly  to  induce  a  ftate  of  high  excitement,  nor  when 
elevated  to  the  latter,  are  we  fuddenly  to  defeend  to 
the  former,  but  ftep  by  ftep,  and  as  one  who  from  the  top 
cf  a  high  tower  defeends  to  the  ground.  From  hafty 
and  violent  changes,  the  human  frame  always  fuffers  ; 
its  particles  are  torn  afunder,  its  organs  injured,  the  vi¬ 
tal  principle  impaired,  and  difeafe,  often  death,  is  the 
inevitable  confequence. 

<  I  have  only  to  add,  that  though  in  this  illuftration 
of  the  Brunonian  fyftem  (written  feveral  years  ago),  I 
have  fpoken  of  a  tube  conftantly  pouring  in  frefh  fuel, 
becaufe  I  could  not  otherwife  convey  to  the  reader  a 
familiar  idea  of  the  power  pofTeffed  by  all  living  fyftems, 
to  renew  their  excitability  when  exhaufled ;  yet  it  may 
be  proper  to  inform  the  ftudent,  that  Dr  Brown  fup- 
pofed  every  living  fyftem  to  have  received  at  the  begin¬ 
ning  its  determinate  portion  of  excitability  ;  and,  there¬ 
fore,  although  he  fpoke  of  the  exhauftion,  augmenta¬ 
tion,  and  even  renewal  of  excitability,  I  do  not  think 
it  was  his  intention  to  induce  his  pupils  to  think  of  it 
as  a  kind  of  fluid  fubflance  exifting  in  the  animal,  and 
fubjedl  to  the  law  by  which  fuch  fubftances  are  govern¬ 
ed.  According  to  him,  excitability  was  an  unknown 
Jome'ivhaty  fubjedd  to  peculiar  laws  of  its  own,  and  whole 
different  ftates  we  were  obliged  to  deferibe  (though 
inaccurately)  by  terms  borrowed  from  the  qualities  of 
material  fubftances.’ 

“  The  Brunonian  fyftem  has  frequently  been  char¬ 
ged  with  promoting  intemperance.  The  objection  is 
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ferious  \  but  the  view  already  given  of  its  principles 
(hews  it  to  be  groundlefs.  No  writer  had  infilled  fo  ^ 
much  upon  the  dependence  of  life  on  external  caufes, 
or  fo  ftrongly  Hated"  the  inevitable  confequences  of  ex- 
ccfs.  And  there  are  no  means  of  promoting  morality 
noon  which  we  can  rely,  except  the  knowledge  of  the 
true  relations  between  man  and  other  beings  or  bodies. 
For  by  this  knowledge  we  are  diredlly  led  to  fhun  what 
is  hurtful,  and  pnriue  what  is  falutary  :  and  in  what 
dfe  does  moral  condu&,  as  far  it  regards  the  individual, 
con  fill  l  It  may  be  faid  that  the  author’s  life  difproves 
the  juftnefs  of  this  reprefentation  :  his  life,  however, 
only  fhews  the  fuperior  power  of  other  caufes,  and  of 
bad  habits  in  particular ;  and  I  am  ready  to  acknow¬ 
ledge  the  little  efficacy  of  .inftrudlion  when  bad  habits 
are  formed.  Its  great  ufe  confifls  in  preventing  their 
formation  ;  for  which  reafon  popular  initrudlion  in  me¬ 
dicine  would  contribute  more  to  the  happineis  of  the 
human  lpecies,  than  the  complete  knowledge  of  every 
thing  which  is  attempted  to  be  taught  in  education,  as 
it  is  conducted  at  prelent.  But  though  the  principles 
of  the  fyftem  in  queftion  did  not  corredl  the  propenii- 
ties  of  its  inventor,  it  does  not  follow  that  they  tend  to 
produce  the  fame  propenfities  in  others.” 

BRUCE  (James,  Efq;  F.  R.  S.),  the  celebrated 
Abyffinian  traveller,  was  born,  1730,  at  Kinnaird  houfe, 
in  the  parilh  of  Larbert  and  county  of  Stirling.  His 
defeent  by  both  parents  was  ancient  and  honourable  ; 
and  of  that  defeent  he  was,  perhaps,  too  proud.  His 
grandfather  was  -  Hay  Efq;  of  Woodcockdale,  in 
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the  county  of  Linlithgow,  who,  marrying  Mifs  Bruce, 
the  heirefs  of  Kinnaird,  gave  the  name  of  Bruce  to  all 
his  defeendants. 

Perhaps  this  change  of  name  may  have  taken  place 
in  obedience  to  the  deed  by  which  the  eftate  of  Kin¬ 
naird  was  fettled  on  Mrs  Hay’s  children  ;  but  it  is  a 
change  which,  in  a  country  like  Scotland,  where  an¬ 
tiquity  of  defeent  is  highly  valued,  any  man  would  vo¬ 
luntarily  have  adopted,  who  had  married  the  heirefs  of 
fuch  a  family.  The  Bruces  of  Kinnaird  had  been  in 
pofleffion  of  that  eftate  for  three  centuries  :  they  were 
defeended  from  a  younger  fon  of  Robert  de  Bruce,  the 
competitor  with  Baliol  for  the  crown  of  Scotland.  It 
would  readily  occur,  that  the  knowledge  of  fuch  a  de¬ 
feent  would  be  beft  preferved  by  continuing  the  name 
of  their  great  anceftor  ;  and  we  have  reafon  to  believe, 
that  the  fubjedl  of  this  memoir  was  not  much  delighted 
when  put  in  mind,  as  he  frequently  was,  that,  though 
the  heir  of  the  line,  he  was  not  the  male  heir  of  that 
branch  of  the  illuftrious  family. 

As  he  was  allied  to  royalty  by  his  father  and  grand¬ 
mother,  through  his  mother  he  was  related  to  fome  of 
the  moft  refpetlable  families  in  the  kingdom.  She  was 
the  daughter  of  James  Graham,  Efq;  of  Airth,  dean  of 
the  faculty  of  advocates,  and  judge  of  the  high  court  of 
admiralty  in  Scotland,  by  Marion  daughter  of  James 
Hamilton,  Efq;  of  Pencaitland  ;  and  to  a  man  of  our 
traveller’s  turn  of  mind,  there  can  be  no  doubt  but  that 
it  muft  have  afforded  much  fatisfadlion  to  think,  that 
no  family  ranks  higher  in  Scotland  than  thofe  of  Bruce, 
Graham,  and  Hamilton.  In  him,  however,  it  was  weak- 
nefs  to  be  proud,  if  indeed  he  was  proud*  of  family  ; 
for  the  talents  bellowed  upon  him  by  nature,  or,  to 
fpeak  more  properly,  by  nature’s  God,  would  have  made 
him  great  though  he  had  been  born  on  a  dunghill. 

He 
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He  would  indeed  have  been,  'in  all  probability,  much 
greater  than  he  was,  had  he  not  been  tn  poflefjfon  of  the 
phantom  of  birth  to  gratify  much  of  his  ambition  ;  for 
the  facility  with  •’which  he  mattered  every  ftudy  in  which 
he  engaged,  would  have  carried  him  quickly  to  the  top 
of  the  moft  honourable  profeflxon. 

Mr  Bruce  was  inftru&ed  in  grammatical  learning  at 
the  fchooi  of  Harrow  on  the  Hill,  in  the  county  of 
Middlesex,  where  he  gave  the  mofl  unequivocal  proofs 
of  genius,  and  acquired  a  very  confidevable  knowledge 
of  the  Greek  and  Latin  languages.  It  was  cuftomary 
with  him  to  perform,  not  only  hi3  own  exercifes,  but 
r.Jio  the  exercifes  of  fuch  of  his  companions  as  were 
not  equal  to  the  tafk  themfelves.  Among  thefe  was 
his  maternal  uncle,  who  was  frequently  indebted  to  his 
afllitance,  and,  on  one  occafion,  produced  a  copy  of  verfes 
of  his  composition,  which  excited,  not  only  the  applaufe, 
but  the  admiration  of  their  mafler.  Mr  Graham,  who 
was  but  a  few  months  older  than  Mr  Bruce,  had,  for 
ibme  tranfgreffiojn  (we  know  not  what),  been  punifhed, 
as  boys  in  the  great  fchools  in  England  arc  often  pu- 
isifhed,  by  having  a  tafk  fet  him,  which  he  foon  found 
h’mfelf  unable  to  perform.  His  nephew  defired  him 
to  be  under  no  uneafinefs,  promifing  to  furnifh  him 
with  the  verfes  before  the  time  at  which  they  were  to 
be  given  in.  He  was  as  good  as  his  word  ;  but  the 
mafter  of  the  fchooi  foon  difeovering  that  they  were 
not  the  performance  of  Mr  Graham,  exclaimed,  that 
the  author  of  thefe  verfes,  whoever  he  was,  might  ap¬ 
ply  to  himfelf  the  words  of  Horace, 

- Sublimi  feriam  fulera  vertice . 

While  Mr  Bruce  was  at  Harrow,  and  for  a  year  or 
two  after  he  had  left  it,  he  was  of  a  very  delicate 
frame,  and  appeared  to  his  friends  to  be  threatened 
with  a  confumption.  The  truth  is,  that  he  was  un¬ 
commonly  tall  for  his  age,  and  felt  all  the  feeblenefs  of 
joints  and  other  bodily  weakneffes  to  which  overgrown 
boys  are  generally  fubject.  His  father  intended  him 
for  the  profeffion  of  the  law  ;  and,  upon  his  return  from 
Harrow,  he  was  entered  into  the  univerhty  of  Edin¬ 
burgh,  where  he  went  through  a  regular  courfe  of 
ftudy  to  fit  him  for  being  inrolled  in  the  body  of 
advocates ;  but  for  fome  reafon,  which  we  do  not 
perfectly  know,  he  relinquifhed  the  ftudy  of  law  for 
the  purfuits  of  trade  ;  and,  going  to  London,  entered 
into  partnerfhip  with  a  wine-merchant  of  the  name  of 
Allen,  whofe  daughter  he  married. 

That  lady  falling  into  a  bad  flate  of  health,  Mr 
Bruce  took  her  abroad,  in  hopes  that  travelling  would 
be  attended  with  beneficial  effects ;  but  in  thefe  he  was 
difappointed,  as  fhe  died  within  a  year  after  her  mar¬ 
riage.  He  was  induced,  in  order  to  difpel  his  grief, 
to  continue  his  travels ;  during  which  his  father  dying 
(at  Edinburgh,  4th  May  1758),  the  inheritance  of  his 
anceltors  devolved  upon  him,  and  he  returned  to  Bri- 
tain.  Some  of  his  fubfequent  tranfa&ions  (hall  now  be 
related  in  his  own  words. 

Every  one  will  remember  that  period,  fo  glorious 
to  Britain,  the  latter  end  of  the  miniilry  of  the  late 
earl  of  Chatham.  I  was  then  returned  from  a  tour  thro* 
the  greatefl  part  of  Europe,  particularly  through  the 
whole  of  Spain  and  Portugal,  between  whom  there  was 
then  the  appearance  of  an  approaching  war. 

I  was  about  to  retire  to  a  fmall  patrimony  I  had 
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reived  from  my  anceftor*,  in  order  to  embrace  a  life 
of  ludy  and  refleftion,  nothing  more  aftive  appearing 
wtthm  my  power,  when  chance  threw  me  unexpeftedlv 
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V  Itrwas  3  few  <la>'s  after  thIs>  that  Mr  Wood,  then 
under  fecretary  of  flate,  my  zealous  and  fincere  friend, 
informed  me  that  Lord  Chatham  intended  to  employ  me 
upon  a  particular  fervice  ;  that,  however,  I  might  go 
down  for  a  few  weeks  to  my  own  country  to  fettle  my  if. 
tarns,  but,  by  all  means,  to  be  ready  upon  a  call.  Nothing 
could  he  more  flattering  to  me  than  fuch  an  offer,  when 
fo  young  ;  to  be  thought  worthy  by  Lord  Chatham  of 
any  employment,  was  doubly  a  preference.  No  time 
was  loft  on  my  fide  ;  but  juft  after  receiving  orders  to 
return  to  London,  his  lordlhip  had  gone  to  Bath,  and 
xefigned  his  office. 

“  r^hls  disappointment,  which  was  the  more  fenfible 
to  me  that  it  was  the  fn;ft  I  had  met  with  in  public 
liie,  was  promifed  to  be  made  up  to  me  by  Lord  Egre- 
mont  and  Mr  George  Grenville.  The  former  had  been 
long  my  friend ;  but  unhappily  he  was  then  far  gone 
in  a  lethargic  indifpofuion,  which  threatened,  and  did 
very  foon  put  a  period  to  his  exiftence.  With  Lord 
Egremont’s  death  my  expectations  vanilhed.  Further 
particulars  are  umiecelTary ;  but  I  hope  that,  at  leaft  in 
part,  they  remain  in  that  bread  where  they  naturally 
ought  to  be,  and  where  I  fhall  ever  think,  not  to  be 
long  forgotten,  is  to  be  rewarded. 

“  Seven  or  eight  months  were  pafled  in  an  expenfive 
and  fruitlefs  attendance  in  London,  when  Lord  Halifax 
was  pleafed,  not  only  to  propofe,  but  to  plan  for  me 
a  journey  of  confiderable  importance,  and  which  was  to 
take  up  fever al  years.  His  lordfhip  faid,  that  nothing 
could  be  more  ignoble  than,  at  fuch  a  time  of  life, 
the  height  of  my  reading,  health,  and  activity,  I  (hould, 
as  it  were,  turn  peafant,  and  voluntarily  bury  myfelr  in 
obfeurity  and  idlenels  ;  that  though  war  was  now  draw¬ 
ing  fad  to  an  end,  full  as  honourable  a  competition  re¬ 
mained  among  men  of  fpirit,  which  fhould  acquit  them¬ 
felves  bed  in  the  dangerous  line  of  ufeful  adventure  and 
difeovery. 

“  Kc  obferved,  that  the  coaft  of  Barbary,  which 
might  be  faid  to  be  juft  at  our  door,  was  yet  but  par¬ 
tially  explored  by  Dr  Shaw,  who  had  only  illuftrated 
(very  judicioufly  indeed)  the  geographical  labours  of 
Sanfon  ;  that  neither  Dr  Shaw  nor  Sanfon  had  been, 
or  pretended  to  be,  capable  of  giving  the  public  any 
detail  of  the  large  and  magnificent  remains  of  ruined 
arc  hi  tenure,  which  they  both  vouch  to  have  feen  in 
great  quantities,  and  of  exquifite  elegance  and  perfec¬ 
tion,  all  over  the  country.  Such  had  not  been  their 
ftudy,  yet  fuch  was  really  the  tafte  that  was  required 
in  the  prefent  times,  He  wifhed,  therefore,  that  I 
fhould  be  the  firft,  in  the  reign  juft  now  beginning,  to 
fet  an  example  of  -making  large  additions  to  the  royal 
collection  ;  and  he  pledged  himfelf  to  be  my  fupport 
and  patron,  and  to  make  good  to  me,  upon  this  addi¬ 
tional  merit,  the  promiies  which  had  been  held  forth  to 
me  by  former  minifters  for  other  fervices. 

“  The  difeovery  of  the  fource  of  the  Nile  was  alfo  a 
fubject  of  thefe  con verfat ions,  but  it  was  always  men¬ 
tioned  to  me  with  a  kind  of  diffidence,  as  if  to  be  ex¬ 
pected  from  a  more  experienced  traveller.  Whether 
this  was  but  another  way  of  exciting  me  to  the  at- 
Qji  tempt 
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Bruce,  tempt  I  fhall  not  fay;  but  my  heart,  in  that  inflant, 
— V— ~  did  me  juftice  to  fuggeft,  that  this  too  was  either  to 
be  atchieved  by  me,  or  to  remain  as  it  had  done  for 
thefe  laft  2000  years,  a  defiance  to  all  travellers,  and 
an  opprobrium  to  geography. 

Fortune  leemed  to  enter  into  this  fcheme.  At 
the  very  infiant,  Mr  Afpinwall,  very  cruelly  and  igno- 
minionily  treated  by  the  dey  of  Algiers,  had  refigned 
his  confullhip,  and  Mr  Ford  a  merchant,  formerly  the 
dey’s  acquaintance,  was  named  in  his  place.  Mr  Ford 
was  appointed,  and,  dying  a  few  days  after,  the  confullhip 
became  vacant.  Lord  Halifax  prefled  me  to  accept  of 
this  as  containing  all  forts  of  conveniences  for  making 
the  propofed  expedition. 

44  This  favourable  event  finally  determined  me.  I 
had  all  my  life  applied  unweariedly,  perhaps  with  more 
love  than  talent,  to  drawing,  the  practice  of  mathema¬ 
tics,  and  efpecially  that  part  necefiary  to  aftronomy. 
The  tranfit  of  Venus  was  at  hand.  It  was  certainly 
known  that  it  would  be  vifible  once  at  Algiers,  and 
there  was  great  reafon  to  expert  it  might  be  twice.  T 
had  furnifhed  myfelf  with  a  large  apparatus  of  inftru- 
ments,  the  completed  of  their  kind,  for  the  obfervation. 
In  the  choice  of  thefe,  I  had  been  affifled  by  my  friend 
Admiral  Campbell,  and  Mr  Ruflel,  fecretary  to  the 
Turkey  Company  :  every  other  necefiary  had  been 
provided  in  proportion.  It  was  a  pleafure  now  to 
know  that  it  was  not  from  a  rock  or  a  wood,  but  from 
my  own  houfe  at  Algiers,  I  could  deliberately  take 
meafures  to  place  myfelf  in  the  lifl  of  men  of  fcience 
of  all  nations,  who  were  then  preparing  for  the  fame 
fcientific  purpofe. 

44  Thus  prepared,  I  fet  out  for  Italy,  through  France ; 
and  though  it  was  in  time  of  war,  and  fome  ftrong  ob¬ 
jections  had  been  made  to  particular  paflports,  folicited 
by  our  government  from  the  French  fecretary  of  flate, 
Monfieur  de  Choifeul  mod  obligingly  waved  all  fuch 
exceptions  with  regard  to  me,  and  mod  politely  allu¬ 
red  me,  in  a  letter  accompanying  my  paflport,  that 
thofe  difficulties  did  not  in  any  fhape  regard  me,  but 
that  I  was  perfectly  at  liberty  to  pais  through,  or 
remain  in,  France  with  thofe  that  accompanied  me, 
without  limiting  their  number,  as  fhort  or  as  long  a 
time  as  fhould  be  agreeable  to  me. 

“  On  my  arrival  at  Rome,  I  received  orders  to  pro¬ 
ceed  to  Naples,  there  to  await  his  maje  fly's  further 
commands.  Sir  Charles  Saunders,  then  with  a  fleet 
before  Cadiz,  had  orders  to  vifit  Malta  before  he  re¬ 
turned  to  Engl  nd.  It  was  faid  that  the  grand  mader 
of  that  order  had  behaved  fo  improperly  to  Mr  Har¬ 
vey  (afterwards  Lord  Bridol)  in  the  beginning  of  the 
war,  and  fo  partially  and  unjudly  between  the  two  na¬ 
tions  in  the  courfe  of  it,,  that  an  explanation  on  our 
part  was  become  necefiary.  The  grand  mader  no  foon- 
er  heard  of  my  arrival  at  Naples,  than,  guefling  the 
errand,  he  fent  off  Chevalier  Mazzini  to  London,  where 
he  at  once  made  his  peace  and  his  compliments  to  his 
xnajelly  upon  his  accefiion  to  the  throne. 

“  Nothing  remained  now  but  to  take  pofTeffion  of 
my  confulfhip.  I  returned,  without  lofs  of  time,  to 
Rome,  and  from  thence  to  Leghorn,  where  having  em¬ 
barked  on  board  the  Montreal  man  of  war,  I.  proceeded 
to  Algiers. 

"  While  at  Naples,  I  received  from  flaves,  redeemed 


from  the  province  of  Condantine,  accounts  of  magnify  Brua 
cent  ruins  they  had  feen  while  traverfing  that  country  "V"** 
with  their  mader  the  Bey.  I  faw  the  abfolute  necefficy 
there  was  for  aflidance,  without  which  it  was  impoffible 
for  any  one  man,  however  diligent  and  qualified,  to  do 
any  thing  but  bewilder  himfelf.  All  my  endeavours, 
however,  had  hitherto  been  imfuccefsful  to  perfuade  any 
Italian  to  put  himfelf  wilfully  into  the  hands  of  a  peo¬ 
ple  condantly  looked  upon  by  them  in  no  better  light 
than  pirates.  At  lad  Mr  Lnmifden,  by  accident,  heard 
of  a  young  man  who  was  then  dudying  architecture  at 
Rome,  a  native  of  Bologna,  whofe  name  was  Luigi  Ba- 
lugani.  I  can  appeal  to  Mr  Luinifden  as  to  the  extent 
of  this  periods  practice  and  knowledge,  and  that  he 
knew  very  little  when  fird  fent  to  me.  In  the  twenty 
months  which  he  ftaidwith  me  at  Algiers,  by  affiduou3 
application  to  proper  fubjeCts  under  my  inflruClion,  he 
became  a  very  confiderable  help  to  me,  and  was  the  on¬ 
ly  one  that  ever  I  made  ufe  of,  or  that  attended  me  for 
a  moment,  or  ever  touched  one  reprefentation  of  archi¬ 
tecture  in  any  part  of  my  journey/* 

Our  traveller,  when  in  Spain,  had  endeavoured  to 
find  accefs  to  that  immenfe  collection  of  Arabic  manu. 
feripts  which  were  perilhing  in  the  dud  of  the  efeurial; 
but  in  vain.  44  Ail  my  fuccefs  (fays  he)  in  Europe 
terminated  in  the  acquilition  of  thofe  few  printed  Arabic 
books  that  I  had  found  in  Holland  ;  and  thefe  were 
rather  biographers  than  general  hidorians,  and  contain¬ 
ed  little  in  point  of  general  information.  The  ftudy  of 
thele,  however,  and  of  Maracci's  Koran,  had  made  nre 
a  very  tolerable  Arab;  a  great  field  was  opening  before 
me  in  Africa  to  complete  a  collection  of  manuferipts, 
an  opportunity  which  I  did  not  negleCt. 

“  After  a  year  fpent  at  Algiers,  condant  converfa- 
tion  with  the  natives  while  abroad,  and  with  my  manu¬ 
feripts  within  doors,  had  qualified  me  to  appear  in  any 
part  of  the  continent  w  ithout  the  help  of  an  interpreter, 
LudoU  had  allured  hi3  readers,  that  the  knowledge  of 
any  oriental  language  would  Toon  enable  them  to  ac¬ 
quire  the  Ethiopic  ;  and  I  needed  only  the  lame  num¬ 
ber  of  books  to  have  made  my  knowledge  of  that  lan¬ 
guage  go  hand  in  hand  with  my  attainments  in  the  A- 
rabic.  My  immediate  profpeCt  of  fettine  out  on  my 
journey  to  the  inland  parts  of  Africa,  had  made  me 
double  my  diligence  ;  night  and  day  there  was  no  re¬ 
laxation  from  thefe  ftudies,  although  the  acquiring  any 
fingle  language  had  never  been  with  me  either  an  ©bjeCt 
of  time  or  difficulty.” 

At  Algiers  Mr  Bruce  was  detained  longer  than  he 
expeCted,  in  contequence  of  a  difpute  with  the  Dey 
concerning  Mediterranean  pafles.  This  being  adjulted, 
he  proceeded  to  Mahon,  and  from  Mahon  to  Carthage. 

ITe  next  vifited  Funis  and  Tripoli,  and  travelled  over 
the  interior  parts  of  thefe  Hates.  At  Bengazi,  a  final! 
town  on  the  Mediterranean,  he  fuffered  Ihipwreck.  and 
with  extreme  difficulty  laved  his  life,  though  with  the 
lois  of  all  hio  baggage.  He  afterwards  failed  to  the 
ifles  of  Rhodes  and  Cyprus,  and  proceeding  to  Mia 
Minor,  travelled  through  a  confiderable  part  of  Syria 
and  Paleftine,  vifiting  Haflia,  Latikea,  Aleppo,  and 
Tripoli ;  near  which  lafi  city  he  was  again  in  imminent 
danger  of  perifhing  in  a  river.  The  ruins  of  Palmyra 
and  Baalbec  w^ere  next  carefully  furveyed  and  fketched^ 
by  him  y  and  his  drawings  of  thefe  places  are  depofited 
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*uce.  In  the  king’s  library  at  Kew  ;  “  the  moil  magnificent 
W  v— prefent  in  that  line,,,  to  nfe  hi?  own  words,  “  ever  made 
by  a  fubje&  to  his  fovereign.” 

It  is  much  to  be  regretted  that  Mr  Bruce  publifhed 
no  particular  account  of  thefe  various  journeys  ;  from 
the  nature  of  the  places  viiited,  and  the  abilities  of  the 
man,  much  curious  and  ufeful  information  might  have 
been  expe&ed.  Some  manufcript  account?  of  different 
parts  of  them  are  faid  to  have  been  left  by  him,  but 
whether  in  iuch  a  hate  as  to  be  fit  for  publication,  we 
have  not  learned. 

In  thefe  various  travels  feme  years  were  paffed  ;  and 
Mr  Bruce  now  prepared  for  the  grand  expedition,  the 
accomplifitment  of  which  had  ever  been  neareff  his 
heart,  the  difcovery  of  the  fources  of  the  Nile.  In  the 
profecution  of  that  dangerous  obje£,  he  left  Sidon  on 
the  15th  of  June  1768,  and  arrived  at  Alexandria  on 
the  20th  of  that  month.  He  proceeded  from  thence 
to  Cairo,  where  he  continued  to  the  1  2th  ot  December 
following,  when  he  embarked  on  the  Nile ;  and  in  a  ve¬ 
ry  extraordinary  boat,  called  a  canja ,  of  which  he  fays 
the  main-fail  yard  was  about  200  feet  in  length,  he 
failed  up  that  river  as  far  as  Syene,  vifiting  in  the  courfe 
of  his  voyage  the  ruins  of  Thebes,  and  the  place  where 
Memphis  once  flood,  now  known  by  the  name  of  Me- 
trahenny.  Leaving  Kenne  on  the  Nile,  16th  February 
1769,  he  crofftd  the  deiert  of  the  Thebaid  to  Coffeir 
on  the  Red  Sea,  and  arrived  at  Jidda  on  the  3d  of  May. 
In  Arabia  Felix  he  remained,  not  without  making  teve- 
ral  excurlions,  till  the  3d  of  September,  when  he  failed 
from  Lolieia,  and  arrived  on  the  19th  at  Mafuah,  where 
he  was  detained  near  two  months  by  the  treachery  and 
avarice  of  the  Naybe  of  that  place.  It  was  not  till  the 
1 5th  of  November  that  he  was  allowed  to  quit  Arkeeko, 
near  Maiua  ;  and  he  arrived  on  the  15th  of  February 
1770  at  Gondar,  the  capital  of  Abyffinia,  where  he 
Ingratiated  himfelf  with  the  mofl  coufiderable  perfons 
of  both  fexes  belonging  to  the  court.  This  he  accom- 
phfhed  by  being  a  phyfician  in  the  city,  a  foldier  in  the 
field,  a  courtier  everywhere,  demeaning  himfelf  as  con- 
feious  that  he  was  not  unworthy  of  being  a  companion 
to  the  firflof  their  nobility,  and  the  king's  guelt,  which 
is  there  a  chara&er,  as  it  was  with  eaftern  nations  of 
old,  to  which  a  certain  fort  of  confideration  is  due. 
•*  To  this  I  may  add  (fays  he),  that,  being  in  the  prime 
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of  life,  of  no  ungracious  figure,  having  an  accidental  Bruce. 

knack,  which  is  not  a  trifle,  of  putting  on  the  drefs, - /— 1 

and  ipeakmg  the  language  eafily  and  gracefully,  I  cul¬ 
tivated,  with  the  utmoft  affiduity,  the  friendfliip  of  the 
fair  fex,  by  the  moil  modeil  and  refpe&ful  diflant  at¬ 
tendance  and  obfequioufnefs  in  public,  abating  juft  as 
much  of  that  in  private  as  t'uited  their  humours  and  in- 

CAuat/r°n-  5”  and  jealouty  being  a  paflion  unknown  in 
Ab}  flinia,  he  thus  acquired  from  the  ladies  great  fup- 
port  at  court.  ^ 

.  Several  months  were  employed  in  attendance  on  the 
king,  and  in  an  unfuccefsful  expedition  round  the  lake 
of  Dambea.  1  Wards  the  end  of  O&ober  Mr  Bruce 
fet  out  for  the  fources  of  the  Nile  ;  at  which  long  de- 
fired  fpot  he  arrived  on  the  14th  of  November;  and  his- 
feelings  on  the  accomplifhment  of  his  wifhes  cannot  bet¬ 
ter  be  expreffed  than  in  his  own  words  ; 

“  It  is  eafier  to  guefs  than  to  deferibe  the  fituation 
of  my  mind  at  that  moment  ;  Handing  in  that  fpot 
which  had  taffied  the  genius,  induftry,  and  inquiry,  of 
ancients  and  moderns  lor  the  courfe  of  near  3000  years. 

Kings  had  attempted  this  difcovery  at  the  head  of  ar¬ 
mies,  and  each  expedition  was  diftinguifhed  from  the 
laft  only  by  the  difference  of  the  numbers  which  had 
perifhed,  and  agreed  alone  in  the  difappointment  which 
had  uniformly,  and  without  exception*  followed  them, 
all.  Fame,  riches,  and  honour,  had  been  held  out  for 
a  feries  of  ages  to  every  individual  of  thofe  myriads 
thofe  princes  commanded,  without  having  produced  one 
man  capable  of  gratifying  the  curiofity  of  his  fovereign,. 
or  wiping  off  this  ftain  upon  the  enterprise  and  abilities 
of  mankind,  or  adding  this  defideratum  for  the  encou¬ 
ragement  of  geography.  Though  a  mere  private  Bri¬ 
ton,  I  triumphed  here  in  my  own  mind  over  kings  and 
their  armies ;  and  every  comparifon  was  leading  nearer 
and  nearer  to  the  prefumption,  when  the  place  itfelf 
where  I  flood,  the  objedl  of  my  vain  glory,  fuggefted 
what  depreffed  my  fhort-lived  triumphs." 

If  theie  triumphs  were  fhort-lived,  they  were  equally 
ill  founded  for  if  the  fource  of  the  Nile  was  feen  by 
Mr  Bruce,  there  can  be  no  doubt  of  its  having  been 
likewife  feen  by  the  Portuguefe  jefuits.  Ox  this  we 
have  elfewhere  brought  forward  fufficient  proof ;  and 
the  candid  reader,  v/ho  ftiall  take  the  trouble  to  com¬ 
pare  the  extract  printed  at  the  bottom  of  this  page(  a)* 

with 


(a)  “  In  the  eaftern  part  of  this  kingdom,  on  the  declivity  of  a  mountain,  whofe  defeent  is  fo  eafy  that  it 
feems  a  beautiful  plain,  is  that  fource  of  the  Nile  which  has  been  fought  after  at  fo  much  expence  of  labour,  and 
about  which  fuch  variety  of  conje&ures  hath  been  formed  without  luccefs.  This  fpring,  or  rather  thefe  two 
fprings,  are  two  holes,  each  about  two  feet  diameter,  a  Hone’s  caft  diflant  from  each  other.  The  one  is  about 
five  feet  and  an  half  in  depth,  at  lead  we  could  not  get  our  plummet  farther,  perhaps  becaufe  it  was  Hopped  by 
roots,  for  the  whole  place* is  full  of  trees:  of  the  other,  which  is  iomewhat  lefs,  with  a  line  of  ten  feet  we  could 
find  no  bottom,  and  were  allured  by  the  inhabitants  that  none  ever  had  been  found.  It  is  believed  here  that 
thefe  fprings  are  the  vents  of  a  great  fubterraneous  lake  ;  and  they  htve  this  circumHance  to  tavour  their  opinion, 
that  the  ground  is  always  raoifl,  and  fo  foft  that  the  water  boils  up  under  foot  as  one  walks  upon  it.  Such  is 
the  ground  round  about  thefe  fountains.  At  a  little  diftance  to  the  fouth  is  a  village  named  Guix  (the  Geejh  of 
Mr  Bruce),  through  which  the  way  lies  to  the  top  of  the  mountain,  whence  the  traveller  difeovers  a  vaft  extent 
of  land,  which  appears  like  a  deep  valley,  though  the  mountain  riles  fo  imperceptibly,  that  thofe  who  go  up  or 
down  it  are  fcarce  fenfible  of  any  declivity.”— Johnfon's  Tranjlation  of  Father  Lobo' s  Voyage  to  Abyjftntay 
Chap.  X. 

The  only  difference  between  Lobo’s  and  Bruce’s  account  of  thefe  fountains  worthy  of  notice  is,  that  the  for¬ 
mer  found  but  two,  while  the  latter  found  three  holes ;  but  Bruce  fays  exprefsly,  that  the  holes  are  partly  artifL- 
cial ;  and  Lobo’s  defeription  of  them  indicates  the  fame  thing*  It  is  therefore  not  improbable  that  there  may 
now  be  four  or  five  holes. 
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■frith  our  traveller's  account  of  thefe  coy  fountains,  as  it 
(lands  in  his  own  book  or  in  our  article  Nile  (Encyct.)) 
will  be  convinced  that  it  was  ridiculous  in  Mr  Bruce, 
and  is  equally  ridiculous  in  his  friends,  to  pretend  that 
he  djfcavtred-  what  had  baffled  the  genius  of  inquiry  for 
the  courfe  of  near  3000  years. 

It  was  not,  however,  the  confcioufnefs  of  having 
been  anticipated  by  the  jefuits  (lor  thefe  he  without  ce¬ 
remony  calls  a  fet  of  liars),  but  the  profpedl  of  danger 
to  be  encountered  on  his  return  to  Europe,  that  call 
fuch  a  damp  on  his  prefent  enjoyment.  “  I  was  but  a 
few  minutes  (fays  he)  arrived  at  the  fource  of  the  Nile, 
through  numberlefs  dangers  and  fufferings,  -the  lea  ft  of 
which  would  have  overwhelmed  me,  but  for  the  conti¬ 
nual  goodnefs  and  protedlion  of  Providence  ;  I  was, 
however,  but  then  half  through  my  journey,  and  all 
thofe  dangers  which  I  had  already  paffed  awaited  me 
again  on  my  return.  I  found  a  defpondency  gaining 
ground  fall  upon  me,  which  blaffcd  the  crown  of  laurels 
J  had  too  rafhly  woven  for  my  felt.*  * 

When  he  returned  to  reft  the  night  of  that  difeovery, 
repofe  was  fought  for  in  vain.  “  Melancholy  reflections 
upon  my  prefent  ftate,  the  doubtfulnefs  of  my  return  in 
fafety,  were  I  permitted  to  make  the  attempt,  and  the 
fears  that  even  this  would  be  refufed,  according  to  the 
rule  obferved  in  Abyffinia  with  all  travellers  who  have 
once  entered  the  kingdom  ;  the  confcioufnefs  of  the 
pain  that  I  was  then  occafioning  to  many  worthy  indi¬ 
viduals,  expe&ing  daily  that  information  concerning  my 
fituation  which  it  was  not  in  my  power  to  give  them  ; 
fome  other  thoughts  perhaps,  ftill  nearer  the  heart  than 
thofe,  crowded  upon  my  mind,  and  forbade  all  approach 
bf  deep. 

u  “  I  was,  at  that  very  moment,  in  poffeffion  of  what 
had  for  many  years  been  the  principal  objedtof  my  am¬ 
bition  and  wifhes ;  indifference  which,  from  the  ufual 
infirmity  of  human  nature,  follows,  at  leaft  for  a  time, 
complete  enjoyment,  had  taken  place  of  it.  The  marfh, 
and  the  fountains,  upon  companion  with  the  rife  of 
many  of  our  rivers,  became  now  a  trifling  objcCt  in  my 
fight.  I  remembered  that  magnificent  feene  in  my 
own  native  country,  where  the  Tweed,  Clyde,  and  An¬ 
nan,  rife  in  one  hill  ;  three  rivers  I  now  thought  not 
inferior  to  the  Nile  in  beauty,  preferable  to  it  in  the 
cultivation  of  thofe  countries  through  which  they  flow ; 
ftiperior,  vaftly  fuperior  to  it  in  the  virtues  and  qualities 
of  the  inhabitants,  and  in  the  beauty  of  its  flocks, 
crowding  its  paftures  in  peace,  without  fear  of  violence 
from  man  or  beaft.  I  had  feen  the  rife  of  the  Rhine 
and  Rhone,  and  the  more  magnificent  fources  of  the 
Soane ;  I  began,  in  my  forrow,  to  treat  the  inquiry 
about  the  fource  of  the  Nile  as  a  violent  effort  of  a  dif- 
tempered  fancy, 

‘  What’s  Hecuba  to  him,  or  he  to  Hecuba, 

*  1  hat  he  fhould  weep  for  her  .?* 

Grief  and  defpondency  now  rolling  upon  me  like  a  tor¬ 
rent,  relaxed,  not  refrelhed,  by  unquiet  and  imperfeCl 
lleep,  I  flatted  from  my  bed  in  the  utmoft  agony  ;  I 
went  to  the  door  of  my  tent,  every  thing  was  ftill  ;  the 
Nile,  at  whofe  head  I  flood*  was  not  capable  either  to 


(b)  With  regard  to  this  oath, 
of  breaking  it  ;  and  that, 
death  of  the  king, 
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promote  or  to  interrupt  my  (lumbers,  but  the  coolncfa  Brua\ 
and  ferenity  of  the  night  braced  my  nerves,  and  chafed 
away  thofe  phantoms  that  while  in  bed  had  oppreffed 
and  tormented  me. 

“  It  was  true  that  numerous  dangers,  liaidfhips,  and 
forrows,  had  befet  me  through  this  half  of  my  excur- 
lion  ;  but  it  was  ftill  as  true,  that  another  Guide,  more 
powerful  than  my  own  courage,  health,  or  underftand- 
ing,  if  any  of  them  can  be  called  maids  own,  had  uni¬ 
formly  protected  me  in  all  that  tedious  half.  I  found 
my  confidence  not  abated,  that  ftill  the  fame  Guide  was 
able  to  con du £1  me  to  my  wi filed  for  home.  I  imme¬ 
diately  refumed  my  former  fortitude,  confidercd  the 
Nile  as  indeed  no  more  than  riling  from  Springs  as  all 
other  rivers  do,  but  widely  differing  in  this,  that  it  was 
the  palm  for  3000  years  held  out  to  all  the  nations  of 
the  world  as  a  detur  digntfjimo ,  which  in  my  cool  hours 
I  had  thought  was  worth  the  attempting  at  the  rifle  of 
my  life,  which  1  had  long  either  refolved  to  lofe,  or  lay 
this  difeovery  a  trophy  in  which  I  could  have  no  com¬ 
petitor,  for  the  honour  of  my  country,  at  the  feet  of 
my  fovereign,  whofe  fervant  I  was.”  v 

How  unworthy  is  this  ranting  refle&ion  of  the  great- 
nefs  of  mind  which  -Mr  Bruce  on  other  occafions  un- 
queflionably  difplayed  !  Had  he  indeed  been  the  firft 
European  who  difeovered  thofe  pitiful  holes  from  which 
the  Nile  is  faid  to  flow,  his  merit  would  not  have  con- 
filled  in  travelling  from  Gondar  to  the  village  Geefh, 
and  viewing  the  fountains  which  are  at  that  village  the 
obje&s  of  idolatrous  adoration,  but  in  the  addrefs  with 
which  he  contrived  to  make  himfelf  the  favourite  of  all 
the  fadlions  which  agitated  a  barbarous  and  almofl  in¬ 
human  nation.  In  managing  thofe  fadlions,  lie  was  in¬ 
deed  great ;  but  he  feems  to  have  valued  himfelf  more 
upon  looking  at  three  iprings,  of  which  it  is  far  from 
being  certain  that  they  are  the  fources  of  the  Nile  (fee 
Nile,  EncycL ),  and  of  winch  two  had  certainly  been 
examined  more  than  a  century  before  he  was  born,  by 
different  miflionaries  from  the  kingdom  of  Portugal  1 
This,  however,  he  calls  the  objedl  of  his  wifhes;  and  ha¬ 
ving  now  accomplifhed  it,  he  bent  his  thoughts  on  his 
return  to  his  native  country. 

He  arrived  at  Gondar  on  the  19th  November  1  y  y o ; 
but  found,  after  repeated  folicitations,  that  it  was  by 
no  means  an  eafy  talk  to  obtain  permiffion  to  quit  Abyf- 
finia.  A  civil  war  in  the  mean  time  breaking  out  (no 
uncommon  occurrence  in  that  barbarous  country),  feve- 
ral  engagements  took  place  between  the  king’s  forces 
and  the  troops  of  the  rebels,  particularly  three  adions 
at  a  place  called  Serbraxos  on  the  19th,  20th,  and  23d 
of  May  1771.  In  each  of  them  Mr  Bruce  adled  a  con- 
nderame  part,  and  for  his  valiant  conduct  in  the  fecond 
received  as  a  reward  from  the  king,  a  chain  of  gold,  of 
184  links,  each  link  weighing  dwts.  or  fomewhat 
more  than  2 4  lbs.  troy  in  all.  At  Gondar,  after  thefe 
enagements,  he  again  preferred  the  moft  earneft  entrea¬ 
ties  to  be  allowed  to  return  home,  intreaties  which  were 
long  refilled;  but  his  health  at  laft  giving  way,  from 
the  anxiety  of  his  mind,  the  king  confented  to  his  de¬ 
parture,  on  condition  of  his  engaging  by  oath  (r>  to 

return 


Mr  Bruce  fays,  that  he  hopes  the  difficulty  of  performing  it  extinguifhed  t! 

of  whirh  }  *fc,an-y  "bcilW  merdy -pcrfonal,  his  engagement  to  return  ceafed  with  tl 

or  which  he  received  intelligence  during  his  ftay  at  Sennaar. 
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return  to  him  in  the  event  of  his  recovery,  with  as  ma¬ 
ny  of  his  kindred  33  he  could  engage  to  accompany 
him. 

After  a  refidence  of  nearly  two  years  in  that  wretch¬ 
ed' country,.  Mr  Bruce  left  Gondar  on  the  16th  of  De¬ 
cember  1771,  taking  the  dangerous  way  of  the  defart 
of  Nubia,  in  place  of  the  more  eafy  road  of  Mafuah, 
by  which  he  entered  Abyffinia.  He  was  induced  to 
take  this  route  from  his  knowledge  and  former  expe¬ 
rience  of  the  cruel  and  favage  temper  of  the  Naybe  of 
Mafuah.  Arriving  at  Teawa  the  21ft  March  1772,  he 
had  the  misfortune  to  find  the  Shekh  Fidele  of  Atbara, 
the  counterpart  of  the  Naybe  of  Mafuah,  in  every  bad 
quality  ;  by  his  intrepidity  and  prudence,  however,  and 
by  making  good  ufe  of  his  foreknowledge  of  an  eclipfc 
of  the  moon,  which  happened  on  the  17th  of  April,  he 
was  permitted  to  depart  next  day,  and  he  arrived  at 
Sennaar  on  the  29th  of  the  fame  month. 

Mr  Bruce  was  detained  upwards  of  four  months  at 
that  rmferable  and  inhofpitable  place  ;  the  inhabitants  of 
w  hich  lie  defcribes  in  thefe  expreffive  words  :  “  War 
and  treafon  feem  to  be  the  only  employment  of  thefe 
horrid  people,  whom  heaven  has  feparatcd  by  almoft 
impaflable  deferts  from  the  reft  of  mankind,  confining 
them  to  an  accurfed  fpot,  feemiDgly  to  give  them  an 
earneft  in  time  of  the  only  other  worfe  which  he  has 
referved  to  them  for  an  eternal  hereafter.”  This  delay 
was  occafioned  by  the  villany  of  thofe  who  had  under¬ 
taken  to  Supply  him  with  money  ;  but  at  laft,  by  dif- 
poiing  of  178  links  of  his  gold  chain,  the  well-earned 
trophy  of  Serbraxos,  lie  was  enabled  to  make  prepara¬ 
tion  for  his  dangerous  journey  through  the  deferts  of 
Nubia. 

He  left  Sennaar1  on  the  5th  of  September,  and  ar¬ 
rived  on  the  3d  of  October  at  Chendi,  which  he  quit¬ 
ted  on  the  20th,  and  travelled  through  the  defert  of 
Gooz,  to  which  village  he  came  on  the  26th  of  Odto- 
ber.  On  the  9th  of  November  he  left  Gooz,  and  en¬ 
tered  upon  the  moft  dreadful  and  dangerous  part  of  his 
journey  ;  the  perils  attending  which  he  has  related  with 
a  power  of  pencil  not  unworthy  of  the  greateft  mafters. 
All  his  camels  having  perifhed,  Mr  Bruce  was  under  the 
necelfity  of  abandoning  his  baggage  in  the  defert,  and 
with  the  greateft  difficulty  reached  Affouan  upon  the 
Nile  on  the  29th  of  November. 

After  fome  days  reft,  having  procured  frefh  camels, 
he  returned  into  the  defert,  and  recovered  his  baggage, 
among  which  is  particularly  to  be  remarked  a  quadrant 
(of  three  feet  radius)  fupplled  by  Louis  XV.  from  the 
Military  Academy  at  Marfeilles  ;  by  means  of  which 
noble  iriftrument,  now  depofited  in  the  mufeum  at  Kin- 
naird,  Mr  Bruce  was  enabled  with  precision  and  accu¬ 
racy  to  fix  the  relative  fituations  of  the  feveral  remote 
places  he  vifited. 

On  the  1  cth  of  January  1773,  after  more  than  four 
years  abfence,  he  arrived  at  Cairo,  where,  by  his  manly 
and  generous  behaviour,  he  fo  won  the  heart  of  Maho¬ 
met  ‘Bey,  that  he  obtained  a  firman,  permitting  the 
commanders  of  Englifh  veffels  belonging  to  Bombay 
and  Bengal  to  bring  their  (hips  and  merchandife  to 
Suez,  a  place  far  preferable  in  all  refpe£s  to  Jidda,  to 
which  they  weie  formerly  confined.  Of  this  permif- 
fion,  which  no  European  nation  could  ever  before  ac¬ 
quire,  many  English  veffels  have  fince  availed  them- 
felvesj  and  it  has  proved  peculiarly  ufeful  both  in  pub* 


lie  and  private  dispatches,  buch  was  the  worthy*  coir- 
clufion  of  his  memorable  journey  through  the  defeit ;  a 
journey  which,  after  many  hardifiips  and  dangers,  ter¬ 
minated  in  obtaining  this  great  national  benefit. 

At  Cairo  Mr  Bruce’s  earthly  career  had  nearly  been 
concluded  by  a  diforder  in  his  leg,  occafioned  by  a 
worm  in  the  flefh  This  accident  kept  him  five  weeks 
in  extreme  agony,  and  his  health '  was  not  re-efta- 
blifhed  till  a  twelvemonth  afterwards,  at  the  baths  of 
Poiretta  in  Italy.  On  his  return  to  Europe,  Mr  Bruce 
was  received  with  all  the  admiration  due  to  fo  exalted  a 
character.  After  paffmg  fome  confiderable  time  in 
France,  particularly  at  Montbard,  with  his  friend  the 
Comte  de  Birffon,  by  whom  he  was  received  with  much 
hofpitality,  and  is  mentioned  with  great  applaufe,  he  at 
laft  revifited  his  native  country,  from  which  he  had  been 
upwards  of  twelve  years  abfent. 

It  was  now  expe&ed  that  he  would  take  the  earlieft 
opportunity  of  giving  to  the  world  a  narrative  of  hi* 
travels,  in  which  the  public  curiofity  could  not  but  be 
deeply  interefted.  But  feveral  circumftances  contribu¬ 
ted  to  delay  the  publication  ;  and  what  thefe  were  will 
be  belt  related  in  his  own  words  : 

“  My  friends  at  home  gave  me  up  for  dead ;  and  as 
my  death  muft  have  happened  in  circumftances  difficult 
to  have  been  proved,  my  property  became  as  it  were  a 
hxredltas  jacens,  without  an  owner,  abandoned  in  com* 
raon  to  thofe  whole  original  title  extended  1:0  further 
than  temporary  poffeffion. 

“  A  number  of  law-fuits  were  the  inevitable  confe- 
quences  of  this  upon  my  return.  To  thefe  difagreeable 
avocations,  which  took  up  much  time,  were  added  others 
Hill  more  unfortunate.  The  relentlefs  ague,  caught  at 
Bengazi,  maintained  its  ground,  at  times,  for  a  fpace  of 
more  than  16  years,  though  every-  remedy  had  been 
ufed,  but  in  vain  ;  and  what  was  worft  of  all,  a  linger¬ 
ing  diftemper  had  ferioufly  threatened  the  life  of  a  moft 
near  relation  (his  fecond  wife),  which,  after  nine  years 
conftant  alarm,  where  every  duty  bound  me  to  attention 
and  attendance,  conduced  her  at  laft,  in  very  early  life?, 
to  her  grave.” 

Amidft  the  anxiety  and  the  diftrefs  thus  occafioned^ 
Mr  Bruce  was  by  no  means  negledlful  of  his  private  af¬ 
fairs.  He  confiderably  improved  hisftanded  property* 
iuclofing  and  cultivating  the  walle  grounds,  and  he  thigh-t 
ly  embellifhed  his  paternal  feat,  making  many  additions 
to  the  houfe,  one  in  particular  of  a  noble  mufeum,  filled 
with  the  moft  precious  ftores  of  oriental  literature,  large 
collections  of  drawings  made,  and  curious  articles  ob¬ 
tained,  during  his  far  extended  peregrinations.  An  ex¬ 
cellent  ftratum  of  coaL  at  Ivinnaird  drew  much  of  his  at¬ 
tention  ;  he  eredled  fteam  engines  of  the  moft  approved 
conftru£bion,  and  placed  his  coalliery  on  fuch  a  footing 
that,  at  the  period  of  his  deceafe,  it  produced  about 
20C0I.  a-year. 

The  termination  of  fome  law-fuits,  and  .  of  ether  bufi- 
nefis,  which  had  occupied  much  of  his  time,  having  at 
length  afforded  leifure  to  Mr  Bruce  to  put  his  mate*- 
rials  in  order,  his  greatly  defired  and  long  expe&ed 
work  made  its  appearance  in  1790,  in  five  large  quarto 
volumes,  embellifhed  with  plates  and  charts.  It  is  un- 
neceffary,  and  might  be  tedious,  to  enter  at  prefent  in¬ 
to  any  critic  or  analyfis  of  this  celebrated  work.  It  is 
univerfally  allowed  to  be  replete  with  much  curious  and 
ufeful  information  and  to  abound  in  narratives  which 

at 
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t  '^rucg*  at  once  excite  our  admiration  and  intereft  our  feelings. 
v ~  '  '  Tlie  very  fingnlar  and  extraordinary  pidlure  which  it 
gives  of  Abyffinian  manners*  Hart  led  the  belief  of  fome; 
but  thefe  manners,  though  ftrange  in  the  fight  of  an 
European,  are  little  more  than  might  be  expe&ed  in 
*fuch  a  barbarous  country;  and  had  unenlightened  phi- 
lofopher  vifited  Scotland  in  the  times  of  our  earlieft  mo- 
narchs,  he  might  perhaps  have  witnefTed  and  related 
feenes,  different  indeed  from  what  Mr  Bruce  faw  in 
Abyffinia,  but  which  to  us  would  have  feemed  equally 
ftrange. 

A  more  ferious  objection  to  the  truth  of  Mr  Bruce’s 
narrative  was  ftarted  by  an  anonymous,  but  able,  cri- 
*  Suppofed  tic*,  in  an  Edinburgh  newfpaper,  foon  after  the  pub- 
Rotheram  ^cat^on>  ^rom  t^ie  ?-CCOunt  of  two  agronomical  phe- 
profelfor  of  n°mena,  which  could  not  pojfilly  have  happened ,  as  Mr 
natural  phi- Bruce  afferts.  The  firft  of  thefe  is  the  appearance 
loiophv  in  of  the  new  moon  at  Eurfhout,  during  Mr  Bruce’s 
iity  of  st r"  in  that  P^ace>  which  he  mentions  to  have  been 
Andrew’s.  ^rom  25{h  December  1768  to  the  7th  of  January 
1769  ;  and  on  a  particular  day  in  that  interval  afferts, 
that  the  new  moon  was  feen  by  a  fakir,  and  was  found 
by  the  ephemerides  to  be  three  days  old  ;  whereas  it  is 
certain  that  the  moon  change-,  on  the  8th  of  January 
1769.  The  other  phenomenon  appears  equally  impof- 
fible.  At  Teawa  Mr  Bruce  fays  he  terrified  the  Shekh 
by  foretell  in  r  that  an  eclipfe  of  the  moon  was  to  take 
place  at  four  afternoon  of  the  17th  of  April  1772; 
that  accordingly,  foon  after  that  hour,  he  faw  the  eclipfe 
was  begun  ;  and  when  the  fhadow  was  half  over,  told 
the  Shekh  that  in  a  little  time  the  moon  would  be  to¬ 
tally  darkened.  Now,  by  calculation,  it  is  certain,  that 
at  Teawa  this  eclipfe  muft  have  begun  at  36  minutes 
pnft  four,  and  the  moon  have  been  totally  covered  at 
33  minutes  paft  five  ;  while  the  fun  fet  there  a  few  mi¬ 
nutes  pall  fix,  before  which  time  the  moon,  then  in  op- 
pofkion,  could  not  have  rifen:  fo  that  as  the  moon  rofe 
totally  eclipfed,  Mr  Bruce  could  not  fee  the  fhadow  half 
over  the  difk,  nor  point  it  out  to  the  Shekh  To  thefe 
objections,  which  appear  unfurmountabie,  Mr  Bruce 
made  no  reply,  though  in  convention  he  faid  he  would 
do  it  in  the  fecond  edition  of  his  book. 

Thefe  are  mifiakes  which  can  hardly  he  accounted 
for  by  attributing  them  to  the  inaccuracy  of  his  notes, 
or  indeed  to  any  caufe  which  we  are  inclined  to  name  ; 
and  perhaps  he  has  fallen  into  a  miftake  of  the  fame 
kind  in  his  account  of  the  enormous  main-fail  yard  of 
the  canja ,  in  which  he  failed  up  the  river  Nile.  To 
every  man  who  has  but  dipped  into  the  fcience  of  me- 
chanics,  it  is  known  that  a  beam  of  wood  200  feet  in 
length,  mud  be  of  proportional  thicknefs,  or  it  would 
fall  in  pieces  by  its  own  weight.  This  thicknefs  muft 
be  greatly  increated,  to  enable  it  to  bear  the  ftrain  oc- 
eafioned  by  a  prodigious  fail  filled  with  wind ;  and  thofe 
only  who  have  been  at  the  Nile,  and  have  feen  the  can 
jas,  can  fay,  whether  thefe  veflfels,  or  indeed  any  vef- 
fels  which  can  be  employed  on  that  river,  would  not 
be  overfet  by  yards, 

- To  equal  which,  the  tailed  pine 

Hewn  on  Norwegian  hills,  to  be  the  rriaft 
Of  fome  great  admiral,  were  but  a  wand. 

The  language  of  the  work  is  in  general  harfh  and  un- 
poll  (bed,  though  fometirr.es  animated.  Too  great  a 
ilifplay  of  vanity  runs  through  the  whole,  and  the  ap- 
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parent  facility  with  which  the  traveller  gained  the  moft  Bruce, 
familiar  accefs  to  the  courts,  and  even  to  the  harams  of  - 

the  fovereigns  of  the  countries  through  which  he  paffed, 
is  apt  to  create  in  readers  fome  doubts  of  the  accuracy 
of  the  narration.  Yet  there  appears  upon  the  whole 
fuch  an  air  of  manly  veracity,  and  circum fiances  arc 
mentioned  with  a  minutenefsfo  unlike  deceit,  that  thefe 
doubts  are  overcome  by  the  general  impreffion  of  truth, 
which  the  whole  detail  irrcfiftibly  faftens  upon  the  mind. 

The  character  of  Ras  Michael  has  often  ftruck  us,  as 
containing  very  ftrong  internal  evidence  of  its  having 
been  taken  from  nature;  for  it  is  fuch  a  character, 
at  once  extraordinary  and  confident,  as  neither  Mr 
Bruce,  nor  perhaps  any  writer  fince  Shakefpeare,  had 
genius  to  feign. 

The  firft  imprefilon  of  the  book  being  almoft  difpo- 
fed  of,  Mr  Bruce  had  ftipulated  with  an  eminent  book- 
feller  in  London  for  a  fecond  edition  to  be  publifhed, 
we  think  in  8vo ;  and  he  was  bufy  in  preparing  that 
edition  for  the  prefs  when  death  removed  him  from 
this  tranfitory  ftage.  On  the  2^th  of  April  1794  he 
entertained  fome  company  at  Kinnaird  houfe  with  his 
ufual  hofpitality  and  elegance.  About  eight  o’clock  in 
the  evening,  when  his  ouefts  were  ready  to  depart,  he 
was  handing  one  of  the  ladies  down  ftair3,  when,  having 
reached  the  feventh  or  eighth  ltep  from  the  bottom,  his 
foot  flipped,  and  he  fell  down  headlong.  He  was  taken 
up  fpeechlefs  ;  his  face,  particularly  the  forehead  and 
temples,  being  ieverely  cut  and  biuifed,  and  the  bones 
or  his  hands  broken.  He  continued  in  a  Itate  of  appa¬ 
rent  infenfibility  for  eight  or  nine  hoins,  and  expired  oil 
Sunday  the  27th,  in  the  64th  year  of  his  age. 

Mr  Bruce’s  fecond  wife,  whom  he  married  on  the- 
2pth  May  77 6,  was  Mary,  eldeft  daughter  of  Tho¬ 
mas  Dundas,  Efq:  of  Carron-hall,  by  Lady  Janet  Mait¬ 
land,  daughter  of  Charles  fixth  Earl  of  Lauderdale.  By 
that  lady,  who,  a^ter  a  fevere  and  lingering  indifpofi- 
tion,  died  in  1*784,  he  had  three  children,  of  whom  one 
fon  and  one  daughter  furvive  him. 

Mr  Bruce’s  perfon  was  large,  his  height  exceeding 
fix  feet,  his  bulk  being  in  proportion  to  his  height  ; 
and  at  the  period  when  he  entered  on  his  dangerous  ex¬ 
pedition,  he  was  equally  remarkable  for  ftrength  and 
for  agility.  To  thofe  who  never  beheld  him,  the  en¬ 
graved  medallion  in  the  title  pages  of  the  firft  and  third 
volumes  of  his  Travels  will  convey  fome  idea  of  his  fea¬ 
tures.  He  excelled  in  all  manly  accomplifhments,  being 
trained  to  exercile  and  fatigue  of  every  kind.  He  was 
a  hardy,  praftifed,  and  indefatigable  fwimmer ;  and  his 
long  refidence  among  the  Arabs  had  given  him  a  more 
than  ordinary  facility  in  managing  the  horfe.  In  the  ufe 
of  fire  arms  he  was  fo  unerring,  that  in  innumerable  in- 
ftances  he  never  failed  to  hit  the  mark  ;  and  his  dexte¬ 
rity  in  handling  the  fpear  and  lance  on  horfeback  was 
alfo  uncommonly  great.  He  was  mafter  of  moil  lan- 
guages  ;  and  was  fo  well  fkilled  in  oriental  literature, 
that  he  revifed  the  New  Teftament  in  the  Ethiopia,  Sa¬ 
maritan,  Hebrew,  and  Syriac,  making  many  ufeful 
notes  and  remarks  on  difficult  p affixes.  He  had  ap¬ 
plied  from  early  youth  to  mathematics,  drawing,  and 
aftronomy,  and  had  acquired  fome  knowledge  of  phyfic 
and  furgery.  His  memory  was  aftonifhingly  retentive* 
and  his  mind  vigorous.  He  was  dexterous  in  negocia- 
tion,  a  mafter  of  public  bufinefs,  and  animated  with  the 
warmeft  zeal  for  the  glory  of  his  king  and  country. 

Such, 
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1  ice,  Such,  at  leaft,  is  his  own  reprefentation  of  his  charac- 
**  *r~‘  ter  ;  and  though  an  impartial  judge  would  probably 
make  confiderable  abatement  for  the  natural  bias  of  a 
man  drawing  his  own  portrait,  yet  it  cannot  be  denied, 
that  in  perfonal  acctimplifhments  Mr  Bruce  equalled,  if 
not  exceeded,  moft  of  his  contemporaries. 

Thus  accomplished,  he  could  not  but  be  eminently 
fitted  for  an  attempt  fo  full  of  difficulty  and  danger  as 
what  he  called  the  difcovery  of  the  fources  of  the  Nile  : 
no  one  who  perufes  his  account  of  the  expedition,  can 
fail  to  pay  an  unfeigned  tribute  of  admiration  to  his 
intrepidity,  manlinefs,  and  uncommon  dexterity,  in  ex- 
ti fearing  himfelf  out  of  fituations  the  moft  dangerous 
and  alarming,  in  the  courfe  of  his  long  and  hazardous 
journey  ;  not  to  mention  his  conduct  during  his  refi- 
dence  in  Abyfiinia,  his  behaviour  at  Mafuah,  Teawa, 
aiH  Stnnaar,  evinces  the  uncommon  vigour  of  his  mind: 
but  it  was  chiefly  during  his  paffage  through  the  Nu¬ 
bian  dei'ert  that  his  fortitude,  courage,  and  priidence* 
appeared  to  the  greateft  advantage.  Of  his  learning 
and  fagacity,  his  delineation  of  the  courfe  of  Solomon's 
fleet  fior-  Tarfhifh  to  Ophir,  his  account  of  the  caufe 
of  the  inundations  of  the  Nile,  and  his  comprehenfive 
view  of  the  Abyffinian  hiftory,  afford  ample  proofs.  It 
mult  indeed  be  conftfTed,  that  in  his  account  of  the  in¬ 
undations  of  the  Nile,  as  well  as  in  his  delineation  of 
the  courfe  of  Solomon’s  fleet,  he  has  not  the  merit  of 
originality  ;  blit  on  both  thefe  occafions  he  has  ftated 
the  hypothefis  which  he  maintains  with  greater  clear- 
nefs,  and  fupported  it  with  more  plaufible  arguments, 
than  any  other  author  whole  writings  have  fallen  into 
our  hands  ;  /and  it  was  furely  to  his  honour,  that  as  foon 
as  he  learned  that  his  hypothefis  refpe&irig  Ophir  and 
Tarlhilh  had  been  controverted  by  Dr  Doig  of  Stirling, 
he  earneflly  courted  the  acquaintance  of  that  eminent 
fcholar. 

After  his  return  to  his  own  country,  he  refided  moft. 
ly  at  Kinnaird  ;  and  till  he  became  corpulent,  fpent 
much  of  his  time  in  the  various  fports  of  the  field,  in 
which  he  engaged  with  great  ardour.  Though  ftudious 
in  youth,  and  at  all  times  a  ftranger  to  intemperance 
and  difiipation,  he  read  but  little  in  his  later  years;  and 
feemed  to  find  his  chief  pleafure  in  converfation,  efpe- 
cially  the  converfation  of  well-informed  ladies.  In  his 
frieudfhips  he  fometimes  appeared  to  be  capricious,  at¬ 
taching  himfelf  to  men  in  whole  heads  and  hearts  no 
other  perfon  could  perceive  a  charm  for  a  mind  like  his. 
Though  in  his  own  dealings  he  was  always  juft  and  ho¬ 
nourable,  he  was  too  ready  to  apprehend  unfairnefs  in 
others,  and  to  exprefs  fuch  apprehenfions  with  undue 
warmth.  To  ftrangers  he  was  often  arrogant,  and 
fometimes  infolent ;  but  in  his  own  family  he  was  an 
affectionate  hulband,  a  kind  father  an  agreeable  enter¬ 
tainer,  and  to  his  fervants  a  mafter  perhaps  too  indul¬ 
gent.  In  converfation,  as  well  as  in  his  writings,  he 
embraced  every  opportunity  exprefling  a  deep  and 
lively  fenfe  of  the  care  of  a  fuperintending  Providence, 
without  which  he  was  convinced  that  there  could  be  no 
fafety  in  human  ftrergth  •  r  human  forefight.  His  belief 
of  the  Chriftian  religion  refted  on  the  fureft  grounds  ; 
and  fuch  was  his  veneration  for  the  facred  writings,  that 
for  fome  years  before  his  death  they  feemed  to  occupy 
all  the  tirre  which  he  gave  to  ftudy.  He  read  no  fer- 
mons,  however  elegant  ;  anddiffuaded  others  from  fuch 
leadinor.  “  Read  the  Bible  (faid  he),  and  you  will 
Suppl.  Vol.  I.  Part  I. 


29  1  B  U  L 

foon  perceive  the  emptinefs  of  the  moft  applauded  fer- 
mons.”  r 


BUCK-wheat,  a  fpecies  of  Polyganum  (fee  that, 
article  EncycL),  was  firft  introduced  into  Europe  about 
the  end  of  the  15  th  or  the  beginning  of  the  1  6th  cen- 
tury.  According  to  fome  botanifts,  who  lived  at  that 
period,  its  native  country  is  the  northern  parts  of  Alia 
whence  it  was  brought  to  Germany  and  France,  where, 
about  the  year  1587,  it  was  the  common  food  of  the 
poor. 

A  new  fpecies  of  this  grain,  or,  to  fpeak  perhaps 
more  properly,  a  variety  of  this  fpecies,  has  been  for 
fome  time  known  under, the  name  of  Siberian  buck- 
wheat,  which  appears  to  have  confiderable  advantages 
over  the  former.  It  was  fent  from  Tartary  to  St  Pe- 
terfburgh  by  the  German  botanifts,  who  travelled  thro’ 
that  country  in  the  beginning  of  the  prefent  century  1 
and  it  has  thence  been  difperfed  over  all  Europe.  Lin- 
naeus  received  the  firft  feeds  of  it  in  1737  from  Garber 
the  botanift,  and  deferibed  the  plant  in  his  hortus  dif¬ 
fer  tionus.  After  this  it  was  mentioned  by  Ammann  id 
1739  :  bpt  it  muft  have  been  earlier  known  in  Germa¬ 
ny  ;  for  in  1733  ^  vvas  growing  in  the  garden  of  Dr 
E hi  hart  at  Memmingen  In  Siberia  this  plant  fows  it- 
felf  for  four  or  five  years  by  the  grains  that  drop  ;  but 
at  the  end  of  that  period  the  land  becomes  fo  full  of 
tarCo  that  it  is  choked,  and  muft  be  Town  afrefh.  Even 
in  the  economical  gardens  of  Germany,  it  is  propagated 
in  the  fame  manner  ;  and  in  that  country  it  is  in  fome 
places  found  gi owing  wild,  though  it  is  nowhere  culti¬ 
vated  in  the  neighbourhood.  It  is  not,  however,  indi¬ 
genous,  otherwife  Ehrhart  might  have  raifed  it  from 
German  feed,  which  it  feems  he  could  not  find  in  1733. 
See  much  curious  information  concerning  this  plant  m 
Profeffor  Beckmann's  Hiftory  of  Inventions  and  D  fco - 
veries. 

BULAM,  or  Bulama,  as  it  is  more  ufually  called, 
forms  part  of  the  Archipelago,  or  clufter  of  iflands,  ly¬ 
ing  on  the  weftern  or  windward  coaft  V  Africa,  and 
known  by  the  name  of  the  Biftaos  or  Biffhgos ,  which 
are  fuppofed  to  have  been  celebrated  by  the  ancients 
under  the  appellation  of  the  Hefperides .  It  is  fituated 
at  the  mouth  of  the  Rio  Grande,  in  no  N.  Lat.  and 
1 5°  W.  Long,  from  the  meridian  of  London  ;  and  is 
between  feventeen  and  eighteen  leagues  long,  and  from 
four  to  five  broad. 

"This  ifiand  has  become  an  interefling  object  to  the 
inhabitants  of  Great  Britain,  in  confequence  of  its  ha¬ 
ving  been  purchafed  in  the  year  1792  by  a  fociety  infti- 
tuted  for  the  fame  humane  purpofes  with  thofe  which 
gave  rife  to  the  Sierra-Leona  company  (fee  Sierra - 
Leona,  Encycl. )  The  Bulam  affociation  was  formed 
towards  the  latter  end  of  the  year  1791 ;  and  they  were 
induced  to  pitch  upon  that  ii^nd  as  the  moft  eligible 
tr?.<ft  for  their  intended  colony,  in  confequence  of  the 
flattering  defeription  given  of  its  climate,  foil,  and  har¬ 
bours,  by  M.  Brue,  formerly  direftor-general  of  the 
French  African  companies. 

The  gentlemen  originally  appointed  as  truftees  for 
managing  the  concerns  of  the  aifociation  at  home  were, 
Paul  Le  Mefurier ,  M.  P. ;  James  Kirkpatrick ,  Efq; 
George  Hartwell ,  Efq;  Mofes  Ximenes ,  Efq;  Sir  John 
Riggs  Miller ,  Bart,  and  David  Scott ,  Efq;  M.  P  ;  and 
for  eftablifhin  r  the  colony,  and  conducing  the  affairs 
ot  the  fociety  abroad,  the  following  gentlemen  were  no‘- 
R  minated, 


Buck- 

wheaf, 

Bulam. 
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Bttlam.  minuted,  viz.  Mejfrs  //.  H.  D&lrymplc ,  Young ,  *S7r 

—  William  Haltcn,  Bart.  Philip  Beaver,  Peter 

Clutlerhuch ,  Nicholas  Bayly ,  Brands  Brodie ,  Charles 
ID  rake,  John  Pa>bay  Richard  Hancorne,  Rovert  Dobbins  , 
and  Ifaac  Ximenes . 

A  fum  of  L.  9000  being  quickly  fubfcribed  for  the 
eftablifhment  of  the  intended  colony,  this  committee 
failed  from  Spithead  in  three  fhips  on  the  1  ith  of  April 
1792  ;  and  landing  in  due  time  at  Bulama,  they  pur- 
chafed  that  ifland  from  the  kings  of  Canabac,  who 
claimed  it  as  their  property.  They  purchafed  likewife 
from  the  kings  of  Ghinala  the  neighbouring  ifland  Ar¬ 
eas,  and  the  adjacent  land  on  the  continent  ;  and  thefe 
feveral  purchafes  being-  taken  Doflefli  in  of  in  the  ufual 
form,  a  body  of  fettlers,  confiding  of  49  men,  13  wo¬ 
men,  and  25  children,  were  left  at  Bulama  under  the 
fuperintendence  of  Mr  Beaver,  with  a  temporary  fup- 
ply  o'-  provifions,  ftores,  plantation-tools,  and  merchan* 
dite,  I  or  trading  with  the  neighbouring  natives.  It  is 
from  the  difpatches  of  thefe  fettlers,  after  having  lived 
fome  time  in  Bulama,  that  the  following  account  of 
the  ifland  was  drawn  up  by  Mr  Johanfen. 

“  The  climate,  on  the  whole,  may  be  deemed  falubri- 
ous,  and  will  become  more  fo  in  proportion  to  the  in- 
create  of  cultivation.  The  mornings  and  evenings  are 
temperate  and  pleatant ;  the  middle  of  the  day  is  hot, 
but  the  fine  fea  breeze  which,  then, fets  in  tends  greatly 
to  cool  and  refrefh  the  air.  The  heat  of  the  fun  is  not 
either  fo  exceffive  or  intolerable  as  has  been  >enerally 
fuppofed  ;  indeed  nature  has  moft  admirably  adapted 
our  mechanical  and  phyfical  qualities  to  the  exigencies 
of  different  regions  ;  and  man,  who  is  the  inhabitant  of 
every  climate,  may,  in  lome  meafure,  render  himfelf  in¬ 
digenous  to  every  foil.  Here  the  only  danger  arifes 
from  too  fudden  an  expofure  to  the  operation  of  the 
vertical  rays  of  the  fun,  or  an  excefs  of  labour  ;  both  of 
which  the  firfl  fettlers  ought  molt  fludioufly  to  avoid. 

“  It  appears  from  Mr  Beaver’s  obfervations  at  noon, 
between  the  20th  of  July  1792,  and  the  28th  of  April 
1793,  that  the  thermometer,  when  lovvefl,  was  at  74; 
the  medium  heat  8.5  ;  and  that  it  never  exeeededed  96, 
except  at  one  time  when  it  rofe  to  100,  during  a  calm 
that  occurred  in  the  interv?d  between  the  north --eaft 
breeze  in  the  morning  and  the  fouth-weft  in  the  even¬ 
ing  of  the  19th  of  February  1793.  The  difference  be¬ 
tween  the  heat  of  noon  and  that  of  the  morning  and 
evening  is  from  20  to  30  degrees.  On  the  23d  of  Oc¬ 
tober  1792,  hail  of  the  fize  of  a  pin’s  head  fell  during 
two  minutes,  although  not  a  cloud  was  to  be  feen  du¬ 
ring  this  phenomenon.  The  mercury  in  the  thermo¬ 
meter  then  flood  at  85  ;  the  wind  was  at  north-eaft  in 
the  morning  and  fouth-weft  in  the  evening. 

“  Immediately  after  fun  fet  a  dew  conftantly  begins 
to  fall,  which  induees  fome  to  light  a  fire  in  their 
houfes  ;  they  at  the  lame  time  put  on  warmer  cloth¬ 
ing.  There  is  little  or  no  twilight ;  and  night  and  day 
are  nearly  equal :  the  earth  has  therefore  time  to  cool 
during  twelve  hours  abfenee  of  the  fun. 

“  None  of  thofe  terrible  and  deftru&ive  hurricanes  fo 
frequently  experienced  in  the  Weft  Indies  are  to  be 
met  with  here.  The  tornadoes ,  which  arife  chiefly  from 
the  eaftern  point  of  the  compals,  are  but  of  fhort  dura¬ 
tion,  feldom  lading  above  an  hour,  and  may  be  readily 
forefeen  fome  time  previoufly  to  their  co.;  mencemenU 
They  occur  at  the  beginning  and  clofe  of  the  wet  fea- 
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fon,  and  are  highly  beneficial,  as  they* purify  the  air,  Bulat* 
and  difpel  the  noxious  vapours  with  which  it  would  ^ 
otherwife  abound.  .j 

<<  The  rains  fet  in>  about  the  latter  end  of  May  or 
the  beginning  of  June,  and  difcontinue  in  O&ober  or 
November.  They  do  not  fall  every  day,  for  theie  is 
often  a  confiderable  interval  of  clear  weather,  during 
which  the  atmofphere  is  beautifully  ferene  ;  the  fhowers 
in  the  fir  ft  and  laft'  month  occur  but  feldom,  and  arc 
far  from*  being  violent.;  while,  on  the  other  hand,  they 
fometimes  referable  tor-rents,  more  efpecially  towards  the 
middle  of  the  leafon.  During  the  whole  of  this  period, 
Europeans  fhould,  if  poflible,  confine  themfelves  to 
their  habitations,  as  the  rains  prove  injurious  to  health, 
more  efpecially  if  thole  exp  ole  d  to  them  negled  to  wipe 
their  bodies  dry,  and  to  change  their  clothes  immedi¬ 
ately  on  their  return  home.  It  is  deemed  prudent  alfo 
not  to  dig  the  earth  until  the  expiration  ©f  a  month  af¬ 
ter  the  return  of  fair  weather,  as  this  is  confidered  to 
be  unhealthy. 

“  During  the  continuance  of  the  dry  feafon,  a  dew 
falls  during  the  night,  in  fufficient  quantity  lo  anftver 
all  the  purpofes  of  vegetation. 

“  Every  ftranger  is  generally  here,  as  well  as  in  the 
Weft  Indies,  fubjedt  to  a  fever  or  feafoning  on  his  ar¬ 
rival.  This  is  not  infectious ;  it  proceeds  perhaps  from 
an  inereafed  perfpiration  and  a  fudden  extenfiort  of  the 
pores  of  the  human  body,  in  confequence  ot  the  heat, 
by  which  means  it  is  rendered  more  liable  to  imbibe 
the  abundant  exhalations  that  arife  from  the  animal,  ve¬ 
getable,  and  mineral  kingdoms;  but  even  this,  flight  as 
k  is,  might  doubtlefs  be  avoided  by  means  of  a  proper 
regimen,  and  a  fhort  feclufion  from  the  full  aClion  of 
the  open  air,  more  efpecially  at  noon,  and  during  the 
evening,  until  the  climate  has  been  rendered  familiar. 

“  Bulama  is  admirably  adapted  for  all  the  purpofea 
of  an  extenfive  commerce,  being  not  only  happily  litu- 
ated  at  the  mouth  ot  the  Rio  Grande,  but  in  the  vici¬ 
nity  of  feveral  other  navigable  rivers  ;  fo  that  a  trade 
with  the  internal  parts  of  Africa  is  thereby  greatly  fa¬ 
cilitated.  The  landing  is  remarkably  eafy  and  iafe,  there 
being  no  furge  ;  the  ebb  and  flow  is  regular,  and  there 
is  an  inertafe  of  16  feet  of  water  at  fpring  tide.  The 
bay  oppofite  the  Great  Bulama  is  adorned  with  a  num¬ 
ber  of  iflands,  covered  with  trees,  and  forms  a  moft  ex¬ 
cellent  harbour,  fufficiently  capacious  to  contain  the 
whole  navy  of  Great  Britain,  which  might  ride  there 
in  fafety.  The  fettlement  in  general  is  well  fupplied 
with  water.  A  number  of  fprings  have  been  lately  dif- 
covered  in  different  places  ;  and  befides  a  draw-well  in 
the  fort,  which  was  credit  d  for  the  defence  of  the 
colony,  there  is  a  fmall  ftream,  which  runs  into  E- 
lewlis  Bay,  near  the  new  fettlement  called  Hefper 
Elewfis  :  this  is  admirably  fituated  for  the  fupply  of 
{hipping. 

44  The  ifland  is  beautifully  furrounded,  and  interfper- 
fed  with  woods  :  lofty  fruit  and  foreft  trees,  moftly  free 
from  underwood  and  brambles,  form  a  verdant  belt,  in 
fome  places  two  or  three  miles  broad,  which  entirely 
eneircles  it,  in  fuch  a  manner  as  to  reprefent  a  planta¬ 
tion  artificially  formed  around  a  park.  Within  this 
the  fields  are  regularly  divided  by  trees,  fo  as  to  rtfem- 
ble  the  hedge- rows  in  England.  The  beach  has  in  fome 
places  the  appearance  of  gravel  walks  ;  it  is  fringed 
with  mangrove  trees,  which  forming  a  line  with  the 
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tm.  high-water  mark,  dip  their  branches  into  the  Tea,  and 
/ — ~  thus  afford  rourifhment  to  the  ovfters  that  often  adhere 
to  their  extremities. 

Several  part?  of  Bulama  have  been  occafionally  culti¬ 
vated  by  the  neighbouring  blacks,  though  they  did  not 
conllantly  refide  on  it. 

“  The  land  in  general  rifes  gradually  towards  the 
middle  of  the  ifland,  where  the  highefl  fpot  is  from  60 
to  100  feet  above  the  level  of  the  fea.  The  fmall  hill 
cn  which  the  fort  is  fituated  is  nearly  of  the  fame  alti¬ 
tude. 

“  The  foil  is  abundantly  rich  and  deep  ;  Hones  do 
not  here  impede  the  labours  of  the  farmer  ;  and  indeed 
none  have  hitherto  been  difeovered,  but  a  fmall  fort, 
reitrr.bling  pieces  of  ore,  which  are  to  be  met  with  on 
the  Ihore.  There  are  many  fwvannahs  or  natural  mea¬ 
dows,  fo  extenfive  that  the  eye  can  fcarcely  defery  their 
boundaries.  Thefe  are  admirably  adapted  for  the  rear¬ 
ing  of  flock  and  feeding  of  cattle  of  every  kind. 

“  Cotton,  indigo,  rice,  and  coffee,  grow  fpontane- 
oufly  on  this  coaft;  the  fugar-cane  is  indigenous  to 
many  parts  of  Africa,  and  might  be  cultivated  here  by 
the  labour  of  freemen,  in  equal perfe& ion,  and  to  much 
greater  advantage,  than  in  the  exhaufled  iflands  of  the 
Weft  Indies.  All  kinds  of  tropical  produ&ions,  fucli 
as  pine-apples,  limes,  oranges,  grapes,  plums,  caflada, 
guava,  Indian  wheat,  the  papaw,  water-melon,  mufk- 
melon,  the  pumpkin,  tamarind,  banana,  and  numbers  of 
other  delicious  fruits,  alfo  flourifh  here.  The  adjoin¬ 
ing  territories  produce  many  valuable  forts  of  fpices, 
gums,  and  materials  for  dying  :  all  of  which,  it  is  but 
fair  to  fuppofe,  might  be  readily  cultivated  in  a  kindred 
climate  and  a  congenial  foil. 

“  The  neighbouring  feas  abound  with  a  variety  of 
fifh,  highly  agreeable  to  the  palate.  The  lion,  tyger, 
jackall,  &c.  are  natives  of  the  continent  ;  but  in  Bula- 
ma  no  animals  have  been  difeovered,  the  wolf,  fome  buf¬ 
faloes,  a  few  elephants,  and  a  fpecies  of  the  deer  ex¬ 
cepted. 

“  The  woods  abound  with  doves,  guinea  fowls,  and 
a  variety  of  birds,  celebrated  for  the  beauty  of  their 
plumage. 

“  The  natives  of  this  part  of  Africa,  like  all  favages, 
are  entirely  under  the  dominion  of  their  paflions:  hence 
the  violence  of  their  attachment  to  their  friends,  and 
the  excefs  of  their  refentment  againft  their  enemies. 
Their  notions  of  property  are  very  obfeure  and  confu- 
fed  :  they  have  no  idea  of  any  right  arifing  from  occu¬ 
pancy  or  improvement.  What  they  want,  they  either 
receive  or  take  wherever  they  may  happen  to  meet  with 
it,  and  they  permit  others  to  do  the  fame.  They  have 
been  taught  by  experience,  that  the  Europeans  will  not 
agree  to  this  :  again  ft  them  therefore  they  employ 
every  artifice  that  it  is  in  the  power  of  cunning  to  fug- 
geft. 

“  The  colonifts  need  not  fear  any  attack  on  the  part 
of  the  negroes,  provided  their  own  condudl  be  juft  and 
peaceable  :  for  Mr  Beaver,  who  was  indeed  admirably 
calculated  by  nature  and  habit  for  the  ftation  he  occu¬ 
pied,  could  infure  both  fafety  and  refptdf  when  the  fet¬ 
tles  under  him  were  reduced  to  four  white  men,  al¬ 
though  the  neighbouring  nations  knew  that  he  was  in 
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pofMion  of  commodities,  for  the  acquifition  of  which 
many  of  them  had  become  day-labourers.  He  often 
kept  from  twenty  to  forty  gromittos,  or  black  cultiva¬ 
tors  in  pay,  at  that  very  period,  at  about  four  or  five 
bars  (a)  each  per  month.  Thefe  are  eafy  to  be  procu¬ 
red,  to  aim  oft  any  number  that  can  pofiibly  be  wanted. 

“  Until  a  fufficient  quantity  of  flock  and  provifions 
can  be  railed  in  the  company's  fettlements,  the  adjacent 
iflands  will  furnifh  aoundarice  of  cattle,  hogs,  fowls,  Sec. 
at  a  very  cheap  rate.  A  horfe  may  be  purchafed  at 

on  f<?*  lL  IOS*  a  buIlock  re-a7  be  from  12  s.  to 
1  8  s.  fieri  mg  ;  provifions  of  all  kind,  are  equally  reafon- 
able.  Honey  is  alfo  to  be  procured  in  great  plenty, 
and  bees  wax  may  be  rendered  an  advantageous  object 
of  commercial  fpeculation. 

“  In  fhort,  the  acquifition  of  Bulama,  Areas,  and 
the  adjacent  territories,  prefents  the  faireft  opportunity 
of  furni flung  Europe  with  many  valuable  articles  that 
have  hitherto  been  brought  from  more  remote  coun¬ 
tries,  with  much  greater  hazard,  and  at  an  increaied 
expence  The  intercourfe  with  England  is  ealy,  fate, 
and  expeditious  ;  for  the  voyage  may  be  performed  in 
the  fpace  of  three  or  four  weeks  :  and  by  the  terms  of 
the  firil  fubfeription,  a  fettler  on  Bulama  might  pur- 
chafe  500  acres  of  land  for  L.30  fterling,  by  the  terms 
of  the  fecond,  whieh  we  fuppofe  are  the  teims  at  pre- 
fent,  he  might  purchafe  on  the  iflands  of  Bulama  and 
Areas,  or  on  that  part  of  the  adjacent  coaft  which  was 
ceded  to  the  fociety  by  the  kings  ot  Ghmala,  200  acres 
for  L  50  fterling. 

“  The  colonization  of  Africa  opens  a  noble  and  exten¬ 
five  field  to  nations  and  to  individuals.  To  people 
thole  fertile  territories,  defpoiled  of  their  inh  bitants  by 
the  Have  trade  ;  to  rear  the  productions  of  the  climes 
between  the  tropics,  by  the  afliftance  of  free  men  ;  to 
give  ample  fcope  to  the  induftry  and  exertions  of  thefe 
who  may  be  inclined  to  remove  from  Great  Britain; 
and  to  extend  the  commerce  and  the  manufactures  of 
our  native  country— thefe  are  fubjedts  which  have  ex¬ 
cited  the  attention  of  the  Bulama  afibciation,  and  now 
claim  the  afliftance  of  the  ingenious,  the  fupport  of  the 
rich,  and  the  concurrence  and  good  wifhes  of  all. 

BUNTING,  is  a  bird  which  has  been  deferibed  un¬ 
der  its  generic  name  Emberiza  (Encycl ) ;  but  there 
is  one  fpecies,  the  orange JJjouldered  bunting  of  Latham, 
of  which  M.  Vaillant  relates  fome  particulars  certainly 
not  unworthy  of  notice  in  this  place. 

“  The  female  of  this  beautiful  bird  (fays  he)  has  the 
Ample  colours  of  the  fky-lark,  and  a  ’fhort  horizontal 
tail,  like  that  of  almoft  all  other  birds;  the  male,  on 
the  contrary,  is  wholly  black  except  at  the  fhoulder  of 
the  wing,  where  there  is  a  large  red  patch  ;  and  lus  tail 
is  long,  ample,  and  vertical,  like  that  of  the  common 
cock.  But  this  brilliant  plumage  and  line  vertical  tail 
fubfift  only  during  the  feafon  of  love,  which  continues 
Ax  months.  This  period  over,  he  lays  aftde  his  iplendid 
habiliments,  and  affumes  the  more  modeft  drefs  of  his 
mate.  The  moft  extraordinary  circuinftance  is,  that  the 
vertical  tail  alfo  changes  to  a  horizontal  one,  and  the 
male  fo  exa&ly  relerrbles  the  female,  that  it  is  not  pof- 
Able  to  diftinpuifh  them  from  each  other. 

*’  The  female  has  her  turn.  When  fhe  reaches  a  cer- 
L  2  tain 
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tain  age,  and  has  loft  the  faculty  of  propagating  the 
fpecies,  (he  clothes  herfelf  for  the  remainder  of  her  days 
in  the  garb  which  the  male  had  temporarily  affumed  ; 
her  tail,  like  I113  at  that  period,  grows  long,  and,  like 
his  alfo,  from  horizontal  becomes  vertical. 

“  The  birds  of  this  fpecies  affociate  together,  live  in 
a  fort  of  republic,  and  build  their  nefts  near  to  each 
other.  The  fociety  ufually  confifts  of  about  fourfcore 
females ;  but  whether,  by  a  particular  law  of  nature, 
more  females  are  produced  than  males,  or  for  any  other 
reafon  of  which  I  am  ignorant,  there  are  never  more 
than  twelve  or  fifteen  males  to  this  number  of  females, 
who  have  them  in  common.” 

According  to  our  author,  this  tranfmutation  is  by 
no  means  confined  to  this  particular  fpecies  of  bunting. 
Many  females  of  the  feathered  creation,  ■  when  they 
grow  fo  old  as  to  ceafe  laying  eggs,  aflume  the  more 
fplendid  colours  of  the  male,  which  they  retain  during 
the  remainder  of  their  lives.  This  faCt  is  ftrikingly  per¬ 
ceptible  in  thofe  fpecies  in  which  the  male  and  female 
very  much  differ  in  colour,  as  the  golden  pheafant  of 
China,  for  inftance.  In  fome  fpecies,  and  thofe  not  a 
few,  the  male  alone  regularly  changes  his  colour,  and 
affumes  once'  in  a  year  the  plumage  of  the  female  ;  fo 
that  at  a  certain  period  all  the  birds  of  that  fpecies  ap¬ 
pear  females.  “  I  have  in  my  pofftflion  (lays  our  au¬ 
thor)  fpecimens  of  more  than  fifty  of  thofe  changing 
fpecies,  in  all  their  tranfitions  from  one  hue  to  another* 
and  the  change  is  fometimes  fo  great,  that  a  perfon 
would  fuppofe  himfelf  to  fee  individuals  totally  diffe¬ 
rent.  A  clofet-naturalifl,  for  inftance,  (hewed  me  four 
birds  as  fo  many  different  fpecies,  and  even  as  not  be¬ 
longing  to  the  fame  genus,  with  which  1  was  well  ac¬ 
quainted,  and  which  I  knew  to  be  the  fame  bird,  only 
of  different  ages.” 

Such  changes  as  thefe,  could  they  be  proved  to  take 
place  occafionally  among  domeftic  fowls,  would  in  fome 
meafure  account  for  ftrange  (lories  of  cocks  laying  eggs, 
which  we  have  heard  related  by  perfons  whofe  general 
veracity  was  never  queftioned. 

BURKE  (Edmund),  was  born  in  the  city  of  Dub¬ 
lin  on  the  lft  of  January  1730.  His  father  was  an  at¬ 
torney  of  confiderable  knowledge  in  his  proftflion,  and 
of  extenfive  praCtice  ;  and  the  family  from  which  he 
fprung  was  ancient  and  honourable.  He  received  the 
rudiments  of  his  clafiical  education  under  Abraham 
Shackleton,  a  Quaker,  who  kept  a  private  fchool  or 
academy,  as  it  has  been  called,  at  Bellytore,  near  Gar- 
low,  and  is  faid  to  have  been  a  very  (kilful  and  fuccefs- 
ful  teacher. 

Under  the  tuition  of  this  mafter  Burke  devoted  him¬ 
felf  with  great  ardour,  induftry,  and  perfeverance,  to 
his  ftudies ;  and  manifefted,  even  from  his  boyifh  days, 
a  diftinguifhed  fuperiority  over  his  contemporaries.  He 
was  the  pride  of  his  preceptor,  who  prognofticated  eve¬ 
ry  thing  great  from  his  genius,  and  who  was,  in  returp, 
treated  by  his  illuftrious  pupil,  for  forty  years,  with  re- 
ipeCt  and  gratitude. 

From  fchool  Burke  was  fent  to  Trinity-college,  Dub¬ 
lin,  whereat  was  afferted  by  Goldfmith  and  others  his 
contemporaries,  that  he  diiplayed  no  particular  eminence 
in  the  performance  of  his  exercifes.  Like  Swift,  he 
defpifed  the  logic  of  the  fchools  ;  and  like  him  too,  he 
devoted  his  time  and  his  talents  to  more  ufeful  purfuits. 
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Johnfon,  though  proud  of  being  an  Oxonian,  did  not  Burin, 
much  employ  himfelf  in  academical  exercifes;  and  Dry- 
den  and  Milton,  who  ftudied  at  Cambridge,  were  nei¬ 
ther  of  them  ambitious  of  college  diftinCtions.  Let 
not,  however,  the  example  of  a  Burke,  a  Johnfon,  a 
Dryden,  or  a  Milton,  feduce  into  by-paths  the  ordina¬ 
ry  ftudent  ;  for  though  great  genius  either  finds  or 
makes  its  own  way,  common  minds  mull  be  content  to 
purfue  the  beaten  track  Sliakefpeare,  with  very  little 
learning,  was  the  greateft  dramatic  poet  that  ever  wrote  ; 
but  how  abfurd  would  it  be  to  infer  from  this  fad,  that 
every  .illiterate  man  may  excel  in  dramatic  poetry? 

Whilft  at  college  Burke  applied  himfelf  with  fuffi* 
cient  diligence  to  thole  branches  of  mathematical  and 
phyfical  fcience  which  are  moft  fubfervient  to  the  purpo- 
les  of  life  ;  and  though  he  negleCted  theTyllogiftic  lo¬ 
gic  of  Ariftotle,  he  cultivated  the  method  of  induction 
pointed  out  by  Bacon.  Pneumatology,  like  wife,  and 
ethics,  occupied  a  confiderable  portion  of  his  attention; 
and  whilft  attending  to  the  aequifitioii  of  knowledge, 
he  did  not  negleCt  the  means  of  communicating  it  He 
ftudied  rhetoric  and  the  art  of  compofition,  as  well  as 
logic,  phyfics,  hiftory,  and  moral  philofophy  ;  and  had 
at  an  early  period  of  his  life,  fays  Dr  Billet,  planned  a. 
confutation  of  the  metaphyficai  theories  of  Berkeley* 
and  Hume. 

For  fuch  a  talk  as  this,  we  do  not  think  that  nature 
intended  him.  Through  the  ever-aCtive  mind  ot  Burke 
ideas  feem  to  have  flowed  with  too  great  rapidity  to 
permit  him  to  give  that  patient  attention  to  minute  di- 
fliriCtions,  without  which  it  is  vain  to  attempt  a  confu¬ 
tation  of  the  fubtleties  of  Berkeley  and  Hume.  The 
ableft  antagonift  of  thefe  two  philofophers  was  remark- 
able  for  patient  thinking,  and  even  apparent  flownefs  of 
apprehenfion  ;  and  we  have  not  a  doubt,  but  that  if  he 
had  poffeffed  the  rapidity  of  thought  which  chaiaCte- 
rifed  Burke,  his  confutation  of  Hume  and  Berkeley, 
would  have  been  far  from  conclufive.  It  might  have 
been  equal  to  the  EJfay  on  the  Nature  and  Immutability 
of  "Truth ,  but  would  not  have  been  what  we  find  it  in 
The  Inquiry  into  the  Human  Mind  on  the  Principles  of 
Common  Sen  ft,  and  in  The  Effays  on  the  Intellectual  and 1 
Active  Powers  of  Man. 

A  tafk  much  better  fuited  to  Burke’s  talents  than- 
the  writing  of  metaphylical  difquifitions  on  the  fubftra- 
tum  of  body,  preferred  itfelf  to  him  in  the  year  1749,,. 
and  a  talk  which  was  likewife  more  immediately  ufeful. 

At  that  period  one  Lucas,  a  democratic  apothecary, 
wrote  a  number  of  very  daring  papers  againil  govern¬ 
ment,  and  acquired  by  them  as  great  popularity  at  Dub¬ 
lin  as  Mr  Wilkes  afterwards  obtained  by  his  North 
Briton  in  London.  Buike,  though  a  boy,  perceived, 
almoft  intuitively,  the  pernicious  tendency  of  fuch  le¬ 
velling  doCtrines,  and  refolved  to  counteract  it.  He 
wrote  feveral  effays  in  the  ftyle  of  Lucas,  imitating  it. 
fo  exaCtly  as  to  deceive  the  public ;  purfuing  his  print 
doles  to  confequences  neceffarily  refulting  from  them, 
and  (hewing  at  the  fame  time  their  abfurdity  and  their 
danger.  Thus  was  hi3  firft  literary  effort,  like  his  laft, 
calculated  to  guard  his  country  againft  anarchical  inno¬ 
vations, 

Whilft  employed  in  treafuring  up  knowledge,  which 
at  a  future  period  was  to  command  the  admiration  of 
liftening  fenates,  he  did  not  negleCt  the  means  neceffary 
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urke*  to  render  himfelf  agreeable  in  the  varied  intercourfe  of 

"Y”~  private  life.  To  the  learning  of  a  fcholai  lie  added  the 
manners  of  a  gentleman.  His  company  was  fought 
among  the  gay  and  the  faffiionable.  for  his  pleafing  con- 
verfation  and  ealy  deportment  ;  as  much  as  among  the 
learned,  for  the  force  and  brilliancy  of  bis  genius,  and 
the  ex.ent  and  depth  of  his  knowledge.  But  though 
the  objtdl  of  very  general  regard  in  his  native  country, 
he  had  hardly  any  profpeCl  of  obtaining  in  it  an  inde¬ 
pendent  fcttlement.  He  therefore  applied,  fome  time 
after  the  publication  of  his  letters  expofing  the  dodlrines 
of  Lucas,  for  the  profcfforfhip  of  lo;fic,  which  had  then 
become  vacant  in  the  univerfity  of  Glafgow  ;  but  whe¬ 
ther  that  application  was  made  too  late,  or  that  the  uni- 
verfity  was  unwilling  to  receive  a  llranger,  certain  it  is 
that  the  vacant  chair  was  filled  by  another,  and  that 
Burke  was  disappointed  of  an  office  in  which  he  was 
eminently  qualified  to  excel  For  many  years  very  little 
attention  has  been  paid  in  the  univerfities  of  Scotland, 
perhaps  even  too  little,  to  the  Ariftotelirm  logic  ;  and 
the  profeffors,  inllead  of  employing  their  time  in  the 
analyfing  of  fyllogifms,  deliver  lcCtures  on  rhetoric  and 
the  principles  of  compofition — lectures  which  no  man 
was  more  capable  of  giving  than  the  unfuccefsful  can¬ 
didate  for  the  profefforfhip  in  Glafgow. 

Disappointment  of  early  views  has  frequently  been 
the  means  of  future  advancement.  Had  Johnfon  be¬ 
come  mailer  of  the  Staffordfhite  fchool,  talents  might 
have  been  confumed  in  the  tuition  of  boys  which  Pro¬ 
vidence  formed  for  the  inflruClion  of  men  ;  and  had 
Burke  obtained  the  profefforffiip  of  logic  in  Glafgow, 
he  would  have  been  the  moll  eloquent  le&urer  in  that 
univerfity,  milead  of  the  moll  brilliant  fpeaker  in  the 
Britilh  fenale  :  but  whether  his  talents  might  not  have 
been  as  ufefully  employed  in  the  univerfity  as  in  the  fe- 
nate,  may  perhaps  be  a  quefiion,  though  there  can  be  no 
queflion  whether  they  would  have  in  veiled  himfelf  with 
an  equal  blaze  of  iplendour. 

Difappointed  in  Glafgow,  he  went  to  London,  where 
he  immediately  entered  himfelf  of  the  Temple  ;  and  as 
there  is  reafon  to  believe  that  he  was  in  ffcraitened  cir- 
cumflances,  he  fubmitted  to  the  drudgery  of  regularly 
writing  for  daily,  weekly,  and  monthly  publications, 
eflays  on  general  literature  and  particular  politics.  The 
profits  arifing  from  fuch  writings  were  at  firll  fmall ; 
but  they  were  fo  necefTary  to  their  author,  that  the  in- 
tenfe  application  which  they  required  gradually  impair¬ 
ed  his  health,  till  at  laft  a  dangerous  illnefs  enl'ued, 
when  he  reforted  for  medical  advice  to  Dr  Nugent,  a 
phyfician  whofe  fkill  in  his  profeffion  was  equalled  only 
by  the  benevolence  of  his  heart.  The  Do&or,  confidtr- 
ing  that  the  noife,  and  various  diflurbances  incidental  to 
chambers,  mud  retard  the  recovery  of  his  patient,  fur- 
nifhed  him  with  apartments  in  his  own  houfe,  where 
the  attention  of  every  member  of  the  family  contribu¬ 
ted  more  than  medicines  to  the  reftoration  of  hiV health. 
It  was  during  this  period  that  the  amiable  manners  of 
Mifs  Nugent,  the  DoClor’s  daughter,  made  a  deep  im- 
preffion  on  the  heart  of  Burke  ;  and  as  (he  could  pot 
be  infenfible  to  fuch  merit  as  his,  they  felt  for  each 
other  a  mutual  attachment,  and  were  married  loon  after 
his  recovery. 

Hitherto  his  mental  powers  and  acquirements  were 
known  in  their  full  extent  only  to  his  friends  and  more 
intimate  companions ;  but  they  were  now  made  public 
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in  his  firft  acknowledged  work,  intitled,  A  Vindication 
oj  Natural  Society.  The  objeCt  of  this  performance  was 
to  expofe  the  dangerous  tendency  of  Lord  Bolingbroke’s 
pbilofophy.  By  the  admirers  of  that  nobleman  his 
principles  were  deemed  inimical  only  to  revealed  reli¬ 
gion  and  national  churches,  which  they  would  have 
been  glad  to  fee  overturned,  provided  our  civil  eilablifh- 
rrent  had  been  preferved  ;  and  to  the  civil  eflabiiffiment 
they  perceived  no  danger  in  the  writings  of  the  author 
of  The  Patriot  King.  Mr  Burke  thought  very  diffe¬ 
rently  ;  and  endeavoured  to  convince  them,  that  it  his 
Loidfhip  s  pbilofophy  fhould  become  general,  it  would 
ultimately  deflroy  their  rank,  their  confequtnce,  and 
their  property,  and  involve  the  church  and  ilate  in  one 
common  ruin.  In  his  ironical  attack  upon  artificial 
fociety,  lie  makes  ufe  of  the  fame  common-place  mode 
of  unfair  reafoning  which  his  noble  antagonifl  had  em¬ 
ployed  again  ft  religion  and  leligious  eftablifhments.  He 
argues,  from  the  incidental  abides  of  political  fociety, 
that  political  fociety  muft  itfelf  be  evil •  he  goes  over 
every  form  of  civil  polity,  pointing  out  its  defe&s  in 
the  moll  forcible  language;  and,  in  perfed  imitation  of 
the  fceptical  philofophy,  he  pulls  them  all  down,  one 
after  another,  without  propofing  any  thing  in  their 
ftead.  So  complete  is  the  irony,  that  to  many  not  ac¬ 
quainted  with  fuch  difquifitions,  he  would  appear  to  be 
ferioufiy  inveighing  againft  civil  government  ;  and  we" 
have  actually  heard  fome  of  the  advocates  for  modern 
innovation  mention  this  work  as  a  proof  how  different 
Mr  Burke’s  opinions  in  politics  once  were  from  what 
they  appear  to  have  been  when  he  wrote  his  Refactions 
on  the  French  Revolution. 

The  truth,  however,  is,  that  there  is  no  inconfiftency 
between  The  Vindication,  of  Natural  Society  and  the  la- 
teft  publications  of  its  illuilrious  author.  At  the  pe¬ 
riod  when  that  work  was  puhlifhed,  infidelity  had  in- 
feded  only  the  higher  orders  of  men,  and  fuch  of  the 
lower  as  had  got  the.  rudiments  of  a  liberal  education. 
Of  thefe  we  believe  a  fingle  individual  was  not  then  to 
be  found,  who  fuppofed  that  fociety  could  fubfilt  both 
without  government  and  without  religion  ;  and  there¬ 
fore  whilff  they  laboured  to  overturn  the  church,  and 
to  prove  that  Chriftianity  itfelf  is  an  impoflure,  they 
all  pretended  to  be  zealoufty  attached  to  our  civil  go¬ 
vernment  as  eftablifhed  in  king,  lords,  and  commons.. 
Except  the  clergy  ol  the  eftablifhed  church,  there  was 
no  order  of  men  whom  they  indifcriminately  reviled* 
Hence  it  was  that  not  Burke  only,  but  Warburton, 
and  almoll  every  other  opponent  of  Lord  Bolingbroke,. 
began  their  defences  of  revelation,  by  (hewing  the  indif- 
foluble  connexion  between  our  civil  and  ecclefiaftical 
eftablifhments  ;  and  all  the  difference  was,  that  he  did, 
through  the  medium  of  the  mofl  refined  irony,  the  very 
fame  thing  which  they  had  done  by  lerious  reafoning. 

Soon  after  his  Vindication  of  Natural  Society ,  Burke 
publifhed  A  Philofophical  Enquiry  into  the  Origin  of  our 
Ideas  of  the  Sublime  and  Beautiful ;  a  work  which  foon 
made  its  author  univerfally  known  and  admired,  and 
which  has  been  ftiadied  by  every  Englifh  reader  of  tafte.  - 
It  is  therefore  needlefs  for  us  to  hazard  any  opinion 
either  of  its  general  merit  or  its  particular  defeats.  In 
one  of  the  literary  journals  of  that  day,  Mr  Murphy 
urged  objections  againft  fome  of  its  fundamental  prin¬ 
ciples,  which,  in  our  opinion,  it  would  be  very  difficult" 
to  anfwer  \  whilft  Johnfpn,  who  was  certainly  a  fevere 
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Ihrkc.  judge,  confidered  it  as  a  model  of  philofopliical  crjti- 

-  cifm.  “  We  have  (laid  lie)  an  example  of  true  criti- 

eifm  in  Burke’s  Effay  on  the  Sublime  and  Beautiful. 
There  is  no  great  merit  in  (hewing  how  many  plays' 
have  ghofts  in  them,  ©r  how  this  ghoft  is  better  than 
that  ;  you  mutt  (hew  how  terror  is  impreffed  on  the 
mind.” 

In  confequence  of  this  manifeftation  of  Burke’s  intel¬ 
lectual  powers,  his  acquaintance  was  courted  by  men 
of  difiingoifhed  talents,  and,  among  others,  by  Johnfon 
snd  Sir°Jofhua  Reynolds,  The  literary  club,  which 
has  been  mentioned  (Encycl.)  in  the  life  of  Johnson, 
was  inftituted  for  their  entertainment  and  inftruftion,  and 
confided  at  firftof  Johnfon,  Burke,  Reynolds, Goldfmitb, 
Dr  Nugent,  Mr  Topham  Beauclerc,  Sir  John  Haw¬ 
kins,  Mr  Chamier,  and  Mr  Bennet  Langton,  who  were 
all  men  of  letters  and  general  information,  though  far 
above  the  reft  (food  Burke  and  Johnfon.  Cf  Biirke  in¬ 
deed,  Johnfon  declared,  upon  all  occalions,  that  he  was 
the  greateft  man  living;  whilft  Burke,  on  a  very  folemn 
occaiion,  laid  of  Johnfon,  “  He  has  made  a  chafm, 
which  not  only  nothing  can  fill  up,  but  which  nothing 
has  a  tendency  to  fill  up.  Johnfon  is  dead.  Let  us 
go  to  the  next  beft — 1  here  is  nobody — No  man  can  be 
laid  to  put  you  in  mind  of  Johnfon.”  Nor  was  the 
opinion  which  thefe  two  illultrious  men  held  of  each 
other’s  powers  peculiar  to  themfdves  alone  :  all  the 
members  of  the  club  obferved,  •  that,  in  colloquial  ta¬ 
lents,  they  were  nearly  matched,  and  that  Johnfon  ne¬ 
ver  difeourfed  with  fuch  animation  and  energy  as  when 
his  powers  were  called  forth  by  thofe  of  Burke. 

Some  years  before  the  inftitution  of  this  club,  Burke, 
who  had  devoted  much  of  his  time  to  the  ftudy  of  hi- 
ftory  and  politics,  propofed  to  Mr  Dodfley,  an  eminent 
bookfeller,  a  plan  ot  an  Annual  Register  of  the  ci¬ 
vil,  political,  and  literary  tranfaftions  of  the  times  ;  and 
the  propofal  being  acceded  to,  the  work  was  begun  and 
carried  on  for  many  years,  either  by  Burke  himfelf,  or 
under  his  immediate  infpeftion.  It  bear3  indeed  inter¬ 
nal  marks  of  his  genius,  his  learning,  and  his  candour, 
being  by  much  the  moft  elegant  and  impartial  periodi¬ 
cal  hiftory  which  has  perhaps  appeared  in  any  age  or 
nation.  Even  when  the  heat  of  oppofition  made  him, 
in  his  fpeeches,  fometimes  rnifreprefent  the  conduft  of 
adminiftration,  the  Annual  Regifter,  under  his  manage- 
,  ment,  continued  to  render  juftice  to  all  parties. 

He  (bill  continued  to  write  occaiionally  political  ef- 
fays  for  other  publications  than  the  Annual  Regifter; 
and  fome  of  thefe  effays  in  the  Public  Advertifer  having 
attrafted  the  notice  of  the  Marquis  of  Rockingham, 
that  nobleman  fought  the  acquaintance  of  their  author. 
It  was  in  the  year  1765  that  the  firft  interview  took 
place  between  them  ;  and  the  Marquis,  who  was  then 
at  the  head  of  the  treafury,  offering  to  make  Burke  his 
own  fecietary,  the  offer  was  readily  accepted.  On  this 
occafion  he  gave  a  remarkable  proof  of  difmtereftednefs 
and  delicate  integrity.  Through  the  influence  of  Mr 
Hamilton,  known  by  the  appellation  of  Single-Speech 
Hamilton,  and  long  fufpefted  to  be  the  author  of  Ju¬ 
nius's  Letters ,  he  had  fome  time  before  obtained  a  .pen¬ 
sion  of  L.  300  a  year  on  the  Irifh  eftablifhment  ;  but 
this  penfion  lit  now  thought  it  incumbent  upon  him  to 
refign,  becaufe  he  had  connected  himfelf  with  a  party 
oppofite  in  many  things  to  the  party  whole  me^fuies 
*  ere  fupported  by  his  friend. 
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During  the  Rockingham  adminiftration  lie  was  cho- 
fen  member  of  parliament  for  the  borough  of  Wendover  " 
in  the  county  of  Bucks  ;  and  he  prepared  himfelf  :or 
becoming  a  public  fpeaker,  by  ftudying,  dill  more  clofe- 
ly  than  he  had  yet  done,  hiftory,  poetry,  and  philofo- 
phy  ;  and  by  ftoring,his  mind  with  facts,  images,  rea- 
fonings,  and  lentiments.  He  paid  great  attention  like- 
wife  to  parliamentary  ufsge  ;  and  was  at  much  pains  to 
become  acquainted  with  old  records,  patents,  and  pre¬ 
cedents,  lo  as  to  render  himfelf  complete  matter  of 
the  bufinefs  of  office.  That  he  might  communicate 
without  err.barraffment  the  knowledge  which  he  had 
thus  laborioufly  acquired,  he  frequented,  with  many 
other  men  of  eminence,  the  Robin  Blood  Society', 
where  he  praftifed  the  replies  and  contentions  of  elo¬ 
quence  ;  and  to  acquire  a  graceful  aftion,  with  the 
proper  management  of  his  voice,  he  was  a  very  diligent 
obferver  of  Garric  in  Drury- Lane  theatre.  He  procu¬ 
red  his  feat  in  1765,  and  in  the  enfuing  feffion  delivered 
his  maiden  ipcech  ;  which  was  fuch  a  difplny  of  elo¬ 
quence  as  excited  the  admiration  of  the  Ho  life,  and 
drew  very  hi  h  praife  from  its  moft  diftinguifhed  mem¬ 
ber  Mr  Pitt,  afterwards  Earl  ol  Chatham. 

The  principal  objefts  which  engaged  the  attention 
of  the  Rockingham  adminiftration  were  the  ferments 
in  America,  which  was  then  in  a  (late  little  (hort  of  re¬ 
bellion,  on  account  of  the  famous  damp  aft.  Parlia¬ 
ment  was  divided  in  opinion  re  fuelling  that  meafure. 
Whilft  Mr  Grenville  and  his  party  (under  whofe  au- 
fpices  the  (lamp- aft  had  paffed  into  a  law)  were  for 
enforcing  obedience  to  it  by  coercive  meaiurcs,  Mr  Pitt 
and  his  followers  denied  that  the  parliament  of  Great 
Britain  had  a  right  to  tax  the  Americans  ;  and  the 
marquis  of  Rockingham,  who  was  hardly  able  to  carry 
any  meafure  in  oppofition  to  both  theie  parties,  had  to 
confider,  on  this  occafion,  whofe  fentiments  he  would 
adopt.  By  the  advice,  it  is  laid,  of  Mr  Burke,  he 
chofe  a  middle  courie  between  the  two  oppofite  ex¬ 
tremes.  To  gratify  the  Americans,  he  repealed  the 
ftamp-aft  ;  and  to  vindicate  the  honour  of  Britain,  he 
got  a  law  paffed  declaratory'  of  her  right  to  legiflate  for 
America  in  taxation  as  in  every  other  caie. 

This  meafure,  whoever  was  its  author,  was  certainly 
not  the  offspring  either  of  wifdom  or  vigour  If  the 
mother  country  had  a  right  to  legiflate  in  all  cafes  for 
America,  obedience  to  the  (lamp-aft  fhould  certainly 
have  been  enforced ;  and  the  miniftry  which  relinquish¬ 
ed  an  acknowledged  right,  to  gratify  the  factious  dif- 
pofition  of  diftant  colonies,  was  obvioufly  unfit  to  guide 
the  helm  of  a  great  empire.  Lord  Rockingham  and 
his  friends  were  accordingly  difmiffed  from  office  ;  and 
a  new  adminiftration  was  formed  under  the  aufpices  of 
Mr  Pitt,  now  created  earl  of  Chatham. 

Burke,  in  the  mean  time,  wrote  in  defence  of  the 
party  with  which  he  was  connefted  ;  and  affumed  great 
credit  to  it  for  compofmg  the  diftraftions  of  the  Bri- 
tifh  empire  by  the  repeal  of  the  American  (lamp  aft, 
whilft  the  conftitutional  fuperiority  of  Great  Britain 
was  preierved  by  the  aft  for  fecuring  the  dependence 
of  the  colonies.  After  defending  his  friends,  he  pro¬ 
ceeds  to  attack  thofe  who  had  (uccecded  them  in  office. 
Of  Lord  Chatham  he  fays — “  He  has  once  more  deign¬ 
ed  to  take  the  reins  of  government  into  his  own  har  d, 
and  will,  no  doubt,  drive  with  his  wonted  fpeH,  and 
r#ife  a  deal  of  dull  around  him.  His  hories  are  all 
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2u?ke.  matched  to  his  mind  ;  but  as  feme  of  them  are  youno- 
'—v~J  and  fkfttifh,  it  is  faid  he  has  adopted  the  new  contri¬ 
vance  lately  exhibited  by  Sir  Francis  Delaval  on  Weft- 
ininfttr  bridge  : 
their  heads, 


vhe never  they  begin  to  fnort  and  tofs 


up  their  heads,  he  touches  the  ipring,  throws  them 
ioofe,  and  away  they  go,  leaving  his  lordfhip  fafe  and 
fnug,  and  as  much  at  his  eafe  as  if  he  fat  on  a  wool- 
pack.  ” 

The  letter,  of  which  this  is  an  extiaX,  was  printed 
in  the  Public  Advertifer  ;  and  is  faid  to  have  contribu¬ 
ted,  in  no  fmall  degree,  to  leffen  the  popularity  of  the 
iliuftrious  ftatefman  again  ft  whom  it  was  written.  The 
mmiftry,  indeed,  which  he  had  formed,  confjfted  of 
very  heterogeneous  materials,  and  was  not  heartily  ap¬ 
proved  of  by  the  nation.  It  therefore  foon  fell  in 
pieces  by  its  own  difeord,  and  Lord  Chatham  retired 
in  difguft. 

The  parliament  being  diflolved  in  1768,  Burke  was 
re  eleXed  for  Wendover,  and  took  his  feat,  when  the 
houfe  met,  in  November.  The  duke  of  Grafton  was 
now  prime  minifter,  and  was  oppofed  by  two  powerful 
parties  in  parliament ;  that  of  the  marquis  of  Rocking¬ 
ham,  and  that  of  which  Mr  Grenville  was  considered 
as  the  leader.  Thefe  two  parties,  however,  differed  wide¬ 
ly  between  themfelves.  Mr  Grenville  had  publifhed  a 
pamphlet,  intitled,  The  Prefent  State  of  the  Nation  ;  in 
which  be  very  ably  vindicated  his  own  meafures,  and  of 
comfe  condemned  the  meafures  of  thofe  who  had  fuc- 
ceeded  him  :  and  Burke  replied  to  him,  with  greater 
eloquence,  but,  peihaps,  with  lefs  of  argument,  in  a 
tract,  intitled  Gbfervations  on  the  Prefent  State  of  the 
Nation ,  in  which  he  makes  a  very  high  panegyric  on 
his  own  patron,  and  the  connexions  of  the  party,  and 
animadverts  with  cutting  feverity  on  their  fucceffors  in 
office. 

About  this  period  commenced  the  national  frenzy 
which  was  excited  by  the  expulfion  of  Wilkes  from  the 
houfe  of  commons,  for  having  printed  and  publijled  a 
feditious  libel ,  and  three  obfeene  and  impious  libels.  I  n  the 
cor.troverfy  to  which  this  tranfaXion  gave  rife,  Burke 
and  John  foil  took  oppolite  hdes.  Johnfon,  in  his  Falfe 
Alarm y  contends,  with  great  ability,  that  the  expulhon 
of  a  member  from  the  houfe  of  commons  for  the  com- 
million  o:  a  crime,  amounts  to  a  difqualincation  of  that 
member  from  fitting  in  the  parliament  from  which  he 
is  expelled  ;  whilft  Burke,  though  he  difapproved  of 
the  condnX  of  Wilkes  as  mueh  as  his  friend,  laboured 
to  prove,  that  nothing  but  an  aX  of  the  legislature  can 
disqualify  any  perfon  from  fitting  in  parliament  who  is 
regularly  chofen,  by  a  majority  of  eleXors,  to  fill  a  va¬ 
cant  feat.  It  does  not  appear  that  this  difference  of 
opinion  produced  the  fmaileft  abatement  of  mutual  re¬ 
gard  between  him  and  Johnfon.  They  both  attended 
the  weekly  club,  and  were  as  much  pleafed  with  each 
other  as  formerly. 

I  he  proceedings  of  the  Grafton  adminiftration,  re- 
fpeXing  Wilkes  and  other  fubjeXs,  ga.ve  rife  to  the  ce¬ 
lebrated  Tetters  of  Junius.  That  thofe  compofitior.s 
were,  in  clearnels,  neatnefs,  and  precifion  ot  ftyle,  in¬ 
finitely  fuperior  to  perhaps  every  other  feries  of  nevvf- 
paper  inveXives,  lias  never  been  controverted  and  that 
they  difplay  a  vaft  extent  0"  hiftorical  and  political  in¬ 
formation,  is  known  to  all  who  are  not  themfelves 
ftrangers  to  the  hfftory  of  this  kingdom.  Unclaimed 
by  any  author,  and  fuperior  to  the  produXions  of  moft 
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authors,  they  have  been  given  to  Burke,  to  his  br<  thcr 
ucriard,  a  man  like  wife  of  very  bright  talents,  to  Mr 
Uamilton,  and  to  Lord  George  Germaine.  We  fliould 
hardly. hefitate  to  ad.pt  the  opinion  of  thofe  who  a- 
cnoe  them  to  Burke,  had  lie  not  difavowed  them  t6 
his  fnend  Johnfon-  “  f  Oiotild  have  believed  Burke 
to  be  Junius  (faid  Johnfon),  becaufe  I  know  no  man 
but  Burke  who  is  capable  of  writing  thefe  letters  ;  but 
Burke  fpontaneoujly  denied  it  to  me.  The  cafe  would 
have  been  different  had  1  ajktd  him  if  he  was  the  aiN 
thor.  A  man  may  think  he  has  a  right  to  deny  when 
fo  queftmned  as  to  an  anonymous  publication.”  The 
difference  between  the  ftyle  of  thefe  letters  and  that  of 
Burke’s  acknowledged  writings,  would  have  had  no 
weight  with  us ;  becaufe  f'uch  was  his  command  of  Ian- 
guage,  that  he  could  affume,  and  occafionally  did  afi 
fume,  any  ftyle  which  he  chofe  to  imitate.  He  had 
already  fo  clofely  imitated  the  very  different  ftyles  of 
Lucas  and  Boiingbroke  as  to  deceive  the  public  ;  and 
what  was  to  hinder  him  from  imitating  the  ftyle  of 
Lord  George  Germaine,  which  certain! v  has  a  (Boner 
resemblance  to  that  of  Junius  ?  We  think,  however* 

with  Johnfon,  that  his  fpontaneous  dif avowal  of  thefe 
letters  ought  to  be  held  as  fufficient  proof  that  he  wa3 
not  their  author. 

Burke  had  now  gotten  a  very  pleafant  villa  near  > 
Beacons  field  in  liuckinghamfhire  ;  and  being  one  of  the 
freeholders  of  the  county,  he  drew  up  a  petition  to  the 
kin  r,  complaining  of  the  conduit  of  the  houfe  of  com¬ 
mons  refpeXing  the  Middlefex  eleXion,  and  praying 
for  a  diffolution  of  the  parliament.  The  petition,  tho* 
explicit  and  firm,  was  temperate  and  decorous,  and  as 
unlike  to  one  on  the  fame  fubjeX  from  the  livery  of 
London,  as  the  principles  of  a  moderate  Whig  are  to 
thofe  of  a  turbulent  democrate. 

About  this  period  he  Rated  very  clearly  his  own 
political  principles  in  a  pamphlet  intitled,  “  Thoughts 
on  the  Caufes  of  the  Prefent  Difcontents and^his 
plan  for  removing  thefe  difcontents  had  not  a  grain  of 
democracy  in  its  compofition.  He  propofed  to  place 
the  government  in  the  hands  of  an  open  ariftocracy  of 
talents,  virtue,  property,- and  rank,  combined  together 
avowed  principles,  and  fupported  by  the  approba- 
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tion  and  conhdence  of  the  people  ;  and  the  ariftocracy 
which  lie  thought  fitted  for  this  great  truft,  was  a 
combination,  of  thofe  Whig  families  which  had  moft 
power1  ully  lupported  the  revolution  and  conlequent  efta- 
blifhments.  He  expreffed,  in  ftrdng  terms,  his  difappro^ 
bation  of  any  change  in  the  conftitution  and  durations 
of  parliament  ;  and  declared  himfclf  as  averfe  from  an 
adminiftration  which  fhould  have  no  other  fupport  than 
popular- favour,  as  from  one  brought  forward  merely 
by  the  influence  of  the  court. 

In-  this  plan  there  is  not  that  wifdom  or  liberality 
which  might  have  been  expeXed  from  a  man  of  Burke's 
cultivated  mind  and  extenlive  reading.  The  Whigs* 
when  in  power,  had  been  as  venal  as  the  Tories ;  and 
the  imprffonment  of  Lord  Oxford,  the  banifhment  of 
Atterbury  bifhop  of  Rochefter,  and  the  refolution  of 
the  houfe  of  commons  to  fit  for  (even  years,  when  it 
had  been  chofen  by  its  conftituents  for  no  more  than? 
three,  were  certainly  greater  violations  of  the  conftitu¬ 
tion  than  the  difqualification  of  Wilkes,  or  any  othe? 
meafure  that  had  been  carried  by  the  court  during  the 
adminiflrations  of  Grenville  and  the  duke  of  Giaftom 
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Bufke.  Burke  fhewed  bimfelf  in,  this  publication  to  be  indeed 
v"~  no  republican  ;  but  every  fentence  of  it  breathed  the 
fpirit  of  party. 

Lord  North  was  now  prime  minifter  ;  and  in  order 
to  tranquillize  America,  he  propofed,  in  the  beginning 
of  his  adminiftration,  to  repeal  the  obnoxious  laws  of 
his  predeceffors  in  office,  and  to  referve  the  duty  on  tea 
merely  to  maintain  the  authority  of  parliament.  The 
confequences  of  this  condu&  we  have  detailed  el fe where 
(fee  Britain,  Encycl.)  ;  and  they  are  too  well  known 
to  all  our  readers.  The  part  which  Burke  a&ed  du- 
.  ting  his  adminiftration  will  not,  in  our  opinion,  admit 
of  any  plaufible  defence.  Tt  was  not  indeed  the  part 
of  a  democrate,  but  of  a  man  determined  to  oppofe 
every  meafure  of  thofe  in  power.  In  the  beginning  of 
the  conteft,  he  certainly  difplayed  more  wifdom  and 
patriotifm  than  the  minifter  ;  for,  without  entering  di- 
redlly  into  the  queftion  Whether  the  mother^country 
had  or  had  not  a  right  to  tax  the  colonies  ?  he  content¬ 
ed  himfelf  with  warning  the  houfe  againft  dangerous 
innovations.  “  The  Americans  (faid  he)  have  been 
very  ferviceable  to  Britain  under  the  old  fyftem  :  do 
not,  therefore,  let  us  enter  raflily  upon  new  meafures. 
Our  commercial  interefts  have  been  hitherto  greatly 
promoted  by  onr  friendly  intercourfe  with  the  colonies  ; 
do  not  let  us  endanger  poffeffion  for  contingency  ;  do 
not  let  us  fubftitute  untried  theories  for  a  fyftem  expe¬ 
rimentally  afeertained  to  be  ufetul.” 

This  was  undoubtedly  found  reafoning,  and  everyway 
becoming  a  lover  of  his  country  :  but  his  continued  op- 
pofttion  to  government,  after  all  Europe  had  leagued 
againft  Great  Britain,  was  a  conduft  which  will  admit 
of  no  vindication,  and  for  which  the  only  poffible  apo¬ 
logy  muft  be  found  in  that  ardour  of  temper  which 
made  his  friend  Hamilton  fay,  on  another  occafion, 
“  Whatever  opinion  Burke,  from  any  motive,  fupports, 
fo  du&ile  is  his  imagination,  that  he  foon  conceives  it 
to  be  right.’'  In  his  moft  violent  oppofition,  however, 
though  his  exprefficus  were  often  extravagant  and  in 
decent,  he  never  for  a  moment  gave  his  fupport  to  the 
metaphyfical  doctrine  of  the  imprefcriplible  rights  of  man , 
or  to  the  aClual  innovations  which  fome  meant  to  in¬ 
troduce  on  the  balls  of  that  do<?:rine.  His  upright 
mind  was  indeed  fufficiently  guarded  againft  thefe  no¬ 
velties  by  what  he  had  obferved  in  France  during  the 
year  1772.  Whilft  he  remained  in  that  country,  his 
literary  and  political  eminence  made  him  courted  by  all 
the  anti-monarchical  and  infidel  philofophers  of  the  time  ; 
and  in  the  religious  fcepticifm  and  political  theories  of 
Voltaire,  Helvetius,  Roufeau,  and  D’Alembert,  he  faw, 
^ven  at  that  period,  the  probable  overthrow  of  religion 
and  government.  His  fentiments  on  this  fubjeCt  he 
took  occafion,  immediately  on  his  return,  to  communi¬ 
cate  to  the  houfe  of  commons  ;  and  to  point  out  the 
confpiracy  of  atheifm  to  the  watchful  policy  of  every 
government.  He  profeffed,  that  he  was  not  over  fond 
of  calling  in  the  aid  of  the  fecular  arm  to  fupprefs  doc¬ 
trines  and  opinions ;  but  he  recommended  a  grand  al¬ 
liance  among  all  believers  againft  thofe  minifters  of  re¬ 
bellious  darknefs,  who  were  endeavouring  to  fhake  all 
the  works  of  God  eftablifhed  in  beauty  and  in  order. 

The  American  war  proving  unfuccefsful,  though 
Great  Britain  never  made  a  more  glorious  Hand,  Lord 
North  and  his  friends  retired  from  office  ;  and,  in  Fe¬ 
bruary  1782,  a  new  miniftry  was  formed,  at  the  head 


of  which  was  placed  the  marquis  of  Rockingham;  Lord 
Shelburne  and  Mr  Fox  were  the  fecretaries  of  flate  ;  ^ 
and  Mr  Burke,  who  was  appointed  pay-mafter  to  the 
forces,  exulted,  rather  childifhly,  in  the  houfe  of  com¬ 
mons,  on  the  happinefs  which  was  to  accrue,  both  to 
the  king  and  to  the  people,  from  the  able  and  upright 
conduct  of  the  new  minifters.  The  time  in  which  the 
greater  part  of  them  continued  in  office  was  too  fhoit 
to  permit  them  to  do  either  much  good  or  much  evil. 

On  the  1  ft:  of  July  the  marquis  of  Rockingham 
died;  and  the  earl  of  Shelburne  being  placed  at  the 
head  of  the  treafury,  Fox  and  .Burke  refigned  in  dif- 
guft,  and,  to  the  aftoniftiment  of  the  nation,  formed 
the  famous  coalition  with  Lord  North,  whofe  meafures 
they  had  fo  long,  and  fo  vehmently,  oppofed.  In  the 
coalition  of  North  and  Burke  there  would  have  been 
nothing  wonderful.  In  the  intercourfe  of  private  life, 
thefe  two  ftateimen  had  always  met  on  terms  of  friend- 
fhip  and  mutual  regard  ;  they  had  the  fame  ideas  of 
the  excellence  of  the  conftitution,  and  the  fame  averfion 
to  innovation  under  the  name  of  reform  ;  even  their 
ftudies  and  amufements  were  very  fimilar,  being  both 
men  of  tafte  and  claffical  learning  ;  and  though  Burke 
oppofed  the  taxation  of. America  by  the  Britifh  parlia¬ 
ment,  his  opoofition  proceeded  rather  from  motives  of 
prudence  and  expediency  than  from  any  fettled  con¬ 
viction  that  the  mealure  v/as  uncoriftitutionaL  But 
the  political  enmity  or  Fox  and  North  had  proceeded, 
not  only  to  perfonal  abufe,  but  to  profeffions  of  mutual 
abhorrence  ;  and  perhaps  there  was  hardly  an  unpre¬ 
judiced  perfon  in  the  kingdom  who  entertained  not  fuf- 
picions,  that  the  unexpected  union  of  fuch  enemies  was 
cemented  by  a  principle  lefs  pure  than  patriotiim. 

Mr  Pitt  was  now  chancellor  of  the  exchequer ;  and 
when  he  announced  to  the  houfe  of  commons  the  peace 
which  was  concluded  in  January  1783,  he  found  the 
terms  on  which  it  had  been  made  fe^erely  condemned 
by  North,  Fox,  Burke,  and  all  their  friends.  The  cen- 
fure  paffel  on  it  by  Lord  North  and  his  followers  was 
perfectly  confident  with  their  former  conduCt,  and 
with  the  opinions  which  they  had  uniformly  main¬ 
tained  ;  but  it  was  with  no  good  grace  that  Fox  and 
Burke,  who  had  offered  an  unconditional  peace  to  the 
Dutch,  and  fo  frequently  propofed  to  recognize  the  in¬ 
dependence  of  America,  condemned  the  peace  which 
had  been  concluded  by  Lord  Shelburne.  On  this,  as 
on  many  other  occalions,  they  adted,  not  as  enlightened 
politicians,  but  as  the  rancorous  leaders  of  a  party. 

In  confequence  of  a  vote  of  cenfure  palled  by  the 
commons,  the  minifters  refigned  their  employments, 
and  were  fucceeded  by  the  duke  of  Portland,  Lord 
North,  Mr  Fox,  Mr  Burke,  and  their  friends.  Burke 
had  his  former  employment  of  paymafter  to  the  forces ; 
Lord  North  and  Mr  Pox  were  lecretaries  of  ftate,  and 
the  duke  of  Portland  was  fir fL  lord  of  the  treafury. 
To  many  perfons  this  miniftry  had  the  appearance  of 
greater  lirength  than  any  that  had  governed  the  king¬ 
dom  fmee  the  time  of  Sir  Robert  Walpole ;  but  its  du¬ 
ration  was  not  longer  than  that  of  the  preceding.  On 
the  1 8th  of  November,  Mr  Fox  introduced  his  famous 
India-bill,  into  the  merits  of  which  it  is  foreign  fiom 
our  purpofe  to  enter  :  fuffice  it  to  fay,  that  after  be¬ 
ing  ftrongly  fupported  by  Burke,  and  ably  oppofed  by 
Pitt  and  Dundas,  it  palled  the  houfe  of  commons  by  a 
very  great  majority  \  but  was  loft,  in  the  houfe  of  peers* 
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urlte,  anti  viewed  by  the  king  in  fuch  a  light,  that  he  deter- 
•  rv~ , "r  mined  on  an  entire  change  of  adminiftration. 

Mr  Pitt  was  now  placed  at  the  head  of  the  treafn- 
Ty,  where  he  has  remained  ever  fince,  notwithftanding 
the  violent  and  powerful  oppofition  which  he  met  with 
at  firft  from  Noith  and  Fox  and  their  coalefced  friends: 
the  voice  of  the  nation  has  been  on  his  fide  ;  and  that 
voice  will  always  drown  the  beilo wings  of  patriotifm. 

The  principal  events  in  which  Burke  fignalized  him- 
felf,  fmee  the  year  1784,  were  the  trial  of  Haftings, 
the  deliberations  of  the  lioufe  on  the  propofed  regency 
during  the  lamented  illnefs  of  the  king,  and  the  French 
revolution  ;  and  on  each  of  thefe  occafkms  he  difplayed 
talents  which  altonifhed  the  nation.  He  has,  indeed, 
been  feverely  blamed  for  the  pertinacity  with  which  he 
profecuted  Mr  Haftings,  and  his  conduft  has  been  at¬ 
tributed  to  very  unworthy  motives  ;  but  of  this  there 
is  neither  proof  nor  probability.  The  temperament  of 
him  mind  was  fuch,  that,  into  whatever  meafure  he  en¬ 
tered,  he  entered  with  a  degree  of  ardour  of  which 
cooler  heads  can  hardly  form  a  conception.  Burke 
was  but  one  member  of  a  committee  which  found,  or 
thought  it  found,  evidences  of  the  guilt  of  Haftinos; 
and,  in  forming  his  opinion,  it  is  little  likely  that  he 
fhould  have  beer,  buffed  by  intereft  or  refentment,  whofe 
delicate  fenfe  of  re&itude  would  not  permit  him  to  re¬ 
tain  a  penfion  when  he  could  no  longer  fupport  the 
party  of  that  friend  who  had  obtained  it  for  him. 

When  the  efiablifhment  of  a  regency  was  thought 
neceffary,  lie  took  the  part,  as  it  was  called,  of  the 
prince  of  Wales,  in  oppofition  to  the  plan  propofed  by 
Lord  Thurlow  and  the  minifter  ;  and  we  doubt  not 
but  he  was  a&uated  by  the  pureft  principles :  but  the 
language  which  he  ufed  in  the  houfe  was  vehement, 
and  fome  of  his  exprefiions  were  highly  indecent.  Our 
regard  for  his  memory  makes  us  wifh  to  forget  them. 

Soon  after  the  recovery  of  the  king,  the  attention 
of  Burke  was  attra&ed  to  the  moft  momentous  event 
of  modern  times  ; — an  event  which  has  convulfcd  all 
Europe,  and  of  which,  from  the  very  firft,  his  fagacity 
forefnw  the  confequences.  Many  of  his  friends  in  par¬ 
liament,  as  well  as  numbers  of  wife  and  good  men  out 
of  it,  augured,  from  the  meeting  of  the  fiates-general 
of  France,  great  benefit  to  that  nation,  of  which  the 
government  was  confidered  as  defpotic  and  oppreflive  ; 
and  fome  were  fanguine  enough  to  ptognofticate  a  new 
and  happy  order  of  things  to  all  the  nations  conne&ed 
with  France,  when  its  government  fhould  become  more 
free.  Burke  thought  very  differently  :  He  was  well 
acquainted  with  the  genius  of  the  French  people,  and 
with  the  principles  of  tliofe  philofophers,  as  they  called 
themfelves,  by  whom  a  total  revolution  in  church  and 
ftate  had  long  been  projc&ed;  and  from  the  commence¬ 
ment  of  their  career  in  the  conftituent  aftembly,  when 
they  eftablifhed,  a3  the  foundation  of  all  legal  govern¬ 
ment,  the  metaphyfical  doctrine  of  the  rights  of  man ,  he 
predi&ed  that  torrent  of  anarchy  and  irreligion  which 
they  have  fince  attempted  to  pour  over  all  Europe, 
lox  and  fome  of  the  other  leading  men  in  oppofition 
afFe&ed  to  confider  this  as  a  vain  fear ;  and  a  coolnefs 
took  place  between  them  and  Burke,  though  they  ftjjl 
a&ed  together  in  parliament.  At  laft,  perceiving  the 
French  do&rines  of  liberty  and  equality,  and  atheifm, 
fpreading  through  this  nation,  not  only  among  thofe 
who  had  talents  for  fuch  difquifitions,  but  in  dubs  and 
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focieties,  of  which  the  members  could  be  no  judges  of 
metaphyfical  reafonings,  he  expreffed  his  apprehenfion  ' 
of  the  confequences  in  the  houfe  of  commons.  This 
brought  on  a  violent  altercation  between  him  and  Fox, 
who  was  fupported  by  Sheridan  ;  and  a  rupture  took 
place  between  thefe  old  friends  which  vva8  never  healed. 
He  no  more  attended  the  meetings  of  the  oppofition 
members  ;  and  in  T790  he  publifhed  his  celebrated  Re- 
jl eft  ions  on  the  French  Revolution. 

By  the  friends  of  government  this  work  was  admired 
as  the  moft  feafonable,  as  well  as  one  of  the  ableft,  de¬ 
fences  of  the  Britifh  conftitution  that  ever  was  written; 
whilft  Fox  and  his  friends,  with  the  great  body  of  Eng- 
lifh  diffenters,  though  they  admitted  it  to  be  the  off- 
fpring  of  uncommon  genius,  affe&ed  to  confider  it  as 
declamatory  rather  than  argumentative,  and  as  incon- 
fiftent  with  the  principles  which  its  author  had  hitherto 
uniformly  maintained.  Many  anfwers  were  written  to 
it;  of  which  the  moft  confpicnous  were  Vindicix  Galileo: 
by  Mr  Mac  Tntofh,  and  The  Rights  of  Man  by  Thomas 
Paine.  To  thefe  Burke  deigned  not  to  make  a  direct 
reply.  He  vindicated  his  general  principles,  as  well  as 
fome  of  his  particular  reafonings,  in  A  Letter  to  a  Mem¬ 
ber  of  the  National  AJfembly  ;  and  he  very  completely 
evinced  the  confifter.cy  of  his  principles  in  his  Appeal 
from  the  New  to  the  Old  IVhigs . 

Of  this  great  work,  for  great  it  undoubtedly  is,  the 
merits  as  well  as  the  demerits  have  been  much  exagge¬ 
rated  ;  and  fome  have  made  it  a  queflion,  Whether  it 
has  on  the  whole  been  productive  of  good  or  of  harm  ? 
By  the  enemies  of  the  author,  it  is  reprefented  as  ha¬ 
ving  given  rife  to  the  fpfrit  of  difeontent,  by  exciting 
fuch  writers  as  Paine  and  his  adherents,  who,  but  for 
the  provocation  given  by  The  Reflections,  might  have 
remained  in  filence  and  obfeurity.  This  was  from  the 
firft  a  very  improbable  fuppofition  ;  for  the  fpirit  of  de¬ 
mocracy  has  at  all  times  been  reftleft  :  but  fince  the  ap¬ 
pearance  of  Profeflor  Robifon’s  Proofs  of  a  Confpiracy , 
and  BarrueFs  Hijloty  of  Jacobinifm ,  it  muft  be  known 
to  every  reader  to  be  a  fuppofition  contrary  to  fa6t. 
The  confpirators  were  bufy  long  before  Burke  wrote 
his  Refeftions  ;  and  the  friends  of  order  and  religion 
arc  his  debtors,  for  having  fo  forcibly  roufed  them  from 
their  dumber,  and  put  them  on  their  guard.  With  re- 
fpe&  to  cornpofition,  it  is  certainly  neither  fo  energetic 
nor  fo  argumentative  as  the  political  tra&s  of  Johnfon, 
to  which  fome  have  affe&ed  to  confider  it  as  fuperior ; 
but  it  is  more  poetical,  gives  fcope  for  a  greater  difplay 
of  the  knowledge  of  human  nature  ;  and  being  written 
on  a  more  interefting  fubje&,  it  has  had  a  much  great¬ 
er  number  of  readers  than  thofe  unrivalled  pieces  of  po¬ 
litical  controverfy. 

Burke  being  now  affociated  with  Mr  Pitt,  continued 
to  write  from  time  to  time  memorials  and  remarks  on 
the  ftate  of  France,  and  the  alliance  that  was  formed 
againft  the  new  order  of  things  in  that  diftra&ed  coun¬ 
try,  of  which  fome  have  been  publifhed  fince  his  death; 
and  having  refolved  to  quit  the  buftle  of  public  life  as 
foon  as  the  trial  of  Mr  Haftings  fhould  be  concluded, 
he  vacated  his  feat  when  that  gentleman  was  acquitted, 
and  retired  to  his  villa  at  Beaconsfield,  where  on  the 
2d  of  Auguft  1794  he  met  with  a  heavy  domeftic  lofs 
in  the  death  of  his  only  fon.  In  the  beginning  of  the 
fame  year  he  had  loft  his  brother  Richard,  whom  he 
tenderly  loved  :  but  though  this  reiterated  ftroke  of 
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Burke,  death  deeply  affe&ed  him,  it  never  relaxed  the  vigour 
0f  his  mind,  n  r  leffened  the  iuterefl  which  he  took  in 
the  public  weal. 

In  this  retreat,  while  he  was  labouring  for  the  good  of 
all  around  him,  he  was  difturbed  by  a  very  unprovoked 
attack  upon  hischara&er  by  Come  diftinguifhed  fpeakers 
in  the  houfe  of  peers  Soon  after  the  death  of  his  fon  the 
king  was  gracioufly  pleafed  to  bellow  a  penfion  on  him 
and  Mrs  Burke  ;  and  this  thofe  noble  lords  were  pleafed 
to  reprefent  as  the  reward  of  what  they  termed  the  change 
of  his  principles  and  the  defer tion  of  his  friends.  The 
injuftice  of  this  charge  mud  be  obvious  to  every  impar¬ 
tial  mind,  fince  the  penfion  was  given  after  he  had  re¬ 
tired  from  parliament,  and  could  not  by  his  eloquence 
either  fupport  the  miniftry  or  gall  the  oppofition.  He 
was  not  a  man  to  fubmit  tamely  to  fuch  an  iniult.  He 
publiflied  a  letter  on  the  occafion,  add  reded  to  a  noble 
lord  (Earl  Fitz william),  in  which  he  repels  the  attack 
on  his  chara&er,  and  retaliates  on  thofe  by  whom  it  was 
made,  in  terms  of  fuch  eloquent  and  keen  farcafm,  as 
will  be  read  with  admiration  as  long  as  the  language  of 
the  letter  ihafl  be  underflood. 

Burke  having  employed  every  effort  which  benevo* 
lence  and  wifdom  could  devife  to  ftimulate  civilized  go¬ 
vernments  to  unite  in  oppofition  to  the  impiety  and 
anarchy  of  France,  laboured  likewife  in  private  to  re¬ 
lieve  thofe  who  had  differed  exile  and  profeription  from 
the  direful  fyflem.  Through  his  influence  a  fchool  was 
eftablifhed  in  his  neighbourhood  for  the  education  of 
thofe  whofe  parents,  for  their  adherence  to  principle, 
were  rendered  unable  to  afford  to  their  children  ufeful 
inftru&ion  ;  and  that  fchool,  which  on  his  deathbed  he 
recommended  to  Mr  Pitt,  continues  to  flouriffi  under 
his  powerful  protection. 

When  the  appearance  of  melioration  in  the  principles 
and  government  of  France  induced  our  fovereign  to 
make  overtures  of  peace  to  the  French  dire&ory,  Burke 
refumed  his  pen  ;  and  in  a  feries  of  letters,  intitled, 
Thoughts  on  the  ProfpeB  of  a  Regicide  Peace ,  difplayed 
a  force  of  genius  which  is  certainly  not  furpaffed,  and 
perhaps  not  equalled,  even  in  his  far-famed  Reflections  on 
the  French  Revolution .  This  was  his  lail  work,  and 
was  confidered  by  himfelf  as  in  its  nature  teftamen- 
tary. 

From  the  beginning  of  June  1797  his  health  rapidly 
declined  ;  but  his  underftanding  exerted  itfelf  with  un- 
diminifhed  force  and  uncontra&ed  range  ;  and  his  dif- 
portions  retained  all  their  amiable  fvveetnefs.  On  the 
7th  of  July,  when  the  French  revolution  was  mentioned, 
he  fpoke  with  pleafure  of  the  confcious  reCtitude  of  his 
own  intentions  in  what  he  had  done  and  written  refpeCl- 
ing  it;  intreated  thofe  about  him  to  believe,  that  if  any 
unguarded  expreffion  of  his  on  the  fubjed  had  offended 
any  of  his  former  friends,  no  offence  was  by  him  in¬ 
tended  ;  and  he  declared  his  unfeigned  forgivenefs  of  all 
who  had  on  account  of  his  writings,  or  for  any  other 
eaufe,  endeavoured  to  do  him  an  injury.  On  the  day 
following  he  defired  to  be  carried  to  another  room  ; 
and  whild  one  of  his  friends,  affifted  by  fome  fervants, 
was  complying  with  his  requeft,  Mr  Burke  faintly  ut¬ 
tering,  “  God  blefa  you,9’  fell  back  and  expired  in  the 
68th  year  of  his  age. 

From  this  detail,  we  truft  that  our  readers  are  already 
Efficiently  acquainted  with  his  general  chara&er.  In- 
genius*  variety  of  knowledge*  and  readinefs  of  expref- 


fion,  Johnfon  alone  of  all  his  contemporaries  could  be  Burke, 
confidered  as  his  rival ;  and,  like  that  great  man,  he  KuriJS* 
took  every  opportunity,  efpecially  during  his  laft  illnefs, 
to  declare  his  unfhaken  belief  of  the  Chriilian  religion, 
his  veneration  for  fincere  Chrillians  of  all  perfuaiions, 
and  his  own  preference  of  the  church  of  England.  On 
the  worfhip  of  that  church  lie  had  indeed  through  the 
whole  of  his  life  been  a  regular  and  devout  attendant; 
and  the  tears  which  the  poor,  in  the  neighbourhood  of 
his  villa,  (bed  at  his  funeral,  gave  Efficient  evidence  that 
his  faith  had  been  productive  of  charity.  In  his  public 
condud,  the  irritability  of  his  temper,  and  the  ardour 
of  his  imagination,  fometimes  hurried  him  into  the  ex- 
ceffes  of  a  mere  party- man  ;  but  we  believe  that  his 
great  religious  and  political  principles  never  varied.  Fie 
has  himfelf  charaClerifed  his  public  conduct  in  the  con- 
clufion  of  his  Reflections  on  the  French  Revolution, 
when  he  fays,  that  u  they  come  from  one  who  has  been 
no  tool  of  power,  no  flatterer  of  greatnefs,  and  who  in 
his  lad  ads  does  not  wiffi  to  belie  the  tenor  of  his  life  ; 
from  one  who  wifhes  to  preferve  confiflency,  but  who 
would  preferve  conliftency  by  varying  his  means  to  fe- 
cure  the  unity  of  his  end  ;  and  when  the  equipoife  of 
the  veffel  in  which  he  fails  may  be  endangered  by  over¬ 
loading  it  upon  one  fide,  is  defirous  of  carrying  the 
fmall  weight  of  his  reafons  to  that  which  may  preferve 
the  equipoife.” 

BURNS  (Robert),  was  a  native  of  Ayrfhire,  one 
of  the  v/eftern  counties  of  Scotland.  He  was  the  fon 
of  humble  parents  ;  and  his  father  paffed  through  life 
in  the  condition  of  a  hired  labourer,  or  of  a  fmall  far¬ 
mer.  Even  in  this  fituation,  however,  it  was  not  hard 
for  him  to  fend  his  children  to  the  parifh  fchool,  to  re¬ 
ceive  the  ordinary  indrudion  in  reading,  writing,  arith¬ 
metic,  and  the  principles  of  religion.  By  this  courfe  of 
education  young  Robert  profited  to  a  degree  that  might 
have  encouraged  his  friends  to  dedine  him  to  one  of 
the  liberal  profeffions,  had  not  his  father’s  poverty  made 
it  neceffary  to  remove  him  from  fchool,,  as  foon  as  he 
had  grown  up,  to  earn  for  himfelf  the  means  of  fupport 
as  a  hired  ploughboy  or  ffieplierd. 

The  expence  of  education  in  the  pariffi-fchools  of 
Scotland  is  fo  fmall,  that  hardly  any  parents  who  are 
able  to  labour  want  the  means  of  giving  to  their  chil¬ 
dren  at  lead  fuch  education  as  young  Burns  received* 

From  the  fpring  labours  of  a  ploughboy,  from  tlie 
fummer  employment  of  a  ffieplierd,  the  peafar.t-youth 
often  returns  for  a  few  months,  eagerly  to  purfue  his 
education  at  the  pariffi-fchool. 

It  was  fo  with  Burns ;  he  returned  from  labour  to 
learning,  and  from  learning  went  again  to  labour,  till 
his  mind  began  to  open  to  the  charms  of  tade  and 
knowledge ;  till  he  began  to  feel  a  paffion  for  books, 
and  for  the  fubje&s  of  books,  which  was  to  give  a  co¬ 
lour  to  the  whole  thread  of  his  future  life.  On  nature 
he  foon  began  to  gaze  with  new  difeernment  and  with 
new  enthuliafm  :  his  mind’s  eye  opened  to  perceive  af¬ 
fecting  beauty  and  fublimity,  where,  by  the  mere  grofs 
peafant,  there  was  nought  to  be  feen  but  water,  earth, 
and  fky — but  animals,  plants,  and  foil. 

What  might  perhaps  fit  ft  contribute  to  difpofe  his  ~ 
mind  to  poetical  efforts,  is  one  particular  in  the  devo¬ 
tional  piety  of  the  Scottiffi  peasantry  ;  it  is  dill  com¬ 
mon  for  them  to  make  their  children  get  by  heart  the 
Pfalms  of  David,  in  that  veifion  of  homely  rhymes 

which 
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•Sums-  winch  ib  ufed  m  their  churches.  Tn  the  morning  and 

-v  in  the  evening  of  every  day,  or  at  lead  on  the  evenino- 
of  eveiy  Saturday  and  Sunday,  thefe  Pfalms  are  fun" 
in  folemn  family-devotion,  a  chapter  of  the  Bible  is 
read,  and  extemporary  prayer  is  fervently  uttered.  The 
whole  books  of  the  Sacred  Scriptures  are  thus  conti¬ 
nually  in  the  hands  of  almoft  every  peafant.  And  it  is 
i inpofiible  that  there  fhould  not  be  occafionally  fome 
fouls  among  them,  awakened  to  the  divine  emotions  of 
.guiius  by  that  rich  aflcmblage  which  thofe  books  pre¬ 
lent,  of  almoft  all  that  is  interefting  in  incidents,  or  pic- 
turefque  in  imagery,  or  a  (leeringly  fublime  or  tender  in 
fentiments  and  charafter.  It  is  impoffible  that  thofe 
rude  rhymes,  and  the  iimple  artlefs  mufic  with  which 
they  are  accompanied,  fhould  not  occafionally  excite 
feme  ear  to  a  fond  perception  of  the  melody  of  verfe 
That  Burns  had  felt  thefe  impulfes,  will  appear  unde¬ 
niably  certain  to  whoever  (hall  carefully  perufe  his  Cot¬ 
tar's  Saturday's  Night ;  or  (hail  remark,  with  nice  ob- 
lervation,  the  various  fragments  of  Scripture  fentiment, 
of  Scripture  imagery,  of  Scripture  language,  which  are 
feattertd  throughout  his  works. 

Still  more  interefting  to  the  young  peafantry  are 
thole  ancient  ballade  of  love  and  war,  of  which  a  great 
ti  umber  are,  in  the  fouth  of  Scotland,  yet  popularly 
known,  and  often  fung  by  the  ruftic  maid  or  matron  at 
her  fpinnmg-wlieel.  They  are  liftened  to  with  ravifhed 
tars  by  old  and  young.  Their  rude  melody;  that 
mingled  ennofity  and  awe  which  are  naturally  excited 
by  the  very  idea  of  their  antiquity;  the  exquifitely 
tender  and  natural  complaints  fometimes  poured  forth 
in  them  ;  the  gallant  deeds  of  knightly  heroifm,  which 
they  fometimes  celebrate;  their  wild  tales  of  demons, 
ghoits,  and  fairies,  in  whofe  exiftence  fuperftition  alone 
has  believed  ;  the  manners  which  they  reprefent ;  the 
obfoletc,  yet  piaurefque  and  expreffive/  language  in 
which  they  are  often  clothed — give  them  wonderful 
power  to  tranfport  every  imagination,  and  to  agitate 
every  heart.  To  the  foul  of  Burns  they  were  like  a 
happy  breeze  touching  the  wires  of  an  iEolian  harp, 
and  calling  forth  the  moft  ravifhing  melody. 

Befide  all  this,  the  Gentle  Shepherd,  and  the  other 
poems  of  Allan  Ramfay,  have  long  been  highly  popu* 
lar  in  Scotland..  They  fell  early  into  the  hands  of 
-burns  ;  and  while  the  fond  applaufe  which  they  recei¬ 
ved  drew  his  emulation,  they  prefented  to  him  like- 
•wile  treafures  of  phrafeology  and  models  of  verifica¬ 
tion.  He  got  acquainted  at  the  fame  time  with  the 
poetry  of  Robert  Fergufon,  written  chiefly  in  the  Scot- 
tifh  dialed,  and  exhibiting  many  fpecimens  of  uncom¬ 
mon  poetical  excellence.  The  Seafons  of  Thomfon 
too,  the  Grave  of  Blair,  the  far-famed  Elesy  of  Gray, 
the  Paradife  Loft  of  Milton,  perhaps  the  Minftrcl  of 
Beattie,  were  fo  commonly  read,  even  among  thofe 
with  whom  Burns  would  naturally  aflbeiate,  that  poe¬ 
tical  curiofity,  although  even  lefs  ardent  than  his,  could 
m  fiich  circumftances  have  little  difficulty  in  procuring 

.  ftmh  means  to  give  his  imagination  a  poetical 
nas,  and  to  favour  the  culture  of  his  tafte  and  geniuf, 
inns  giad ually  became  a  poet.  He  was  not,  however, 
one  of  thofe  forward  children  who,  from  a  miftaken  im- 
pulfe,  begin  prematurely  to  write  and  to  rhyme,  and 
ence  never  attain  to  excellence.  Conveifing  familiarly 
lor  a  long  while  with  the  works  of  thofe ’poets  who 
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were  known  to  him;  contemplating  the  afpefl  of  na- 
tm-e  m  a  d.ttnft  which  exhibits  an  uncommon  aflem- 
'  <|ge  o.  the  beautiful  and  the  ruggedly  grand,  of  the 
cultivated  and  the  wild  ;  looking  upon  human  life  with 

and  lend'1110*  a”d,  kee‘?’  to  rtrT:ar*  as  well  the  ftrono-er 
a  d  leading,  as  the  nicer  and  fubordinate,  featuits°of 

chamae,;  to  dominate  the  generous,  ’the  honour- 
able,  the  manly,  conduit,  from  the  ridiculous,  the 

fpiU  r  he  mea"~he  was  diftinguifhed  among  hi3 
fedows  tor  extraordinary  intelligence,  good  fenfe?  and 

P*j f  V  fi1 1  °v>  A  befure  ot*,ers>  or  perhaps  even  him. 
klf,  fufpeited  him  to  be  capable  of  writing  veTes.  His 
mine,  was  mature  and  well  ttored  with  fuch  knowledge 
as  laj  within  his  fearch:  he  had  made  himfelf  mafter  of 
powers  of  language,  fuperior  to  thofe  of  almoft  any  for- 

1  ®  Scottifii  dialed;,  before  he  conceived 
the  cea  of  furpafiing  Ramfay  and  Fergufon. 

Hitherto  he  had  converfed  intimately  only  with  pea- 
fants  on  his  own  level  ;  but  having  got.  adraiffion  into 
the  fraternity  of  free  melons,  he  had  the  fortune,  whe- 
ther  good  or  bad,  to  attraft  in  the  lodges  the  notice  of 
gentlemen  better  qualified  than  his  more  youthful  com¬ 
panions  to  call  forth  the  powers  of  his  mind,  and  to 
fhow  him  that  he  was  indeed  a  poet.  A  mafonic  W, 
a  fatir.cal  epigram,  a  rhyming  epiftle  to  a  friend,  at¬ 
tempted  with  fuccefs,  taught  him  to  know  his  own 
powers,  and  gave  him  confidence  to  try  talks  more 
arduous,  and  which  fhould  command  ftill  higher  burfts 
of  applaufe.  b 

The  annual  celebration  of  the  facrament  of  the  Lord’s 
Slipper,  in  the  rural  parifhes  of  Scotland,  has  much  in  it 
of  thofe  old  pop.fh  feftivals,  in  which  fuperftition,  traffic, 
and  amuTement,  ufed  to  be  ftrangely  intermingled.  Burns 
law,  and  feized  in  ,t  one  of  the  happieft  of  all  fubitAs. 
to  afford  fcope  for  the  difplay  of  that  ftrom>  and  pierl 
cmg  fagacity  by  which  he  could  almoft  intuit, velv  di¬ 
ll  tnguifli  the  reafonable  from  the  abfurd,  and  the  beco- 
mmg  from  the  ridiculous  ;  of  that  pifturelque  no  we-  of 
fancy,  which  enabled  him  to  reprefent  feenes,  and  per- 
fons,  and  groupes,  and  looks,  attitude,  and  geftures,  in 
a  manner  almoft  as  lively  and  impreffive,  even  in  words, 
as  if  all  the  artifices  and  energies  of  the  pencil  had  been 
employed;  of  that  knowledge  which  he  had  neceflarily 
acquired  of  the  manners,  paffions,  and  prejudices  of  the 
nifties  around  him,  of  whatever  was  ridiculous,  no  lefs 
than  of  whatever  was  affedingly  beautiful  in  rural 
lire. 

A  thoufand  prejudices  of  Popifii,  and  perhaps  too  of 
ruder  Pagan  fuperftition,  have  from  time  immemorial 
been  connected  in  the  minds  of  the  Scottifh  peafantry, 
with  the  annual  recurrence  of  the  Eve  of  the  Feftival  of 
all  the  Saints  or  Halloween.  Thefe  were  all  intimate* 
ly  known  to  Burns*  and  had  made  a  powerful  impref- 
fton  upon  his  imagination  and  feelings.  He  cliofe  them 
foi  the  fubjedf  of  a  poem,  and  produced  a  piece  which 
is  almoft  to  frenzy  the  delight  of  thofe  who  are  beft  ac¬ 
quainted  with  its  fubjeft  ;  and  which  will  not  fail  to 
preferve  the  memory  of  the  prejudices  and  ufages  which 
it  describes,  when  they  {hall  per  haps  have  ceafed  to  give 
one  merry  evening  in  the  year  to  the  cottage  fire- 
fide. 

The  fimple  joys,  the  honeft  love,  the  fincere  friend- 
ffip,  the  ardent  devotion  of  the  cottage  ;  whatever  in 
the  more  folemn  part  of  the  ruftic’s  life  is  humble  and 
artlefi,  without  being  mean  or  unfeemiy— or  tender  and 
S' 2  dignified, 


BUR  [ 

Burns,  dignified,  without  afpiring  to  {lilted  grandeur— 

- ~  unnatural,  bufkined  pathos,  had  deeply  imp  refled  the 

imagination  of  the  riling  poet  ;  had,  in  fome  £orV 
wrought  itfelf  into  the  very  texture  of  the  fibres  of  his 
foul.  He  tried  to  exprefs  in  verfe  what  he  moft  ten¬ 
derly  felt,  what  he  molt  enthuliaftically  imagined  ;  and 
produced  the  Cottar's  Saturday's  Night .  . 

Thefe  pieces,  the  true  effuiions  of  genius,  informed 
by  reading  and  obfervation,  and  prompted  by  its  own 
native  ardour,  as  well  as  by  friendly  applaufe,  were 
foon  handed  about  among  the  moft  difcerning  of  Burns’s 
acquaintance  ;  and  were  by  every  new  reader  peruied 
and  reperufed,  with  an  eagernefs  of  delight  and  appro¬ 
bation  which  would  not  fuffer  their  author  long  to  with¬ 
hold  them  from  the  prefs.  A  fubfcription  was  propofed, 
was  earneftly  promoted  by  fome  gentlemen,  who  were 
glad  to  interefl  themfelves  in  behalf  of  fuch  fignal  poe¬ 
tical  merit ;  was  foon  crowded  with  the  names  of  a 
confiderable  number  of  the  inhabitants  of  Ayrfhire,  who 
in  the  proffered  purchafe  fought  not  lefs  to  gratify 
their  own  paflion  for  Scottifh  poefy,  than  to  encourage 
the  wonderful  ploughman.  At  Kilmarnock  ^vere  the 
poems  of  Burns  for  the  fir fb  time  printed.  *1116  whole 
edition  was  quickly  diftributed  over  the  country. 

It  is  hardly  poflible  to  exprefs  with  what  eager  ad¬ 
miration  and  delight  they  were  everywhere  received. — 
They  eminently  poflefled  all  thofe  qualities  which  the 
moft  invariably  contribute  to  render  any  literary  work 
quickly  and  permanently  popular.  They  were  written 
in  a  phrafeology,  of  whieh  all  the  powers  were  univer- 
fally  felt  ;  and  which  being  at  once  antique,  familiar, 
and  now  rarely  written,  was  hence  fitted  to  ferve  all 
the  dignified  and  pi&urefque  ufes  of  poetry,  without 
making  it  unintelligible.  The  imagery,  the  fentiments, 
were  at  once  faithfully  natural,  and  irrefiftibly  imprefliye 
and  interefting.  Thofe  topics  of  fatire  and  fcandal  in 
which  the  ruftic  delights  ;  that  humorous  imitation  of 
chara&er,  and  that  witty  affociation  of  ideas  familiar 
and  ftriking,  yet  not  naturally  allied  to  one  another, 
which  has  force  to  (hake  his  fides  with  laughter  ;  thofe 
fancies  of  fuperftition,  at  which  he  ftill  wonders  and 
trembles  ;  thofe  affecting  fentiments  and  images  of  true 
religion,  which  are  at  once  dear  and  awful  to  his  heart, 
were  all  reprefented  by  Burns  with  all  a  poet’s  magic 
power.  Old  and  young,  high  and  low,  grave  and  gay, 
learned  or  ignorant,  all  were  alike  delighted,  agitated* 
Iran  fpor  ted. 

In  the  mean  time,  fome  few  copies  of  thefe  fafeina- 
ting  poems  found  their  way  to  Edinburgh  ;  and  having 
been  read  to  Dr  Blacklock,  they  obtained  his  warmeft 
approbation.  In  the  beginning  of  the  winter  1786-7 
Burns  went  to  Edinburgh,  where  he  was  received  by 
Dr  Blacklock  with  the  moft  flattering  kindnefs,  and 
introduced  to  every  man  of  generofity  and  tafte  among 
that  good  man’s  friends.  Multitudes  now  vied  with 
each  other  in  patronizing  the  ruftic  poet.  Thofe  who 
poflefled  at  once  true  tafte  and  ardent  philanthropy 
were  foon  earneftly  united  in  his  praife  :  they  who  were 
difpofed  to  favour  any  good  thing  belonging  to  Scot¬ 
land,  purely  becaufe  it  was  Scottifli,  gladly  joined  the 
cry;  thofe  who  had  hearts  and  underftanding  to  be 
charmed,  without  knowing  why,  when  they  faw  their 
native  cuftoms,  manners,  and  language,  made  the  fub- 
je&s  and  the  materials  of  poefy,  could  not  fupprefs  that 
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or  to  voice  of  feeling  which  ftruggled  to  declare  itfelf  for 
Burns:  for  the  diflipated,  the  licentious,  the  malignant' 
wits,  and  the  freethinkers,  lie  was  fo  unfortunate  as 
have  fatire,  and  obfeenity,  and  ridicule  of  things  facred* 
fuflicient  to  captivate  their  fancies  ;  even  for  the  pious 
he  had  paffages  in  which  the  infpired  language  of  de- 
votion  might  feem  to  come  mended  from  his  pen. 

Thus  did  Burns,  ere  he  had  been  many  weeks  in  E* 
dinburgh,  find  himfelf  the  objeCt  of  univerfal  curiofity,, 
favour,  admiration,  and  fondnefs.  He  was  fought  after, 
courted  with  attentions  the  moft  refpe&ful  and  aflidu- 
ous,  feafted,  flattered*  careffed,  treated  by  all  ranks  as 
the  firft  boalt  of  his  country,  whom  it  was  fcarcely  pof- 
Able  to  honour  and  reward  to  a  degree  equal  to  his 
merits.  In  comparifon  with  the  general  favour  whieh 
now  promifed  to  more  than  crown  his  moft  fanguine 
hopes,  it  could  hardly  be  called  praiie  at  all  which  he 
had  obtained  in  Ayrfhire. 

In  this  pofture  of  our  poet’s  affairs  a  new  edition  of 
his  poems  was  earneftly  called  for.  He  fold  the  copy¬ 
right  for  one  hundred  pounds ;  but  his  friends  at  the 
fame  time  fnggefted,  and  a&ively  promoted,  a  fubfcrip¬ 
tion  for  an  edition,  to  be  publiihed  for  the  benefit  of 
the  author,  ere  the  bookfeller’s  right  fhould  commence.. 
Thofe  gentlemen  who  had  formerly  enteitained  the  pub¬ 
lic  of  Edinburgh  with  the  periodical  publication  of  the 
papers  of  the  Mirror ,  having  again  combined  their  ta¬ 
lents  in  producing  the  Lounger ,  were  at  tins  time  about 
to  conclude  this  laft  feries  of  papers ;  yet  before  the 
Lounger  relinquifhed  his  pen,  he  dedicated  a  number  to 
a  commendatory  criticifm  of  the  poems  of  the  Ayifhire 
bard. 

The  fubfcription. papers  were  rapidly  filled;  and  it 
was  fuppofed  that  the  poet  might  derive  from  the  fub¬ 
fcription  and  the  fale  ot  his  copy-right  a  clear  profit  of 
at  leaft  700  pounds. 

The  converfation  of  even  the  moil  eminent  author* 
is  often  found  to  be  fo  unequal  to  the  fame  of  their 
writings,  that  he  who  reads  with  admiration  can  liften 
with  none  but  fentiments  of  the  moft  profound  contempt. 
But  the  converfation  of  Burns  was  in  comparifon  with 
the  formal  and  exterior  circumftances  of  his  education, 
perhaps  even  more  wonderful  than  his  poetry.  He  af¬ 
fected  no  foft  air  or  graceful  motions  of  poli tenefs, 
which  might  have  ill  accorded  with  the  ruftic  plainnefs 
of  his  native  manners.  Confcious  fuperiority  of  mind 
taught  him  to  affociate  with  the  great,  the  learned,  and 
the  gay,  without  being  overawed  into  any  fuch  bafhful- 
nefs  as  might  have  made  him  confufed  in  thought,  or 
hefitating  in  elocution.  He  poffeffed  withal  an  extra¬ 
ordinary  fhare  of  plain  common  fenle  or  mother-wit* 
which  prevented  him  from  obtruding  upon  perfons,  of 
whatever  rank  with  whom  he  was  admitted  to  converfe, 
any  of  thofe  effufions  of  vanity,  envy,  or  felf-conceit,  in 
which  authors  are  exceedingly  apt  to  indulge,  who  have 
lived  remote  from  the  general  pra&ice  of  life,  and  whofe. 
minds  have  been  almoit  exclufively  confined  to  contem¬ 
plate  their  own  ftudies  and  their  own  works.  I11  con- 
veriation  he  difplayed  a  fort  of  intuitive  quicknefs  and 
re&itude  of  judgment  upon  every  fubjeCl  that  arofe. 
The  lenfibility  of  his  heart,  and  the  vivacity  of  his  fan* 
cy,  gave  a  rich  colouring  to  whatever  reafoning  he  was 
difpofed  to  advance  ;  and  his  language  in  converfation 
was  not  at  all  lefs  happy  than  in  his  writings.  For 
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thefe  reafons,  thofe  who  had  met  and  converted  with  him 
once,  were  plcafed  to  meet  and  to  converfe  with  him 
again  and  again. 

For  fome  time  he  conveifed  Only  with  the  virtuous, 
the  learned,  and  the  wife  ;  and  the  purity  of  his  morals 
remained  uncontaminated.  But,  alas!  he  fell,  as  others 
have  fallen  in  fimilar  circumRances.  He  fuffered  him- 
felf  to  be  furrounded  by  a  race  of  miferable  beings,  who 
were  proud  to  tell  that  they  had  been  in  company  with 
Burns,  and  had  feen  Burns  as  loofe  and  as  foolifh  as 
themfelves.  He  was  not  yet  irrecoverably  loft  to  tern* 
perance  and  moderation  ;  but  he  was  already  almoR 
too  much  captivated  with  their  wanton  rivals,  to  be 
ever  more  won  back  to  a  faithful  attachment  to  their 
more  fober  charms.  He  now  alfo  began  to  contract 
fomething  of  new  arrogance  in  conversation.  Accuf- 
tomed  to  be  among  his  favourite  affociatcs  what  h  vul¬ 
garly  bat  expreflively  called  the  cock  of  the  company ,  he 
could  fcarcely  retrain  from  indulging  in  fimilar  freedom 
aud  di&atorial  decifion  of  talk,  even  in  the  prefence  of 
peifons  who  could  leis  patiently  endure  his  prefump- 
tion. 

The  fubfcriptfon  edition  of  his  poems,  in  the  mean 
time,  appeared  ;  and  although  not  enlarged  beyond  that 
which  came  from  the  Kilmarnock  piefs  by  any  new 
pieces  of  eminent  merit,  did  not  fail  to  give  entire  fa- 
tisiadtion  to  the  fubfcribers.  Fie  was  now  to  clofe  ac- 
counts  with  his  bookieller  and  his  printer,  to  retire  to 
the  country  with  his  profits  in  his  pocket,  and  to  fix 
upon  a  plan  for  his  future  life.  He  talked  loudly  of 
independence  of  ipirit  and  fimplicity  of  manners,  and 
boafled  his  refolution  to  return  to  the  plough  ;  yet  Rill 
he  lingered  in  Edinburgh,  week  after  week,  and  month 
after  month,  perhaps  expelling  that  one  or  other  of  his 
noble  pations  might  procure  him  fome  permanent  and 
competent  annual  income,  which  fkould  fet  him  above 
all  necefTty  of  future  exertions  to  earn  for  himfelf  the 
means  of  iubliftence;  perhaps  unconfcioufly  reludlant  to 
quit  the  pleafures  of  that  voluptuous  town-life  to  which 
lie  had  for  fome  time  too  willingly  accuftomed  himfelf. 
An  accidental  diflocation  or  fradfure  of  an  arm  or  a  leg 
confining  him  for  fome  weeks  to  his  apartment,  left  him 
during  this  time  leifure  for  ferions  refle&ion  ;  and  he: 
determined  to  retire  from  the  town  without  longer  de¬ 
lay.  None  of  all  his  patrons  interpofed  to  divert  him 
from  his  purpofe  of  returning  to.  the  plough,  by  the  of¬ 
fer  ot  any  fmall  penfion,  or  any  finecure  place  of  mode¬ 
rate  emolument,  fuch  as  might  have  given  him  compe¬ 
tence  without  withdrawing  him  from  his  poetical  Ru¬ 
dies.  It  feemed  to  be  forgotten  that  a  ploughman  thus- 
exalted  into  a  man  of  letters  was  unfitted  lor  his  for¬ 
mer  toils,  without  being  regularly  qualified  to  enter  the 
career  of  any  new  profeffion  ;  and  that  it  became  in¬ 
cumbent  upon  thofe  patrons  who  had  called  him  from 
the  plough,  not  merely  to  make  him  their  companion  in 
the  hour  of  riot,  not  fimply  to  fill  his  purfe  with  gold 
for  a  few  tranfient  expenccs,  but  to  fecure  him  as  far 
as  was  pofiible  from  being  ever  overwhelmed  in  diflrefs  in 
confequence  of  the  favour  which  they  had  fiiown  him, 
and  of  the  habits  of  life  into  which  they  had  feduced 
him.  Perhaps  indeed  the  fame  delufion  of  fancy  be¬ 
trayed  both  Burns  and  his  patrons  into  the  miRaken 
idea,  that,  after  all  which  had  paffed,  it  was  flill  pofiible 
for  him  to  return  in  cheerful  content  to  the  homely 
joys  and  fimple  toils  of  undiffipated  rural  life* 


Tn  this  temper  of  Burns’s  mind,  in  this  Rate  of  his 
fortune,  a  farm  and  the  excite  were  the  objedfs  upon 
which  his  choice  ultimately  fixed  for  future  employment 
and  fuppoi  t.  By  the  furgeon  who  attended  him  during 
his  iilnefs,  he  was  recommended  with  effedl  to  the  com- 
mifiioners  of  excife  ;  arid  Patrick  Millar,  Efq;  of  Dal- 
fwinton,  deceived,  like  Burns  himfelf  and  Burns’s  other 
friends,  into  an  idea  that  the  poet  and  exciteman  might 
yet  be  relpedtable  and  happy  as  a  farmer,  generoufiy 
propofed  to  efiablifh  him  in  a  farm,  upon  conditions  of 
leafe  which  prudence  and  induRiy  might  eafily  render 
exceedingly  advantageous.  Burns  eagerly  accepted  the 
offers  of  this  benevolent  patron.  Two  of  the  poet’s 
friends  from  Ayrfhire  were  invited  to  furvey  that  farm 
in  Dumfriesfhire  which  Mr  Millar  offered.  A  leafe 
was  granted  to  the  poetical  farmer  at  that  annual  rent 
which  his  own  friend.i  declared  that  the  due  cultivation 
of  his  farm  might  eafily  enable  him  to  pay.  What  yet 
remained  of  the  profits  of  his  publication  was  laid  out 
in  the  purchafe  of  farm-Rock  ;  and  Mr  Millar  might, 
lor  fome  Riort  time,  pleafe  himfelf  with  the  perfuafion 
that  he  had  approved  himfelf  the  liberal  patron  of  ge¬ 
nius  ;  had  acquired  a  good  tenant  upon  his  eRate ;  and 
had  placed  a  deferving  man  in  the  very  iituation  in 
which  alone  he  himfelt  delired  to  be  placed,  in  order  to- 
be  happy  to  his  wi  files* 

Burns,  with  his  Jane,  whom  lie  now  married,  took 
up  their  refidenee  upon  his  farm.  The  neighbouring 
farmers  and  gentlemen,  pleated  to  obtain  for  an  inmate 
among  them  the  poet  by  whofe  works  they  had  been 
delighted,  kindly  fought  his  company,  and  invited  him 
to  their  houfes*  He  found  an  inexpreffible  charm  in 
fitting  down  befide  his  wife,  at  his  own  firefide  ;  in 
wandering  over  his  own  grounds;  in  once  more  putting 
his  hand  to  the  lpade  and  the  plough  ;  in  forming  his 
inclofures,  and  managing  his  cattle.  For  fome  months 
he  felt  almoR  all  that  felicity  which  fancy  had  taught 
him  to  expecl  in  his  new  fituation.  He  had  been  for 
a  time  idle  ;  but  his  mufcles  were  not  yet  unbraced  for 
rural  toil.  He  now  feemed  to  find  a  joy  in  being  the 
hiffhand  of  the  mifirefs  of  his  affections,  in  feeing  him¬ 
felf  the  father  of  her  children,  fuch  as  might  promife  to 
attach  him  for  ever  to  that  modefi,  humble,  and  domef- 
tic  life,  in  which  alone  he  could  hope  to  be  permanent¬ 
ly  happy.  Even  his  engagements  in  the  fervice  of  the 
excife  did  not,  at  the  very  fir  ft,  threaten  neceffarily  to 
debate  him  by  affociation  with  the  mean,  the  grofs,  and 
the  profligate,  to  contaminate  the  poet,  or  to  ruin  the 
farmer. 

But  it  could  not  be  :  it  was  not  pofiible  for  I)urn3 
now  to  affume  that  fobernefs  of  fancy  and  pafilons,  that 
fedatenefs  of  feeling,  thofe  habits  of  earneR  attention  to 
grofs  and  vulgar  cares,  without  which  fuccefs  in  his  new 
fituation  was  not  to  be  expedled.  A  thoufand  difficul¬ 
ties  were  to  be  encountered  and  overcome,  much  money 
was  to  be  expended,  much  weary  t6il  was  to  be  exer- 
cifed,  before  his  farm  could  be  brought  into  a  Rate  of 
cultivation,  in  which  its  produce  might  enrich  the  oc¬ 
cupier  This  was  not  a  profpeCl  encouraging  to  a  man 
who  had  never  loved  labour,  and  who  was  at  this  time 
certainly  not  at  all  difpofed  to  enter  into  agriculture 
with  the  enthufiafm  of  a  projc&or.  The  bufmefs  of  the 
excife  too,  as  he  began  to  be  more  and  more  employed 
in  it,  difiradled  his  mind  from  the  care  of  his  farm,  led 
him  into  grofs  and  vulgar  focietv,  and  expoted  him  to 
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many  unavoidable  temptations  to  drunken  excel i,  fnch 
as  lie  liad  no  longer  fufficient  fortitude  to  refill,  Atnidft 
the  anxieties,  diliraXions,  and  feducements  which  thus 
avofe  to  him,  home  became  infenfibly  lefs  and  lefs  plea- 
fing ;  even  the  endearments  of  his  Jane’s  affeXion  be¬ 
gan  to  lofe  their  hold  on  his  heart ;  he  became  every 
day  lefs  and  lefs  unwilling  to  forget  in  riot  thofe  ga¬ 
thering  forrows  which  he  knew  not  to  fubdue. 

Mr  Millar  and  fome  others  of  his  friends  would  -glad¬ 
ly  have  exerted  an  influence  over  his  mind- which  might 
have  pieferved  him  in  this  fituation  of  his  affairs,  equally 
from  defpondency  and  from  diffipation  ;  but  Burns’s 
tempei  fpurned  all  controul  from  his  fuperiors  in  for¬ 
tune.  He  refented,  as  an  arrogant  encroachment  upon 
liis  independence,  that  tenor  of  conduX  by  which  Mr 
Millar  wiflied  to  turn  him  from  diffolute  conviviality, 
to  that  Heady  attention  to  the  bufinefs  of  his  farm, 
without  which  it  was  impoffible  to  thrive  in  ft.  'His 
erodes  and  difappointments  drove  him  every  day  more 
and  more  into  diffipation  ;  and  his  diffipation  tended  to 
enhance  whatever  was  difagreeable ;  and  perplexing  in 
the  Hate  of  his  affairs.  He  funk,  by  degrees,  into  the 
boon  companion  of  mere  excisemen  ;  and  almoff  every 
drunken  fellow,  who  was  willing  to  fpend  his  money  la- 
viflily  in  the  alehoufe,  could  eafily  command  the  com¬ 
pany  of  Burns.  The  care  of  his  farm ’-was  thus  negleX- 
ed  ;  waffe  and  Ioffes  wholly  -con fumed  his  little  capital ; 
he  refigned  his  leafe  into  the  hands  ol  his  landlord;  and 
retired,  with  his  family,  to  the  town  of  Dumfries,  de¬ 
termining  to  depend  entirely  for  the  means  of  future 
fupport  upon  his  income  as  an  excifc*  officer. 

Yet  during  this,  unfortunate  period  of  his  life,  which 
paffed  between  his  departure  from  Edinburgh  to  fettle  in 
Dumfriesffiire,  and  his  leaving  the  country  in  order  to 
take  up  his  rcfidence  in  the  town  of  Dumfries,  the  ener¬ 
gy  and  aXivity  of  his  intellectual  powers  appeared  to 
have  been  not  at  all  impaired.  In  a  collodion  of  bcot- 
i-  tifhvfongs,  -which  were  published  (the  words  with  the 
mufic)*  by  Mr  Johnfon,  engraver  in  Edinburgh,  in  4 
vols  8vo,  Burns,  in  many  inftanccs,  accommodated  new 
v  verfes  to  the  old  tunes  with  admirable  felicity  and  flcill. 

‘  He  affifted  in  the  temporary  inffitution  of  a  fmall  fnb- 
^feription  library,  for  the  ufe  of  a  number  of  the  well- 
difpofed  peafants  in  his  neighbourhood.  He  readily 
aided,  and  by  his  knowledge  of  genuine  Scottifh  phra¬ 
seology  and  manners  greatly  enlightened,  the  antiqua¬ 
rian  refearches  of  the  late  ingenious  Captain  Grofe. 
He  Hill  carried  on  an  epiftolary  correfpondence,  fome- 
times  gay,  fportive,  humorous,  but  always  enlivened 
-by  bright  flalhes  of  genius,  with  a  number  of  his  old 
friends,  and  on  a  very  wide  diverfity  of  topics.  At 
times,  as  it  fhould  feem  from  his  writings  of  this  period, 
he  refleXed,  with  fnexpreffible  heart-bitternefs,  on  the 
high  hopes  from  which  he  had  fallen  ;  on  the  errors  of 
moral  conduX  into  which  he  had  been  hurried  by  the 
ardour  of  his  foul,  and  in  fome  mcafure  by  the  very  ge- 
nerofity  of  his  nature;  on  the  di (grace  and  wretchcdnefs 
into  which  he  faw  hiinfelf  rapidly  finking  ;  on  the  for- 
row  with  which  his  mifconduX  oppreffed  the  heart  of 
his  Jane  ;  on  the  want  and  ddlitute  mifery  in  which  it 
feemed  probable  that  he  muff  leave  her  and  their  in¬ 
fants  ;  nor  amidff  thefe  agonizing  reflexions  did  he  fail 
to  look,  with  an  indignation  half  invidious,  half  con¬ 
temptuous,  on  thofe  who,  with  moral  habits  not  more 
excellent  than  his,  with  powers  of  intelkX  far  inferior, 


yet  balked  in  the  fun-fliine  of  fortune,  and  were  loaded  Bi 
with  the  wealth  and  honours  of.  the  world,  while  his  ~ 
follies  could  not  obtain  pardon,  nor  his  wants  an  ho» 
nourable  fupply.  His  wit  became  from  this  time  more 
gloomily  faicaffic  ;  and  his  converlation  and  writings 
began  to  affume  fomethmg  of  a  tone  of  mifanthropical 
malignity,  by  which  .they  had  not  been  be1  ore,  in  any 
eminent  degree,  duUiiguifhed.  But  with  all  thefe  fail¬ 
ings,  lie  was  Hill  that  exalted  mind  which  had  railed 
itfelf  above  the  depreffion  of  its  original  condition  : 
with  all  the  energy  of  the  lion,  pawing  to  fet  free  his 
■•hinder  limbs  from  the- yet  encumbering  earth,  lie  Hill 
^appeared  not  lefs  than  archangel  ruined! 

His  morals  were  not  mended  by  his  removal  from 
the  country.  I11  Dumfries  his  difiipation  became  Hill 
more  deeply  habitual ;  he  was  here  more  expofed  than 
Mn  the  countiy  to  be  folicited  to  fliare  the  riot  of  the 
diffolute  and  the  idle  :  fooliffi  young  men  flocked  eager¬ 
ly  about  him,  and  from  time  to  time  preffed  him  to 
drink  with  them,  that  they  might  enjoy  his  wicked  wit. 

The  Caledonian  Club,  too,  and  the  Dumfiiesfhire  and 
Galloway  Hunt,  had  occasional  meetings  in  Dumfries 
after  Burns  went  to  refide  there,  and  the  poet  was  of 
courfe  invited  to  ffiare  their  conviviality,  and  hefitated 
not  to  accept  the  invitation. 

In  the  intervals  between  his  different  fits  of  intem¬ 
perance,  he  fuffered  Hill  the  keened  anguifh  of  remorfe, 
and  horribly  afffiXive  forehght.  His  Jane  Hill  behaved 
with  a  degree  of  maternal  and  conjugal  tendernefs  and 
prudence,  which  made  him  feel  more  bitterly  the  evil  of 
his  mifconduX,  although  they  could  not  reclaim  him. 

At  laft  crippled,  emaciated,  having  the  very  power  of 
animation  wailed  by  difeafe,  quite  broken-hearted  by 
the  fenfe  of  his  errors,  and  of  the  ho’pelefs  miferies  in 
which  lie  faw  himfelf  and  his  family  depreffed  ;  with 
his  foul  (till  tremblingly  alive  to  the  fenfe  of  lh?me,'and 
to  the  love  of  virtue  ;  yet  even  in  the  lad  feeblenefs, 
and  amid  the  laff  agonies  of  expiring  life,  yielding  rea¬ 
dily  to  any  temptation  that  offered  the  femblance  of  in¬ 
temperate  enjoyment,  he  died  at  Dumfries,  in  the  fum- 
mer  of  1796,  while  he  was  yet  three  or  four  years  un¬ 
der  the  age  of  forty,  furnifhing  a  melancholy  proof  of 
the  danger  of  Juddenly  elevating  even  the  greateff  mind 
above  its  original  level. 

After  his  death  it  quickly  appeared  that  his  failings 
had  not  effaced  from  the  mmds  of  his  more  refpeXable 
acquaintance  cither  the  regard  which  had  once  been 
won  by  his  focial  qualities,  or  the  reverence  due  to  his 
intellectual  talents.  The  ci  ream  fiances  of  want  in  which 
he  left  his  family  were  noticed  by  the  gentlemen  of 
Dumfries  with  earned  commiferation.  His  funeral  was 
celebrated  by  the  care  of  his  friends  with  a  decent  1b- 
lemnity,  and  with  a  numerous  attendance  of  mourners, 
fufficient  ]y  honourable  to  his  memory.  Several  copies 
of  verfes  were  inferted  in  different  liewfpapers  upon  the 
occafton  of  his  death.  A  contribution,  by  fubfeription, 
was  propofed,  for  the  purpofe  of  railing  a  fmall  fund, 
for  the  decent  fupport  ofhis  widow,  and  the  education 
of  his  infant  children. 

From  the  preceding  detail  of  the  paiticulars  of  this 
poet’s  life,  the  reader  will  naturally  and  juHly  infer  him 
to  have  been  an  honeH,  proud,  warm-hearted  man  ;  of 
high  paffions  and  found  underflanding,  and  a  vigorous 
and  excnrlive  imagination.  He  was  never  known  to 
defetnd  to  any  aX  of  deliberate  -Tneannefs.  In  Dum¬ 
fries 
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Bur  n-  fries  he' retained  many  refpe£Hb!e  friends  even  to  the 
P°  r/  lail  ;  and  it  may  be  doubted  whether  any  poet  of  the 
'  .  prefent  age  has  exercifed  a  greater  power  over  the 

minds  of  his  readers.  Burns  has  not  failed  to  command 
one  remarkable  fort  of  homage,  fuch  as  is  never  paid 
but  to  great  original  genius  ;  a  crowd  of  poetaffers 
darted  up  to  imitate  him,  by  writing  verfes  as  he  had 
done  in  the  Scottifh  dialed  ;  but,  0  imitatores !  fervum 
pecus!  To  write  rugged  rhimes,  in  antiquated  phrafe,  is 
not  to  imitate  the  poetry  of  Burns. 

BURRAMPOOTER.  See  Sandpu,  Encycl 

BUTTER  is  a  fubftance  fo  well  known,  that  it  is 
needlefs  to  give  here  any  definition  of  it.  It  is  one  of 
the  three  component  parts  of  milk,  the  other  two  being 
whey  and  checje .  It  is  evident  from  the  procefies  by 
which  butter  and  cheefe  are  made,  that  thefe  two  parts 
are  not  completely  dilfolved  in  the  ferum  or  whey,  but 
only  diffufed  through  it  like  an  emulfion.  They  may 
indeed  be  feparated  from  it  by  reft  alone,  without  any 
artificial  preparation. 

Butter,  though  ufed  at  prefent  as  food  in  mod  conn, 
tries  of  Europe,  was  not  known,  or  known  very  im¬ 
perfectly,  to  the  ancients.  This,  we  think,  is  com¬ 
pletely  proved  by  ProfefTor  Beckmann  in  the  fecond  vo¬ 
lume  of  his  Hijlory  of  Inventions .  In  our  tranfiation  of 
the  Hebrew  Scripture,  there  is  indeed  frequent  mention 
*;  made  of  butter  at  very  early  periods  ;  but,  as  the  Pro- 
felTor  well  obferves,  the  greateft  mailers  of  biblical  cri- 
ticifm  unanimoully  agree,  that  the  word  fo  tranflated 
fignifies  milk  or  cream,  or  four  thick  milk,  and  cannot 
pofiibly  mean  what  we  call  butter .  The  word  plainly 
alludes  to  fomething  liquid,  which  was  ufed  for  walking 
the  feet,  which  was  drunk,  and  which  had  fometimes 
the  power  of  intoxicating  ;  and  we  know  that  mare’s 
mi-k  may  be  fo  prepared  as  to  produce  the  fame  effeCt. 
See  Koumiss,  Encycl. 

The  oldetl  mention  of  butter,  the  ProfefTor  thinks,  is 
rn  the  account  of  the  Scythians  given  by  Herodotus 
(lib.  iv.  2.),  who  fays,  that  “  thefe  people  pour  themiilk 
of  their  mares  into  wooden  veffels,  cauie  it  to  be  violent¬ 
ly  ffirred  or  fhaken  by  their  blind  Haves,  and  feparate 
the  part  which  arifes  to  the  furface,  as  they  conlider  it 
as  more  valuable  and  delicious  than  what  is  colleded  be¬ 
low  it. ”  That  this  fubllance  mull  have  been  a  foft  kind 
of  butter,  is  well  known  ;  and  Hippocrates  gives  a  Ti¬ 
tular  account  of  Scythian  butter,  and  calls  it  7Tt  iitglOv, 
which  Galen  tranflates  by  the  word  Povlvgov.  The  poet 
Anaxandrides,  who  lived  foon  after  Hippocrates,  de* 
icribing  the  marriage  feail  of  Iphicrates,  who  married 
the  daughter  of  Cotys  king  of  Thrace,  fays,  that  the 
Uhracians  ate  butter,  which  the  Greeks  at  that  time 
coniidered  as  a  wonderful  kind  of  food. 

Dioicorides  fays,  that  good  butter  was  prepared  from 
the  fattell  milk,  iuch  as  that  of  lheep  or  goats,  by  fha 
king  it  in  a  vdjfel  till  the  fat  was  feparated.  To  this 
butter  he  aferihes  the  fame  effe£ls,  when  ufed  externally, 
as  thofe  produced  by  our  butter  at  prefent.  He  adds 
alfo,  and  he  is  thj  firil  writer  who  makes  the  obferva- 
tion,  that  frefh  butter  might  be  melted  and  poured  over 
puiie  and  vegetables  inftead  of  oil,  and  that  it  might  be 
employed  in  paftry  in  the  room  of  other  tat  fnbffances. 
A  kind  of  foot  likewife  was  at  that  time  prepared  from 
butter  for  external  applications,  which  was  ufed  in  cu- 
nn'g  inflammation  of  the  eyes  and  other  difordere.  For 
this  purpofe  the  butter  was  put  into  a  lamp,  and  when 


confumed  the  lamp  was  again  filled  till  the  do  fired  quan- 
tity  of  foot  was  collected  in  a  vellel  placed  over  it.  1 

Galen,  who  diilinguiO.es  and  confirms  in  a  more  ac¬ 
curate  manner  the  healing  virtues  of  butter,  exprefslr 
remarks,  that  cow’s  milk  produces  the  fattell  butter  ; 
that  butter  made  from  (beep’s  or  goat’s  milk  is  lefa 
rich  ;  and  that  afs’s  milk  yields  the  poorell.  fie  ex- 
preffes  his  ailonifhment,  therefore,  thatDiofcorides  fhould 
lay  that  butter  was  made  from  the  milk  of  (heep  and 
goats,  fie  allures  us  that  he  had  fecn  h  made  from 
cow’s-milk,  and  that  he  believes  it  had  thence  acquired 
us  name.  “  Butter  (fays  he)  may  be  very  properly 
employed  for  ointments;  and  when  leather  is  befmeared 
with  it,  the  fame  purpofe  is  anfwered  as  when  it  is  rub¬ 
bed  over  with  oil.  In  cold  countries,  which  do  not 
produce  oil,  butter  is  ufed  in  the  baths ;  and  that  it  is 
a  real  fat,  may  be  readily  perceived  by  its  catching  fire 
when  poured  over  burning  coals.”  What  has  been  here 
faid  is  fufficient  to  (hew  that  butter  mult  have  been  ve¬ 
ry  little  known  to  or  ufed  by  the  Greeks  and  the  Ro¬ 
mans  in  the  time  of  Galen,  that  is,  at  the  end  of  the 
fecond  century. 

The  ProfefTor  having  codeded,  in  chronological  or¬ 
der,  every  thing  which  he  could  find  in  the  works  of 
the  ancients  reipeding  butter,  concludes,  that  it  is  not 
a  Grecian,  and  much  lefs  a  Roman,  invention,  but  that 
the  Greeks  were  made  acquainted  with  it  by  the  Scy¬ 
thians,  the  Thracians,  and  the  Phrygians,  and  the  Ro¬ 
mans  by  the  people  of  Germany.  He  is  likewife  de¬ 
cidedly  of  opinion,  that  when  thefe  two  polifhed  nations 
had  learned  the  art  of  making  it,  they  ufed  it  not  as 
food,  but  only  as  an  ointment,  or  fometimes  as  a  medi¬ 
cine.  “  We  never  find  it  (fays  he)  mentioned  by  Ga. 
len  and  others  as  a  food,  though  they  have  fpoken  of  it 
as  applicable  to  other  purpofes.  No  notice  is  taken  of 
it  by  Apicius  ;  nor  is  there  any  thing  faid  of  it  in  that 
refped  by  the  authors  who  treat  on  agriculture,  though 
they  have  given  us  very  particular  information  concern¬ 
ing  milk,  cheefe,  and  oil.” 

The  cafe,  however,  is  now  very  different.  It  is,  in 
this  country  at  lead,  fo  general  an  article  of  food,  that 
the  proper  methods  of  making  and  curing  it  have  en¬ 
gaged  the  attention  of  fome  of  our  ablefl  writers  on 
agriculture.  In  addition  to  what  has  been  faid  on  thefe 
fubjeTts  under  the  titles  Butter  and  Dairy  (Ency¬ 
clopedia),  our  readers  will  probably  be  pleafed  with  the 
following  method  of  curing  it,  which  is  pra&ifed  by 
fome  farmers  in  the  parifh  of  Udney,  in  the  county  of 
Aberdeen,  and  gives  to  their  butter  a  great  fuperiority 
above  that  of  their  neighbours. 

Take  two  parts  of  the  bed  common  fait;  one  part  of 
fugar,  and  one  part  of  faltpetre  ;  beat  them  up  toge¬ 
ther,  and  blend  the  whole  completely.  Take  one  ounce 
of  this  compofitiou  for  every  fixteen  ounces  of  butter, 
work  it  well  into  the  mafs,  and  dole  it  up  for  ufe. 

Dr  James  Anderion,  from  Whofe  View  of  the  Agri¬ 
culture  or  the  County  of  Aberdeen  this  receipt  is  ta¬ 
ken,  lays,  that  he  knows  or  no  fimple  improvement  in 
economics  greater  than  this  is,  when'  compared  with  the 
ufual  mode  of  Curing  butter  by  means  ot  common  fait 
alone.  “  I  have  feen  (continues  he  i  tlie  experiment 
fairly  made,  of  one  part  of  the  butter*  mak:  at  one  tirtie 
being  thus  cured,  and  the  other  part  cured  with'  fait 
alone  :  the  difference  was  inconceivable.  I  fhould  fup- 
poie  that,  in  any  open  market,  the  one  would  fell  for 
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Batter.'  per  cent,  more  than  the  other.  The  butter  cured 
v/ith  the  mixture  appears  of  a  rich  marrowy  confiftence 
and  fine  colour,  and  never  acquires  a  brittle  hardnefs 
nor  taftes  fait ;  the  other  is  comparatively  hard  and 
brittle,  approaching  more  nearly  to  the  appearance  of 
tallow,  and  is  much  falter  to  the  tafte.  I  have  ate  but¬ 
ter  eured  with  the  above  eompofition  that  had  been 
kept  three  years,  and  it  was  as  fweet  as  at  firft  ;  but  it 
mull  be  noted,  that  butter  thus  cured  requires  to  {land 
three  weeks  or  a  month  before  it  is  begun  to  be  ufed. 
If  it  be  fooner  opened,  the  falts  are  not  fuifieiently 
blended  with  it;  and  fometimes  the  coolnefs  of  the  nitre 
will  then  be  perceived,  whieh  totally  difappears  after¬ 
wards.” 

The  following  obfervations  refpe&ing  the  proper  me¬ 
thod  of  keeping  both  milk  and  butter  are  by  the  fame 
author,  and  we  trnfl  may  prove  ufeful.  Speaking  (liU 
of  the  county  of  Aberdeen,  he  fays*  “  The  pernicious 


BUT 

pra&ice  of  keeping  milk  in  leaden  veffels,  and  falting  Butter 
butter  in  ftone  jars,  begins  to  gain  ground  among  fome  ,  Byfak 
of  the  fine  ladies  in  this  county,  as  well  as  elfewhere,  ^ 
from  an  idea  of  cleanlinefs.  The  fa&  is,  it  is  juft  the 
reverfe  of  cleanlinefs  ;  for  in  the  hands  of  a  careful  per- 
fon  nothing  can  be  more  cleanly  than  wooden  difhes, 
but  under  the  management  of  a  flat  tern  they  difeover 
the  feeret  whieh  (lone  diflies  indeed  do  not. 

“  In  return,  thefe  latter  communicate  to  the  butter 
and  the  milk,  which  has  been  kept  in  them,  a  poifou- 
ous  quality,  which  inevitably  proves  deftru&ive  to  the 
human  conftitution.  To  the  prevalence  of  this  prac¬ 
tice  I  have  no  doubt  we  mufl  attribute  the  frequency 
of  palfies,  whieh  begin  to  prevail  fo  mueh  in  this  king. 

■dom  ;  for  the  well  known  effect  of  the  poifon  of  lead  is 
bodily  debility,  palfy — death!” 

BYSAK,  the  firit  month  of  the  Bengal  year,  begin¬ 
ning  in  April. 
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Caffres^  AFFRES,  the  inhabitants  of  CafFratia,  are  gene- 
rally  confounded  with  the  Hottentots  ;  but,  rc- 
cording  to  M.  Vaillant,  there  is  a  confiderable  diffe¬ 
rence  between  the  manners,  euftoms,  and  even  appear¬ 
ance  of  thefe  two  nations. 

The  Caffres,  fays  he,  are  generally  taller  than  the 
Hottentots,  more  robuft,  more  fierce,  and  much  bolder. 
Their  figure  is  likewife  more  agreeable,  and  their  coun¬ 
tenances  have  not  that  narrownefs  at  the  bottom,  nor 
their  cheeks  thofe  prominences,  which  are  fo  difagree- 
able  among  the  Hottentots.  A  round  figure,  a  nofe 
not  too  fiat,  a  broad  forehead,  and  large  eyes,  give 
them  an  open  and  lively  air  ;  and  if  prejudice  can  over¬ 
look  the  colour  of  the  ficin,  there  are  fome  Caffre  wo¬ 
men  who,  even  in  Europe,  would  be  accounted  pretty. 
Thefe  people  do  not  make  their  faces  ridiculous,  by  pul¬ 
ling  out  their  eye-brows  like  the  Hottentots  ;  they  tat¬ 
too  themfelves  much,  and  particularly  their  bodies; 
their  hair,  which  is  frizzled  very  much,  is  never  greafed^ 
but  their  bodies  are  liberally  anointed,  merely  with  a 
view  to  preferve  their  vigour  and  agility. 

The  men  generally  bellow  more  attention  on  their 
drefs  than  the  women,  and  are  remarkably  fond  of  beads 
and  copper  rings.  The  women  wear  hardly  any  of  the 
ornaments  in  which  the  other  favages  in  Africa  take 
fuch  delight..  They  do  not  even  wear  copper  brace- 
lets  ;  but  their  fmall  aprons,  which  are  Hill  fhorter  than 
thofe  of  the  Hottentots,  are  bordered  with  a  few  rows 
of  glafs-beads  ;  and  in  this  all  their  luxury  conlifts  It 
would  appear  that  the  Caffres  are  not  fo  chafte  as  the 
Hottentots,  beeaure  the  men  do  not  ufe  a  jackal  to  vail 
what  nature  teaches  other  men,  even  favages,  to  eon- 

/1  j  cow1,  covers  only  the  dans,  in- 

ftead  of  di (playing  modefly,  feems  to  announce  the 
greateft  indecency.  This  fmall  covering  adheres  to  a 


thong,  which  is  faflened  round  their  girdles,  merely 
that  it  may  not  be  loft  ;  for  a  Caffre,  if  he  be  not  afraid v 
of  being  hurt  or  flung  by  infe&s,  eares  very  little  whe¬ 
ther  his  eowl  be  in  its  place  or  not.  Our  author  faw 
one  Caffre,  who,  inftead  of  a  cowl,  wore  a  cafe  made  of 
wood,  and  ornamented  with  feulpture.  This  was  a  new 
and.  ridiculous  fafhion,  whieh  he  had  borrowed  from  a 
nation  of  blaek  people  who  lived  at  a  err  eat  diftauce 
from  Caffraria. 


Caffre? 


In  the  hot  feafon  the  Caffres  go  always  naked,  and 
retain  nothing  but  their  ornaments.  Jn  cold  weather 
they  wear  kroffes  made  of  ealves  or  oxens  hides,  which 
reach  down  to  the  ground  ;  but  whatever  the  weather 
be,  both  fexes  go  bare-headed,  except  that  they  fome¬ 
times,  though  rarely,  fix  a  plume  of  feathers  in  their 
hair. 

*1  he  Caffre  huts  are  more  fpaeious  and  higher  than 
thofe  of  the  Hottentots,  and  have  alfo  a  more  regular 
orm.  The  frames  of  them  are  conftrudled  of  wooden 
work,  well  put  together,  and  very  foiid,  being  intend¬ 
ed  to  laft  for  a  long  time  :  for  the  Caffres,  applying  to 
agriculture,  which  the  free  Hottentots  do  not,  remain 
fixed  to  one  fpot,  unkfs  fomething  unexpected  interrupt 
their  repofe. 

A  more  perceptible  induftry,  an  acquaintance  with 
jome  of  the  moft  neceffary  arts  of  life,  a  little  know¬ 
ledge  of  agriculture,  and  a  few  religious  dogmas,  feent 
to  announce  that  the  Caffres  approach  much  nearer  to 
civilization  than  the  Hottentots.  They  entertain  a  to- 
erably  exalted  idea  of  the  Supreme  Being  and  his 
power  ,  t  ey  believe  that  the  good  will  be  rewarded, 
and  the  wicked  punifhed,  in  a  future  ftate  ;  but  they 
have  no  notion  °f  creation,  whieh  indeed  was  not  ad¬ 
mitted  by  the  fages  of  Greece  and  Rome.  They  prae- 
tiie  circumcifion,  but  can  give  no  account  of  its  origin 
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'  continued 

Polygamy  is  ufed  among  the  CafFres  ;  and  on  the 
death  of  a  father  the  male  children  and  their  mothers 
fliare  the  fuccefiion  among  them.  The  girls  remain 
with  their  mothers  without  property  of  any  kind  until 
they  can  procure  hufbands.  One  very  fingular  cuflom 
of  the  Caffres  is,  that  they  do  not,  in  general,  inter 
their  dead,  but  tranfpprt  them  from  the  kraal  to  an 
open  ditch,  which  is  common  to  the  whole  horde.  At 
this  ditch  favage  animals  feed  at  their  leifure  on  the 
multitude  of  carcafcs  which  are  heaped  together.  Fu¬ 
neral  honours  are  due  only  to  kings  and  the  chiefs  of 
each  horde,  whofe  bodies  are  covered  with  a  heap  of 
ftones  colle&ed  into  the  form  of  a  dome. 

This  nation  1*3  governed  by  a  general,  chief,  or  king, 
whofe  power  is  very  bmited.  Me  appoints,  however, 
the  fubordinate  chiefs  over  the  different  hordes,  and 
through  them  communicates  his  dire&ions  or  orders. 
The  arms  of  the  Caffre  are  a  club,  two  feet  and  a  half  in 
length,  and  where  thicked  three  inches  in  diameter,  and 
a  plain  lance  or  ojfagey.  He  defoifes  poifontd  arrows, 
which  are  fo  much  ufed  by  fonie  of  the  neighbouring 
nations  ;  and  w  ith  his  two  fimple  weapons  feeks  al  ways 
to  meet  his  enemy  face  to  face  in  the  field.  The  Hot¬ 
tentot,  on  the  conti  ary,  concealed  under  a  rock  or  be¬ 
hind  a  bufh,  deals  out  deftru&ion,  without  being  expo- 
fed  to  danger.  The  one  is  a  perfidious  tyger,  which 
rufhes  treacheroufly  on  his  prey  ;  the  other  is  a  gene 
rous  lion,  which,  having  given  warning  of  his  approach, 
makes  h’s  attack  boldly,  and  perifhes  if  he  prevail  not 
againft  his  antagonift. 

CALCULUS,  in  mathematics,  denotes  a  certain 
way  of  performing  inveftigations  and  refolutions,  which 
occur  on  many  occafions,  particularly  in  mechanical  phi¬ 
losophy.  Thus  we  fay,  the  antecedent al  calculus,  the 
algebraical  calculus,  the  arithmetical  calculus,  the  diffe¬ 
rential  calculus,  the  exponential  calculus,  the  Jhixional 
calculus,  and  the  integral  calculus.  Of  by  much  the 
greater  part  of  thefe  calculi  fome  account  has  been  given 


Encyclopaedia  Britannica  ;  but  there  is  one  of 
p  which  no  notice  has  been  taken  in  that  woYk. 


in  the 
them,  ot 
It  is, 

The  Antecedent  al  Calculus ,  a  geometrical  method 
ofreafomng,  without  any  confederation  of  motion  or  ve¬ 
locity,  applicable  to  every  purpofe  to  which  the  much 
celebrated  do&rine  of  fluxions  of  the  illuitrious  Newton 
has  beer,  or  can  be,  applied.  This  method  was  in¬ 
vented  by  James  Glenie,  Efq;  “  in  which  (he  fays) 
eveiy  exprefiion  is  truly  and  flridlly  geometrical,  is 
founded  on  principles  frequently  made  ufe  of  by  the 
ancient  geometers,  principles  admitted  into  the  veryfirfl 
elements  of  geometry,  and  repeatedly  ufed  by  Euclid 
nimfelf.  As  it  is  a  branch  of  general  geometrical  pro¬ 
portion,  or  univerfal  comparifon,  and  is  derived  from  an 
examination  of  the  antecedents  of  ratios,  having  given 
consequents  and  a  given  flandard  of  comparifon  in  the 
vaiious  degrees  of  augmentation  and  diminution  they 
undergo  by  compofition  and  decompofition,  I  have 
called  it  the  antecedental  calculus.  As  it  is  purely 
geometrical,  and  perfectly  fcientific,  I  have,  iincc 
it  nrft  occurred  to  me  in  1779,  always  mi.de  ufe  of  it 
mitead  of  the  fluxionary  and  differential  calculi,  which 
are  merely  arithmetical.  Its  principles  are  totally  un¬ 
connected  with  the  ideas  of  motion  and  time,  which, 
Suppl.  Vol.I.  Parti. 
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philofophy,  they  are  equally  applicable  to  every  invefti- 
gation,  involving  the  coniideration  of  either  with  the 
two  nufnericrl  methods  juft  mentioned.  And  as  many 
fuch  invefligations  require  oompofitions  and  decomooft- 
tions  of  ratios,  extending  greatly  beyond  the  t.iplicatc 
and  fubtnplicate,  this  calculus  in  all  of  them  fursifh.es 
every  exprefiion  in  a  ftri&ly  geometrical  form  The 
flandards  of  comparifon  in  it  may  be  any  magnitudes 
"  atcver,  and  are  of  courfe  indefinite  and  innumerable; 
and  the  confequents  of  the  ratios,  compounded  or  de¬ 
compounded,  may  be  either  equal  or  unequal,  homoge¬ 
neous  or  heterogeneous.  In  the  fluxionary  and  diffc- 
rential  methods,  on  the  other  hand,  1,  or  unit,  is  not 
only  the  flandard  of  comparifon,  butalfo  the  confequent 
of  every  ratio  compounded  or  decompounded.” 

This  method  is  deduced  immediately  from  Mr  Ga¬ 
me's  Treatife  on  the  Dodrine  of  Univerfal  Comparifon 
or  General  Proportion  :  And  as  the  limits  of  the  pre- 
fent  work  will  rot  allow  us  to  enter  upon  this  fubjedt, 
we  therefore  refer  our  readers  to  the  two  above  menl 
tioned  treatifes,  and  to  the  fourth  volume  of  the  Tranf- 
adtions  of  the  Royal  Society  of  Edinburgh. 

We  confefs,  however,  that  we  do  not  expedf  fuch 
great  advantage  from  the  employment  of  this  calculus 
as  the  very  acute  and  ingenious  author  feems  to  promife 
from  it.  The  mathematical  world  is  truly  indebted  to 
him  for  the  clear  and  diferiminating  view  that  lie  has 
taken  of  the  do&rine  of  univerfal  comparifon,  and  we 
believe  it  to  be  perfedtly  accurate,  and  in  feme  refpedts 
new.  Not  with  Handing  the  continual  occupation  of 
mathematicians  with  ratios  and  analogies,  their  partial- 
lar  objects  commonly  reflndted  their  manner  of  concei¬ 
ving  ratio  to  fome  prefent  modification  of  it.  Hcr.ce  it 
feems  to  have  happened  that  their  conceptions  of  it  as 
a  magnitude  have  not  been  uniform.  Eut  Mr  Glenie, 
by  avoiding  every  peculiarity,  has  at  once  attributed  to 
it  all  the  tneafurable  affedions  of  magnitude,  addition 
or  fubtradion,  multiplication  or  divifion,  and  ratio  or 
proportion.  He  is  perhaps  the  firft  who  lias  roundly 
confidered  ratio  or  proportion  as  an  affedion  of  ratio  ; 
and  it  is  chiefly  by  the  employment  of  this  undoubted 
affection  of  ratio  that  he  has  rendered  the  geometrical 
analyfis  fo  comprelienfive. 

But  when  we  view  this  antecedental  calculus,  not  as 
a  method  of  exprefiing  mathematical  fcience,  but  as  an 
art,  as  a  calculus  in  fliort,  and  confider  the  means  which 
n  muft  employ,  and  the  notation  which  muft  be  ufed, 
we  become  lefs  fanguine  in  our  hopes  of  advantage  from 
it.  Ehc  notation  cannot  (we  think)  be  more  fimple 
than  that  of  the  fluxionary  method,  juftly  called  aritb. 
metical ;  and  if  we  infill  on  carrying  clear  conceptions 
along  with  us,  we  imagine  that  the  arithmetical  expofi- 
tion  of  our  fymbols  will  generally  be  the  fimpler  of  the 
two"  The  fcience  of  the  antecedental  calculus  feems  to 
confift  in  the  attainable  perception  of  all  the  fimple  ra¬ 
tios,  whether  of  magnitudes,  or  ratios,  or  both,  which 
concur  to  the  formation  of  a  compound  and  complica¬ 
ted  ratio.  Now  this  is  equally,  and  more  eafily,  attain, 
able  in  the  fluxionary  or  other  arithmetical  method, 
when  the  confequent  is  a  fimple  magnitude.  When  it  is 
not,  the  fame  procefs  is  farther  neceflary  in  both  me- 
thods,  for  getting  rid  of  its  complication. 

We  apprehend  that  it  is  a  miftake  that  the  geome- 
T  tried 
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Calendar  t-ical  method  is  more  abftra&ed  than  the  fluxionary, 

II  beeaufe  the  latter  fuperadds  to  the  notion  of  exteafion 
CalIao  the  notions  of  time  and  motion.  Thefe  notions  were 
introduced  by  the  illuftrious  inventor  for  the  demonflra- 
tlon ,  but  never  occupy  the  thoughts  in  the  ufe  of  his 
piooofkions.  Thefe  are  geometrical  tiuths,  no  matter 
'  how  demonitrated  ;  and  when  duly  coniidered,  involve 
nothing  that  is  omitted  in  the  antecedental  calculus. 
We  even  prefume  to  fay,  that  the  complication  of 
thought,  in  the  contemplation  of  the  ratios  of  ratios,  is 
greater  than  what  will  generally  arife  from  the  addi¬ 
tional  elements,  time  and  motion. 

We  do  not  find  that  any  of  our  moil  a&ive  mathe¬ 
maticians  have  availed  tliemfelves  of  the  advantages  of 
this  calculus,  nor  do  we  know  any  fpecimen  that  has 
been  exhibited  of  its  eminent  advantages  in  mathemati¬ 
cal  difcufiions.  Should  it  ptove  more  fertile  in  geome- 
tiical  exprefiions  of  highly  compounded  or  complicated 
quantities  01  relations,  we  fliould  think  it  a  mighty  ac- 
quifition ;  being  fully  convinced  that  thefe  afford  to  the 
memory  or  imagination  an  objedl  (we  may  call  it  a  fen* 
Able  picture)  which  it  can  contemplate  and  remember 
with  incomparably  greater  clearnefs  and  Iteadinefs  than 
any  algebraical  formula.  We  need  only  appeal  to  the 
geometrical  exprefiions  of  many  fluents,  which  are  to 
be  feen  in  Newton’s  lunar  theory,  in  the  phyfical  tra&s 
of  Dr  Matthew  Stewart,  and  others  who  have  fhewn  a 
partiality  for  this  method. 

It  would  be  very  prefumptuous,  however,  for  us  to 
fay,  that  the  accurate  geometer  and  metaplvyfician  may 
not  derive  great  advantages  from  profecuting  the  very 
ingenious  and  recondite  (peculations  of  Mr  Glenie,  in 
his  do&rine  of  univerfal  comparifon. 

CALENDAR,  in  chronology.  See  (Encycl.)  Ka« 
lendar ;  and  Revolution,  n°  184. 

CALIPPIC  period,  in  chronology,  a  period  of  76 
years,  continually  recurring;  at  every  repetition  of 
which,  it  was  fuppofed  by  its  inventor  Cahppus,  an  A- 
thenian  aftronomer,  that  the  mean  new  and  full  moons 
would  always  return  to  the  fame  day  and  hour. 

About  a  century  before,  the  golden  number,  or  cy¬ 
cle  of  1 9  years,  had  been  invented  by  Meton  ;  which 
Calippus  finding  to  contain  19  of  NabonaiTar’s  year, 
4  days,  and  to  avoid  fra&ions  he  quadrupled  it, 

and  fo  produced  his  period  of  76  years,  or  4  times  19; 
after  which  he  fuppofed  ail  the  lunations,  &c.  would  re¬ 
gularly  return  to  the  fame  hour.  But  neither  is  this 
exadf,  as  it  brings  them  too  late  by  a  whole  day  in  225 
years. 

CALLAO,  as  it  is  called  by  its  inhabitants,  but 
more  generally  known  to  Europeans  under  the  name  of 
Campello,  isafmall  ifland,  which  was  vifited  by  foine 
of  Lord  Macartney's  fuite  on  their  voyage  to  China. 
In  confequence  of  that  vifit,  we  have  the  following  de- 
feription  of  it  in  Sir  George  Staunton's  Account  of 
the  EmbafTy. 

“  It  lies  oppofite  to,  and  about  eight  miles  to  the 
eaftward  of,  the  mouth  of  a  confiderable  river  on  the 
coaft  of  Cochin-china,  on  the  banks  of  which  is  fituated 
the  town  of  Fai  foo,  a  place  of  fome  note,  not  far  from 
the  harbour  of  Turon.  The  bearing  o?  the  highefl 
peak  of  Callao  from  this  harbour  is  about  fouth-eaft, 
diltance  Unity  miles  The  extreme  points  of  the  ifland 
lie  in  latitude  1  <°  53',  and  15  57'  north  ;  the  greatefl 
kngth  is.  from  north- weft  to  fouth-eaft,  and  is  fomewhat 


about  five  miles,  and  the  mean  breadth  two  miles.  The  Callao, 
only  inhabited  part  is  on  the  fouth-weft  coaft,  on  a  flip  WP 
of  ground  rifmg  gently  to  the  eaft,  and  contained  be¬ 
tween  the  bottom  of  a  femilunar  bay  and  the  mountains 
on  each  fide  of  it.  Thofe  mountains,  at  a  diftance,  ap¬ 
pear  as  if  they  formed  two  di Hindi  iflands.  The  fouth- 
ern  mountain  is  the  highefl,  and  is  about  1500  feet. 

The  lower  grounds  contain  about  200  acres.  This 
fmall  but  enchanting  fpot  is  beautifully  diverfified  with 
neat  houfes,  temples,  chimps  of  trees,  fmall  hillocks 
fwelling  from  the  plain,  and  richly  decorated  with 
fhiubbery  and  trees  of  various  kinds  ;  among  which 
the  elegant  areca,.  rifing;  like  a  Corinthian  column, 
is  eminently  confpicuous.  A  rill  of  clear  water, 
oozing  from  the  mountains,  is  contrived  to  be  carried 
along  the  upper  ridges  of  the  vale,  from  whence  it  is 
occafionally  conveyed  through  fluices,  for  the  purpofe  of 
watering  the  tice- grounds,  and  appeared,  though  then 
in  the  dry  feafon,  fully  fufEcient  for  every  purpofe  for 
which  it  could  be  wanted. 

«  The  houfes,  in  general,  were  clean  and  decent ;  a 
few  were  built  with  ftone,  and  covered  with  tiles.  One, 
probably  the  manfion  of  the  chief  perfon  of  the  ifland, 
was  inclofed  by  a  (lone  wall,  and  the  approach  to  it 
was  through  a  gateway  between  two  Hone  pillars.  The 
houfe  was  divided  into  a  number  of  apartments,  of 
which  the  arrangement  did  not  feem  to  want  either 
tafle  or  convenience.  This  building  flood  at  the  head 
of  the  principal  village,  which  confiited  of  about  thirty 
habitations  built  of  wood,  chiefly  the  bamboo.  Behind 
the  village,  and  on  the  fide  of  the  hill,  was  a  cave,  ac- 
cefiible  only  by  one  way,  through  an  irregular  range  of 
rocks.  Within  the  cave,  but  near  its  mouth,  was  a 
fmall  temple,  commanding  a  view  of  the  whole  vale. 
Several  other  temples  were  difperfed  over  the  plain,  all 
of  which  were  open  in  front,  with  a  colonnade  before 
them  of  round  wooden  pillars,  painted  red  and  varnifh- 
ed.  The  number  of  houfes  on  the  ifland  fcarcely  ex¬ 
ceeded  fixty.  Behind  every  houfe,  not  immediately  in 
the  principal  village,  were  inclofures  of  fugar-canes,  to¬ 
bacco,  and  other  vegetables,  growing  in  great  luxu-  j 
riance.  The  mountains  were  covered  with  verdure, 
and  feemed  well  calculated  for  rearing  goats,  of  which 
the  ifland  produced  a  few. 

«  Befide  the  principal  bay,  there  were  feveral  fandy 
inlets,  with  fmall  patches  of  level  ground  behind  them* 

Boats  might  eafily  land  in  any  of  thefe  inlets ;  but  a 
communication  between  them  by  land  appeared  to  be 
exceedingly  difficult,  if  not  entirely  prevented,  by  the 
fteep  and  rugged  ridges  which  feparated  them  from  each 
other.  On  this  account  very  flight  works,  and  an  e- 
iiablifhment  of  a  few  men  only,  would  be  requifite  for 
the  defence  of  the  ifland,  a  great  part  of  its  coaft  being 
impregnably  fortified  by  nature.  The  depth  of  water 
in  the  bay  and  road  was  fufEcient  for  fnips  of  any  bur¬ 
den,  and  there  was  perfed  fhelter  from  every  wind  ex¬ 
cept  the  fouth-weft,  to  which  quarter  it  was  dire&ly 
open..  The  fliort  diftance,  however,  from  the  conti* 
nent  in  that  dire&ion  would  always  prevent  the  fea  from 
rifing  high,  though  it  might  not  be  fufEcieritly  near  to 
break  the  force  of  the  wind.” 

The  inhabitants  of  this  ifland  are  fo  exceedingly  fhy 
and  afraid  of  ftrangers,  that  upon  the  approach  of  the 
Englifh  veffel,  they  all,  except  a  very  few,  retired  on 
board  their  galleys.  When  the  JBiitifh  landed,  therefore, 
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allao,  they  found  the  doors  of  all  the  lioufes  open,  with  fever al 
a,ueI*  domeftic  animals  feeding  before  them,  but  neither  man, 
^  woman,  nor  child  within.  After  fome  time,  however, 
a  perfon  was  perceived  lurking  among  the  neighbour¬ 
ing  trees,  who,  finding  he  was  obferved,  came  forward 
with  reluctance  and  evident  marks  of  fear.  While  he 
was  yet  at  fome  difiance,  Ire  fell  upon  his  knees,  and 
touched  the  ground  with  his  forehead  feveral  times.  On 
approaching  to  him,  it  was  noticed  that  the  firft  joint 
of  every  one  of  his  fingers  and  toes  was  wanting,  and 
as  if  twilled  off  by  violence  ;  it  was  poffible  that  he 
might  have  thus  been  treated  by  way  of  punifhment  for 
fome  crime,  and  that  lie  was  confidered  as  the  fitted: 
perfon  to  be  expofed  to  the  fuppofed  danger  of  watch¬ 
ing  the  movements  of  the  ftrangers  coming  afhore.  In 
a  little  time  fome  others,  hidden  in  the  thickets,  find¬ 
ing  that  no  mifehief  was  fuffered  by  the  firft,  ventured 
out.  None  of  them  could  underfland  the  Chinefe  inter¬ 
preter  ;  and  not  being  able  to  read  or  write,  there  was 
no  converfing  with  them  by  the  medium  of  the  Chinefe 
chara&ers-  Ilecourfe  was  had  to  hieroglyphics,  and 
rude  figures  were  drawn  of  the  articles  which  were  pro- 
pofed  to  be  purchased  ;  and  this  method  fucceeded  to¬ 
lerably  well  ;  poultry  and  fruits  were  brought  for  fale, 
for  which  high  prices  were  given,  purpofely  to  conci¬ 
liate  the  good  will  of  thofe  iflanders.  The  few  that 
were  found  grew  foon  familiar,*  and  one  old  man  pref. 
fingly  invited  the  ftrangers  to  his  houfe,  fituated  upon 
an  eminence,  at  a  little  diftance.  On  arriving  there, 
he  introduced  them  to  his  wife,  an  old  woman,  who, 
after  recovering  from  her  aftoiiifhment  at  the  fight  of 
figures  fo  different  from  thofe  fhe  had  ever  been  accuf- 
tomed  to  behold,  laid,  in  a  neat  manner,  before  them 
fome  fruits,  fugar,  cakes,  and  water.  On  departing 
from  the  houfe,  this  decent  and  hofpitable  couple  made 
figns  to  teflify  their  defire  of  feeing  them  again.” 

The  poffeffion  of  this  ifland  would  be  of  fuch  im¬ 
portance  to  any  European  nation  who  wilhed  to  trade 
iecurely  with  Tung-quin  and  Cochin-china,  that  it  is 
faid  the  French  had  formerly  fome  thoughts  of  purcha¬ 
sing  it.  Sir  George  Staunton,  however,  is  of  opinion, 
that  the  want  of  fhclter  iri  the  fouth-weft  monfoon  would 
render  it  of  little  value,  without  a  further  fettlement 
near  it  upon  the  main  land  of  Cochin-china  ;  and  he 
thinks,  that  if  a  folid  eftablilhment  there  could  be  pro- 
dudtive  of  advantage  to  any  European  nation,  it  would 
neceffarily  be  fo  to  Great  Britain  ;  becaufe,  befide  the 
opening  which  it  would  make  for  the  fale  of  Britfih 
inanufa&ures  among  the  people  ®f  the  country,  the  Bri- 
tifh  poffcflions  in  Hindoftan  would  be  fure  of  a  very 
confiderable  demand  for  their  produdlions. 

CAMEL,  in  navigation,  is  a  machine  which  has 
been  deferibed  with  fufficient  accuracy  in  the  Encyclo¬ 
paedia;  but  the  following  account  of  its  invention,  given 
by  Profcffor  Beckmann,  is  perhaps  not  unworthy  of  a 
place  in  this  Supplement. 

“  In  the  Zuyder-Zee,  oppofite  to  the  month  of  the 
river  Y,  about  fix  miles  from  the  city  of  Amfterdam, 
there  are  two  fand  banks,  between  which  is  a  paffage 
called  the  Pampus ,  which  is  fufficiently  deep  for  fmall 
fhips,  but  not  ior  fuch  as  are  large  or  heavy  laden.  In 
1672  the  Dutch  contrived,  however,  to  carry  their  nu¬ 
merous  fleet  through  this  paffage,  by  means  of  large 
empty  chefts  faftened  to  the  bottom  of  each  fliip  ;  and 
this  contrivance  gave  rife  to  the  invention  of  the  camel” 


gam 

In  the  Encyclopedia  Britannica  its  invention  is  -riven  Cane 
to  the  famous  De  Wit  j  in  the  German  Cyclopedia  to  II 
Meyer  a  Dutch  engineer  of  very  confiderable  eminence;  CamP 
but  the  Dutch  writers,  almoft  unanimoufly,  aferibe  the  ""  r 
invention  of  the  camel  to  a  citizen  of  Amfterdam,  who 
calls  himfdf  Meeuves  Meindertfoon  Bakker.  “  Some 
make  the  year  of  the  invention  to  have  been  1688,  and 
others  1690.  Much  has  been  faid  of  the  utility  of  this 
invention ;  but  however  beneficial  it  may  be,  we  have 
reafon  to  fuppofc  that  fuch  heavy  veffels  as  fhips  of  war 
cannot  be  raifed  up,  in  fo  violent  a  manner,  without  fuf- 
tainmg  injury.  A  fure  proof  of  this  is  the  well  known 
dreum fiance  mentioned  by  Mufchenbroek  (JntroduQtn 
ad  Philofoph.  NaturJ ,  that  the  ports  of  a  fliip  which 
had  been  raifed  by  the  camel  could  not  afterwards  be 
fh ut  clofely.” 

CAMELEON,  one  of  the  conftellations  ©f  the 
fouthern  hemifphere,  near  the  fouth  pole,  and  invifible 
in  our  latitude.  There  are  10  liars  marked  in  this  con- 
ftellation  in  Sharp’s  catalogue. 

CAMELOP /illDALUS,  a  new  conftcllation  of 
the  northern  hemifphere,  formed  by  Hevehus,  confift- 
ing  of  32  ftars,  firft  obferved  by  him.  It  is  fituated 
between  Cepheus,.  Caffiopeia,  Perfeus,  the  Two  Bears, 
and  Draco  ;  and  it  contains  58  liars  in  the  Britifh  ca¬ 
talogue. 

CAMELLIA,  in  botany  (fee  JPncycl .),  is  a  plant 
which  the  Chinefe  call  Cha-<zu)ja,  or  flower  of  tea,  on 
account  of  the  refemblance  of  the  one  to  the  ether,  and 
becaufe  its  petals  are  fometimes  mixed  among  the  teas 
to  increase  their  fragrance.  Sir  George  Staunton,  who 
calls  it  Camellia  S e/an  qua ,  faW  it  flourishing  on  the  iides 
and  very  high  tops  of  mountains,  where  the  foil  con¬ 
fided  of  little  more  than  fragments  of  Hone,  crumbled  in¬ 
to  a  fort  of  coarfe  earth  by  the  joint  a&ion  of  the  fun  and 
rain.  It  yields,  he  fays,  a  nut,  from  which  is  expvcffed 
an  efculent  oil,  equal  to  the  bed  which  comes  from  Flo¬ 
rence.  On  this  account,  it  is  cultivated  in  vail  abun¬ 
dance  ;  and  is  particularly  valuable  from  the  facility  of 
its  culture  in  fituations  fit  for  little  elfe. 

CAMPBELL  (George,  D.  D.),  fo  juftly  admired 
for  his  metaphyfical  acutenefs  arid  various  erudition,  was, 
in  1719,  born  at  Aberdeen,  where  his  father,  the  reve¬ 
rend  Colin  Campbell,  was  one  of  the  min  filers  of  the 
eftabliflied  church.  He  was  educated  in  his  native  city; 
and,  after  paffimg  through  the  ufual  courfe  of  accade- 
mical  learning,  he  ftudied  divinity  under  the  Rev.  J. 
Chalmers,  profeffor  of  divinity  in  Marifchal  College. — 

He  was,  in  1749,  an  unfuccefsful  candidate  for  the 
church  of  Fordown,  though  his  competitor  Mr  For¬ 
bes  was  a  man  of  very  (lender  abilities,  and  fuppofed  to 
be  attached  to  the  conftitution  and  liturgy  of  the  church 
of  England.  It  might  indeed  be  that  attachment  which 
contributed  principally  to  procure  him  the  living  in  pre¬ 
ference  to  Mr  Campbell. 

The  living  of  Fordown  is  in  the  gift  of  the  crown  5 
and  it  has  generally  been  a  rule  with  his  majefty’s  mi- 
nifters,  to  give  fuch  livings,  when  they  become  vacant, 
to  thofe  candidates  who  are  favoured  by  the  majority 
of  land-owners  in  the  parifh.  At  the  era  of  1749,  the 
land-owners  in  fome  of  the  northern  and  middle  coun¬ 
ties  of  Scotland  weie  more  generally  attached  to  the 
conftitution  of  the  church  of  England  than  to  that  of 
their  own  eftablifhment ;  and  fuch  was  certainly  the  cafe 
in  the  parifh  of  Fordown. 
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!•  But  whatever  was  the  caufe  of  Mr  Campbell’s  failure, 
he  failed  by  a  very  fmall  number,  and  was  not  long 
without  an  eftablifhment.  In  1750,  he  was  prefented, 
by  Sir  Thomas  Burnett  of  Leys,  to  the  living  of  Ban- 
chary  Ternan,  on  the  Dee,  about  twenty  miles  weft 
from  Aberdeen.  From  this  he  was  tranflated,  or,  as 
the  Scotch  ecclefiaftical  phrafe  is,  tranfported  to  Aber¬ 
deen  in  1756,  and  nominated  one  of  the  city  minifters, 
in  the  room  of  Mr  John  BifTet  deceafed,  a  puritan  of 
the  old  fchool,  whole  ftridtnefs  and  peculiarities  are  yet 
remembered  by  many  in  that  place. 

In  1759,  on  the  deceafe  of  principal  Pollock,  he  was 
chofen  principal  of  the  Marifchal  college,  and  iucceeded 
to  the  divinity  chair  in  1771,  on  Dr  Alexander  Ge¬ 
rard  being  tranflated  to  the  profefforfhip  of  divinity  in 
King’s-college.  Before  his  fettling  in  Aberdeen,  he 
married  Mifs  Grace  Farquharfon,  daughter  of  Mr  Far- 
quharfon  of  Whitehoufe,  by  whom  he  had  no  ifTue. 
This  amiable  woman  died  about  a  year  before  him. 
They  were  an  eminent  pattern  of  conjugal  affe&ion. 

From  this  time  he  enjoyed  a  remarkable  {hare  of 
good  health  and  fpirits.  He  had,  all  his  life,  a  rooted 
averfion  to  medicine.  He  got  the  better  of  every  ail¬ 
ment  by  a  total  and  rigorous  abftinence  from  all  kind  of 
fultenance  whatever  ;  and  it  was  not  till  he  was  attacked 
by  an  alarming  illnefs,  about  two  years  before  his  death, 
that  he  was  perfuaded  by  his  friends  to  call  in  medical 
aid.  What  nature  could  do,  {he  had  all  along  performed 
well ;  but  her  day  was  over,  and  fomcthing  of  art  be¬ 
came  neceffary.  Then,  for  the  firft  time,  he  owned 
the  utility  of  medical  men,  and  declared  his  recantation 
of  the  very  mean  opinion  he  had  formerly  entertained 
of  them  and  their  art.  A  few  months  before  his  death, 
he  religned  his  offices  of  principal,  profeffor  of  divinity, 
and  one  of  the  city  minifters,  and  was  in  all  fucceeded 
by  Dr  W.  L.  Brown,  late  of  Utrecht,  a  man  of  dif- 
tinguifhed  abilities.  Dr  Campbell  retained  all  his  fa¬ 
culties  entire  to  the  laft,  and  died  on  the  6th  of  April 
1796  in  the  77th  year  of  his  age.  His  charader  has 
been  fo  juftly  drawn  by  his  fucceffor,  that  we  {hall  give 
it  to  our  readers  in  his  words,  adding  only  a  circum- 
ftance  or  two,  which  we  have  reafon  to  think  will  con¬ 
tribute  to  endear  his  memory  to  every  liberal  and  en¬ 
lightened  mind 

“Dr  Campbell,  as  a  public  teacher,  was  long  ad¬ 
mired  for  the  clearnefs  and  copioufnefs  with  which  he 
illuftrated  the  great  do&rines  and  precepts  of  religion, 
and  the  ftrength  and  energy  with  which  he  enforced 
them.  Intimately  perfuaded  of  the  truth  and  infinite 
confequence  of  what  revelation  teaches,  he  was  ftrong- 
ly  defirous  of  carrying  the  fame  convi&ion  to  the  minds 
of  his  hearers,  and  delivered  his  difcourfes  with  that 
zeal  which  flows  from  ftrong  impreffions,  and  that 
power  of  perfuafion  which  is  the  refult  of  fincerity  of 
heart,  combined  with  clearnefs  of  underftanding.  He 
was  fatisfied,  that  the  more  the  pure  didfates  of  the 
gofpel  were  ftudied,  the  more  they  would  approve 
themfelves  to  the  mind,  and  bring  forth,  in  the  affec¬ 
tions  and  conduff,  all  the  peaceable  fruits  of  righteouf 
nefs.  The  unadulterated  di&ates  of  Chriftiariity,  he 
was,  therefore,  only  ftndious  to  recommend  and  in¬ 
culcate,  and  knew  perfe&ly  to  difcriminate  them  from 
the  inventions  and  traditions  of  men.  His  chief  ftudy 
ever  was,  to  diredl  belief  to  the  great  obje&s  of  pradfice; 
and,  without  thefe,  he  viewed  the  moft  orthodox  pro- 


feffion  as  “  a  founding  brafs,  and  a  tinkling  cymbal.”  Cample 
But,  befides  the  character  of  a  preacher  of  righteouf-  — ■ — y— * 
nels,  he  had  alfo  that  of  a  teacher  of  the  fcience  of  di¬ 
vinity  to  luftain.  How  admirably  he  difcharged  this 
duty,  and  with*  what  effedl  he  conveyed  the  founded 
and  moft  profitable  inftrudlion  to  the  minds  of  his  fcho- 
lars,  let  thofe  declare  who  are  now  in  various  congre¬ 
gations  of  this  country,  communicating  to  their  fellow 
Chriftians  the  fruits  of  their  {Indies  under  fo  able  and 
judicious  a  teacher.  Difcarding  all  attachment  to  hu¬ 
man  fyftems,  merely  coniidered  as  fuch,  lie  tied  his  faith 
to  the  Word  of  God  alone,  poffeffed  the  happieft  ta¬ 
lent  in  inveftigating  its  meaning,  and  communicated  to 
his  hearers  the  refult  of  his  own  inquiries,  with  a  pre- 
cifion  and  perfpicuity  which  brought  light  out  of  ob- 
fcurity,  and  rendered  clear  and  limple  what  appeared 
intricate  and  perplexed.  He  expofed,  without  referve, 
the  corruptions  which  ignorance,  craft,  and  hypocriiy, 
had  introduced  into  religion,  and  applied  his  talent  for 
ridicule  to  the  beft  of  all  purpoies,  to  hold  up  to  con¬ 
tempt  the  abfurdities  with  which  the  pureft  and  fu* 
blimeft  truths  had  been  loaded. 

ii  Placed  at  the  head  of  a  public  feminary  of  learn¬ 
ing,  he  telt  all  the  importance  of  fuch  a  fituation.  and 
uniformly  dire&ed  his  influence  to  public  utility.  His 
enlarged  and  enlightened  mind,  juftly  appreciated  the 
extenhve  confequence  of  the  education  of  youth.  He 
anticipated  all  the  effects  refulting  to  the  great  communi¬ 
ty  of  mankind,  from  numbers  of  young  men  iffuin  v 
in  regular  fucceffion,  from  the  unfverfity  over  which  he 
presided,  and  occupying  the  different  departments  of 
focial  life. 

“  His  benevolent  heart  delighted  to  reprefent  to  it- 
felf  the  ftudents  under  his  direction  ufefully  and  ho¬ 
nourably  d'fcharging  the  refpe&ive  duties  of  their  dif¬ 
ferent  profeflions  ;  and  fome  of  them,  perhaps,  filling 
the  moft  dillingtiifhed  ftations  of  civil  fociety.  With 
there  profpe&s  before  him,  he  conftantly  directed  his 
public  conduct  to  their  attainment.  He  never  fuffered 
his  judgment  to  be  warped  by  prejudice  or  partiality, 
or  his  heart  to  be  feduced  by  paffion  or  private  inttreft. 

Thofe  mean  and  ignoble  motives  by  which  many  are 
actuated  in  the  dilcharge  of  important  trufts.  approach¬ 
ed  not  his  mind.  A  certain  honourable  pride,  if  pride 
it  may  be  called,  diffufed  an  uniform  dignity  over  the 
whole  of  his  behaviour.  He  felt  the  man  degraded 
by  the  perverfion  of  pubbe  character.  His  undemand¬ 
ing  alto  clearly  {hewed  him  even  perfonal  advantage  at¬ 
tached  to  fuch  principles  and  practice,  as  lie  adopted 
from  a  fenfe  of  obligation,  and  thole  elevated  concep¬ 
tions  of  real  worth  which  were  fo  congenial  to  his  four. 

He  faw,  he  experienced,  efteem,  refpeef,  and  influence, 
following  in  the  train  of  integrity  and  beneficence  ;  but 
contempt,  difgrace,  averfion,  and  complete  infignificance, 
clofely  linked  to  corruption  and  felfiffinefs.  Little  minds 
are  feduced  and  overpowered  by  felfifh  confiderations, 
becaufe  they  have  not  the  capacity  to  look  beyond  the  1 
prefent  advantage,  and  to  extend  to  the  mifery  that 
Hands  on  the  other  fide  of  it.  The  fame  ciicumftance 
that  betrays  the  perverfity  of  their  hearts,  alfo  evinces 
the  weaknefs  of  their  judgments. 

“  His  leputation  as  a  writer,  is  as  extenfive  as  the 
prefent  intercourfe  of  letters ;  not  confined  to  his  own 
country,  but  fpread  through  every  civilized  nation.  In 
his  literary  purfuits,  he  aimed  not,  as  is  very  often  the 
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cafe,  with  men  of  diflinguiihed  literary  abilities,  merely 
- at  eilabhfhing  his  own  celebrity,  or  increafing  his  for¬ 
tune  ;  but  had  chiefly  at  heart  the  defence  of  the  great 
caufe  of  Religion,  or  the  elucidation  of  her  didates. 

“  At  an  early  period  he  entered  the  lifts  as  a  cham¬ 
pion  for  Chriflianity  again fl  one  of  its  acuteft  oppo¬ 
nents.  He  not  only  triumphantly  refuted  his  argu¬ 
ments,  but  even  conciliated  his  refped  by  the  handfome 
and  dexterous  manner  in  which  his  defence  was  condu£l- 
ed.  While  he  refuted  the  infidel,  he  fpared  the  man, 
and  exhibited  the  uncommon  fpedacle  of  a  polemical 
writer  pofTefling  all  the  moderation  of  a  Chriflian.  But 
while  he  defended  Chriflianity  againfl  its  enemies,  he 
was  dciirous  of  contributing  his  endeavours  to  increafe, 
among  its  profeffors,  the  knowledge  of  the  facred  wri¬ 
tings.  Accordingly,  in  the  latter  part  of  his  Ike,  he 
favoured  the  world  with  a  work,  the  fruit  of  copious 
erudition,  of  unwearied  application,  for  almofl  thirty 
years,  and  of  a  clear  and  ccmprehenlive  judgment.  We 
have  only  to  regret,  that  the  other  writings  of  the 
New  Teflament  have  not  been  elucidated  by  the  fame 
pen  that  translated  the  Gofpels.  Nor  were  his  literary 
merits  confined  to  theology,  and  the  {Indies  more  im¬ 
mediately  connected  with  it.  Philofophy,  and  the  fine 
arts,  are  alfo  indebted  to  his  genius  and  labours  ;  and 
in  him  the  polite  fcholar  was  eminently  joined  to  the 
deep  and  liberal  divine. 

“  Political  principles  will  always  be  much  affe&ed 
by  general  chara&er.  This  was  alto  the  care  with  Dr 
Campbell.  In  politics,  he  maintained  that  moderation 
which  is  the  fureft  criterion  of  truth  and  redlitude,  and 
was  equally  diflant  from  thofe  extremes  into  which  men 
are  lo  apt  to  run  on  great  political  queftions.  He  che¬ 
rished  that  patriotifm  which  confifls  in  v/ifhing,  and  en¬ 
deavouring  to  promote,  the  greatefl  happinefs  of  his 
country,  and  is  always  fubordinate  to  univerfal  benevo¬ 
lence.  Firmly  attached  to  the  Eritifh  conftitution,  he 
was  animated  with  that  genuine  love  of  liberty  which 
it  infpires  and  invigorates.  He  was  equally  averfe  to 
defpotifm  and  to  popular  anarchy  ;  the  two  evils  into 
which  political  parties  are  fo  frequently  hurried,  to  the 
deflru6lion  of  all  that  is  valuable  in  government.  Par- 
ty-fpirit,  of  whatever  defeription,  he  confidered  as  ha¬ 
ving  an  unhappy  tendency  to  pervert,  to  the  moll  per¬ 
nicious  purpofes,  the  beft  principles  of  the  human  mind, 
and  to  clothe  the  mofl  iniquitous  a£lions  with  the  mofl 
fpecious  appearances.  Although  tenacious  of  thofe  fen- 
timents,  whether  in  religion  or  politics,  which  he  was 
convinced  to  be  rational  and  juft,  he  never  fuffered 
mere  difference  of  opinion  to  impair  his  good-will,  to 
obftruA  his  good  offices,  or  to  cloud  the  chearfulnefs 
of  converfation.  His  own  converfation  was  enlivened 
by  a  vein  of  the  mofl  agreeable  pleafantry.' ' 

So  far  was  he  from  being  influenced  by  jealoufy,  or 
any  portion  of  that  corporation- fpirit  which  fometimes 
incites  men  of  undoubted  abilities  to  detradl  from  the 
merit  of  every  writer  who  fills  not  a  flation  as  confpi- 
cuous  as  their  own,  that  he  was  loud  in  his  praiies  of 
thofe,  whom  men  of  meaner  minds  would  have  looked 
upon  with  difguft,  as  upon  prefumptuous  rivals.  This 
generality  was  fully  experienced  by  the  writer  of  the 
article  Miracle,  in  the  Encyclopaedia  Britannica,  who, 
though  he  had  prefumed  to  treat  the  fubjedl  differently 
from  Dr  Campbell,  received  from  him  fuch  a  teflimony 
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ot  approbation  of  what  he  had  done,  as  he  will  hardly  Campbell, 
look  for  iron  any  other  man ’in  fimilar  circ  urn  fiances.  Camphor. 

Among  his  other  qualities,  which  fo  much  endeared  - v 

him  to  all  who  had  the  honour  of  his  acquaintance,  Dr 
Campbell  poffelfed  an  uncommon  facility  of  paffino-  from 
the  graved  to  the  mod  airy  iubjc&s,  and  from  the  live- 
lied  to  the  graved,  without  degrading  the  one  or  di~ 
minilhing  the  pleafure  of  the  other.  Hie  infirmities  of 
age  abated  not  the  cheartulnefs  of.  his  temper,  nor  did 
even  the  perfuafion  of  approaching  diflolution  impair 
Ins  lei  emty. 

We  cannot  conclude  this  fhort  fetch  better  than 
with  a  hi  of  his  works,  i:i  the  order  in  which  they 
were  pubhlheJ.  In  ,752,  he  publifed  a  Sermon, 
preached  before  the  Synod  of  Aberdeen. 

,  *76x-  4  -P^ertati°n  on  Miracles,  againd  Mr  Hume, 
i  his  treatife  is  well  known  to  the  learned  world.  He 
obtained,  and  defervedly  obtained,  a  very  high  reputa¬ 
tion,  not  only  from  the  able  manner  in  which  he  hand, 
led  the  fubjedl,  but  from  the  liberal  dyle  in  which  he 
addreffed  his  antagonitl.  It  was  foeedily  tranflated  in¬ 
to  French,  German,  and  Dutch. 

.  1 77  A  Sermon  before  the  Society  for  Propaga. 
ting  Chriftian  Knowledge,  Edinburgh.  & 

- - - 7  -  before  the  Synod  of  Aberdeen. 

1776*  1  he  Philofophy  of  Rhetoric,  2  vols  8vo.  A 
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work  which  ddcovers  a  clearnefs  of  difeernment,  and 
accuracy  of  observation,  which  juftly  intitled  him  to  be 
ranked  among  the  molt  judicious  critics.  He  entered 
on  this  inquiry  as  early  as  1750, .when  a  part  of  the 
work  was  compofed.  The  laws  of  elegant  compofition 
and  critic ifm  are  laid  down  with  great  perfpicuity  :  but 
the  molt  valuable  part  of  the  work  is  undoubtedly  the 
theory  of  evidence,  to  which  we  know  nothing  fuperior, 
perhaps  nothing  equal,  on  the  fubjedl,  in  our  own  or  any 
other  language.  His  philofophy,  in  general,  is  the  phi¬ 
lofophy  or  Dr  Reid ;  and  where  he  differs  from  that  a- 
cute  reafoner  refpedting  aljlraction ,  and  fome  other  ob¬ 
jects  of  metaphyfical  difquifition,  we  think  it  impoffible 
to  refufe  him  the  pre-eminence  in  every  thing  but  flyle. 

.  1  777*  A  Sermon  on  the  King's  Faft-day,  on  Alle¬ 
giance,  firft  printed  in  4to,  and  afterwards,  at  the 
expence  ft  government,  fix  thoufand  copies  were  print¬ 
ed  in  izmo,  enlarged  with  notes,  and  fent  to  Ame¬ 
rica,  when  the.  unhappy  flruggle  had,  however,  put  on 
appearances  which  prevented  the  effect  hoped  for  from 
this  fermon, 

1780.  An  Addrefs  to  the  People  of  Scotland  on 
the  Alarms  which  have  been  raifed  by  what  is  called 
the  Popifh.Bill.  This  is  a  powerful  difTuafive  from  bi¬ 
gotry,  and  every  fpecies  of  religious  perfecution. 

2793*  Hri  Magnum  Opus.  The  tranflation  of  the 
Gofpels,  with  Preliminary  Differtations,  2  vols  4to. 

CAMPHOR,  or  Camphire  (fee  Encycl .),  is,  in 
China,  obtained  by  boiling  the  branches,  twigs,  and 
leaves,  of  the  Laurus-Camphora  in  water,  upon  tne  fur- 
face  of  which  it  is  found  fwimming  in  the  form  of  an 
oil,  or  adhering,  in  a  glutinous  form,  to  a  wooden  rod, 
with  which  the  boiling  matter  is  conftantly  ftirred. 
The  glutinous  mafs  is  then  mixed  with  clay  and  lime, 
and  put  into  an  earthen  veffel,  with  another  of  the  fame 
lize  properly  luted  over  it;  the  lower  veffel  being  placed 
over  a  flow  hre,  the  camphor  gradually  fubhmes  through 
the  clay  and  lime,  and  adheres  to  the  iides  of  the  upper 
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veflel,  forming  a  cake  of  a  (hapc  corrcfpoiuVmg  to  the 
cavity  which  received  it.  It  is,  however,  lefs  pure  and 
much  weaker  than  what  is  difeovered  in  a  folid  ate 
among  the  fibres  of  the  trunk,  as  turpentine  is ^found 
in  different  forts  of  pines.  In  the  great,  but  ill-peo¬ 
pled,  ifland  of  Borneo,  and  alfo  in  Japan,  the  camphor 
tree  is  felled  for  the  foie  purpofe  of  finding  tins  coltly 
drug  in  fubfbnce  among  the  fpliuters  of  the  trunk,  m 
the  fame  manner  as  other  trees  are  felled  in  Louihana 
merely  for  colleftin  r  the  fruit  they  bear  upon  their 
fummits.  The  Borneo,  or  Japan  camphoi,  is  pure, 
and  fo  very  ftrong,  as  readily  to  communicate  much  of 
its  odour  and  its  viitues  to  other  infpiffated  oils,  which 
thus  pafs  for  real  camphor ;  and  this  adulterated  drug 
is  fold  by  Chinefe  artifts  at  a  vaftly  lower  price  than 
they  gave  themfelves  for  the  genuine  fubftance  from 
Borneo  or  Japan. 

Sir  George  Staunton,  from  whom  we  have  this  -ac¬ 
count,  does  not  inform  us  whether  the  camphor-tree 
of  China,  if  felled  and  torn  into  fplinters,  would  not 
produce  as  large  quantities  of  the  drug,  and  equally 
pure,  as  the  trees  of  Borneo  and  Japan  ;  but  he  affuies 
us,  that  in  China  it  is  never  fo  torn,  being  there  a  large 
and  valuable  timber- tree.  “  It  is  ufed  (fays  he)  in 
the  beft  buildings  of  every  kind,  as  well  as  for  mads  of 
vefiels,  and  bears  too  high  a  price  to  allow  of  any  part, 
except  the  branches,  being  cut  up  for  the  fake  of  the 

drug.”  .  ~ 

CANABAC,  an  bland  'lying ‘contiguous  to  Bulam 
on  the  weflern  coad  of  Airica,  and  inhabited  by  a  fierce 
people,  governed  by  two  things  or  chiefs.  It  would 
appear  that  the  Canabacs  had  been  very  troublefome 
to  their  neighbours,  fince  the  inhabitants  of  fome  other 
iflands  in  that  cinder  rejoiced  at  the  fettlement  of  the 
Englifh  in  Bulam,  hoping  to  find  in  them  a  defence 
againft  the  ufurpations  of  the  Canabacs. 

’CANALS  of  Communication  may  be  of  fuch 
advantage  in  a  commercial  or  agricultural  countiy,  that 
every  attempt  to  render  them  more  convenient,  and  lefs 
expend ve  in  the  conftru&ion,  is  intitled  to  public  no¬ 
tice.  Fin  the  Encyclopaedia,  an  account,  fufnciently 
perfpicuous,  is  given  of  the  common  canals  with  locks  ; 

*  but  in  many  cafes  it  is  very  difficult  to  provide  a  fufficient 
quantity  of  water  for  the  confumption  of  a  canal  where 
many  boats  are  to  pafs.  Different  attempts  have  there¬ 
fore  been  made,  by  ingenious  men,  to  fave  water  in  the 
palfing  of  boats  or  lighters  from  one  lock  of  a  canal  to 
another ;  and,  among  tliefe,  perhaps  none  is  more  de¬ 
fending  of  public  favour  than  the  following,  by  the  late 
Mr  James  Playfair  of  Rudel-ftreet,  archited.  We  fhall 
date  his  invention  in  his  own  words. 

“  The  nature  and  principle  of  this  manner  of  faving 
water  confid  in  letting  the  water  which  has  ferved  to 
raife  or  fall  a  boat  or  barge  from  the  lock,  pafs  into 
refervoirs  or  ciderns,  whofe  apertuies  of  communication 
with  the  lock  are  upon  different  levels,  and  which  may 
be  placed  or  condruded  at  the  fide  or  tides  of  the  lock 
with  which  they  communicate,  or  in  any  other  conti¬ 
guous  fituation  that  circumdances  may  render  eligible  ; 
which  apertures  may  be  opened  or  fhut  at  p  leaf  lire,  fo 
that  the* water  may  pafs  from  the  lock  to  each  refervoir 
of  the  canal,  or  from  each  refervoir  to  the  lock,  in  the 
following  manner  :  The  water  which  fills  the  lock, 
when  a  boat  is  to  amend  or  defeend,  indead  of  being 
paf[cd  immediately  into  the  lower  part  cf  the  canal,  is 
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let  pafs  into  thefe  ciderns  or  refervoirs, -upon  different 
levels  ;  then,  their  communications  with  the  lock  being 
fhut,  they  remain  full  until  another5 veflel  is  wanted  to 
pafs  ;  then,  again,  the  ciderns  are  emptied  into  the 
lock,  which  is  thereby  nearly  filled,  fo  that  only  the  re¬ 
mainder  which  is  not  filled  is  Supplied  from  the  higher 
part  of  the  canal.  -Each  of  thefe  ciderns  mud  have  a 
fnrface  not  lefs  than  that  of  the  lock,  and  mud  con¬ 
tain  half  as  much  water  as  is  meant  to  be  expended  for 
the  paffmg  or  each  veflel.  The  cidern  the  mod  eleva¬ 
ted  is  placed  twice  its  own  depth  (meafuring  by  the 
aperture,  or  communicating  opening  of  the  ciderns) 
under  the  level  of  the  water  in  the  higher  part  of  the 
canal.  The  fecond  cidern  is  placed  once  its  own  depth 
under  the  firft,  and  fo  011  are  the  others,  to  the  lowed ; 
-which  lad  is  placed  once  its  own  depth  above  the  level 
of  the  water  in  the  lower  part  of  the  canal.  The  aper¬ 
tures  of  the  intermediate  ciderns,  whatever  their  num¬ 
ber  may  be,  mud  all  be  equally  divided  into  different 
levels ;  the  furface  of  the  water  in  die  one  being  al¬ 
ways  on  the  level  of  the  bottom  of  the  aperture  of  the 
ciftern  which  is  immediately  above.  .  As  an  example 
of  the  manner  3nd  rule  for  condru&ing  thefe  ciderns, 
fup p of c  that  a  lock  is  to  be  condru&ed  twelve  feet 
deep,  that  is,  that  the  veffel  may  afeend  or  defeend  twelve 
feet  in  p?. fling.  Suppoie  the  lock  fixty  feet  long  and 
fix  feet  wide,  the  quantity  of  water  required  to  fill  the 
lock,  and  to  pafs  a  boat,  is  4320  cubic  feet ;  and  fup- 
pofe  that,  in  calculating  the  quantity -of  water  that  can 
be  procured  for  fupplying  the  canal,  after  allowing  for 
wade,  it  is  found  (according  to  the  number  of  boats 
that  may  be  expe&ed  to  pafs)  that  there  will  not  be 
above  800  cubic  feet  for  each  ;  then  it  will  be  necef- 
fary  to  fave  five-fixths  of  the  whole  quantity  that  in  the 
common  cafe  would  be  neceffary  :  to  do  which  ten  cif¬ 
tern  s  mud  be  made  (the  mode  of  placing  which  is  ex- 
prefled  in  the  drawing,  fig.  1.  Plate  \TI»),  each  of 
which  mud  be  one  foot  deep,  or  deeper  at  pleafure, 
and  each  mud  have  a  furface  of  360  feet  fquare,  equal 
to  the  furface  of  the  lock.  1  he  bottom  of  the  aper¬ 
ture  of  the  lowed  cidern  mud  be  placed  one  foot  above 
the  level  of  the  water  in  the  lower  part  of  the  canal,  or 
eleven  feet  under  the  level  of  the  high  water ;  the  fe¬ 
cond  cidern  mud  be  two  feet  above  the  level  of  the 
low  water;  the  third  three  feet,  and  fo  on  of  the  others; 
the  bottom  of  the  tenth,  or  uppermod  ciflern,  being 
ten  feet  above  the  low  water,  and  two  feet  lower  than 
the  high  water;  and,  as  each  cidern  mud  be  twelve 
inches  in  depth,  the  furface  of  the  water  in  the  higher 
cidern  will  be  one  foot  under  the  level  of  the  water  in 
the  upper  part  of  the  canal.  The  ciderns  being  thus 
■conftru&ed,  when  the  lock  is  full,  and  the  boat  to  be 
let  down,  the  communications  between  the  lock  and  the 
ciderns,  which  until  then  have  all  been  (hut,  are  to  be 
opened  in  the  following  manner:  fird,  the  communica¬ 
tion  with  the  higher  cidern  is  opened,  which,  being  at 
bottom  two  feet  under  the  level  of  the  water  in  the 
lock,  is  filled  to  the  depth  of  one  foot,  the  water  in  the 
lock  defending  one  foot  alfo  at  the  fame  time  ;  that 
communication  is  then  fhut,  and  the  communication  be¬ 
tween  the  lock  and  the  fecond  cidern  is  opened  ;  one 
foot  more  of  the  water  then  paffes  into  that  cidern  fiom 
the  lock,  and  fills  it  ;  the  opening  is  then  fhut :  the 
fame  is  done  with  the  third,  fourth,  fifth,  iixth,  feventh, 


eighth,  ninth,  and  tenth. 


ciderns,  one  by  one,  until 
they 
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tjjCy  aie  all  filled  ;  and,  when  the  tenth,  or  lowcrmoft  water-locks. 
y— '  eiilcrn,  is  filled,  there  remains  but  too  feet  depth  of  wa¬ 
ter  in  the  lock.  The  communication  between  the  lock 
and  the  lower  pan  of  the  canal  is  then  opened,  and  the 
Jail  two  feet  depth  of  water  is  emptied  into  the  lower 
part  of  the  canal.  By  this  meacs,  it  is  evident,  that, 
fnftead  of  twelve  feet  depth  of  water  being  let  defcend 
into  the  lower  part  of  the  canal,  there  is  only  two  feet 
depth  that  defeends,  or  oue-fixth  of  the  whole  ;  there¬ 
fore,  inftead  of  4320  cubic  feet  being  ufed,  there  are 
only  720  cubic  feet  ufed  :  the  remainder  of  the  water 
in  the  citterns  being  ufed  as  follows.  When  another 
boat  is  to  mount,  the  fluices  being  then  (hut,  mid  the 
boat  in  the  lock,  the  tenth  or  lowerfnoft  cillern  h 
emptied  into  the  lock,  which  it  fills  one  foot ;  the  com¬ 
munication  being  then  (hut,  the  next  loweft  cittern,  or 
the  ninth,  is  emptied  into  the  lock,  which  is  thereby 
filled  another  foot ;  and  fo,  in  like  manner,  all  the  other 
citterns  are  emptied  one  after  another,  until  the  higher 
cittern  being  emptied,  which  fills  the  tenth  foot  of  wa¬ 
ter  in  the  lock,  there  remains  but  two  feet  of  water  to 
i  ll,  which  is  done  from  the  upper  part  of  the  canal,  by 
opening  the  higher  fluice  to  pafs  the  boat ;  by  that 
means, &  the  fame  quantity  of  water  defeends  from  the 
upper  part  of  the  canal  into  the  lock,  that  in  the  othei 
cafe  defeended  from  the  lock  into  the  lower  part  of  the 
canal ;  fo  that,  in  both  cafes,  the  fame  quantity  of  wa¬ 
ter  is  faved,  that  is,  five-iixths  of  what  would  be  necef- 
fary  were  there  no  citterns,  Suppofe  again  that,  upon 
the  fame  canal,  and  immediately  after  the  twelve  feet 
lock,  it  would  be  advantageous  to  conftrud  one  of 
eighteen  feet ;  then,  in  order  not  to  ufe  any  greater 
quantity  of  water,  it  will  be  necefTary  to  have  fix  teen 
cifterns,  upon  different  levels,  communicating  with  the 
lock  in  the  fame  manner.  Should,  again,  a  lock  of 
onlv  fix  feet  be  wanted,  after  that  of  eighteen,  then  it 
will  only  be  necefTary  to  have  four  citterns  on  different 
levels,  and  fo  of  any  other  height  of  lock.  The  rule 
is  this :  for  finding  the  number  and  fize  of  the  citterns, 
each  cittern  being  ihe  fame  in  fuperficies  with  the  lock, 
its  depth  mutt  be  fuch  as  to  contain  one  half  the  quan- 
tity  of  water  meant  to  be  ufed  in  the  patting  of  one 
boat.  The  depth  of  the  lock,  divided  by  the  depth 
necefTary  for  fuch  a  cittern,  wall  give,  in  all  cafes,  the 
whole  number  of  cifterns,  and  two  more  :  deduct  the 
number  two,  therefore,  from  the  number  which  you 
find  by  dividing  the  depth  of  the  lock  by  the  depth  of 
one  cittern,  and  you  have  always  the  number  of  ci¬ 
tterns  required  ;  which  are  to  be  placed  upon^  diffei  ent 
levels,  according  to  the  rule  already  given.  1  he  above 
is  the  principle  and  manner  of  uting  the  ,  lock,  for  fa- 
ving  water  in  canals,  and  for  enabling  engineers  to  con- 
flnict  locks  of  different  depths  upon  the  fame  canal, 
without  ufirg  more  water  for  the  aeep  locks  than  for 
the  fh allow  ones.  With  regard  to  the  manner  of  dif- 
pofing  the  cifterns,  the  circumftances  of  the  ground, 
the  declivity,  &c.  will  be  the  befl  guide  for  the  en¬ 
gineer. ^  .  . 

But  fuppofing  a  fuificiency  of  water,  or  admitting 
that  this  method  of  Mr  PlayfaiVs  of  faving  it,  where 
defedtive,  is  adequate  to  his  fondeft  expectations  —  .till, 
in  patting  numerous  locks,  where  the  rife  is  confider- 
able,  the  interruption  is  fo  great,  that  it  has  often  been 
wifhed  that  an  eligible  method  of  lowering  and  eleva¬ 
ting  boats  could  be  devifed5  without  the  affiftance  of 
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Though  this  is  evidently  at  fir  ft  view  Canals, 
practicable*  and  feveral  different  modes  of  doing  it  11 "" 
have  been  fuggefted,  fome  of  which  have  a&ually  been 
carried  into  effect,  yet  all  of  them  have  been  found  to 
be  attended  with  fuch  inconvenience  as  to  render  an 
improvement  in  this  refpet  ftill  necefTary. 

In  China,  where  water-carriage  is  more  generally 
pratifed  than  in  any  kingdom  of  Europe,  boats  are 
raifed  and  lowered  from  one  canal  into  another  by  Ai¬ 
ding  them  along  an  inclined  plane  :  but  the  contrivan¬ 
ces  for  effeting  that  purpofe  are  fo  awkward,  and  fuch 
a  number  of  hands  are  required,  that  it  has  in  general 
been  deemed  inexpedient  to  refort  to  that  mode  of  prac¬ 
tice  in  Europe.  Several  devices,  that  difeover  conft- 
derable  ingenuity,  however,  have  been  publifhed,  with 
a  view  to  facilitate  this  operation  ;  either  by  renderlng; 
the  motion  up  the  inclined  plane  more  equable,  or  pro¬ 
ducing  a  power  fufficient  to  move  thefe  great  weights- 
But  none  of  them  have  yet  been  fo  Ample  in  their  con- 
ftrii&ion  as  could  be  wifhed,  nor  have  they  afforded  fa- 
tisfa&ion  in  pra&ice.  For  the  greater  part  of  them, 
likev/ife,  patents  have  been  granted  ;  fo  that  whatever 
be  their  value,  no  engineer  could  avail  himfelf  of  them 
without  previoutty  purchafing  a  licence  from  the  pa¬ 
tentee. 

The  following  contrivance  for  this  purpofe  is  the  in¬ 
vention  of  James  Anderfon,  LL.  D,  whofe  knowledge 
of  economics  is  well  known,  and  of  whofe  public  fpirit 
there  cannot  be  a  doubt.  Inftead  of  applying  for  a 
patent,  to  fecure  to  himfelf  the  fruits  of  his  ingenuity, 
he  publifhed,  for  the  good  of  his  countrymen  in  gene¬ 
ral,  his  device,  in  the  View  of  the  Agriculture  of  the 
County  of  Aberdeen,  which  he  drew  up  for  the  con- 
ftderation  of  the  board  of  agriculture.  He  introduces 
it  to  public  notice  with  juftly  obferving,  that  it  poffettes 
at  leatt  the  merit  of  limplicity,  in  as  high  a  degree,  per¬ 
haps,  as  could  be  wifhed  ;  and,  “  in  the ‘opinion  (fays 
he)  of  very  good  judges  of  matters  of  this  fort,  to 
whom  the  plan  has  been  fhewn,  it'’ has  been  deemed 
fully  adequate  to  the  purpofe  of  raifing  and  lowering 
boats  of  a  moderate  fixe,  that  is,  of  20  tons,  or  down¬ 
wards  ;  and  it  is  the  opinion  of  moft  men  with  whom  I 
have  converfed,  who  are  beft  acquainted  with  the  in¬ 
land  navigations,  that  a  boat  of  from  10  to  15  tons  is 
better  than  thole  of  a  larger  fize.  When  feveral  are 
wanted  to  be  lent  at  once,  they  may  be  affixed  to  one 
another,  as  many  as  the  towing-horfe  can  convenient¬ 
ly  draw.  Were  boats  of  this  fize  adopted,  and  were 
all  the  boats  on  one  canal  to  be  of  the  fame  dimenfipn*,  • 
it  would  prove  a  gieat  convenience  to  a  country  in  a 
fl ate  of  beginning  improvements;  bccaufe  the  expence 
of  fuch  a  boat  would  be  fo  trifling,  that  every  farmer 
could  have  one  for  himfelf,  and  might  of  courfe  make 
ufe  of  it  when  he  pleated  by  the  aid  of  his  own  horfe, 
without  being  obliged  to  have  any  dependence  on  the 
time  that  might  fuit  the  convenience  of  his  neighbour  ; 
and  if  two  or  more  boats  were  going  from  the  fame 
neighbourhood,  one  horfe  could  ferve  the  whole. 

“  You  are  to  fuppofe  that  fig.  2.  (Plate  VII. )  re- 
prefents  a  bird’s-eye  view  of  this  fimple  apparatus,  as- 
feen  from  above.  A  is  fuppofed  to  be  the  upper  reach 
of  the  canal,  and  B  the  lower  reach,  with  the  apparatus 
between  the  two.  This  confifts  of  three  divisions  ;  the 
middle  one,  extending  from  C  to  D,  is  a  folid  p*ece  of 
mafonry,  raifed  from  a  firm  foundation  below  the  level 

of 
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Canals,  of  tlie  bottom  of  the  fecond  reach  :  this  Is  again  divi- 
— v  '  '  ded  into  five  parts,  viz.  d  d  d ,  where  the  wall  rifes  only 
to  the  height  of  the  water  in  the  upper  teach,  and  e  e, 
two  pillars,  raifed  high  enough  to  iupport  the  pivots 
of  a  wheel  or  pulley  g,  placed  in  the  petition  there 
marked. 

“  The  fecond  divifion  h  confifts  of  a  wooden  coffer, 
of  the  fame  depth  nearly  as  the  water  in  the  upper 
reach,  and  of  a  fize  exactly  fitted  to  contain  one  of  the 
boats.  This  communicates  dire&ly  with  the  upper 
reach,  and  being  upon  the  fame  plane  with  it,  and  fo 
connected  with  it  as  to  be  water-tight,  it  is  evident, 
from  infpe&ion,  that  nothing  can  be  more  eafy  than  to 
float  a  boat  into  this  coffer  from  the  upper  reach  ; 
the  part  of  the  wheel  that  projects  over  it  being  at  a 
fufficient  height  above  it,  fo  as  to  occafion  no  fort  of 
interruption. 

“  Third  divifion.  At  i  is  reprefented  another  cof¬ 
fer,  precifely  of  the  fame  dimenfions  with  the  firft.  But 
here  two  fluices,  which  were  open  in  the  former,  and 
only  reprefented  by  dotted  lines,  are  fuppofed  to  be 
fliut,  fo  as  to  cut  off  all  communication  between  the 
water  in  the  canal  and  that  in  the  coffer.  As  it  was 
impoffible  to  reprefent  this  part  of  the  apparatus  on  fo 
fmall  a  fcale,  for  the  fake  of  illuftration  it  is  reprefent¬ 
ed  more  at  large  in  fig.  5.  where  A,  as  before,  repre- 
fents  the  upper  reach  of  the  canal,  and  h  one  of  the 
coffers.  The  fiuice  h  goes  into  two  cheeks  of  wood, 
joined  to  the  mafonry  of  the  dam  of  the  canal,  fo  as  to 
fit  perfe&ly  clofe ;  and  the  fiuice/ fits,  equally  clofe, 
into  cheeks  made  in  the  fide  of  the  coffer  for  that  pur- 
pofe  ;  between  thefe  two  fluices  is  a  fmall  fpace  0. 
The  coffer,  and  this  divifion  0,  are  to  be  fuppofed  full 
1  of  water,  and  it  will  be  eafy  to  fee  that  thefe  fluices 

may  be  let  down,  or  drawn  up  at  pleafure,  with  much 
facility. 

“  Fig.  6.  reprefents  a  perpendicular  fe&ion  of  thefe 
parts  in  the  fame ,  dire&ion  as  in  fig.  5.  and  in  which 
the  fame  letters  reprefent  the  fame  parts. 

“  Things  being  thus  arranged,  you  are  to  fuppofe 
the  coffer  b  to  be  fufpended,  by  means  of  a  chain  paffed 
over  the  pulley,  and  balanced  by  a  weight  that  is  fufli- 
cient  to  counterpoife  it,  fufpended  at  the  oppofite  end 
of  the  chain.  Suppofe,  then,  that  the  counterpoife  be 
made  fomewhat  lighter  than  the  coffer  with  its  con¬ 
tents,  and  that  the  line  mn  (fig.  6.)  reprefents  a  divi¬ 
fion  between  the  folid  fides  of  the  dam  of  reparation, 
which  terminates  the  upper  reach,  and  the  wooden  cof¬ 
fer,  which  had  been  clofed  only  by  the  preffure  of  its  own 
weight  (being  pufhed  a  very  little  from  A  towards  B, 
beyond  its  precife  perpendicular  fwing),  and  that  the 
joining  all  round  is  covered  with  lifts  of  cloth  put  upon 
it  for  that  purpofe  ;  it  is  evident  that,  fo  long  as  the 
coffer  is  fufpended  to  this  height,  the  joining  mult  be 
*  water-tight ;  but  no  fooner  is  it  lowered  down  a  little 
than  this  joining  opens,  the  water  in  the  fmall  divifion 
0  is  allowed  to  run  out,  and  an  entire  feparation  is  made 
between  the  fixed  dam  and  this  moveable  coffer,  which 
may  be  lowered  down  at  pjeafure  without  loting  any 
part  of  the  water  it  contained. 

“  Suppofe  the  coffer  now  perfectly  detached,  turn 
to  fig.  3.  which  reprefents  a  perpendicular  fe&ion  of 
this  apparatus,  in  the  direction  of  the  dotted  line  p p 
.(fig.  2.).  In  fig.  3.  h  reprefents  an  end  view  of  the 
coffer,  indicated  by  the  fame  letter  as  in  fig.  2.  fufpend¬ 


ed  by  its  chain,  and  now  perfe&ly  detached  from  all  Cana]! 
other  obje&s,  and  balanced  by  a  counterpoife  /,  which  — v* 
is  another  coffer  exadlly  of  the  fame  fize,  as  low  down 
as  the  level  of  the  lower  reach.  From  infpe£lion  only 
it  is  evident,  that,  in  proportion  as  the  one  of  thefe 
weights  rifes,  the  otjrer  muft  defeend.  For  the  pre- 
fent,  then,  fuppofe  that  the  coffer  h  is  by  fome  means 
rendered  more  weighty  than  i,  it  is  plain  it  will  de¬ 
feend  while  the  other  rifes;  and  they  will  thus  conti¬ 
nue  till  h  comes  down  to  the  level  of  the  lower  reach, 
and  i  rifes  to  the  level  of  the  higher  one. 

“  Fig.  4.  reprefents  a  fe&ion  in  the  dire&ion  AB 
(fig.  2.),  in  which  the  coffer  i  (feen  in  both  fituations) 
is  fuppofed  to  have  beel^  gradually  raifed  from  the  level 
of  the  lower  reach  B,  to  that  of  the  higher  A,  where 
it  now  remains  flat  ionary  ;  while  the  coffer  h  (which  is 
concealed  behind  the  mafcnry)  has  defended  in  the 
mean  time  to  the  level  of  the  lower  reach,  where  it 
clofes  by  means  of  the  jun&ure  r  s9  fig.  6.  (which 
juncture  is  covered  with  lifts  of  cloth,  as  before  explain¬ 
ed  at  m  and  is  of  courfe  become  water-tight,)  when, 
by  lifting  the  fiuice  /,  and  the  ccrrefponding  fiuice  at 
the  end  of  the  canal,  a  perfect  communication  by  wa¬ 
ter  is  eftablifhed  between  them.  If,  then,  inffead  of 
water  only,  this  coffer  had  contained  a  boat,  floated  in¬ 
to  ic  from  the  upper  reach,  and  then  lowered  down,  it 
is  very  plain,  that  when  thefe  fluices  were  removed,  after 
it  had  reached  the  level  of  the  lower  reach,  that  boat 
might  have  been  floated  out  of  the  coffer  with  as  much 
facility  as  it  was  let  into  it  above.  Here  then  we  have 
a  boat  taken  from  the  higher  into  the  lower  canal ; 
and,  by  revet fing  this  movement,  it  is  very  obvious 
that  it  might  be,  with  equal  eafe,  railed  from  the  lower 
into  the  higher  one.  It  now  only  remains  that  I 
fhould  explain  by  what  means  the  equilibrium  between 
thefe  counterbalancing  weights  can  be  deftroyed  at 
pleafure,  and  the  motion  of  courfe  produced. 

“  It  is  veiy  evident,  that  if  the  two  correfponding 
coffers  be  precifely  of  the  lame  dimenfions,  their  weight 
will  be  exactly  the  fame  when  they  are  both  filled  to 
the  fame  depth  of  water.  It  is  equally  plain,  that 
fhould  a  boat  be  floated  into  either  or  both  of  them, 
whatever  its  dimenfions  or  weight  may  be,  fo  that  it  ' 
can  be  contained  afloat  in  the  coffer,  the  weight  of  the 
coffer  and  its  contents  will  continue  precifely  the  fame 
as  when  it  was  filled  with  water  only :  hence,  then, 
fuppofing  one  boat  is  to  be  lowered,  or  one  to  be  railed 
at  a  time,  01  fuppofing  one  to  be  raifed  and  another.’ 
lowered  at  the  fame  time — they  remain  perfe&ly  in 
equilibrium  in  either  place,  till  it  is  your  pleafure  to 
deftroy  that  equilibrium.  Suppofe,  then,  for  the  pre- 
fent,  that  both  coffers  are  loaded  with  a  boat  in  each, 
the  double  fluices  both  above  and  below  clofed ;  and 
fuppofe  alfo  that  a  flop-cock  //,  in  the  under  edge  of 
the  fide  of  the  lower  coffer  (fig.  4.  and  6.),  is  opened, 
fome  of  the  water  which  ferved  to  float  the  boat*in  the 
coffer  will  flow  out  of  it,  and  confequently  that  coffer 
will  become  lighter  than  the  higher  one  ;  the  upper 
coffer  will  of  courfe  defeend,  while  the  other  mounts 
upwards.  When  a  gentle  motion  has  been  thus  com¬ 
municated,  it  may  be  prevented  from  accelerating,  mere¬ 
ly  by  turning  the  flop-cock  fo  as  to  prevent  the  lofs 
of  more  water,  and  thus  one  coffer  will  continue  to 
afeend,  and  the  other  to  defeend,  till  they  have  a  {Turned 
their  ftations  refpe&ively ;  when,,  in  confequence  of  a 
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al.  flop  below,  and  another  above,  they  are  rendered  fla- 
— -  tionarv  at  the  level  of  the  refpedtive  canals  (a). 

a  Precilely  the  fame  efFedt  will  be  produced  when  the 
coffers  are  filled  entirely  with  water. 

“  It  is  unneceffary  to  add  more  to  this  explanation, 
except  to  obferve,  that  the  fpace  for  the  coffer  to  de- 
fccnd  into  muff  be  deeper  than  the  bottom  of  the  lower 
canal,  in  order  to  allow  a  free  defcent  for  the  coffer  to 
the  requifite  depth  ;  and  of  courfe  it  will  be  neceffary 
to  have  a  fmall  conduit  to  allow  the  water  to  get  out  of 
it.  Two  or  three  inches  free,  below  the  bottom  of  the 
canal,  is  all  that  would  be  neceffary.  " 

“  Where  the  height  is  inconfiderable,  there  will  be 
no  occafion  for  providing  any  counterpoife  for  the 
chain,  as  that  will  give  only  a  fmall  addition  to  the 
weight  of  the  undermoft  coffer,  fo  as  to  make  it  pre¬ 
ponderate,  in  circum fiances  where  the  two  coffers  would 
otherwife  be  in  perfect  equilibrium  :  but,  where  the 
height  is  confiderable,  there  will  be  a  neceffity  for  pro¬ 
viding  fuch  a  counterpoife  ;  as,  without  it,  the  chain, 
by  becoming  more  weighty  every  foot  it  defeended, 
would  tend  to  deftroy  the  equilibrium  too  much,  and 
accelerate  the  motion  to  an  inconvenient  degree.  To 
guard  againfl  this  inconvenience,  let  a  chain  of  the  fame 
weight,  per  foot,  be  appended  at  the  bottom  of  each 
coffer,  of  fuch  a  length  as  to  reach  within  a  few  yards 
of  the  ground  where  the  coffer  is  at  its  greateff  height 
(fee  fig.  3.)  ;  it  will  a6t  with  its  whole  weight  upon 
the  hijheft  coffer  while  in  this  pofition  ;  but,  as  that 
gradually  defeended,  the  chain  would  reach  the  ground, 
and,  being  there  fupported,  its  weight  would  be  di- 
minifhed  in  proportion  to  its  defcent ;  while  the  weight 
of  the  chain  on  the  oppofite  fide  would  be  augmented 
in  the  fame  proportion,  fo  as  to  counterpoife  each  other 
exa&ly,  in  every  fituation,  until  the  uppermofl  chain 
was  railed  from  the  ground.  After  which  it  would 
increafe  its  weight  no  more  ;  and,  of  courfe,  would  then 
give  the  under  coffer  that  preponderance  which  is  ne¬ 
ceffary  for  preferving  the  machine  fleady.  The  under 
coffer,  when  it  reached  its  loweft  pofition,  would  touch 
the  bottom  on  its  edges,  which  would  then  fupport  it, 
and  keep  every  thing  in  the  lame  pofition,  till  it  was 
made  lighter  for  the  purpofe  of  afeending. 

“  What  conflitutes  one  particular  excellence  of  the 
apparatus  here  propofed  is,  that  it  is  not  only  unlimited 
as  to  the  extent  of  the  rife  or  depreffion  of  which  it 
is  fnfceptible  (for  it  would  not  require  the  expendi¬ 
ture  of  one  drop  more  water  to  lower  it  one  hundred 
feet  than  one  foot)  ;  but  it  would  alfo  be  eafy  fo  to 
augment  the  number  of  pulleys  at  any  one  place  as  to 
admit  of  two,  three,  four,  or  any  greater  number  of 
boats  being  lowered  or  elevated  at  the  fame  time ;  fo 
that  let  the  fucceflion  of  boats  on  fuch  a  canal  be  near¬ 
ly  as  rapid  as  that  of  carriages  upon  a  highway,  none 
of  them  need  be  delayed  one  moment  to  wait  an  op¬ 
portunity  of  palling :  a  thing  that  is  totally  impracti¬ 
cable  where  water-locks  are  employed  ;  for  the  inter- 
courfe,  on  every  canal  conftru&ed  with  water-locks,  is 
neceffarily  limited  to  a  certain  degree,  beyond  which  it 
is  impoflible  to  force  it. 
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il  For  example  :  fuppofe  a  hundred  boats  are  follow¬ 
ing  each  other,  in  fuch  a  rapid  fucceflion  as  to  be  only 
half  a  minute  behind  each  other  :  By  the  apparatus 
here  propofed,  they  would  all  be  elevated  precifely  as 
_  they  came ;  in  the  other,  let  it  be  fuppofed  that  the 
lock  is  fo  well  conftruCled  as  that  it  takes  no  more  than 
five  minutes  to  clofe  and  open  it ;  that  is,  ten  minute9 
in  the  whole  to  e?.cli  boat  (for  the  lock,  being  once 
filled,  muff  be  again  emptied  before  it  can  receive  ano¬ 
ther  in  the  fame  direClion)  :  at  this  rate,  fix  boats  only 
could  be  paffed  in  an  hour,  and  of  courfe  it  would  take 
fixteen  hours  and  forty  minutes  to  pafs  the  whole  hun¬ 
dred  ;  and  as  the  laft  boat  would  reach  the  lock  in  the 
fpace  of  fifty  minutes  after  the  firft,  it  would  be  detain¬ 
ed  fifteen  hours  and  fifty  minutes  before  its  turn  would 
come  to  be  raifed.  This  is  an  immenfe  detention  ;  but 
if  a  fucceflion  of  boats,  at  the  fame  rate,  were  to  follow 
continually,  they  never  could  pafs  at  all.  In  fhort,  in 
a  canal  conffrndled  with  water-locks,  not  more  than  fix 
boats,  on  an  average,  can  be  paffed  in  an  hour,  fo  that 
beyond  that  extent  all  commerce  muff  be  flopped  ;  but, 
of  the  plan  here  propofed,  fixty,  or  fix  bundled,  might 
be  paffed  in  an  hour  if  neceffary,  fo  as  to  occafion  no 
fort  of  interruption  whatever.  Thefe  are  advantages 
of  a  very  important  nature,  and  ought  not  to  be  over¬ 
looked  in  a  commercial  country. 

“  This  apparatus  might  be  employed  for  innume¬ 
rable  other  ufes  as  a  moving  power,  which  it  would  be 
foreign  to  our  prefent  puipofe  here  to  fpecify.  Nor 
does  its  power  admit  of  any  limitation,  but  that  of  the 
flrength  of  the  chain,  and  of  the  coffers  which  are  to 
fupport  the  weights.  All  the  other  parts  admit  of 
being  made  fo  immoveably  firm  as  to  be  capable  of  fup- 
porting  almoft  any  aflignable  weight. 

44  I  will  not  enlarge  on  the  benefits  that  may  be  deri¬ 
ved  from  this  very  Ample  apparatus :  its  clieapnefs,  when 
compared  with  any  other  mode  of  raifing  and  lowering 
veffels  that  has  ever  yet  been  praftifed,  is  very  obvious; 
the  wafte  of  water  it  would  occafion  is  next  to  nothing; 
and  when  it  is  confidered  that  a  boat  might  be  raifed 
or  lowered  fifty  feet  nearly  with  the  fame  eafe  as  five, 
it  is  evident  that  the  interruptions  which  arife  from 
frequent  locks  would  be  avoided,  and  an  immenfe  fa- 
ving  be  made  in  the  original  expence  of  the  canal,  and 
in  the  annual  repairs. 

“  It  is  alfo  evident,  that  an  apparatus,  on  the  fame 
principle,  might  be  eafily  applied  for  raifing  coals  or 
metals  from  a  great  depth  in  mines,  wherever  a  very 
fmall  ftream  of  water  could  be  commanded,  and  where 
the  mine  was  level-free.” 

CANARY-bird,  of  which  a  defeription  is  given  in 
the  Encyclopaedia,  was  not  known  in  Europe  till  to¬ 
wards  the  end  of  the  15th  centuiy.  Even  in  155^ 
Bellon,  who  about  that  time  deferibed  all  the  birds 
then  known,  does  not  fo  much  as  mention  it.  When 
it  v/as  firft  brought  from  the  Canary  Iflands,  it  was  fo 
dear  that  it  could  be  purchafed  only  by  people  of  for¬ 
tune,  who  were  often  impofed  upon.  It  was  called  the 
fugar-bird ,  becanfe  it  was  laid  to  be  fond  of  the  fngar- 
cane,  and  could  eat  fugar  in  great  abundance.  This  is 
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rather  a  lingular  circumdance,  fugar  being  to  many, 
fowls  a  poifon.  Experiments  have  (hewn,  that  a  pi¬ 
geon,  to  which  four  drams  of  fugar  was  given,  died  in 
;  four|hours  ;  and  that  a  duck,  which  had  fwallowed  five 
drams,  did  not  live  feven  hours. 

In  the  middle  of  the  lad:  century  canary-birds  began 
to  be  bred  in  Europe  ;  and  to  this  the  following  cir- 
c  umitance,  related  by  Olina,  feems  to  have  given  occa- 
hon  :  “  A  veffel  which,  among  other  commodities,  was 
carrying  a  number  of  canary  birds  to  Leghorn,  was 
wrecked  on  the  coaft  of  Italy ;  and  thefe  birds  being 
thus  fet  at  liberty,  flew  to  the  neareft  land,  which  was 
the  ill  and  of  Elba,  where  they  found  the  climate  fo  fa¬ 
vourable.  that  they  multiplied,  and  perhaps  would  have 
become  domedicated,  had  they  not  been  caught  in 
fnares  ;  for  it  appears  that  the  breed  of  them  there  has 
been  long  deflroyed.  Olina  fays,  that  the  breed  foon 
degenerated ;  but  it  is  probable,  that  by  much  the 
greater  part  of  thefe  canary-birds  were  males,  which 
coupling  with  birds  of  the  ifland,  produced  mules,  fuch 
as  are  deferibed  by  Gefner  and  other  naturalifts.” 

“  Various  treatifes  have  been  publifhed  in  different 
languages  on  the  manner  of  breeding  thefe  birds,  and 
many  people  have  made  it  a  trade,  by  which  they  have 
acquired  confiderable  gain.  It  does  no  diferedit  to  the 
induitry  of  the  Tyrolians,  that  they  have  carried  it  to 
the  greateft  extent.  At  Ymft  there  is  a  company,  who, 
after  the  breeding  feafon  is  over,  fend  out  perfons  to 
different  parts  of  Germany  and  Switzerland  to  purchafe 
birds  from  thofe  who  breed  them.  Each  perfon  brings 
with  him  commonly  from  three  to  four  hundred,  which 
are  afterwards  carried  for  fale,  not  only  through  every 
part  of  Germany,  but  alfo  to  England,  Ruffia,  and  even 
Conftantinople.  About  fixteen  hundred  are  brought 
every  year  to  England ;  where  the  dealers  in  them,  not- 
withftanding  the  confiderable  expence  they  are  at,  and 
after  carrying  them  about  on  their  backs,  perhaps  a 
hundred  miles,  fell  them  for  five  (hillings  a  piece.  This 
trade,  hitherto  negle&ed,  is  now  carried  on  in  Schwarz- 
walde  ;  and  at  prefent  there  is  a  citizen  at  Gottingen 
who  takes  with  "him  every  year  to  England  feveral  ca¬ 
nary-bird  and  bulfinches  (loxta  pyrrhula ),  with  the  pro¬ 
duce  of  which  he  purchafes  fuch  fmall  wares  as  he  has 
occafion  for.” — Profejfor  Beckmann’s  Hi/lory  of  Inven¬ 
tions  and  Difcoveries . 

CANARY-Seed.  See  Phalaris,  Encycl. — Profeffor 
Beckmann  doubts  whether  the  plant  which  bears  the 
canary-feed  be  the  phalaris  of  the  ancients,  becaufe  that 
name  feems  to  have  been  given  by  Pliny  to  more  than 
one  fpccies  of  grafs.  He  thinks  it  very  probable,  how¬ 
ever,  that  the  plant  which  the  modern  botanifts  call 
phalaris  was  firft  brought  from  the  Canary  Iflands  to 
Spain,  where  it  began  to  be  cultivated,  as  well  as  in  the 
fouth  of  France,  as  foon  as  canary-birds  came  into  ge¬ 
neral  edeem.  At  prefent  it  is  cultivated  in  various 
places,  and  forms  no  inconfiderable  branch  of  trade, 
particularly  in  the  ifland  of  Sicily,  where  it  is  called 
Scag/iuola  or  Scaghiola .  Were  it  not  that  the  grains  are 
not  eafily  freed  from  the  liufks,  this  plant  might  be  cul¬ 
tivated  for  the  food  of  man,  for  its  feeds  yield  a  good 
kind  of  meal.  The  phalam  has  by  feveral  writers  been 
confounded  with  argol  or  the  lichen  rocolla  of  Linnaeus ; 
but  they  are  very  different  plants.  See  Lichen  Ro¬ 
colla  in  this  Supplement. 

CANDLE,  a  thing  fo  univerfally  known  as  to  need 


no  particular  defection.  Its  ufe,  however,  is  fo  great, 
that  every  information  tending  to  its  improvement  muft, 
we  fhould  think,  be  acceptable  to  our  readers.  Of  the 
common  method  of  making  candles,  whether  of  wax  or 
of  tallow,  a  fufficient  account  has  been  given  in  the  En¬ 
cyclopaedia;  but  candles  of  every  kind  are  far  from  be¬ 
ing  yet  brought  to  that  degree  of  perfection  of  which 
thev  feem  fufceptible.  Thus,  for  example,  the  light  of 
a  candle,  which  is  fo  exceedingly  brilliant  when  fiift 
fn tiffed,  is  very  fpeedily  diminifhed  to  one-half,  and  is 
ufually  not  more  than  one-fitth  or  one-fixth,  before  the 
lineafinefs  of  the  eye  induces  us  to  fnuff  it.  Hence  it 
follows,  that  if  candles  could  be  made  fo  as  not  to  re- 
quire  fnuffing,  the  average  quantity  of  light  afforded  by 
the  fame  quantity  of  combuitible  matter  would  be. more 
than  doubled.  It  may  likewife  be  worthy  of  inquiry, 
fince  the  cofl  and  duration  of  candles  are  eafily  afeer- 
tainable,  whether  more  or  lefs  light  is  obtained  at  the 
fame  expence  during  a  given  time,  by  burning  a  number 
of  fmall  candles  indead  of  one  of  greater  thicknefs.^ 

To  determine  this  lad  point,  a  method  mud  be  found 
of  meafuring  the  comparative  inten  Cities  of  light,  for 
which  fee  Photometer  in  this  Supplement.  With 
refped  to  the  defideratum  firft  mentioned,  we  have 
fome  very  ingenious  obfervations  and  well-contrived  ex¬ 
periments  by  Mr  Nicholfon,  in  the  fecond  number  of 
his  valuable  Journal,  which  we  fhall  here  infert  nearly 
in  the  words  of  their  author. 

In  every  procefs  of  combuflion  the  free  accefs  of  air 
is  of  the  utmoft  confequence.  When  a  candle  has  a 
very  (lender  wick,  the  flame  is  fmall  and  of  a  brilliant 
white  colour  ;  if  the  wick  be  large,  the  combuflion  is 
lefs  perfect,  and  the  flame  brown  ;  and  a  wick  dill  lar¬ 
ger,  not  only  exhibits  a  brown  flame,  but  the  lower  in¬ 
ternal  part  appears  dark,  and  is  occupied  by  a  portion 
of  volatilized  matter,  which  does  not  become  ignited  till 
it  has  afeended  towards  the  point.  When  the  wick  is 
either  very  large  or  very  long,  part  of  this  matter 
efcapes  combudion,  and  fhews  itfelf  in  the  form  of  coal 
or  fmoke.  The  fame  things  take  place  in  the  burning 
of  a  lamp  ;  but  when  the  wick  of  a  lamp  is  once  ad- 
juded  as  to  its  length,  the  flame  continues  neatly  in  the 
fame  date  for  a  much  longer  time  than  the  flame  of  a 
candle. 

“  Upon  comparing  a  candle  with  a  lamp  (fays  Mr 
Nicholfon),  two  very  remarkable  particulars  are  imme¬ 
diately  feen.  In  the  flrd  place,  the  tallow  itfelf,  which 
remains  in  the  unfufed  date,  affords  a  cup  or  cavity  to 
hold  that  portion  of  melted  tallow  which  is  ready  to 
flow  into  the  lighted  part  of  the  wick.  In  the  fecond 
place,  the  combudion,  indead  of  being  confined,  as  in 
the  lamp,  to  a  certain  determinate  portion  of  the  fibrous 
matter,  is  carried,  by  a  flow  fucceffion,  through  the 
whole  length.  Hence  arifes  the  greater  necefiity  for 
frequent  fnuffing  the  candle  ;  and  hence  alfo  the  dation 
of  the  freezing  point  ot  the  fat  oil  becomes  of  great 
confequence.  For  it  has  been  (hewn,  that  the  bril¬ 
liancy  of  the  flame  depends  very  much  on  the  diameter 
of  the  wick  being  as  fmall  as  poffible  ;  and  this  requi- 
fite  will  be  mod  attainable  in  candles  formed  of  a  mate¬ 
rial  that  requires  a  higher  degree  of  heat  to  fufe  it. 
The  wick  of  a  tallow  candle  mud  be  made  thicker  in 
proportion  to  the  greater  fufibility  of  the  material, 
which  would  otherwife  melt  the  Tides  of  the  cup,  and 
run  over  in  dreams.  The  flame  will  therefore  be  yel- 
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die.  low,  fmoky,  and  obfcure,  excepting  for  a  fliort  time  the  flame 
v-— ' immediately  after  fnuffing.  Tallow  melts  at  the  92d 
degree  of  Fahrenheit’s  thermometer;  fpermaceti  at  the 
133d  degree;  the  fatty  matter  formed  of  flefli,  after 
long  immerflon  in  water,  melts  at  127  degrees;  the 
pel  a  of  the  Chin  efe  at  145  degrees;  bees-wax  at  142 
degrees  ;  and  bleached  wax  at  155  degrees.  Two  of 
thefe  materials  are  well  known  in  the  fabrication  of  can¬ 
dles.  Wax  in  particular  does  not  afford  fo  brilliant  a 
flame  as  tallow  ;  but,  on  account  of  its  lefs  fufibility, 
the  wick  can  be  made  fmaller,  which  not  only  affords 
the  advantage  of  a  clear  perfect  flame,  but  from  its  flexi¬ 
bility  it  is  difpofed  to  turn  on  one  fide,  and  come  in 
contadf  with  the  external  air,  which  completely  burns 
the  extremity  of  the  wick  to  white  afhes,  and  thus  per¬ 
forms  the  office  of  fnuffing.  We  fee  therefore  that  the 
important  objedf  to  fociety  of  rendering  tallow  candles 
equal  to  thofe  of  wax,  does  not  at  all  depend  on  the 
combuflibility  of  the  refpeftive  materials,  but  upon  a 
mechanical  advantage  in  the  cup,  which  is  afforded  by 
the  inferior  degree  of  fufibility  in  the  wax  ;  and  that, 
to  obtain  this  valuable  objedf,  one  of  the  following  ef¬ 
fects  muft  be  produced  :  Either  the  tallow  muff  be 
'burned  in  a  lamp,  to  avoid  the  gradual  progreffion  of 
the  flame  along  the  wick  ;  or  fome  means  muff  be  de- 
vifed  to  enable  the  candle  to  fnuff  itfelf,  as  the  wax 
candle  docs  ;  or,  laftly,  the  tallow  itfelf  muff  be  render¬ 
ed  lefs  fufible  by  fome  chemical  procefs.  I  have  no 
great  reafon  to  boaft  of  fuccefs  in  the  endeavour  to  ef¬ 
fect  thefe  ;  but  my  hope  is,  that  the  fads  and  obferva- 
tions  here  prefented  may  confiderably  abridge  the  la¬ 
bour  of  others  in  the  fame  purfuit. 

“  The  makers  of  thermometers  and  other  fmall  arti¬ 
cles  with  the  blow-pipe  and  lamp,  give  the  preference  to 
tallow  inftead  of  oil,  becaufe  its  combuftion  is  more 
complete,  and  does  not  blacken  the  glafs.  In  this  ope¬ 
ration  the  heat  of  the  lamp  melts  the  tallow  which  is 
occafionally  brought  into  its  vicinity  by  the  workman. 

But  for  the  ufual  purpofes  of  illumination,  it  cannot  be 
fuppofed  that  a  perfon  can  attend  to  fupply  the  com- 
buflible  matter.  Confiderable  difficulties  arife  in  the 
projed  for  affording  this  gradual  fupply  as  it  may  be 
wanted.  A  cylindrical  piece  of  tallow  was  inferted  in¬ 
to  a  metallic  tube,  the  upper  aperture  of  which  was 
partly  clofed  by  a  ring,  and  the  central  part  occupied 
by  a  metallic  piece  nearly  refembling  that  part  of  the 
common  lamp  which  carries  the  wick.  In  this  appara¬ 
tus  the  piece  laft  defcribed  was  intended  to  aiifwer  the 
fame  purpofe,  and  was  provided  with  a  fliort  wick. 

The  cylinder  of  tallow  was  fupported  beneath  in  fuch  a 
manner  that  the  metallic  tube  and  other  part  of  this 
lamp  were  left  to  reft  with  their  whole  weight  upon 
the  tallow  at  the  ring  or  contradion  of  the  upper  aper¬ 
ture.  In  this  fituation  the  lamp  was  lighted.  It  burn¬ 
ed  for  fome  time  with  a  very  bright  clear  flame,  which, 
when  compared  with  that  of  a  candle,  poffcffed  the  ad¬ 
vantage  of  uniform  intenflty,  and  was  much  fuperior  to 
the  ordinary  flame  of  a  lamp  in  its  colour,  and  the  per- 
fed  abfence  of  fmell.  After  fome  minutes  it  began  to 
decay,  and  very  foon  afterwards  went  out.  Upon  exa¬ 
mination,  it  was  found  that  the  metallic  piece  which 
carried  the  wick  had  fufed  a  fufficrent  quantity  of  tal¬ 
low  for  the  fupply  during  the  combuftion.;  that  part  of 
this  tallow  had  flowed  beneath  the  ring,  and  to  other 
remote  paits  cf  the  apparatus,  beyond  the  influence  of 
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in  confequence  of  which,  the  tube  and  the  Candle, 
cylinder  of  tallow  were  fattened  together,  and  the  ex- 
peded  progreffion  of  fupply  prevented.  It  feems  pro¬ 
bable,  that  in  every  lamp  for  burning  confident  oils,  the 
material  ought  to  be  fo  difpofed  that  it  may  defcend  to 
the  flame  upon  the  principle  of  the  fountain  refervoir. 

I  ffiall  not  here  ftate  the  obftacles  which  ptefent  them- 
felves  in  the  profped  of  this  conltrudion,  but  ffiall  dif- 
mifs  the  fubjedl  by  remarking,  that  a  contrivar.ce  of  tliij 
nature  would  be  of  the  greateft  public  utility. 

1  he  wick  of  a  candle  being  furrounded  by  the 
flame,  is  nearly  in  the  fituation  of  a  body  expofed  to 
defhudtive  difliilation  in  a  clofe  veffel.  .After  lofing  its 
volatile  produ&s,  the  carbonaceous  refidue  retains  its  fi¬ 
gure,  until,  by  the  defeent  of  the  flame,  the  external 
air  can  have  accefs  to  its  upper  extremity.  But,  in  this 
cafe,  the  requifite  combuftion,  which  might  fnuff  it,  is 
not  effe&ed  :  for  the  portion  of  oil  emitted  by  the 
long  wick  is  not  only  too  large  to  be  perfectly  burned, 
but  alio  carries  off  much  of  the  heat  of  the  flame  while 
it  affumes  the  elaftic  ftate.  By  this  dirninifhed  com- 
bullion  and  increased  efflux  of  half-decompofed  oil,  a 
portion  of  coal  or  foot  is  depoflted  on  the  upper  part  of 
the  wick,  which  gradually  accumulates,  and  at  length 
affumes  the  appearance  of  a  fungus.  The  candle  does 
not  then  give  more  than  one-tenlh  of  the  light  emitted 
in  its  beft  ftate.  Hence  it  is  that  a  candle  of  tallow 
cannot  fpontaneoufly  fnuff  itfelf.  It  was  not  probable 
that  the  addition  of  a  fubftance  containing  vital  air  or 
oxygene  would  fupply  that  principle  at  the  precife  pe¬ 
riod  of  time  required  ;  but  as  experiment  is  the  tefl  of 
every  probability  of  this  nature,  I  foaked  a  wick  of 
cotton  in  a  folution  of  nitre,  then  dried  it,  and  made  a 
candle.  When  this  came  to  be  lighted,  nothing  re¬ 
markable  happened  for  a  fhort  time  ;  at  the  expiration 
of  which  a  decrepitation  followed  at  the  lower  extremi¬ 
ty  of  the  flame,  which  completely  divided  the  wick 
where  the  blackened  part  commences.  The  whole  of 
the  matter  in  combuftion  therefore  fell  off,  and  the  can¬ 
dle  was  of  courfe  inftantly  extinguifhed.  Whether  this 
would  have  happened  in  all  proportions  of  the  fait  or 
conftru&ions  of  the  candle  I  did  not  try,  becaufe  the 
fmell  of  azote  was  fufficiently  ftrong  and  unpleafant  to 
forbid  the  ufe  of  nitre  in  the  purfuit.  From  various 
confiderations  I  am  difpofed  to  think  that  the  fponta* 
neous  fnuffing  of  candles  made  of  tallow,  or  other  fufi¬ 
ble  materials,  will  fcarcely  be  effected  but  by  the  difeo- 
very  of  fome  material  for  the  wick  which  fhall  be  volu¬ 
minous  enough  to  abforb  the  tallow,  and  at  the  fame 
time  fufficiently  flexible  to  bend  on  one  fide. 

“  The  moft  promiflng  fpeculation  refperfting  this  moft 
ufeful  article,  feems  to  diredl  itfelf  to  the  cup  which 
contains  the  melted  tallow.  The  imperfedlion  of  this 
part  has  already  been  noticed,  namely,  that  it  breaks 
down  by  fufion,  and  fuffers  its  fluid  contents  to  efcape. 

The  Chinefe  have  a  kind  of  candle  about  half  an  inch 
in  diameter,  which,  in  the  harbour  of  Canton,  is  called 
a  lobchock  ;  but  whether  the  name  be  Chinefe,  or  the 
corruption  of  fome  European  word,  I  am  ignorant. 

The  wick  is  of  cotton,  wrapped  round  a  fmall  flick  6r 
match  of  the  bamboo  cane.  The  body  of  the  candle  is 
white  tallow  ;  but  the  external  part,  to  the  thicknefs  of 
perhaps  one  thirtieth  of  an  inch,  coniifls  of  a  waxy 
matter  coloured  red.  This  covering  gives  a  confider¬ 
able  degree  of  folidity  to  the  candle,  and  prevents  its 
U  2  guttering, 
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puttering,  becaufe  lefs  fufible  than  tlie  tallow  itfelf.  I 
did  not  obferve  that  the  flick  in  the  middle  was  either 
advantageous  or  the  contrary  ;  and  as  I  now  write  horn 
the  recolleftion  of  this  objeft  at  fo  remote  a  period  as 
2C  years  ago.  1  can  only  conjecture  that  it  might  be  ot 
advantage  in' throwing  up  a  lefs  quantity  of  oil  into  the 
flame  than  would  have  been  conveyed  by  a  wick  ot 
cotton  fufficitntly  flout  to  have  occupied  its  place  un- 
iupported  in  the  axis  of  the  candle.  #  r 

£4  Many  years  ago  I  made  a  candle  in  imitation  ot 
the  lobchock.  The  expedient  to  which  I  had  recourfe 
confided  in  adapting  the  wick  in  the  ufual  pewter 
mould  :  wax  was  then  poured  in,  and  immediately  af¬ 
terwards  poured  out :  the  film  of  wax  which  adhered 
to  the  inner  furface  of  the  mould  foon  became  cool,  and 
the  candle  was  completed  by  filling  the  mould  with  tal¬ 
low.  When  it  was  drawn  out,  it  was  found  to  be 
cracked  longitudinally  on  its  furface,  which  I  attnbti- 
ted  to  the  contra&ion  of  the  wax,  by  cooling,  being 
greater  than  that  of  the  tallow.  At  prefent  I  thinkwt 
equally  probable  that  the  cracking  might  have  been 
occafioned  by  too  fudden  cooling  cf  the  wax  before  the 
tallow  was  poured  in  ;  but  other  avocations  prevented 
the  experiments  from  being  varied  and  repeated.  It  is 
probable  that  the  Chinefe  external  coating  may  not  be 
formed  of  pure  hard  bleached  wax. 

“  But  the  mofl  decifive  remedy  for  the  imperfe&ion 
of  this  cheapeft,  and  in  other  refpefts  beft  material,  for 
candies,  would  undoubtedly  be  to  diminish  its  fufibility. 
Various  fubftances  may  be  combined  with  tallow,  either 
in  the  direct  or  indire£l  method.  In  the  latter  way, 
by  the  decompofition  of  foap,  a  number  of  experiments 
were  made  by  Berthollet,  of  which  an  account  is  m- 
ferted  in  the  Memoirs  of  the  Academy  at  Paris  for  the 
year  1780,  and  copied  into  the  26th  volume  of  the 
Journal  de  Phyfque.  None  of  thefe  point  dire&ly  to 
the  prefent  objedl ;  befides  which,  it  is  probable  that 
the  foap  made  ufe  ot  by  that  eminent  chemifl  was  form¬ 
ed  not  of  tallow,  but  oil.  I  am  not  aware  of  any  re¬ 
gular  feries  of  experiments  concerning  the  mutual  ac¬ 
tion  of  fat  oils  and  other  chemical  agents,  more  espe¬ 
cially  fuch  as  may  be  dire&ed  to  this  important  objt& 
of  diminifhing  its  folubility  ;  for  which  reafon  I  (hall 
mention  a  few  experiments  made  with  this  view. 

1.  Tallow  was  melted  in  a  fmall  filver  veffel.  Solid 
tallow  finks  in  the  fluid,  and  diffolves  without  any  re¬ 
markable  appearance.  2.  Gum  fandarach  in  tears  was 
not  aiffolvtd,  but  emitted  bubbles,  fwelled  up,  became 
brown,  emitted  fumes,  and  became  crifp  or  friable.  No 
fol  at  ion  nor  improvement  of  .the  tallow.  3.  Sh  tll-lac 
fwelled  ud  with  bubbles,  and  was  more  perfe&ly  fufed 
than  the*  gum  fandarach  in  the  former  experiment. 
When  the  tallow  was  poured  off,  it  was  thought  to 
congeal  rather  more  fpeediiy.  The  lac  did  not  appear 
to  be  altered.  4.  Benzoin  bubbled  without  much  fwel- 
ling,  was  fufed,  and  emitted  fumes  of  an  agreeable  fmell, 
though  not  refembling  the  flowers  of  benzoin.  A  flight 
or  partial  folution  ieemed  to  take  place.  The  benzoin 
was  fofter  and  of  a  darker  colour  than  before,  and  the 
tallow  lefs  confident.  5,  Common  refin  unites  very 
readily  with  melted  tallow,  and  forms  a  more  fufible 
compound  than  the  tallow  itfelf.  6.  Camphor  melts 
eafily  in  tallow,  without  altering  its  appearance.  When 
the  tallow  is  near  boiling,  camphoric  fumes  fly  off. 


j  CAN 

The  compound  appeared  more  fufible  than,  tallow. 

»  The  achi  or  flowers  of  benzoin  diffolves  in  great 
quantities  without  any  ebullition  or  commotion.  Much 
fmoke  arifes  from  the  compound,  which  does  not  fmell 
like  the  acid  of  benzoin.  Tallow  alone  does  not  fume 
at  a  low  heat,  though  it  emits  a  fmell  fom, thing  like 
that  of  oil  olive.  When  the  proportion  of  the  acid  was 
confiderable,  fmall  needled  cry  Hals  appeared  as  the  tern- 
perature  diminiflied.  The  appearances  of  feparation  are 
different  according  to  the  quantity  of  acid.  I  he  com¬ 
pound  has  the  hardnefs  and  confidence  of  firm  foap, 
and  is  partially  tranfparent.  8.  Vitnolated  tartar, 
nitre,  white  fugar,  cream  of  tartar,  crydallized  boiax, 
and  the  fait  fold  in  the  markets  under  the  name  of  fait 
of  lemons,  but  which  is  fuppofed  to  be  the  effential  ialt  , 
of  forrel,  or  vegetable  alkali  fuperfaturated  with  acid  of 
fuo-ar,  were  refpe&ivdy  tried  without  any  obvious  mu¬ 
tual  a&ion  or  change  of  properties  in  the  tallow.  .  a. 
Calcined  magnefia  rendered  tallow  opaque  and  turbid, 
but  did  not  item  to  diffolve.  Its  effect  refembled  that 
of  lime. 

'  “  It  is  propofed  to  try  the  oxygenated  acetous  acid, 
or  radical  vinegar;  the  acid  of  ants,  of  iugar,  of  borax, 
of  galls,  the  tanning  principle,  the  ferous  and  gelatinous 
animal  matter,  tlie  fecula  of  vegetables,  vegetable  nlu- 
ten,  bird-lime,  and  other  principles,  either  by  direft  or 
indirea  application.  The  obj e&,  in  a  commercial  point 
of  view,  is  entitled  to  an  extenfive  and  affiduous  inveflU 
o-ation.  Chemifts  in  general  fuppofe  the  hardnefs  or 
fefs  fufibility  of  wax  to  arife  from  oxygen  ;  and  to  this 
objea  it  may  perhaps  be  advantageous  to  direft  a  cer¬ 
tain  portion  of  the  inquiry.  The  metallic  faks  and  cal¬ 
ces  are  the  combinations  from  which  this .  principle  is 
mofl  commonly  obtained;  but  the  combinations  ot  thefe 
with  fat  oils  have  hitherto  afforded  little  promife  of  the 
improvement  here  fought.  1  he  fubje£l  is,  however,  fo 
little  known,  that  experiments  of  the  loofefl  and  moil 
conjectural  kind  are  by  no  means  to  be  defpifedT 

Thus  far  Mr  Nicholfon  :  but  it  is  probable  that  ma¬ 
ny  of  the  advantages  which  he  propofes  by  thefe  mix¬ 
tures  might  be  obtained  merely  by  purifying  the  tallow, 
and  keeping  it  in  that  date  for  a  long  time  expofed  to 
the  air  before  it  be  formed  into  candles.  It  is  certain 
that  tallow  is  rendered  more  difficult  of  fufion  by  age ; 
and  this  is  the  foie  reaion  that  old  candles  are  lefs  apt 
to  run,  and  therefore  more  valuable  than  fuch  as  have 
been  lately  made. 

CANONGOES,  in  Bengal,  are  the  regifters  of  land 
and  hereditary  expounders  ot  the  ufages  of  the  country. 
They  have  their  officers  and  deputies  everywhere;  they 
are  not  liable  to  removal  ;  and  all  papers  attefted  by 
them  are  received  as  authentic  and  decifive,,  in  all  dis¬ 
putes  relative  to  lands  and  their  boundaries.  See  Sir 
Charles  Roufe  Bough  toil’s  Differ  tathn  on  the  Landed 
Properly  of  Bengal 

CAOUTCHOUC,  Elastic  Gum,  or  Indian  Rub¬ 
ier,  is  a  fubflance  of  which  a  pretty  full  account  has 
been  given  in  the  Encyclopaedia.  It  has  there  been 
likewife  obferved  how  ufeful  it  might  be,  if  we  could 
form  it  into  catheters  and  other  flexible  inftruments,  by 
diffolving  it  in  a  menftruum  lefs  expenflve,  or  at  lealt 
more  eafily  attained,  than  ether.  Since  that  article  was 
publifhed,  we  have  feen  an  account  of  fuch  a  menftruum 
in  the  Annales  de  Chimie ,  by  M.  Grcffart  (Chirly )-; 
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af-  and  of  the  expence  of  that  menfirulim,  or  the  difficulty 
ic*  of  procuring  it,  no  complaint  will  be  made,  when  it  is 
— '  known  to  be  nothing  more  than  very  hot  water. 

The  author  was  led  to  this  difcovery  by  fome  experi¬ 
ments  made  with  ether  on  caoutchouc  ;  of  which  he 
gives  the  following  account : 

“  It  appeared,  even  in  my  firft  experiments,  that  I 
was  attempting  too  much,  and  giving  my  (elf  ufelefs 
trouble,  in  fearching  for  a  manner  of  completely  diffol- 
ving  the  elaftic  gum,  fo  that  it  might  be  again  made  up 
in  new  forms.  I  then  thought  that  it  would  be  eailer 
to  find  out  a  method,  as  it  were,  of  foldering  it,  and  of 
not  acting  upon  it  more  than  might  be  necefi'ary  to 
c nfc  its  fofteued  parts  to  reunite.  Experience  has 
»  (hewn  me,  that  a  ftrong  prefiure  made  upon  two  pieces 
of  caoutchouc  (when  brought  to  that  Hate  of  foftnefs), 
and  continued  until  they  are  entirely  dry,  caufed  them 
to  contra  A  fo  ftrong  an  adhefion,  that  the  piece,  being 
pulled  out  till  it  broke,  often  broke,  not  at  the  united 
part,  but  by  the  fide  of  it. 

“  By  means  of  ether  I  immediately  fucceeded  in  ma¬ 
king  thefe  tubes.  The  method  which  appears  to  me 
to  fucceed  the  beft  is,  to  cut  a  bottle  circularly  in  a  fpi- 
ral  dip  of  a  few  lines  in  breadth.  It  is  very  eafy  to  cut 
a  bottle  in  fuch  a  manner  as  to  form  a  Angle  long  dip, 
and  thus  unneceftary  joinings  are  avoided. 

“  The  whole  flip  is  to  be  plunged  into  ether,  until  it 
is  fufficiently  foftened,  which  comes  to  pafs  fooner  or 
later  according  to  the  quality  of  the  vitriolic  ether  that 
is  employed.  Half  an  hour  frequently  fuffices  ;  but  I 
have  already  obfer^ed,  that  there  is  a  great  diverfity  in 
the  manner  in  which  different  forts  of  vitriolic  ether  aft, 
and  of  which  the  caufe  is  not  yet,  fo  far  as  I  know,  de¬ 
termined. 

“  The  flip  being  taken  out,  one  of  the  extremities  is 
to  be  taken  hold  of  and  rolled,  firft  upon  itfelf  at  the 
bottom  of  the  tube,  preffing  it  ;  then  the  rolling  is  to 
be  continued,  mounting  fpirally  along  the  mould,  and 
taking  care  to  lay  over  and  comprefs  with  the  hand 
every  edge,  one  againft  the  other,  fo  that  there  may 
not  be  any  vacant  {pace,  and  that  all  the  edges  may  join 
exaftly.  The  whole  then  is  to  be  bound  hard  with  a 
tape  of  an  inch  in  width,  taking  care  to  turn  it  the 
fame  way  with  the  flip  of  elaftic  gum.  The  tape  is  to 
be  tied  up  with  packthread,  fo  that,  by  every  turn  of 
the  packthread  joining  another,  an  equal  prefiure  is 
given  to  every  part:  it  is  then  left  to  dry,  and  the  tube 
is  made. 

“  The  bandage  is  to  be  taken  off  with  great  care, 
that  none  of  the  outward  furfaces,  which  may  have  been 
lodged  within  the  hollows  of  the  tape  (of  which  the 
caoutchouc  takes  the  exaft  impreffion),  may  be  pulled 
away.  I  advife  the  application  of  a  tape  before  pack 
thread,  becaufe,  efpeeially  in  the  thinner  tubes,  we  fhould 
run  the  rifle  of  cutting  the  caoutchouc,  if  the  packthread 
were  applied  immediately  upon  it. 

“  It  is  eafy  to  take  off  the  tube  of  elaftic  gum  which 
has  been  formed  upon  a  folid  mould  of  one  piece  ;  if 
the  mould  be  made  rather  conic,  it  may  be  made  to 
Aide  off  by  the  fmaller  end ;  at  the  world.  it  is  eafily 
nccomplilhed  by  plunging  it  into  hot  water  ;  for  it  is 
foftened  by  the  heat,  and  is  diftended  without  this 
precaution  it  would  be  fometimes  difficult  to  draw  it  off 
when  dry,  becaufe,  having  been  applied  upon  the  mould 
whilft  it  had  its  volume  augmented  by  the  interpofition 


of  the  ether,  the  parts  of  the  caoutchouc  are  drawn 
nearer  each  other  by  the  evaporation  of  the  interpofed 
bodies. 

“  The  great  affinity  between  thefe  two  bodies  is  feen 
by  the  length  of  time  that  the  odour  of  the  ether  re¬ 
mains,  notwithftanding  the  great  volatility  of  the  latter, 
and  that  the  apparent  drynefs  of  the  tube  feems  to  fhew 
that  there  is  none  remaining  ;  neverthelefs,  after  a  cer¬ 
tain  time,  the  odour  difappears  entirely.  One  of  thofe 
tubes,  which  was  made  with  ether  after  the  method 
here  deferibed,  does  not  retain  the  leaft  trace  of  the  fob 
vent.  It  is  needlcfs  to  fay,  that  it  is  eafy  to  make  tubes 
as  thin  or  as  thick  a3  may  be  judged  proper. 

“  Although  the  procefs  that  I  am  now  deferibingis 
but  very  little  expenfive,  yet  I  have  tried  to  employ 
other  fol vents  in  lieu  of  ether,  becaufe  it  is  not  to  be  had 
in  every  place,  and  requires  particular  care  in  its  prefer- 
vation.  1  have  employed,  with  fome  fuccefs,  the  effen- 
tial  oils  of  lavender  and  of  turpentine :  both  of  them 
fpeedily  dilate  the  caoutchouc,  ard  are  of  110  great 
price.  The  difagreeable  fmell  of  the  oil  of  turpentine 
becomes,  perhaps,  in  procefs  of  time,  lefs  difagreeable 
than  that  of  avender.  This  laft  is  dearer  ;  but  the  dif- 
ference  is  not  fo  great  as  it  appears  at  firft  :  for  we  may 
make  fome  advantage  of  the  oil  of  lavender  that  is  em¬ 
ployed  by  the  following  operation  :  Upon  plunging  in¬ 
to  alcohol  the  elaftic  tube  prepared  with  the  oil  of  la¬ 
vender,  the  alcohol  charges  itfelf  with  the  oil,  and 
forms  a  very  good  lavender-water  ;  the  fame  as  would 
be  made  by  an  immediate  mixture  of  oil  of  lavender 
with  fpirit  of  wine.  Immerfion  in  this  liquor  alfo  ferves 
to  haften  the  drying  of  the  caoutchouc  inftruments 
thus  made  by  means  of  effential  oils.  I  have  made  tubes 
with  the  oils  of  turpentine  and  of  lavender  ;  both  are 
much  flower  in  evaporating  than  ether.  The  oil  of 
turpentine  particularly  appeared  to  me  always  to  have 
a  kind  of  ftickinefs,  and  T  know  not  as  yet  that  we 
have  any  means  whereby  to  get  fpeedily  rid  of  its 
fmell. 

“  Neverthelefs  there  is  a  folvent  which  has  not  that 
inconvenience ;  it  is  cheaper,  and  may  eafily  be  procu¬ 
red  by  every  one  :  this  folvent  is  water.  I  conceive  it 
will  appear  ftrange  to  mention  water  as  a  folvent  of  elaf¬ 
tic  gum,  that  liquid  having  been  always  fuppofed  to 
have  no  aft  ion  upon  it.  I  myfelf  refilled  the  idea;  but 
reftefting  that  ether,  by  being  fatnrated  with  water,  is 
the  better  enabled  to  aft  on  caoutchouc,  and  that  this 
gum  when  plunged  into  boiling  water  becomes  more 
tranfparent  at  the  edges,  I  prefumed  that  this  effeft  was 
not  due  Amply  to  the  dilatation  of  its  volume  by  the 
heat.  I  thought  that,  at  that  temperature,  fome  ac¬ 
tion  might  take  place,  and  that  a  long-continued  ebul¬ 
lition  might  produce  more  fenfible  effefts.  I  was  not 
difappointed  in  my  expectations,  and  one  of  thofe  tubes 
was  prepared  without  any  other  folvent  than  water  and 
heat.  I  proceeded  in  the  fame  manner  as  with  ether: 
the  elaftic  gum  dilates  but  very  little  in  boiling  water; 
it  becomes  whitifh,  but  recovers  its  colour  again  by  dry¬ 
ing  it  in  the  air  and  light.  It  is  fufficiently  prepared 
for  ufe  when  it  has  been  a  quarter  of  an  hour  in  boiling 
water:  by  this  time  its  edges  are  fometimes  tranfparent. 
It  is  to  be  turned  fpirally  round  the  mould,  in  the  man¬ 
ner  we  deferibed  before,  and  replunged  frequently  into 
the  boiling  wTater,  during  the  time  that  is  employed  in 
forming  the  tube,  to  the  end  that  the  edges  may  be 
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When  the  whole  is  bound  fpots  called,  from  forne  refemblance  in  fhape,  the  Cap 
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difpofed  to  unite  together, 
with  packthread,  it  is  to  be  kept  fome  hours  m  boiling 
water  ;  after  which  it  is  to  be  dried,  {till  keeping  on  the 
binding. 

“  If  we  with  to  be  more  certain  that  the  connexion 
is  perfect,  the  fpiral  may  be  doubled  ;  but  wc  mull  al¬ 
ways  avoid  placing  the  exterior  furfaces  of  the  flips  one 
upon  the  other,  as  thofe  furfaces  are  the  part3  which 
moil  refift  the  adlion  of  folvents.  This  precaution  is 
lefs  neceffary  when  ether  is  employed,  on  account  of  its 
.great  a&ion  upon  the  caoutchouc. 

“  It  might  be  feared  that  the  a&ion  of  water  upon 
caoutchouc  would  deprive  us  of  the  advantages  which 
might  otlierwife  be  expe&ed ;  but  thefe  fears  will  be 
removed,  if  we  confider  that  the  affinities  differ  accord¬ 
ing  to  the  temperatures  ;  that  it  is  only  at  a  very  high 
temperature  that  water  exercifes  any  fenfible  aftion  up¬ 
on  caoutchouc,  I  can  affirm,  that  at  i20°of  Reaumur’s 
thermometer  (302°  of  Fahrenheit)  this  affinity  is  not 
fuch  as  that  the  water  can  give  a  liquid  form  to  caout¬ 
chouc  ;  and  it  docs  not  appear  that  we  have  any  thing 
to  fear  in  pra&ice  from  a  combination  between  tlicfe 
two  bodies,  which,  though  it  really  is  a  true  folution, 
does  not  take'  place  in  any  fenfible  degree  but  at  a  high 
temperature.  It  is  therefore  at  prefent  eafy  to  make  of 
caoutchouc  whatever  inftruments  it  may  be  advantage¬ 
ous  to  have  of  a  flexible,  fupple,  and  elaflic  fubftance, 
which  is  impermeable  to  water  at  tlie  temperature  of 
our  atmofphere,  and  refills  the  a&ion  of  acids  as  well 
as  that  of  moll  other  folvents.  As  to  the  durability  of 
thefe  inftruments,  few  fubftances  promife  more  than  this, 
becaufe  it  may  be  foldered  afrefh  in  a  damaged  part. 
Any  woven  fubftance  may  be  covered  with  it ;  it  is  on¬ 
ly  required  that  the  fubftance  fhould  be  of  a  nature  not 
to  be  aCted  upon  during  the  preparation,  cither  by  ether 
or  by  boiling  water ;  for  thefe  two  agents  are  thofe 
which  appear  to  me  to  merit  the  preference.  Artifts 
will  frequently  find  an  advantage  in  employing  ether, 
as  it  requires  lefs  time  ;  fo  that  a  perfon  may  make,  in 
a  Angle  day,  any  tube  he  may  have  occafion  for.  The 
expence  of  ether  is  very  little,  fmee  it  is  needful  only  to 
difpofe  the  caoutchouc  to  adhere  ;  and  being  brought 
into  that  ftate,  the  caoutchouc  may  be  kept  in  a  veffel 
perfe&ly  well  clofed.  It  would  alfo  diminifh  the  ex¬ 
pence  of  the  ether  if,  inftead  of  wafhing  it  with  a  large 
quantity  of  water,  there  fhould  be  added  to  it  only  as 
much  water  as  it  can  take  up.” 

CAP  and  Button,  are  two  fmall  iflands,  or  rather 
rocks,  lying  in  longitude  J050  48'  30"  eaft  ;  and  in  la¬ 
titude,  the  former  50  58'  30",  the  latter  50  49'  fouth. 
They  were  vifited  by  fome  of  the  perfons  attending 
X.ord  Macartney  on  his  erabafiy  to  China  ;  and  are  thus 
deferibed  by  Sir  George  Staunton. 

“  At  a  little  diftance  they  might  be  miftaken  for  the 
remains  of  old  caftles,  mouldering  into  heaps  of  ruins, 
with  tall  trees  already  growing  upon  the  tops ;  but  at 
a  nearer  view,  they  betrayed  evident  marks  of  a  volca¬ 
nic  origin.  Explofions  from  fubterianeous  fires,  pro¬ 
duce,  for  the  molt  part,  hills  of  a  regular  fhape,  and  ter¬ 
minating  in  truncated  cones ;  but  when  from  a  fub- 
aqueous  volcano  eruptions  are  thrown  up  above  the 
iurface  of  the  fea,  the  materials;  falling  back  into  the 
water,  are  more  irregularly  difpeifed,  and  generally 
leave  the  fides  of  the  new  creation  naked  and  mifhapen, 
M  in  the  instance  of  Amsterdam,  and  of  thofe  fmaller 


and  Button. 

“  In  the  Cap  were  found  two  caverns,  running  ho¬ 
rizontally  into  the  fide  of  the  rock ;  and  in  thefe  were  a 
number  of  thofe  birds  nefts  fo  much  prized  by  the  Chl- 
nefc  epicures.  They  feemed  to  be  compofed  of  fine  fi¬ 
laments  cemented  together  by  a  tranfparent  vifeous  mat¬ 
ter,  not  unlike  what  is  left  by  the  foam  of  the  fea  up¬ 
on  (tones  alternately  covered  by  the  tide,  or  thofe  gela¬ 
tinous  animal  fubftances  found  floating  on  every  coaft. 
The  nefts  adhere  to  each  other,  and  to  the  frdcs  of  the 
cavern,  moftly  in  rows,  without  any  break  or  iuterrrup- 
tion.  The  birds  that  build  thefe  nefts  are  fmall  grey 
fwallows,  with  bellies  of  a  dirty  white.  They  were 
flying  about  in  coniiderable  numbers  ;  but  they  were  fo 
fmall,  and  their  flight  fo  quick,  that  they  efcaped  the 
fhot  fired  at  them.  The  fame  nefts  are  faid  alfo  to  be 
found  in  deep  caverns,  at  the  foot  of  the  higheft  moun¬ 
tains  in  the  middle  of  Java,  and  at  a  diftance  from  the 
fea,  from  which  the  birds,  it  is  thought,  derive  no  ma¬ 
terials,  either  for  their  food  or  the  conftru&ion  of  their 
nefts  ;  as  it  does  not  appear  probable  they  fhould  fly, 
in  fearch  of  either,  over  the  intermediate  mountains, 
which  are  very  high,  or  againft  the  boifterous  winds 
prevailing  thereabouts.  They  feed  on  infers,  which 
they  find  hovering  over  ftagnated  pools  between  the 
mountains,  and  for  catching  which  their  wide  opening 
beaks  are  particularly  adapted.  They  prepare  their 
nefts  from  the  beft  remnants  of  their  food.  Their 
greateft  enemy  is  the  kite,  who  often  intercepts  them  in 
their  paffage  to  and  from  the  caverns,  which  are  gene¬ 
rally  furreur.ded  with  rocks  of  grey  limeftonc  or  white 
marble.  The  nefts  are  placed  in  horizontal  rows  at 
different  depths,  from  50  to  300  feet.  The  colour  and 
value  of  the  nefts  depend  on  the  quantity  and  quality 
of  the  infedts  caught,  and  perhaps  alfo  on  the  fituation 
where  they  are  built.  Their  value  is  chiefly  determined 
by  the  uniform  finenefs  and  delicacy  of  their  texture ; 
thofe  that  are  white  and  tranfparent  being  moft  efteem* 
cd,  and  fetching  often  in  China  their  weight  in  filver. 
Thefe  nefts  are  a  confiderable  objefl  of  traffic  among 
the  Javanefe,  and  many  arc  employed  in  it  from  their 
infancy.  The  birds  having  fpent  near  two  months  in 
preparing  their  nefts,  lay  each  two  eggs,  which  are 
hatched  in  about  fifteen  days.  When  the  young  birds 
become  fledged,  it  is  thought  time  to  feize  upon  their 
nefts,  which  is  done  regularly  thrice  a-year,  and  is  ef- 
fe&ed  by  means  of  ladders  of  bamboo  and  reeds,  by 
which  the  people  defeend  into  the  cavern  ;  but  when  it 
is  very  deep,  rope  ladders  are  preferred.  This  operation 
is  attended  with  much  danger  ;  and  feveral  break  their 
necks  in  the  attempt.  The  inhabitants  of  the  moun¬ 
tains  generally  employed  in  it  begin  always  by  facri- 
ficing  a  buffalo  ;  which  cuitom  is  constantly  obferved 
by  the  Javanefe  on  the  eve  of  every  extraordinary  en- 
terprife.  They  alfo  pronounce  fome  prayers,  anoint 
themfelves  with  fweet-feented  oil,  and  fmoke  the  en¬ 
trance  of  the  cavern  with  gum-benjamin.  Near  fome 
of  thole  caverns  a  tutelar  goddefs  is  worfhipped.  whofe 
prieit  burns  incenfe,  and  lays  his  protecting  hands  on 
every  perfon  preparing  to  defeend  into  the  cavern.  A 
flambeau  is  carefully  prepared  at  the  fame  time,  with  a 
gum  which  exudes  from  a  tree  growing  in  the  vicinity, 
and  is  not  eafily  extinguifhed  by  fixed  air  or  fubteria¬ 
neous  vapours.  TueTwallow,  which  builds  thofe  nefts. 
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Of  defcribed  as  riot  having  its  tail  feathers  marked  with 
white  fpots,  which  is  a  character  attributed  to  it  by 
CJi  Linnaeus  ;  and  it  is  poflible  that  there  are  two  fpecies 
or  varieties  of  the  fwallow,  whofe  nefts  are  alike  va¬ 
luable.”  See  BiRDS-NeJls,  Encycl. 

CAPE  of  Good  Hope.  See  Good  Hope?  both  in 
Encycl.  and  this  Supplement . 

CAPITAL  of  a  Bastion,  is  an  imaginary  line 
dividing  any  work  into  two  equal  and  fimilar  parts  ;  or 
a  line  drawn  from  the  angle  of  the  polygon  to  the  point 
of  the  baftion,  or  from  the  point  of  the  bailion  to  the 
middle  of  the  gorge. 

CAPRA,  or  the  Sh e-goat,  a  name  given  to  the 
liar  Capella,  on  the  left  fhoulder  of  Auriga,  and  fome- 
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times  to  the  conflellation  Capricorn.  Some  again  re-  Caput 
prefent  Capra  as  a  conftellation  in  the  northern  henuf-  i| 
phere,  confiding  of  three  ftars,  comprifed  between  the  ,  c  arP* 
45  th  and  55th  degree  of  latitude.— The  poets  fable  her  ^ 
to  be  Amalthea’s  goat,  which  fnckled  Jupiter  in  his 
infancy. 

CAPUT  Draconis,  or  Dragon's  Head \  a  name 
given  by  fome  to  a  fixed  flar  of  the  firft  magnitude,  in 
the  head  of  the  conftellation  Draco. 

CARBON.  See  Chemistry  in  this  Supplement , 

Part  I.  Chap.  II.  Se£t.  iii. 

CARP.  vSee  Cyfrinus,  both  in  the  Encycl.  an*! 
in  this  Supplement . 
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CARPENTRY, 


n.  nppIE  art  of  framing  timber  for  the  purpofesof  archi- 
texture,  machinery,  and,  in  general,  for  all  confi- 
derable  ftrudlures. 

It  is  not  intended  in  this  article  to  give  a  full  account 
of  carpentry  as  a  mechanical  art,  or  to  defcribe  the  va¬ 
rious  ways  of  executing  its  different  works,  fuited  to 
the  variety  of  materials  employed,  the  proceffes  which 
muft  be  followed  for  fafhioning  and  framing  them  for 
our  purpofes,  and  the  tools  which  muft  be  ufed,  and  the 
manner  in  which  they  muft  be  handled  :  This  would 
be  an  occupation  for  volumes  ;  and  though  of  great  im¬ 
portance,  muft  be  entirely  omitted  here.  Our  only  aim 
at  prefent  will  be  to  deduce,  from  the  principles  and 
laws  of  mechanics,  and  the  knowledge  which  experience 
and  judicious  inferences  from  it  have  given  us  concern¬ 
ing  the  ftrength  of  timber,  in  relation  to  the  ftrain  laid 
on  it,  fuch  maxims  of  conftru&ion  as  will  unite  econo¬ 
my  with  ftrength  and  efficacy* 

This  object  is  to  be  attained  by  a  knowledge,  ill,  of 
the  ftrength  of  our  materials,  and  of  the  abfolute  ftrain 
that  is  to  be  laid  on  them  ;  2dly,  of  the  modifications 
of  this  ftrain,  by  the  place  and  dire&ion  in  which  it  is 
exerted,  and  the  changes  that  can  be  made. by  a  proper 
difpofition  of  the  parts  of  ourftrudture  ;  and,  3dly,  ha¬ 
ving  difpofed  every  piece  in  fuch  a  manner  as  to  derive 
the  utmoft  advantage  from  its  relative  ftrength,  we  muft 
know  how  to  form  the  joints  and  other  connections  in 
fuch  a  manner  as  to  fecure  the  advantages  derived  from 
this  difpofition. 

)Ym  This  is,  evidently,  a  branch  of  mechanical  fcience, 
it b'ich  which  makes  carpentry  a  liberal  art,  conftitutes  part  of 
ii-the  learning  of  the  Engineer,  and  diftinguifhes  him 
C1  from  the  workman.  Its  importance  in  all  times  and 
flates  of  civil  fociety  is  manifeft  and  great.  In  the  pre- 
fent  condition  of  thefe  kingdoms,  raifed,  by  the  active 
ingenuity  and  energy  of  our  countrymen,  tq  a  pitch  of 
profperity  and  influence  unequalled  in  the  hiftory  of 
the  world,  a  condition  which  confifts  chiefly  in  the  fu- 
periority  of  our  manufactures,  attained  by  prodigious 
multiplication  of  engines  of  every  defeription,  and  for 
every  fpecies  of  labour,  the  Science  (fo  to  term  it)  of 
carpentry  is  of  immenfe  confequence.  We  regret 
therefore  exceedingly,  that  none  of  our  celebrated  ar- 
tifts  have  done  honour  to  themfclves  and  their  country, 
by  digefting  into  a  body  of  confecutive  doCtrines  the 
refults  of  their  great  experience,  fo  as  to  form  a  fyftem 


from  which  their  pupils  might  derive  the  firft  principles 
of  their  education.  The  many  volumes  called  Com¬ 
plete  Instructors,  Manuals,  Jewels,  See.  take  a 
much  humbler  flight,  and  content  themfelves  with  in- 
ftruCling  the  mere  workman,  or  fometimes  give  the  ma- 
fter  builder  a  few  approved  forms  of  roofs  and  other 
framings,  with  the  rules  for  drawing  them  on  paper  ;  and 
from  thence  forming  the  working  draughts  which  muft 
guide  the  faw  and  the  chiffel  of  the  workman.  Hardly 
any  of  them  offer  any  thing  that  can  be  called  a  prin¬ 
ciple,  applicable  to  many  particular  cafes,  with  the  rules  ^ 
for  this  adaptation.  We  are  indebted  for  the  greateft  Principally 
p?rt  of  our  knowledge  of  this  fubjeCt  to  the  labours  of indebted  to 
literary  men,  chiefly  foreigners,  who  have  puhliffied  in^e^^rs 
the  memoirs  of  the  learned  academies  differtations  on  iedgeofthia 
different  parts  of  what  may  be  termed  the  fcience  of  { ubjeft. 
carpentry .  It  is  Angular,  that  the  members  of  the  Royal 
Society  ofLondon,  and  even  of  that  eftablifheq  and  fup- 
ported  by  the  patriotifm  of  thefe  days  for  the  encou¬ 
ragement  of  the  arts,  have  contributed  fo  little  to  the 
public  inftruCtion  in  this  refpeCt.  We  obferve  of  late 
fome  beginnings  of  this  kind,  fuch  as  the  laft  part  of 
Nicholfon’s  Carpenters  anp  Joiners  Assistant, 
publiffied  by  J.  Taylor,  Hoiburn,  1797.  And  it  is 
with  pleafure  that  we  can  fay,  . that  we  were  told  by  the 
editor,  that  this  work  was  prompted  in  a  great  meafure 
by  what  has  been  delivered  in  the  Encyclopedia  Britan - 
nicn  in  the  articles  Roof  and  Strength  of  Materials . 

’It  abounds,  more  in  important  and  new  obfervations  than 
any  book  o i  the  kind  that  we  are  acquainted  with.  We 
again  call  on  fuch  as  have  given  a  fcientific  attention  to 
this  fubjeCt,  and  pray  that  they  would  rendei  a  merito¬ 
rious  fervice  to  their  country  by  imparting  the  refultof 
their  refearches.  The  very  limited  nature  of  this  work 
does  not  allow  us  to  treat  the  fubjeCt  in  detail ;  and  we 
muft  confine  our  obfervations  to  the  fundamental  and' 
leading  propofitions.  ^ 

The  theory  (fo  to  term  it)  of  carpentry  is  founded  Theory, 
on  two  diftinCt  portions  of  mechanical  fcience,  nameT0unded  on 
ly,  a  knowledge  of  the  {trains  to  which  framings  QfwIiat* 
timber  are  expofed,  and  a  knowledge  of  their  relative 
ftrength. 

We  fhall  therefore  atempt  to  bring  into  one  point  of 
view  the  propofitions  of  mechanical  fcience  that  are 
more  immediately  applicable  to  the  art  of  carpentry,' 
and  are  to  be'  found  in  various  articles  of  our  work, 

Z  parti- 
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particularly  Roof  and  Strength  of  Materials* .  From 
thefc  propofitions  we  hope  to  deduce  fuch  principles  as 
fhall  enable  an  attentive  reader  to  comprehend  diftindly 
what  is  to  be  aimed  at  in  framing  timber,  and  how  to 
attain  this  objed  with  certainty  :  and  we  fhall  illus¬ 
trate  and  confirm  our  principles  by  examples  of  pieces 
of  carpentry  which  are  acknowledged  to  be  excellent  in 

,  their  kind.  . 

Compofi-  The  mofl  important  proppfition  of  general  mechanics 
tion  and  re-£0  the  carpenter  is  that  which  exhibits  the  compofition 
foi  tion  of  and  ref0lution  of  forces  ;  and  we  beg  our  pradical  rea- 
forces  tQ  endeavour  to  form  very  diftind  conceptions  of 

it,  and  to  make  it  very  familiar  to  their  mind.  When 
accommodated  to  their  chief  purpofes,  it  may  be  thus 
expreffed : 

1.  If  a  body,  or  any  part  of  a  body,  be  at  once  pref- 
Plate  VIII.  fed  in  the  two  diredions  AB,  AC  (fig.  I.),  and  if 

the  intenfity  or  force  of  thofe  preffures  be  in  the  pro¬ 
portion  of  thefe  two  lines,  the  body  is  affeded  in  the 
lame  manner  as  if  it  were  preffed  by  a  fingie  force  ad- 
ing  in  the  diredion  AD,  which  is  the  diagonal  of  the 
parallelogram  ABDC  formed  by  the  two  lines,  and 
whofe  intenfity  has  the  fame  proportion  to  the  intenfity 
of  each  of  the  other  two  that  AD  has  to  AB  or  AC. 

Such  of  our  readers  as  have  Jludied  the  laws  of  mo¬ 
tion,  know  that  this  is  fully  demonftrated.  We  refer 
them  to  the  article  Mechanics,  n°  £,  &c.  where  it  is 
treated  at  fome  length.  Such  as  wifh  for  a  very  accu¬ 
rate  view  of  this  proportion,  will  do  well  to  read  the 
demonftration  given  by  D.  Bernoulli,  in  the  firft  vo¬ 
lume  of  the  Comment .  PetropoL  and  the  improvement  of 
this  demonftration  by  D'Alembert  in  hi«  Opufdes ,  and 
in  the  Comment .  T aurinenf  The  praditioner  in  car¬ 
pentry  will  get  more  ufeful  confidence  in  the  dodrine, 
if  he  will  fhut  his  book,  and  verify  the  theoretical  de- 
5  monftrations  by  adual  experiments.  They  are  remark- 
tiluftrated  ably  eafy  and  convincing.  Therefore  it  is  our  requeft 
by  experi-  that  the  artift,  who  is  not  fo  habitually  acquainted  with 
ment*  the  fubjed,  do  not  proceed  further  till  he  has  made  it 
cmite  familiar  to  his  thoughts.^  Nothing  is  fo  condu¬ 
cive  to  this  as  the  adual  experiment;  and  fince  this  on¬ 
ly  requires  the  trifling  expence  of  two  fmall  pulleys  and 
a  few  yards  of  vvhipcord,  we  hope  that  none  of  our 
pradical  readers  will  omit  it :  They  will  thank  us  for 
this  injundion. 

2.  Let  the  threads  Ad ,  AY  b,  and  AE c  (fig.  2.), 
have  the  weights  d ,  b ,  and  c,  appended  to  them,  and 
let  two  of  the  threads  be  laid  over  the  pulleys  F  and  £. 
By  this  apparatus  the  knot  A  will  be  drawn  in  the  di¬ 
redion#  AB,  AC,  and  AK.  If  the  fum  of  the  weights 
b  and  c  be  greater  than  the  fingie  weight  d,  the  affem- 
blage  will  ofitfelf  fettle  in  a  certain  determined  form; 
if  you  pull  the  knot  A  out  of  its  place,  it  will  always 
return  to  it  again,  and  will  reft  in  no  other  pofition. 
For  example,  if  the  three  weights  are  equal,  the  threads 
will  always  make  equal  angles,  of  120  degrees  each, 
round  the  knot.  If  one  of  the  weights  be  three  pounds, 
another  four,  and  the  third  five,  the  angle  oppofite  to  the 
thread  ftretched  by  five  pounds  will  always  be  fquare,  &e. 
When  the  knot  A  is  thus  in  equilibrio,  we  mtift  infer, 
that  the  adion  of  the  weight  d,  in  the  diredion  A  d, 
is  in  dired  oppofition  to  the  combined  adion  of  b,  in 
the  diredion  AB,  and  of  c,  in  the  diredion  AC. 
Therefore,  if  we  produce  d  A  to  any  point  D,  and 
take  AD  to  reprefent  the  magnitude  of  the  force,  or 
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preffure  exerted  by  the  weight  d%  the  preffures  exerted 
on  A  by  the  weights  b  and  c,  in  the  diredlons  AB, 

AC,  are  in  fad  equivalent  to  a  preftuie  ading  in  the 
diredion  AD,  whofe  intenfity  we  have  reprefented  by 

AD.  If  we  now  meafure  off  by  a  fcale  on  AF  and 
AE  the  lines  AB  and  AC,  having  the  fame  propor¬ 
tions  to  AD  that  the  weights  b  and  c  have  to  the  weight 
df  and  if  we  draw  DB  and  DC,  we  fhall  find  DC  to 
be  equal  and  parallel  to  AB,  and  DB  equal  and  paral¬ 
lel  to  AC  ;  fo  that  AD  is  the  diagonal  of  a  paiallelo- 
gram  ABDC.  We  fhall  find  this  always  to  be  the 
cafe,  whatever  are  the  weights  made  ufe  of ;  only  we 
mu  ft  take  care  that  the  weight  which  we  caufe  to  ad 
without  the  intervention  of  a  pulley  be  lefs  than  the 
fum  of  the  other  two  :  if  any  one  of  the  weights  ex¬ 
ceeds  the  fum  of  the  other  two,  it  will  prevail,  and  drag 
them  along  with  it. 

Now,  fince  we  know  that  the  weight  d  would  juft 
balance  an  equal  weight  g,  pulling  dirediy  upwards  by 
the  intervention  of  the  pulley  G ;  and  fince  we  fee  that 
it  juft  balances  the  weights  b  and  c,  ading  in  the  direc¬ 
tions  AB,  AC,  we  muft  infer,  that  the  knot  A  is  af« 
feded  in  the  fame  manner  by  thofe  two  weights,  or  by 
the  fingie  weighty;  and  therefore,  that  two  prefjures , 
ading  in  the  directions,  and  with  the  interfiles ,  AB,  AC, 
are  equivalent  to  a  fingie  preffure  having  the  diredion  and 
proportion  of  AD.  In  like  manner,  the  preffures  AB, 

AK,  are  equivalent  to  AH,  which  is  equal  and  op¬ 
pofite  to  AC.  Alio  AK  and  AC  are  equivalent  to 
AI,  which  is  equal  and  oppofite  to  AB.  ^ 

We  fhall  confider  this  combination  of  preffures  a  little  ConfHewd 


more  particularly.  more  parti, 

Suppofe  an  upright  beam  BA.  (fig.  3.)  pufhed  incuIarl)r’ 
the  diredion  of  its  length  by  a  load  B,  and  abutting  on 
the  ends  of  two  beams  AC,  AD,  which  are  firmly  re¬ 
fitted  at  their  extreme  points  C  and  D,  which  reft  on 
two  blocks,  but  are  nowife  joined  to  them  :  thefe  two 
beams  can  refift  no  way  but  in  the  diredions  CA,  DA; 
and  therefore  the  preffures  which  they  fuftain  from  the 
beam  BA  are  in  the  diredions  AC,  AD.  We  wifh 
know  how  much  each  fuftfcins  ?  Produce  BA  to  E, 


to 


taking  AE  from  a  fcale  of  equal  parts,  to  reprefent  the 
number  of  tons  or  pounds  by  which  BA  is  preffed. 
Draw  EF  and  EG  parallel  to  AD  and  AC;  then  AF, 
meafured  on  the  fame  fcale,  will  give  us  the  number  of 
pounds  by  which  AC  is  drained  or  crufhed,  and  AG 
will  give  the  drain  on  AD. 

It  defeives  particular  remark  here,  that  the  length 
of  AC  or  AD  has  no  influence  on  the  drain,  arifing 
from  the  thruft  of  BA,  while  the  diredions  remain  the 
fame.  The  effeds,  however,  of  this  drain  are  modify- 
ed  by  the  length  of  the  piece  on  which  it  is  exerted. 
This  (train  compreffes  the  beam,  and  will  therefore  com- 
prefs  a  beam  of  double  length  twice  as  much.  This 
may  change  the  form  of  the  affemblage.  If  AC,  for  ex¬ 
ample,  be  very  much  fhorter  than  AD,  it  will  be  much 
lefs  compreffed  :  The  line  C  A  will  turn  about  the  cen¬ 
tre  C,  while  DA  will  hardly  change  its  pofition  ;  and 
the  angle  CAD  will  grow  more  open,  the  point  A  fink¬ 
ing  down.  The  artift  will  find  it  of  great  confequence 
to  pay  a  very  minute  attention  to  this  circumftance,  and 
to  be  able  to  fee  clearly  the  change  of  fhape  which  ne- 
ceffarily  refults  from  thefe  mutual  ft  rains.  He  will  fee 
in  this  the  caufe  of  failure  in  many  very  great  works.— 
By  thus  changing  fhape,  ftrains  are  often  produced  in 


pteces  where  there  were  rone  before,  and  frequently  of 
the  very  word  kind,  tending  to  break  the  beams  acr  fs. 

The  dotted  lines  of  this  figure  {hew  another  pofition 
of  the  beam  Al)'.  This  makes  a  prodigious  change, 
not  only  in  the  ftrain  on  Al)',  but  alfo  in  that  on  AC. 
Both  of  them  are  much  increafed  ;  AG  is  admofl 
doubled,  and  AF  is  four  times  greater  than  before. 
This  addition  wa?  made  to  the  figure,  to  {hew  what 
enormous  ftrain*  may  be  produced  by  a  very  moderate 
‘force  AE,  when  it  is  exerted  on  a  very  obtufe  an<de. 

The  4th  and  5th  figures  will  affift  the  moft  nnfndru&- 
ed  reader  in  conceiving  how  the  very  fame  flrains  AF, 
AG,  are  laid  on  thefe  beams,  by  a  weight  fimoly  hang¬ 
ing  from  a  billet  refting  on  A /  prefling  hard  on  AD, 
and  alfo  leaning  a  little  on  AC  ;  or  by  an  unright  piece 
AE\j°ggIed  011  th^  two  beams  AC,  AD,  and  per¬ 
forming  the  office  of  an  ordinary  king-poil.  The  read¬ 
er  will  thus  learn  to  call  off  his  attention  from  the  means 
by  which  the  (trains  are  produced,  and  learn  to  confider 
them  abftradedly,  merely  as  drains,  in  whatever  fituation 
he  finds  them,  and  from  whatever  caufe  they  arife. 

We  prefume  that  every  reader  will  perceive,  that 
the  proportions  of  thefe  (trains  will  be  precifely  the 
lame  if  every  thing  be  inverted,  and  each  beam  be 
drawn  or  pulled  in  the  oppofite  direction.  In  the  fame 
way  that  we  have  fubftituted  a  rope  and  weight  in  fig. 
4.  or  a  king-poll  in  fig.  5.  for  the  loaded  beam  BA  of 
fig.  3.  we  might  have  fubftituted  the  framing  of  fig.  6. 
which  is  a  very  ufual  practice.  In  this  framing,  the 
batten  DA  is  ftretched  by  a  force  AG,  and  the  piece 
AC  is  comprefied  by  a  force  AF.  It  is  evident,  that 
we  may  employ  a  rope,  or  an  iron  rod  hooked  on  at  D, 
in  place  of  the  batten  DA,  and  the  ftrains.will.be 
the  fame  as  before. 

#  This  feemingly  fimple  matter  is  ftiil  full  of  inftruc- 
tion  ;  and  we  hope  that  the  well-informed  reader  will 
pardon  us,  though  we  dwell  a  little  longer  on  it  for  the 
fake  of  the  young  artift. 

By  changing  the  form  of  this  framing,  as  in  fig.  7. 
we  produce  the  fame  drains  as  in  the  diipofition  repre- 
fented  by  the  dotted  lines  in  fig.  3.  The  drains  on 
both  the  battens  AD,  AC,  are  now  greatly  increafed. 

fihe  fame  confequences  refult  from  an  improper 
change  of  the  pofition  of  AC.  If  it  is  placed  as  in  fig. 

8,  the  drains  on  both  are  vaftly  increafed.  In  fhort, 
the  rule  is  general ;  that  the  more  open  we  make  the 
angle  againil  which  the  pofti  is  exerted,  the  greater  are 
the  drains  which  are  brought  on  the  ftrutsor  ties  which 
form  the  fides  of  the  angle. 

The  reader  may  not  readily  conceive  the  piece  AC 
of  fig.  8.  as  f u darning  a  compredion  ;  for  the  weight 
B  appears  to  hang  from  AC  as  much  a3  from  AD. 
But  his  doubts  will  be  removed  by  confidering  whether 
•  be  could  employ  a  rope  in  place  of  AC.  He  cannot  : 
But  AD  may  be  exchanged  for  a  rope.  AC  is  there¬ 
fore  a  drut,  and  not  a  tie. 

In  fig  9.  AD  is  again  a  drut,  butting  on  the  block 
J),  and  AC  is  a  tie  ;  and  the  batten  AC  may  be  re¬ 
placed  by  a  rope.  While  AD  is  compreded  by  the 
force  AG,  AC  is  d retched  by  the  force  AF. 

If  we  give  AC  the  pofition  reprefented  by  the  dotted 
lines,  the  compredion  of  AD  is  now  AG',  and  the  force 
ft  1  etching  AC  is  now  AH  ;  both  much  greater  than 
they  were  before.  This  difpofition  is  analogous  to  fig. 

8.  and  to  the  dotted  lines  in  fig.  3.  Nor  will  the  young 
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artift  have  any  doubts  cf  AC'  being  on  the  ftretcb,  if 
he  confider  whether  AD  can  be  replaced  by  a  rope. 
It  cannot,  but  AC'  may  ;  and  it  is  therefore  not  com¬ 
preded,  but  ftretched. 

In  fig.  ic.  all  the  three  pieces,  AC,  AD,  and  A3, 
a^e  tI#es»  ori  the  ftretch.  This  is  the  complete  inverfioa 
3-  »  the  dotted  pofition  of  AC  induces  the 
fame  changes  in  the  forces  AF,  AG',  as  in  fig.  3. 

1  hus  have  we  gone  over  all  the  varieties  which  can 
happen  in  the  bearings  of  three  pieces  on  one  point.  All 
calculations  about  the  ftrength  of  carpentry  are  redu¬ 
ced  to  this  cafe  :  for  when  more  ties  or  braces  meet  in 
a  point  (a  fhing  that  raiely  happens),  we  reduce  them 
to  three,  by  fubftituting  for  any  two  the  force  which 
1  el ults  trom  their  combination,  and  then  combining  thia 
with  another  ;  and  fo  on 

The  young  artift  muft  be  particularly  careful  not  to 
miltake  the  kmd  of  ftrain  that  is  exerted  on  any  piece 
.  ,  framing,  and  fuppofe  a  piece  to  be  a  brace  which 

is  really  a  tie.  It  is  very  eafy  to  avoid  all  nuftakts  in 
this  matter  by  the  following  rule,  which  has  no  excep- 
tion.  r 
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ake  notice  o  the  dire&ion  in  which  the  piece  afts  Rule  for 
from  winch  the  ftrain  proceeds  Draw  a  line  in  that  diAinguslh* 
direction  from  the  point  on  which  the  drain  is  exerted-  ,n*  thie  ca- 
and  let  its  length  (meafured  on  fome  fcale  of  equal  ,^,‘Tnd 
parts)  exprefs  the  magnitude  of  this  adion  in  pounds,  mention 
huiiureds,  or  ton3.  hrom  its  remote  extremity  draw 
lines  parallel  to  the  pieces  on  which  the  ftrain  is  exert, 
u  ^  feline  parallel  to  one  piece  will  neceffarily  cut 
the  other,  or  its  dire&ion  produced  :  If  it  cut  the  piece' 
itlelf,  that  p  ece  is  compreiTed  by  the  ftrain,  and  it  is 
performing  the  office  of  a  Unit  or  brace  :  if  it  cut  its 
dneftion  produced,  the  piece  is  ftietchcd,  and  it  is  a 
tie.  In  ihort,  the  ftrains  on  the  pieces  AC,  AD,  are 
to  be  eftimated  in  the  direftion  of  the  points  F  and  G 
from  the  {trained  point  A.  Thus,  in  fig  3.  the  up. 
right  piece  BA,  loaded  with  the  weight  B,  preffes  the 
point  A  in  the  direction  AE  :  fo  does  the  rope  AB 
in  the  other  figures,  or  the  batten  AB  in  fig.  5. 

In  general,  if  the  {training  piece  is  within  the  angle 
formed  by  the  pieces  which  are  (trained,  the  ftrains 
which  they  fuilain  are  of  the  oppofite  kind  to  that 
which  it  exerts.  If  it  be  pufhing,  they  are  drawing  ; 
but  if  it  be  within  the  angle  formed  by  their  diredions 
produced,  the  ftrain3  which  they  fuftain  are  of  the  fame 
kind.  All  the  three  are  either  drawing  or  preffing.  If 
the  ft  raining  piece  lie  within  the  angle  formed  by  one 
piece  and  the  produced  direftion  of  the  other,  its  own 
ftrain,  whether  compreffion  or  extenfion,  is  of  the  fame 
kind  with  that  of  the  moft  remote  of  the  other  two, 
and  oppofite  to  that  of  the  neareft.  Thus,  in  fig.  9’ 
where  AB  is  drawing,  the  remote  piece  AC  is  alfo 
drawing,  while  AD  is  pulhing  or  refilling  compreffion. 

In  all  that  has  been  faid  on  this  fubjedl,  we  have  not 
fpoken  of  any  joints.  In  the  calculations  with  which 
we  are  occupied  at  prefent,  the  refiltance  of  joints  has 
no  fhare  ;  and  we  muft  not  fuppofe  that  they  exert  any 
force  which  tends  to  prevent  the  angles  from  changing. 

The  joints  are  fuppofed  perfectly  flexible,  or  to  be°like 
compafs  joints  ,•  the  pin  of  which  only  keeps  the  pieces 
together  when  one  or  more  of  the  pieces  draws  or  pulls.  \ 

The  carpenter  muft  always  fuppofe  them  all  compafs 
joints  when  he  calculates  the  thrullsand  draughts  of  the 
different  pieces  of  his  frames.  The  ftrains  on  joints, 

^  and 
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and  their  power  to  produce  or  balance  them,  are  of  a 
different  kind,  and  require  a  very  different  examination. 
General  ex-  Seeing  that  the  angles  which  the  pieces  make  with 
j  reffio  i  of  gjch  other  are  of  fuch  importance  to  the  magnitude 
tire  nr.agni-  an(i  tbe  prop0rt;on  0f  the  excited  ftrains,  it  is  proper  to 
fttaLf  tU  find  out  fome  way  of  readily  and  compendioufly  concei- 
ving  and  exp  re  fling  this  analogy.  ^  . 

In  general,  the  (train  on  any  piece  is  proportional  to 
the  (training  force.  I  his  is  evident.  .  . 

Secondlv,  the  (train  on  any  piece  AC  is  proportional 
to  the  fine  of  the  angle  which  the  (training  force  makes 
with  the  other  piece  diredly,  and  to  the  line  of  the 
angle  which Ahe  pieces  make  with  each  other  inverfely. 

For  it  is  plain,  that  the  three  preffures  AE,  AF, 
and  AG,  which  are  exerted  at  the  point  A,  are  in  the 
proportion  of  the  lines  AE,  Ah,  and  FE  (became  IE 
j3  equal  to  AG).  .But  becaufe  the  Tides  of  a  triangle 
are  proportional  to  the  fines  of  the  oppoiite  angles,  the 
ftrains  are  proportional  to  the  fines  of  the  angles  ArE, 
AEF,  and  FAE.  But  the  fine  of  AFE  is  the  fame 
with  the  fine  of  the  angle  CAD,  which  the  two  pieces 
AC  and  AD  make  with  each  other  ;  and  the.  line  ot 
AEF  is  the  fame  with  the  fine  of  EAD,  which  the 
(training  piece  BA  makes  with  the  piece  AC.  There- 
fore  we  have  this  analogy,  Sin.  CAD  :  Sin.  EAD  — 
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ciple  that  the  mutual  preffures  of  folid  bodies  are  exert*  yfthea 
ed  perpendicular  to  their  touching  furfaces,  this 
lance  of  preffures,  in  framings  of  timbers,  depends  on  L0  * 


AE  :  AF,  and  AF  =  AE  X 


Sin.  EAD 


_ — Now  the 

Sin.  CAD 

fine  of  angles  are  moft  conveniently  conceived  as  deci¬ 
mal  fraflions  of  the  radius,  which  is  confidered  as  uni¬ 
ty.  Thus,  Sin.  30°  is  the  fame  tiling  with  0,5,  or  i  ; 
and  fo  of  others.  Therefore,  to  have  the  ftrain  on  AC, 
arifing  from  any  load  AE  ading  in  the  direction  AE, 
multiply  AE  by  the  fine  of  EAD,  and  divide  the  pro- 
duft  by  the  line  of  CAD. 

This  rule  (hews  how  great  the  ftrains  mult  be  when 
the  angle  CAD  becomes  very  open,  approaching  to 
180  degrees.  But  when  the  angle  CAD  becomes  very 
fmall,  its  fine  (which  is  our  divifer)  is  alfo  very  (mail ; 
and  we  (hould  expea  a  very  great  quotient  in  this  cafe 
alfo.  But  we  muft  obierve.  that  in  this  cafe  the  fine  of 
EAD  is  alfo  very  fmall  ;  and  this  is  our  multiplier.  In 
fuch  a  cafe,  the  quotient  cannot  exceed  unity. 

But  it  is  unneceffary  to  conlider  the  calculation  by 
the  tables  of  fines  more  particularly.  The  angles  are 
feldom  known  any  othervvife  but  by  drawing  the  figure 
of  the  frame  of  carpentry.  In  this  cafe,  we  can  al¬ 
ways  obtain  the  meafures  of  the  ftrains  from  the  fame 
fcale,  with  equal  accuracy,  by  drawing  the  parallelo¬ 
gram  AFCG.  .  . 

airan.  10-  Hitherto  we  have  confidered  the  ftrains  excited  at 
pagated  to  A  only  as  they  affedf  the  pieces  on  which  they  are  ex  - 
the  points  erte(J.  But  the  pieces,  in  order  to  fuftain,  or  be  fubjeft 
ef  fupport.  t0j  any  ftram)  muft  be  fupported  at  their  ends  C  and 
j)’.  an(j  we  may  confider  them  as  mere  intermediums, 
by ’which  thefe  ftrains  are  made  to  a&  on  thofe  points 
of  fupport :  Therefore  AF  and  AG  are  alio  mea¬ 
fures  of  the  forces  which  prefs  or  pull  at  C  and  D. 
Thus  we  learn  the  fupports  which  muft  be  found  for 
thefe  points.  Thefe  may  be  infinitely  various.  We 
{hall  attend  only  to  fuch  as  fomeliow  depend  on  the 
,t  framing  itfelf. 

Aaion  of  a  Such  a  ftruAurt  as  fig.  1 1.  very  frequently  occurs, 
{training  where  a  beam  BA  is  (Irongly  preffed  to  the  end.  oi  .an- 
beam.  otjier  beam  AD,  which  is  prevented  from  yielding, 

both  becaufe  it  lies  on  another  beam  HD-  and  becaufe 
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its  end  D  is  hindered  from  Aiding  backwards.  It  is  in* 
different  from  what,  this  preffure  ariles  :  we  have  re- 
prefented  it  as  owing  to  a  weight  hung  on  at  B,  while 
B  is  withheld  from  yielding  by  a  rod  or  rope  hooked 
to  the  wall.  The  beam  AD  may  be  fuppofed  at  full 
liberty  to  exert  all  its  preffure  on  D,  as  if  it  were  (up- 
ported  on  rollers  lodged  in  the  beam  HI);  but  the 
loaded  beam  BA  preffes  both  on  the  learn  AD  and  ou 
HD.  We  wifli  only  to  know  what  (train  is  borne  by 
AD? 

All  bodies  ad  on  each  other  in  the  diredion  perpen¬ 
dicular  to  their  touching  furfaces  ;  therefore  the  Tup-' 
port  given  by  HD  is  in  a  diredion  perpendicular  to  it. 

We  may  therefore  fupply  its  place  at  A  by  a  beam 
AC,  perpendicular  to  HD,  and  firmly  fupported  at  C. 

In  this  cafe,  therefore,  we  may  take  AE,  as  before,  to 
reprefent  the  preffure  exerted  by  the  loaded  beam,  and 
draw  EG  perpendicular  to  AD,  and  EF  parallel  to  it, 
meeting  the  perpendicular  AC  in  b.  ft  hen  AG  is  t}re 
ftrain  coinprefling  AD,  ard  AF  is  the  preffure  on  the 
beam  HD. 

It  may  be  thought,  that  fince  we  affume  as  a  prin-Thc  font 
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the  directions  of  their  butting  joints  :  but  it  docs  iiot,a*ice. 
as  will  readily  appear  by  confideriiag  the  prefent  cafe. 

Let  the  joint  or  abutment  of  the  two  pieces  BA,  AD 
be  mitred,  indie  ufual  manner,  in  the  diredion  /A/'. 
Therefore,  it  A  e  be  drawn  perpendicular  to  A /,  it 
will  be  the  diredion  of  the  adual  preffure  exerted  by 
the  loaded  beam  BA  on  the  beam  AD.  But  the  re¬ 
action  of  AD,  in  the  oppofite  diredion  At,  will  not 
balance  the  preffure  of  BA  ;  becaufe  it  is  not  in  the  di¬ 
redion  precisely  oppofite.  BA  will  therefore  flide 
along  the  joint,  and  prefs  on  the  beam  HD.  AE  re- 
prefents  the  load  on  the  mitre  joint  A.  Draw  E  e  per¬ 
pendicular  to  Ae,  and  E /  parallel  to  it.  The  preffure 
AE  will  be  balanced  by  the  readions  e  A  and /  A  :  or, 
the  preffure  AE  produces  the  preffures  Ae  and  A / ; 
of  which  A /  muft  be  refilled  by  the  beam  HD,  and 
A  e  by  the  beam  AD.  The  preffure  Af  not  being 
perpendicular  to  HD,  cannot  be  fully  refilled  by  it  ; 
becaufe  (by  our  affumed  principle)  it  reads  only  in 
a  diredion  perpendicular  to  its  furfnee.  Therefore  draw 
f ptfi  parallel  to  HD,  and  perpendicular  to  it.  The 
preffure  A /  will  be  refilled  by  HD  with  the  force  p  A  ; 
hut  there  is  required  another  force  i  A,  to  prevent  the 
beam  BA  from  (lipping  outwards.  This  muft  be  furnifh- 
ed  by  the  readion  of  the  beam  DA. —  In  like  manner, 
the  other  force  A  e  cannot  be  fully  refilled  by  the  beam 
AD,  or  rather  by  the  prop  D,  ading  by  the  interven¬ 
tion  of  the  beam  ;  for  the  adion  of  that  prop  is  exert¬ 
ed  through  ‘the  beam  in  the  diredion  DA.  The 
beam  AD,  therefore,  is  preffed  to  the  beam  HD  by 
the  force  A  e,  as  well  as  by  A  f  To  find  what  this 
preffure  on  HD  is,  draw  eg  perpendicular  to  HD,  and 
eo  parrallel  to  it,  cutting  EG  in  r.  The  forces^  A 
and  0  A  will  refill,  and  balance  A  e. 

Thus  we  fee,  that  the  two  forces  A  e  and  A  f  which 
are  equivalent  to  AE,  are  equivalent  alfo  to  Ap,  A  i, 

A  0 ,  and  A  g.  But  becaufe  Af  and  e  E  are  equal  and  pa¬ 
rallel,  and  E  r  and  fi  are  alfo  parallel,  as  alfo  er  and 
fp,  it  is  evident,  that  i f  is  equal  to  r  E,  or  to  o  F,  and 
i  A  is  eaual  to  re,  or  to  Gg*  Therefore  the  four  forces* 
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A g,  As,  A p,  A?,  arc  equal  to  AG  and  AF.  There¬ 
fore  AG  is  the  compreffion  of  the  beam  AD,  or  the 
foice  preffing  it  on  D,  ami  AF  is  the  force  prefling  it 
on  the  beam  IID.  The  proportion  of  thefe  preflures,- 
therefore,  is  not  afFedled  by  the  form  of  the  joint. 

This  remark  is  important;  for  many  carpenters  think 
the  form  and  direction  of  the  butting  joint  of  great 
importance  ;  and  even  the  theorift,  by  not  profecuting 
the  general  principle  through  all  its  confequences,  may 
be  led  into  an  error.  The  form  of  the  joint  is  of  no 
importance,  in  as  far  as  it  affe£b  the  ftrains  in  the  direc¬ 
tion  of  the  beams;  but  it  is  often  of  great  confequence, 
in  refped  to  its  own  firmnefs,  and  the  efFeft  it  may 
have  in  bruifing  the  piece  on  which  it  adts,  or  being 
I3  crippled  by  it 

igir  of  The  fame  compreflion  of  A  B,  and  the  fame  thruft  on 
:  ft-ain  the  point  D  by  the  intervention  of  AD,  will  obtain,  in 
a  tie’  whatever  way  the  original  prefiure  on  the  end  A  is  pro¬ 
duced.  Thus  fuppofing  that  a  chord  is  made  fait  at 
A,  and  pulled  in  the  direction  AE,  and  with  the  fame 
force,  the  beam  AD  will  be  equally  comprefied,  and 
the  prop  D  muft  readl  with  the  fame  force. 

But  it  often  happens  that  the  obliquity  of  the 
prefiure  on  AD,  inftead  of  comprefling  it,  ftretches  it ; 
and  we  defire  to  know  what  tenflon  it  fuftains.  Of  this 
we  have  a  familiar  example  in  a  common  roof.  Let 
the  two  rafters  AC,  AD  (fig.  12. ),  prefs  on  the  tie- 
beam  DC.  We  may  fuppoie  the  whole  weight  to  prefs 
vertically  on  the  ridge  A,  as  if  a  weight  B  were  hung 
on  there.  We  may  repiefent  this  weight  by  the  por¬ 
tion  A  b  of  the  vertical  or  plumb  line>  intercepted  be¬ 
tween  the  ridge  and  the  beam.  Then  drawing  b  f  and 
bg  parallel  to  AD  and  AC,  Ag  and  A  f  will  reprefent 
the  preflures  on  AC  and  AD.  Produce  AC  till  CH 
be  equal  to  A  f.  The  point  C  is  forced  out  in  this  di¬ 
rection,  and  with  a  force  reprefented  by  this  line.  As 
this  force  is  not  perpendicularly  acrofs  the  beam,  it  evi¬ 
dently  ftretches  it;  and  this  extending  force  muft  be 
withltood  by  an  equal  force  pulling  it  in  the  oppofite 
direction.  This  muft  arife  from  a  fimilar  oblique  thruft 
of  the  oppofite  rafter  on  the  other  end  D.  We  con¬ 
cern  ourfelves  only  with  this  cxtenfion  at  prefent  ;  but 
,  we  fee  that  the  cohcfion  of  the  beam  does  nothing  but 
fupply  the  balance  to  the  extending  forces.  It  muft 
ftill  be  fupported  externally,  that  it  may  rejjl ,  and,  by 
refilling  obliquely,  be  ftretched.  The  points  C  and  D 
are  fupported  on  the  walls,  which  they  prels  in  the  di¬ 
rections  CK  and  DO,  parallel  to  A  b.  If  we  draw  HK 
parallel  to  DC,  and  HI  parallel  to  CK  (that  is,  to  A£), 
meeting  DC  produced  in  1,  it  follows  from  the  com- 
pofition  of  forces,  that  the  point  C  would  be  fupported 
by  the  two  forces  KC  and  IC.  In  like  manner,  ma¬ 
king  DN  —  A^*,  and  completing  the  parallelogram 
I)MNO,  the  point  D  would  be  fupported  by  the  forces 
OD  and  MD.  If  we  draw^o  and  fit  parallel  to  DC, 
it  is  plain  that  they  are  equal  to  NO  and  CK,  while 
A  o  and  A  k  are  equal  to  DO  and  CK,  and  A  b  is 
equal  to  the  fum  of  DO  and  CK  (becaufe  it  is  equal  to 
Ao  Ai).  The  weight  of  the  roof  is  equal  to  its 
vertical  prefiure  on  the  walls. 

Thus  we  fee,  that  while  a  prefiure  on  A,  In  the  di¬ 
rection  A  b,  produces  the  drains  A f  and  A^,  on  the 
pieces  AC  and  AD,  it  alfo  excites  a  ftrain  Cl  or  DM 
in  the  piece  DC.  And  this  completes  the  mechanifm 
cf  a  frame ;  for  all  derive  their  efficacy  from  the  tri¬ 


angles  of  which  they  are  compofed,  as  v/ill  appear  more 
clearly  as  we  proceed. 

But  there  is  more  to  be  learned  from  this.  The  Externa! 
confideration  of  the  ftrains  on  the  two  pieces  AD  andaftion  of  a 
AC,  by  the  action  of  a  force  at  A,  only  jfhewed  themframe* 
as  the  means  of  propagating  the  fame  drains  in  their 
own  direction  to  the  points  of  fnpport.  But,  by  add¬ 
ing  the  flrains  exerted  in  DC,  we  fee  that  the  frame 
becomes  an  intermedium,  by  which  exertions  may  be 
made  on  other  bodies,  in  certain  directions  and  propor¬ 
tions  ;  fo  that  this  frame  may  become  part  of  a  more 
complicated  one,  and,  as  it  were,  an  element  of  its  con- 
ftitution.  It  is  worth  while  to  afeertain  the  proportion 
of  the  preflures  CK  and  DO,  which  are  thus  exerted 
on  the  walls.  The  fimilarity  of  triangles  gives  the  fol¬ 
lowing  analogies : 

DO  :  DM  =r  A  £  :  £  D 
Cl,  or  DM  ;  CK=Ci  :  A  b 
Therefore  DO  :  CK  =  C  b  :  b  D. 

Or,  the  preffures  on  the  points  C  and  D,  in  the  direction 
of  the  Jl  raining  force  A  b,  are  reciprocally  proportional  to 
the  portions  of  DC  intercepted  by  A  b. 

Alfo,  fince  A  b  is  ==  DO  +  CK,  we  have 
A  b  :  CK  =  C  b  +  b  D  (or  CD)  :  b  D,  and 
Ab  :  DO  =  CD  :  b  C. 

In  general,  any  two  of  the  three  parallel  forces  A  b3 
DO,  CK,  are  to  each  other  in  the  Reciprocal  propor¬ 
tion  of  the  parts  of  CD,  intercepted  between  their  di« 
regions  and  the  direClion  of  the  third. 

And  this  explains  a  ftill  more  important  office  of  the 
frame  ADC.  If  one  of  the  points,  fuch  as  D,  be  fup¬ 
ported,  an  external  power  acting  at  A,  in  the  direction 
A  b ,  and  with  an  intenfity  which  may  be  meafured  by 
A  b,  may  be  fet  in  equilibrio,  with  another  aCting  at  C, 
in  the  direction  CL,  oppofite  to  CK  or  A  b,  and  with 
an  intenfity  reprefented  by  CK  :  for  fince  the  prefiure 
CH  is  partly  withftood  by  the  force  IC,  or  the  firmnefs 
of  the  beam  DC  fupported  at  D,  the  force  KC  will 
complete  the  balance.  When  we  do  not  attend  to  the 
fupport  atD,  we  conceive  the  force  A  b  to  be  balanced 
by  KC,  or  KC  to  be  balanced  by  A  b.  And,  in  like 
manner,  we  may  negleCl  the  fupport  or  force  acting  at 
A,  and  confider  the  force  DO  as  balanced  by  CK- 

Thus  our  frame  becomes  a  lever,  and  we  are  able  to  r  become? 
trace  the  interior  mechanical  procedure  which  gives  it  a  lever, 
its  efficacy:  it  is  by  the  intervention  of  the  forces  of 
cohefion,  which  conned  the  points  to  which  the  external 
forces  are  applied  with  the  fupported  point  or  fulcrum, 
and  with  each  other. 

Thefe  {trains  or  preflures  A  bt  DO,  and  CK,  not  be¬ 
ing  in  the  directions  of  the  beams,  may  be  called  tranf- 
verfe.  We  fee  that  by  their  means  a  frame  of  carpen¬ 
try  may  be  confider ed  as  a  folid  body:  but  the  example 
which  brought  this  to  our  view  is  too  limited  for  ex¬ 
plaining  the  efficacy  which  may  be  given  to  fuch  con- 
ftruClions.  We  fhall  therefore  give  a  general  propofi- 
tion,  which  will  more  diftin&ly  explain  the  procedure 
of  nature,  and  enable  us  to  trace  the  ftrains  as  they  are 
propagated  through  all  the  parts  of  the  mod  complica¬ 
ted  framing,  finally  producing  the  exertion  of  its  mod 
diftant  points. 

We  prefume  that  the  reader  is  now  pretty  well  habi-Gei  eral 
tuated  to  the  conception  of  the  ftrains  as  they  are  pro-  propofi- 
pagated  along  the  lines  joining  the  points  of  a  frame, tl0n* 
and  we  ffiall  therefore  employ  a  very  fimple  figure. 

X  2  Let 
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Let  the  ftrong  lines  ACBD  (fig.  13.)  reprefent  a 
frame  of  carpentry.  Suppofe  that  it  is  pulled  at  the 
point  A  by  a  force  a£ling  in  the  dire&ion  AE,  but 
that  it  reds  on  a  fixed  point  C,  and  that  the  other  ex¬ 
treme  point  B  is  held  back  by  a  power  which  refifls  in 
the  direddion  BF  :  It  is  required  to  determine  the  pro¬ 
portion  of  the  drains  excited  in  its  different  parts,  the 
proportion  of  the  external  preffures  at  A  and  B,  and 
the  preffure  which  is  produced  on  the  obftacle  or  ful¬ 
crum  C? 

It  is  evident  that  each  of  the  extern?.!  forces  at  A 
and  B  tend  one  way,  or  to  one  fide  of  the  frame,  and 
that  each  would  caufe  it  to  turn  round  C  if  the  other 
did  not  prevent  it ;  and  that  if,  notwithflanding  their  ac¬ 
tion,  it  is  turned  neither  way,  the  forces  in  adfual  exer¬ 
tion  are  in  equilibrio  by  the  intervention  of  the  frame. 
It  is  no  lefs  evident  that  thefe  forces  concur  in  pr effing 
the  frame  on  the  prop  C.  Therefore,  if  the  piece  CD 
were  away,  and  if  the  joints  C  and  D  be  perfe&ly  flexi¬ 
ble,  the  pieces  CA,  CB  would  be  turned  round  the  prop 
C,  and  the  pieces  AD,  DB  would  alfo  turn  with  them, 
and  the  whole  frame  change  its  form.  This  fhews, 
by  the  way,  and  we  defire  it  to  be  carefully  kept  in 
mind,  that  the  firmnefs  or  ftiffnefs  of  framing  depends 
entirely  on  the  triangles  bounded  by  beams  which  are 
contained  in  it.  An  open  quadrilateral  may  always 
change  its  (hape,  the  Tides  revolving  round  the  angles. 
A  quadrilateral  may  have  an  infinity  of  forms,  without 
any  change  of  its  fides,  by  merely  pufhing  two  oppo- 
fite  angles  towards  each  other,  or  drawing  them  afun- 
der.  But  when  the  three  fides  of  a  triangle  are  deter¬ 
mined,  its  fhape  is  alfo  invariably  determined  ;  and  if 
two  angles  be  held  faft,  the  third  cannot  be  moved.  It 
is  thus  that,  by  inferting  the  bar  CD,  the  figure  be¬ 
comes  unchangeable  ;  and  any  attempt  to  change  it  by 
applying  a  force  to  an  angle  A,  immediately  excites 
forces  of  attra&ion  or  repulfion  between  the  particles 
of  the  fluff  which  form  its  fides.  Thus  it  happens,  in 
the  piefent  inftance,  that  a  change  of  fhape  is  prevented 
by  the  bar  CD.  He  power  at  A  preffes  its  end  againft 
the  prop ;  and  in  doing  this  it  puts  the  bar  AD  ®n  the 
ftretch,  and  alfo  the  bar  DB.  Their  places  might  there¬ 
fore  be  fupplied  by  cords  or  metal  wires.  Hence  it  is 
evident  that  DC  is  compreffed,  as  is  alfo  AC :  and,  for 
the  fame  reafon,  CB  is  alfo  in  a  ftate  of  compieffion  ; 
for  either  A  or  B  may  be  confidered  as  the  point  that 
is  impelled  or  withheld.  Therefore  DA  and  DB  are 
ftretched,  and  are  refilling  with  attra&ive  forces.  DC 
and  CB  are  compreffed,  and  are  refilling  with  repulfive 
forces.  DB  is  alfo  ading  with  repulfive  forces,  being 
comprefied  in  like  manner :  and  thus  the  fupport  of 
the  prop,  combined  with  the  firrnnefs  of  DC,  puts  the 
frame  ADBC  into  the  condition  of  the  two  frames  in 
%.  8.  and  fig.  9,  .  Therefore  the  external  force  at  A 
is  really  in  equilibrio  with  an  attra&ing  force  ading  in 
the  diredion  AD,  and  a  repulfive  force  ading  in  the 
diredion  AK.  And  fince  all  the  conneding  forces  are 
mutual  and  equal,  the  point  D  is  pulled  or  drawn  in  the 
diredion  DA.  The  condition  of  the  point  B  is  firm- 
lar  to  that  of  A,  and  D  is  alfo  drawn  in  the  diredion 
DB.  .  thus  the  point  D,  being  urged  by  the  forces  in 
the  diredion s  DA  and  DB,  prefixes  the  beam  DC  on 
the  prop,  and  the  prop  refifls  in  the  oppofite  diredion 
Therefore  the  line  DC  is  the  diagonal  of  the  parallel^ 
gram,  whofe  fides  have  the  proportion  of  the  forces 
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which  conned  D  with  A  and  B.  This  13  the  prm. 
ciple  on  which  the  reft  of  our  inveftigaticn  pioceeds. 
We  may  take  DC  as  the  reprefentation  and  meafure  of 
their  joint  efftd.  Therefore  draw  CH,  CG,  parallel 
to  DA,  DB.  Draw  HL,  GO,  parallel  to  CA,  CB, 
cutting  AE,  BF  in  L  and  O,  and  cutting  DA,  DB 
in  I  and  M.  Complete  the  parallelograms  ILKA, 
MONB.  Then  DG  and  A I  are  the  equal  and  oppo¬ 
fite  forces  which  conned  A  and  D  ;  for  GD  =  CH, 
=z  AI.  In  like  manner  DH  and  BM  are  the  forces 
which  conned  D  and  B. 

The.  external  force  at  A  is  in  immediate  equilibrio 
with  the  combined  forces,  conneding  A  with  D  and 
with  C.  A I  is  one  of  them;  Therefore  AK  is  the 
other ;  and  AL  is  the  compound  force  with  which 
the  external  force  at  A  is  in  immediate  equilibrium. 
This  external  foice  is  therefore  equal  and  oppofite  to 
AL.  In  like  manner,  the  external  force  at  B  is  equal 
and  oppofite  to  BO  j  and  AL  is  to  BO  as  the  exter¬ 
nal  force  at  A  to  the  external  force  at  B.  The  prop 
C  relifts  with  forces  equal  to  thofe  which  are  propagated 
tO’it  from  the  points  D,  A,  and  C.  Therefore  it  re~ 
fills  with  forces  CH,  CG,  equal  and  oppofite  to  DG, 
DH  ;  and  it  refills  the  compreflions  KA,  NB,  with 
equal  and  oppofite  forces  C  /£,  C  n>  Draw  i  /,  no  pa¬ 
rallel  to  AD,  BD,  and  draw  C  / Q^,  C  0  P  :  It  is  plain 
that  k  CH  l  is  a  parallelogram  equal  to  KAIL,  and  that 
C  /  is  equal  to  AL.  In  like  manner  C  0  is  equal  to 
BO.  Now  the  forces  C£,  CH,  exerted  by  the  prop, 
compofe  the  force  C  l;  and  C  «,  CG  compoie  the  force 
C  0.  Thele  two  forces  C  /,  C  0  are  equal  and  parallel 
to  AL  and  BO ;  and  therefore  they  are  equal  and  op* 
pofite  to  the  external  forces  ading  at  A  and  B.  But 
they  are  (primitively)  equal  and  oppofite  to  the  pref* 
fures  (or  at  leall  the  compounds  of  the  preffures)  exert¬ 
ed  on  the  prop,  by  the  forces  propagated  to  C  from 
A,  D,  and  B.  Therefore  the  preffures  exerted  on  the 
prop  are  the  fame  as  if  the  external  forces  were  applied 
there  in  the  fame  diredions  as  they  are  applied  to  A 
and  13.  Now  it  we  make  CV,  CZ  equal  to  C  /  and  Cc, 
and  complete  the  parallelogram  CVYZ;  it  is  plain  that 
the  force  YC  is  in  equilibrio  with  / C  and  oC .  There* 
fore  the  preffures  at  A,  C,  and  B,  are  fuch  as  would 
balance  if  applied  to  one  point. 

Laftly,  in  order  to  determine  their  proportions,  draw 
CS  and  CR  perpendicular  to  DA  and  DB.  .ft  lio  draw 
A  J,  13/ perpendicular  to  CQ^and  CP;  and  draw  C^,, 
C  i  perpendicular  to  AE,  BF. 

i  he  triangles  CP R  and  BP/  are  fimilar,  having  a 
common  angle  P,  and  a  right  angle  at  R  and  / 

In  like  manner  the  triangles  CQS  and  A Qj/  are  fi- 
milar.  Alfo  the  triangles  CHR,  CGS  are  fimilar,  by 
reafon  of  the  equal  angles  at  H  and  G,  and  the  right 
angles  at  R  and  6.  Hence  we  obtain  the  following 
analogies  : 

C  0  ;  CP  =  O  n  :  PB,  =  CG  :  PB 
CP:  01=  PB:/B 

CRrCSrr  CH  : 

CS:CQ=  Ad: 

CQj,  C/  =  AQiKl,  =  AQj 

Therefore,  by  equality, 

C  0  ;  C  /  =  A  d  :/B 

or  BO  :  AL=  C  g  :  Ci. 

That  is,  the  external  forces  are  reciprocally  propor¬ 
tional 


CG 

ACL 

CH 
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tionsl  to  the  perpendiculars  drawn  from  the  prop  on 
the  lines  of  their  dire&ion  (a). 

rcnfive  This  propofition  ( fufficiently  generaL  for  our  pur- 
, ,]  fequen*  pofe)  is  fertile  in  confequences,  and  furnifhes  many  ufe- 
t  ful  indru&ions  to  the  artid.  The  drains  LA,  OB, 

CY,  that  are  excited,  occur  in  many,  we  may  fay  in  all, 
framings  of  carpentry,  whether  for  edifices  or  engines, 
and  are  the  fources  of  their  efficacy.  It  is  alfo  evident, 
that  the  doctrine  of  the  tranfverfe  flrength  of  timber  is 
contained  in  this  propofition  ;  for  every  piece  of  timber 
may  be  confidered  as  an  aflemblage  of  parts,  connected 
by  forces  which  a&  in  the  dire&ion  of  the  lines  which 
join  the  drained  points  on  the  matter  which  lies  be¬ 
tween  thofe  points,  and  alfo  adl  on  the  red  of  the  mat¬ 
ter,  exciting  thofe  lateral  forces  which  produce  the  in¬ 
flexibility  of  the  whole.  Sec  Strength  of  Materials , 
Encycl. 

Thus  it  appears  that  this  propofition  contains  the 
principles  which  diredl  the  artid  to  frame  the  mod 
powerful  levers ;  to  fecure  uprights  by  (bores  cr  bra¬ 
ces,  or  by  ties  and  ropes  ;  to  fecure  fcaffoldings  for  the 
erection  of  fpires,  and  many  other  mod  delicate  pro¬ 
blems  of  his  art.  He  alfo  learns,  from  this  propofition, 
how  to  afeertain  the  drains  that  are  produced,  without 
his  intention,  by  pieces  which  he  intended  for  other  of- 

I  fices,  and  which,  by  their  tranfverfe  a&ion,  put  his  work 
in  hazard.  In  fhort,  this  propofition  is  the  key  to  the 
fcience  of  his  art. 

We  would  now  counfei  the  artid,  after  he  has  made 
fhe  tracing  of  the  (trains  and  thruds  through  the  va¬ 
rious  paits  of  a  frame  familiar  to  his  mind,  and  even 
amufed  himftU  with  fome  complicated  fancy  framings, 
to  read  over  with  care  the  articles  Strength  of  Materials 
and  Roof  in  the  Encyclopaedia  Britannica.  He  will 
now  conceive  its  do&rines  much  more  clearly  than  when 
he  was  confidering  them  as  abdra&  theories.  The  mu¬ 
tual  a&ion  of  the  woody  fibres  will  now  be  eafily  com¬ 
prehended,  and  his  confidence  in  the  refults  will  be 
greatly  increafed. 

There  is  a  propofition  (n°  19.  in  the  article  Roof) 

2  very  which  has  been  called  in  quettton  by  feveral  very  intelli- 
H  tort  ant  gent  performs  ;  and  they  fay  that  Relidor  has  demondra- 
c(ftion.  ted,  in  his  Science  des  Ingenieurx,  that  a  beam  firm¬ 
ly  fixed  at  both  ends  is  not  twice  as  drong  as  when 
fimply  lying  on  the  props,  and  that  its  drength  is  in¬ 


creafed  only  in  the  proportion  of  2  to  3  ;  and  they 
fupport  this  determination  by  a  lid  of  experiments  re* 
cited  by  Belidor,  which  agree  precifdy  with  it.  Belidor 
alfo  fays,  that  Pitot  had  the  fame  refult  in  his  experi¬ 
ments.  Thefe  are  refpe&able  authorities  :  but  Beli- 
dor’s  reafoning  is  any  thing  but  demondration  ;  and 
his  experiments  are  deferibed  in  fuch  an  imperfed  man* 
ner,  that  we  cannot  build  much  on  them.  It  is  not 
laid  in  what  manner  the  battens  were  fecured  at  the 
.  ends,  any  farther  than  that  it  was  by  chevalets.  If  by 
this  word  is  meant  a  trefsle,  we  cannot  conceive  how 
they  were  employed ;  but  we  fee  it  fometimes  ufed  for 
a  wedge  or  key.  If  the  battens  were  wedged  in  the 
holes,  their  refidance  tofradure  may  be  made  what  we 
pleafe :  they  may  be  loofe,  and  therefore  refid  little 
more  than  when  fimply  laid  on  the  props.  They  may 
be  (and  probably  were)  wedged  very  fad,  and  bruifecj 
or  crippled.  * 

Our  propofition  mentioned  didin&ly  the  fecurity 
given  to  the  ends  of  the  beams.  They  were  mortifed 
into  remote  pods.  Our  precife  meaning  was,  that  they 
were  fimply  kept  from  rifing  by  thefe  mortifes,  but  at 
full  liberty  to  bend  up  between  E  and  1,  and  between 
G  and  K.  Our  aflertion  was  not  made  from  theory 
alone  (although  we  think  the  reafoning  incontroverti¬ 
ble),  but  was  agreeable  to  numerous  experiments  made 
in  thofe  precife  circumdances.  Had  we  mortifed  the 
beams  firmly  into  two  very  dout  pods,  which  could  not 
be  drawn  nearer  to  each  other  by  bending,  the  beam 
would  have  borne  a  much  greater  weight,  as  we  have 
verified  by  experiment.  We  hope  that  the  following 
mode  of  conceiving  this  cafe  will  remove  all  doubts. 

Let  LM  be  a  long  beam  (fig.  14.)  divided  into  fix 
equal  paTts,  in  the  points  D,  B,  A,  C*  E.  Let  it  be 
firmly  fupported  at  L,  B,  C,  M.  Let  it  be  cut  thro* 
at  A,  and  have  compafs  joints  at  B  and  C.  Let  FB, 
GC  be  two  equal  uprights,  reding  on  B  and  C,  but 
without  any  connection. .  Let  AH  be  a  fimilar  and 
equal  piece,  to  be  occafionally  applied  at  the  feam  A. 
Now  let  a  thread  or  wire  AGE  be  extended  over  the 
piece  GC,  and  made  fad  at  A,  G,  and  E.  Let  the 
lame  thing  be  done  on  the  other  fide  of  A.  If  a  weight 
be  now  laid  on  at  A,  the  wires  AFJD,  AGE  will  be 
drained,  and  may  be  broken.  In  the  inftant  of  fra&urc 
we  may  fuppofe  their  drains  to  be  reprefented  by  A  f 

and 


(a)  The  learned  reader  will  perceive,  that  this  analogy  is  precifely  the  fame  with  that  of  forces  which  are  in 
equilibrio  by  the  intervention  of  a  lever.  In  fa£I,  this  whole  frame  of  carpentry  is  nothing  elfe  than  a  built  or 
framed  lever  in  equilibrio.  It  is  a&ing  in  the  fame  manner  as  a  folid,  which  occupies  the  whole  figure  comoref- 
fed  in  the  frame,  or  as  a  body  of  any  fize  and  fhape  whatever  that  will  admit  the  three  points  of  application 
A,  C,  and  B.  It  is  always  in  equilibrio  in  the  cafe  fird  dated  ;  hecaufe  the  preffiire  produced  at  B  by  a  force 
applied  to  A  is  always  fuch  as  balances  it.  The  reader  may  alfo  perceive,  in  this  propofition,  the  analyfis  or  tra¬ 
cing  of  thofe  internal  mechanical  forces  which  are  ir.difpenlably  requifite  for  the  fundlions  of  a  lever.  The  me¬ 
chanicians  have  been  extremely  puzzled  to  find  a  legitimate  demondration  of  the  equilibrium  of  a  lever  ever  fince 
the  days  of  Archimedes.  Mr  Vince  has  the  honour  ©f  fird  demonllrating,  mod  ingeniously,  the  principle  af- 
fumed  by  Archimedes,  but  without  fufficient  ground,  for  his  demondration  :  but  Mr  Vince’s  demondration  is 
only  a  putting  the  mind  into  that  perplexed  date  which  makes  it  acknowledge  the  propofition,  but  without  a 
clear  perception  of  its  truth.  The  difficulty  has  proceeded  from  the  abitnuft  notion  of  a  lever,  conceiving  it  as 
a  mathematical  line — inflex:ble,  without  reflt&ing  how  it  is  inflexible — for  the  very  fource  of  this  indifpeofable 
quality  furnifhes  the  mechanical  connexion  between  the  remote  prefiures  and  the  fulcrum  ;  and  this  fuppJies  the 
demondration  ^without  the  lead  difficulty)  of  the  defperate  cafe  of  a  draight  lever  urged  by  parallel  forces.-  See 
Dotation,  n°  1  i.  EncycL 
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and  A g,  Complete  the  parallelogram,  and  A  a  is  the 
magnitude  of  the  weight.  It  is  plain  that  nothing  is 
concerned  here  but  the  cohefion  of  the  wires  ;  for  the 
beam  is  fawed  through  at  A,  and  its  parts  are  perfectly 
moveable  round  B  and  C. 

Inftead  of  thisprocefs  apply  the  piece  AH  below  A, 
and  keep  it  there  by  ft  raining  the  fame  wire  BHC  over 
k.  Now  lay  on  a  weight.  It  mu  ft  prefs  down  the 
ends  of  BA  and  CA,  and  caufe  the  piece  AH  to  ftrain 
the  wire  BHC.  In  the  inftant  of  frafture  of  the  fame 
wire,  its  refi  (lances  H  h  and  H  c  muft  be  equal  to  A / 
and  A g,  and  the  weight  h  H  which  breaks  them  muft 
be  equal  to  A  a. 

Laftly,  employ  all  the  three  pieces  FB,  AH,  GC, 
with  the  fame  wire  attached  as  before.  There  can  be 
no  doiibt  but  that  the  weight  which  breaks  all  the  four 
wires  muft  be  a  A  -|-  h  H,  or  twice  A  a . 

The  reader  cannot,  but  fee  that  the  wires  perform  the 
very  fame  office  with  the  fibres  of  an  entire  beamLMheld 
faft  in  thefour  holesD,  B,C,andE,of  fome  upright  pofts. 

In  the  experiments  for  verifying  this,  by  breaking 
(lender  bars  of  fine  deal,  we  get  complete  demonftra- 
tion,  by  meafuring  the  curvatures  produced  in  the  parts 
of  the  beam  thus  held  down,  and  comparing  them  with 
the  curvature  of  a  beam  limply  laid  on  the  props  B  and 
C  :  and  there  are  many  curious  inferences  to  be  made 
from  thefe  obfervations,  but  we  have  not  room  for  them 
io  in  this  place. 

The  heft  ^  We  may  0bferve,  by  the  way,  that  we  learn  from  this 
framing  ca^e>  Pur^ns  are  ^ble  to  carry  twice  the  load  when 
purlins.  notched  into  the  rafters  that  they  carry  when  mortiled 
into  them,  which  is  the  moft  ufual  manner  of  framing 
them.  So  would  the  binding  joifts  of  doors  ;  but  this 
would  double  the  thicknefs  of  the  flooring.  But  this 
method  (hould  be  followed  in  every  pofiible  cafe,  fuch 
as  breaft  fummers,  lintels  over  feveral  pillars,  &c.  Thefe 
fhould  never  be  cut  off  and  mortifed  into  the  Tides  of 
every  upright ;  numberlefs  cafes  will  occur  which  fhew 
the  importance  of  the  maxim. 

We  muft  here  remark,  that  the  pronortion  of  the  fpa- 
ce?  BC  and  CM,  or  BC  and  LB,  has  a  very  fenlible 
effedt  on  the  ftrength  of  the  beam  BC  ;  but  we  have 
not  yet  fatisfied  our  minds  as  to  the  rationale  of  this  ef- 
effedl.  It  is  undoubtedly  conne&ed  with  the  Terpentine 
form  of  the  curve  of  the  beam  before  fradture.  This 
fhould  be  attended  to  in  the  conftrudtion  of  the  fprings 
of  carriages.  Thefe  are  frequently  fupported  at  a  middle 
point  (and  it  is  an  excellent  pradtice),  and  there  is  a 
certain  proportion  which  will  give  the  eafieft  motion  to 
the  body  of  the  carriage.  We  alfo  think  that  it  is  con¬ 
nected  with  that  deviation  from  the  beft  theory  obfer- 
vable  in  Buffon’s  experiments  on  various  lengths  of  the 
fame  fcantling.  The  force  of  the  beams  diminifhed 
much  more  than  in  the  inverfe  proportion  of  their 
ao  lengths. 

Tie*  are  m  We  have  feen  that  it  depends  entirely  on  the  pofition 

ter  than  et*of*  the  pieces  l#n  rt[Peft  of  their  Points  of  ultimate  lup- 
ftruts.  Port’  2nc*  tlie  direction  of  the  external  force  which 
produces  the  (trains,  whether  any  particular  piece  is  in 
a  date  of  extenfion  or  of  compreffion.  The  knowledge 
o*  this  circumftance  may  greatly  influence  us  in  the 
choice  of  the  conftruCtion.  In  many  cafes  we  may  fub- 
ftitute  (lender  iron  rods  for  maffive  beams,  when  the 
piece  is  to  aCt  the  part  of  a  tie.  But  we  muft  not  in¬ 
vert  this  difpofxtion;  for  when  apiece  of  timber  aCts  as 


a  ftrut,  and  is  in  a  date  of  compreffion,  It  Is  next  to 
certain  that  it  is  not  equally  compreffible  in  its  opnofite 
fides  through  the  whole  length  of  the  piece,  and  that 
the  compreffing  force  on  the  abutting  joint  is  not  act¬ 
ing  in  the  moft  equable  manner  all  over  the  joint.  A 
very  trifling  inequality  in  either  of  thefe  circumftances 
(efpecially  in  the  firft)  will  comprefs  the  beam  more  on 
one  lide  than  on  the  other.  This  cannot  be  without 
the  beam's  bending,  and  becoming  concave  on  that  fide 
on  which  it  is  molt  comprefled.  When  this  happens, 
the  frame  is  in  danger  of  being  cruffied,  and  foon  going 
to  ruin.  It  is  therefore  indifpenfably  neceffary  to  make 
ufe  of  beams  in  all  cafes  where  ftruts  are  required  of 
corffiderable  length,  rather  than  of  metal  rods  of  (lender 
dimcnfions,  unltfs  in  lituations  where  we  can  tffedtue.lly 
prevent  their  bending,  as  in  trufllng  a  girder  internally, 
where  a  call  iron  Itrut  may  be  firmly  cafed  in  it,  io  as 
not  to  bend  in  the  fmalleft  degree.  In  cafes  where  the 
prefifures  are  enormous,  as  in  the  very  oblique  ftruts  of 
a  centre  or  arch  frame,  we  muft  be  particularly  cautious 
to  do  nothing  which  can  facilitate  the  compreffion  of 
either  fide.  No  mortifes  (hould  be  cut  near  to  one  fide; 
no  lateral  pieffures,  even  the  flighted,  (hould  be  allow¬ 
ed  to  touch  it.  We  have  feen  a  pillar  of  fir  12  inches 
long  and  one  inch  in  fedtion,  when  loaded  with  three 
tons,  fnap  in  an  inftant  when  prefled  on  one  fide  by  16 
pounds,  while  another  bore  4I  tons  without  hurt,  be- 
caufe  it  was  inclofed  (looftly)  in  a  (lout  pipe  of  iron. 

In  fuch  cafes  of  enormous  compreffion,  it  is  of  great 
importance  that  the  compreffing  force  bear  equally  oil 
the  whole  abutting  furface.  The  German  carpenterd 
are  accuftomed  to  put  a  plate  of  lead  over  the  joint. 

This  prevents,  in  fome  meafure,  the  penetration  of  the 
end  fibres.  Mr  Perronet,  the  celebrated  French  ar- 
chitedl,  formed  his  abutments  into  arches  of  circles,  the 
centre  of  which  was  the  remote  end  of  the  ftrut.  By 
this  contrivance  the  unavoidable  change  of  form  of  the 
triangle  made  no  partial  bearing  of  either  angle  of  the 
abutment.  This  always  has  a  tendency  to  fplinter  off 
the  heel  of  the  beam  where  it  preffea  llrongeft.  It  is  a 
very  judicious  practice. 

When  circumftances  allow  it,  we  fhould  rather  em¬ 
ploy  ties  than  ftruts  for  fecuring  a  beam  againft  lateral 
drains.  When  an  upright  pillar,  fuch  as  a  fiag.ftaff,  a 
maft,  or  the  uprights  oLa  very  tall  fcaflfolding,  are  to  be 
fh oared  up,  the  dependence  is  more  certain  on  thofe 
braces  that  are  ftretched  by  the  ftrain  than  on  thofe 
which  are  comprefled.  The  fcaflfolding  of  the  iron 
bridge  near  Sunderland  had  fome  ties  very  judicioufly 
difpofed,  and  others  with  lefs  judgment. 

We  fhould  proceed  to  confider  the  tranfverfe  drains 
as  they  affedt  the  various  parts  of  a  frame  of  carpentry  ; 
but  we  have  very  little  to  add  to  what  has  been  laid 
already  in  the  article  Strength  of  Materials  (Encycl  } 
and  in  the  article  Roof.  What  we  (hall  add  in  this 
article  will  find  a  place  in  our  occafional  remaiks  on 
different  works.  It  may,  however,  be  of  ufe  to  recal  to 
the  reader’s  memory  the  following  propofitions.  2r 

1  When  a  beam  AB  (fig.  15.)  is  firmly  fixed  at  the  Genera 
end  A,  and  a  draining  force  adts  perpendicularly  to  itsthcoren| 
length  at  any  point  B,  the  ftrain  occafioned  at  any  fec-c^j% 
tion  C  between  B  and  A  is  proportional  to  CB,  andffrengt$ 
may  therefore  be  reprefented  by  the  produdt  WxCB;  beams, 
that  is,  by  the  product  of  the  number  of  tons,  pounds,  - 
&c.  which  meafure  the  (training  force,  and  the  number 
*  of 
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ef  fect,  inches,  &c.  contained  in  CB.  As  the  loads  on 
a  beam  are  eafily  conceived,  we  fhall  fubftitute  this  for 
any  other  draining  force. 

2.  If  the  drain  or  load  is  uniformly  diitributeu  along 
any  pQ.rt  of  the  beam  lying  beyond  C  (that  is,  further 
from  A),  the  drain  at  C  is  the  fame  as  if  the  load  were 
all  colle&ed  at  the  middle  point  of  that  part  ;  for  that 
point  is  the  centre  of  gravity  of  the  load. 

3.  The  drain  on  any  fedtion  D  of 
(fig.  16.)  reding  freely  on  two  props 

ADxDB  /r^  and  Strength  of 
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drained  by  the  force  w  applied  at  D,  we  mud  have 
AC  Xl)B  Thus  if  the  beam  is  of 
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found  oak,  m  is  very  nearly  =  -J-  (fee  Strength  of  Ma^ 

Therefore  we  have 
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n°  116,  Encycl.) 
AC  X  CB 
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Materials ,  n°  92,  &c.  Encycl.)  Therefore, 

4.  The  drain  on  the  middle  point,  by  a  force  applied 
there,  is  one  fourth  of  the  drain  which  the  fame  force 
would  produce,  if  applied  to  one  end  of  a  beam  of  the 
fame  length,  having  the  other  end  fixed. 

3.  The  drain  on  any  fedtion  C  of  a  beam,  reding  on 
two  props  A  and  B,  occafioned  by  a  force  applied  per. 
pendicularly  to  another  point  D,  is  propoitional  to  the 
redangle  of  the  exterior  fegments,  or  is  equal  to 

X  Therefore 

AB 

The  drain  at  C  occafioned  by  the  p re fiure  on  D,  is 
the  fame  with  the  drain  at  D  occaiioned  by  the  fame 
preffure  on  C. 

6.  The  drain  on  any  fe&ion  D,  occafioned  by  a  load 
uniformly  diffufed  over  any  part  Eh,  is  the  fame  as  if 
the  two  parts  EX),  DF  of  the  load  were  collected  at 
their  middle  points  e  and  f  Therefore 

The  drain  on  any  part  D,  occafioned  by  a  load  uni¬ 
formly  didributed  over  the  whole  beam,  is  one-half  of 
the  drain  that  is  produced  when  the  fame  load  is  laid  on 
at  D  ;  and 

The  drain  on  the  middle  point  C,  occafioned  by  a 
load  uniformly  didributed  over  the  whole  beam,  is  the 
fame  which  half  that  load  would  produce  if  laid  on 
at  C. 

7.  A  beam  fupported  at  both  ends  on  two  props  B 
and  C  (fig.  14  ),  will  carry  twice  as  much  when  the 
ends  beyond  the  props  are  kept  from  riling,  as  it  will 
carry  when  it  reds  loofely  on  the  props. 

8.  Badly,  the  tranfverfe  drain  on  any  fe&ion,  occa- 
fioned  by  a  force  ao plied  obliquely,  is  diminifhed  in  the 
proportion  of  the  fine  of  the  angle  which  the  direction 
of  the  force  makes  with  the  beam.  Thus,  if  it  be  in¬ 
clined  to  it  in  an  angle  of  thirty  degrees,  the  drain  is 
one  half  of  the  drain  occafioned  by  the  fame  force  act¬ 
ing  perpendicularly. 

On  the  other  hand,  the  relative  strength  of  a 
beam,  or  its  power  in  any  particular  fedfion  to  refid 
any  tranfverfe  drain,  is  proportional  to  the  abfolute  co- 
hefion  of  the  fe&ion  dire&ly,  to  the  didance  of  its 
centre  of  effort  from  the  axis  of  fracture  diredily,  and 
to  the  didance  from  the  drained  point  inverfely. 

Thus  in  a  rectangular  fedtion  of  the  beam,  of  which  b 
is  the  breadth,  d  the  depth  (that  is,  the  dimension  in 
the  direction  of  the  draining  force),  meafured  in  inches, 
and  f  the  number  of  pounds  which  one  fquare  inch  will 
juft  fupport  without  being  torn  afunder,  we  muft  have 
fXbXd proportional  to  wXCB  (fig.  15.)  Or, 
/X  b  X  d2>  multiplied  by  fome  number  m ,  depending  on 
the  nature  of  the  timber,  mud  be  equal  to  *w  X  CB. 
Or,  in  the  cafe  of  the  fe&ion  C  of  fig.  16.  that  is 


Hence  we  can  tell  the  precife  force  *zv  which  any  fec- 
tion  C  can  jud  refid  when  that  force  is  applied  in  any 
way  whatever.  For  the  above  mentioned  formula  gives 

<w  ~  f.,,  for  the  cafe  reprefeuted  by  fig.  15.  ^Bat 

9  C  B  / 

the  cafe  reprefented  in  fig.  16.  having  the  draining 
force  applied  at  D,  gives  the  drain  at  C  (r=  w)  —  f 

X  h 

9~ACxCB# 

Example.  Let  an  oak  beam,  four  inches  fquare,  reft 
freely  on  the  props  A  and  B,  feven  feet  apart,  or  84 
inches.  What  weight  will  it  jud  fupport  at  its  middle 
point  C,  on  the  fuppofition  that  a  fquare  inch  rod  will 
jud  can*y  16,000  pounds,  pulling  it  afunder? 

rrtl  ‘r  ,  ,  16000X4X16X84 

The  formula  becomes  *iv  zz — - - - > 

86oi6occ  0  9 x  42X  42 

or  wzz — — >  =  5418  pounds.  JLhis  is  veiy 

near  what  was  employed  in  Buffon’s  experiment,  which 
was  7 3  1 2. 

Had  the  draining  force  a£ted  on  a  point  D,  half  way 
between  C  and  B,  the  force  fufficient  to  break  the  beam 

~  ...  1 6000  X  4  X  16  X  84  0  c 

at  C  would  be  =r - - — : - =  10836  lbs. 

9X42X21 

Had  the  beam  been  found  red  fir,  we  mud  have  ta¬ 
ken  f  zz  10,000  nearly,  and  m  nearly  8  ;  for  although 
fir  be  lefs  cohefive  than  oak  in  the  proportion  of  5  to  8 
nearly,  it  is  lefs  compreffible,  and  its  axis  of  fracture  is- 
therefore  nearer  to  the  concave  fide. 

Having  confidered  at  fuffident  length  the  drains  of  joints* 
of  different  kinds  which  .arife  from  the  form  of  the 
parts  of  a  frame  of  carpentry,  and  the  direction  of 
the  external  forces  which  a£t  on  it,  whether  confidered 
as  impelling  or  as  fupporting  its  different  parts,  we  mud 
now  proceed  to  confider  the  means  by  which  this  form 
is  to  be  fecured,  and  the  connexions  by  vvliich  thofe 
drains  are  excited  and  communicated. 

The  joinings  pradtifed  in  carpentry  are  almod  infi¬ 
nitely  various,  and  each  has  advantages  which  make  it 
preferable  in  fome  circumtlances.  Many  varieties  arc 
employed  merely  to  pleafe  the  eye.  We  do  not  con¬ 
cern  ourfelves  with  thefe  :  Nor  fhall  we  qohfider  thofej 
which  are  only  employed  in  conceding  fmall  works, 
and  can  never  appear  on  a  gi*eat  fcale  ;  yet  even  in  fome 
of  thefe,  the  (kill  of  the  carpenter  may  be  difcovdrcdby 
his  choice ;  for  in  all  cafes,  it  is  wife  to  make  every,  even 
the  fmalleft,  part  of  his  work  asitrong  as  the  materials 
will  admit.  He  will  be  particularly  attentive  to  the 
changes  which  will  neccffarily  happen  by  the  flirinking 
of  timber  as  it  dries,  and  will  confider  what  ciimenfions  of 
his  framings  will  be  affedted  by  this,  and  what  Will  not; 
and  will  then  difpofe  the  pieces  which  rnre  lefs  effential 
to  the  ftrength  of  the  whole,  in  fuch  a  manner  that 
their  tendency  to  (brink  fhall  be  in  the  fame  diredlion 
with  the  fhrinking  of  the  whole  framing.  If  he  do 
othervvife,  the  feams  will  widen,  and  parts  will  be  fplit 

afunder 
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afunder.  He  will  difpcfe  Ms  hoardings  in  fuch  a  man-  whole  into  action  without  a  ftrap,  it  would  be  the 

ner  as  to  contribute  to  the  ffiffnefs  of  the  whole,  avoid-  ftrongefl  of  all ;  becaufe,  in  general,  the  refiftance  to 

irjr  at  the  farae  time  the  riving  them  portions  which  compreffion  is  greater  than  to  extenfion.  In  every 
will  produce  lateral  drains  on  tr ufs  beams  which  bear  fituation  the  joggled  beam  has  the  advantage  ;  and  it  is 
great  preffures;  recollecting,  that  although  a  frngle  board  the  eafieff  executed. 

has  little  Force,  yet  many  united  have  a  great  deal,  and  We  may  frequently  gain  a  confiderable  acceffion  of 
may  frequently  perform  the  office  of  very  powerful  ftrength  by  this  building  up  of  a  beam;  efpecially  if 
ft  ruts.  the  pan  which  is  ftretched  by  the  drain  be  of  oak,  and 

Our  limits  confine  ns.  to  the  joinings  which  are  mod  the  other  part  be  fir.  Fir  being  fo  much  fuoerior  to 
effeniial  for  connecting  the  parts  of  a  liogle  piece  or  a  oak  as  a  pillar  (if  Muffchenbroek's  experiments  may  be 
frame  when  it  cannot  be  formed  of  one  beam,  either  for  confided  in),  and  oak  fo  much  preferable  as  a  tie,  this 
want  of  the  neceffary  thicknefs  or  length  ;  and  the  conftru&ion  Teems  to  unite  both  advantages.  But  we 
joints  for  connecting  the  different  Tides  of  a  traded  ffiall  fee  much  better  methods  of  making  powerful  k. 

*3  frame.  vers,  girders,  &c.  by  truffing. 

Of  building  Much  ingenuity  and  contrivance  has  been  bellowed  Obferve,  that  the  efficacy  of  both  methods  depends 

ueams,  on  t^e  manner  of  building  •  up  a  great  beam  of  nYhny  entirely  on  the  difficulty  of  caufing  the  piece  between 

thickneffes,  arid  many  fingular  methods  are  praCtifed  as  the  crofs  joints  to  Hide  along  the  timber  to  which 
great  noflrums  by  different  artifis  :  but  when  we  con-  it  adheres.  Therefore,  if  this  be  moderate,  it  13 
fider  the  manner  in  which  the  cohefion  of  the  fibres  wrong  to  make  the  notches  deep  ;  for  as  Toon  as  they 
performs  its  office,  we  will  clearly  fee  that  the  fimplefi  are  fo  deep  that  their  ends  have  a  force  fnfficicnt  to 
are  equally  effe&ual  with  the  moft  refined,  and  that  they  pufh  the  flice  along  the  line  of  junction,  nothing  is 
are  lefs  apt  to  lead  us  into  falfe  notions  of  the  ffrength  gained  by  making  them  deeper;  and  this  requires  a 
of  the  affemblage.  '  greater  expenditure  of  timber. 

Building  up  Thus,  were  it  required  to  build  up  a  beam  for  a  Scarfings  are  frequently  made  oblique,  as  in  fig.  18. 
a  girder  or  great  lever  or  a  girder,  fo  that  it  rrfay  a£t  nearly  as  a  but  we  imagine  that  this  is  a  bad  practice.  It  begins 
lever.  beam  of  the  fame  fize  of  one  log — it  may  either  be  to  yield  at  the  point,  where  the  wood  is  crippled  and 

*5  done  by  plain  joggling,  as  in  fig.  17.  A,  or  by  fcarfing,  fplintered  off,  or  at  leafi  bruifed  out*  a  little:  as  the 

Joggling  as  jn  j  B  or  C.  If  it  is  to  a£l  as  a  lever,  ha-  preffure  increafes,  this  part,  by  fqueezing  broader,  caufes 
Co  fcarfiog  vinS  gudgeon  on  the  lower  fide  at  C,  we  believe  the  folid  parts  rife  to  a  little  upwards,  and  gives  them 
that  moft  artifis  will  prefer  the  form  B  and  C  ;  at  lead  fome  tendency,  not  only  to  pufh  their  antagonills  along 
•  this  has  been  the  cafe  with  nine-tenths  of  thole  to  whom  the  bafe,  but  even  to  tear  them  up  a  little.  For  fimi- 

we  have  propofed  the  queftion.  The  &eft  informed  on-  lar  reafons,  we  difapprove  of  the  favourite  practice  of 

ly  hefitated  ;  but  the  ordinary  artifis  were  all  confident  many  artifis,  to  make  the  angles  of  their  fcarfings  acute, 

«■  in  its  fuperiority  ;  and  we  found  their  views  of  the  as  in  fig.  19.  This  often  caufes  the  two  pieces  to  tear 
matter  very  coincident.  They  confidered  the  upper  each  other  up.  The  abutments  ffiould  always  be  per- 
piece  as  grafping  the  lower  in  its  hooks  ;  and  feveral  pendicular  to  the  directions  of  the  preffure3.  Lefi  it 
imagined  that,  by  driving  the  one  very  tight  on  the  ffiould  be  forgotten  in  its  proper  place,  we  may  extend 
other,  the  beam  would  be  fironger  than  an  entire  log  :  this  injun&ion  alfo  to  the  abutments  of  different  pieces 
but  if  we  attend  carefully  to  the  internal  procedure  in  of  a  frame,  and  recommend  it  to  the  artifi  even  to  at- 
the  loaded  lever,  we  fhall  find  the  upper  one  clearly  the  tend  to  the  ffirinking  of  the  timbers  by  drying.  When 
flrongeft.  If  they  are  formed  of  equal  logs,  the  upper  two  timbers  abut  obliquely,  the  joint  ffiould  be  moll 
one  is  thicker  than  the  other  by  the  depth  of  the  jog-  full  at  the  obtufe  angle  of  the  end  ;  becaufe,  by  drying* 
gling  or  fcarfing,  which  we  fuppofe  to  be  the  fame  in  that  angle  grows  more  obtufe,  and  the  beam  would  then 
both  ;  confequently,  if  the  cohefion  of  the  fibres  in  the  be  in  danger  of  fplintering  off  at  the  acute  angle.  ^  ) 

intervals  is  able  to  bring  the  uppermofi  filaments  into  It  is  evident,  that  the  niceft  work  is  indifpenfably  \ye 
full  aCtion,  the  form  A  is  fironger  than  B,  in  the  pro-  neceffary  in  building  up  a  beam.  The  parts  rauft  abut  not  wl 
portion  of  the  greater  diftance  of  the  upper  filaments  on  each  other  completely,  and  the  fmalleff  play  or  void^oha: 
from  the  axis  of  the  fraClure  :  this  may  be  greater  than  takes  away  the  whole  efficacy.  It  is  ufual  to  give  the 
the  difference  of  the  thicknefs,  if  the  wood  is  very  com-  butting  joint3  a  fmall  taper  to  one  fide  of  the  beam,  fo 
prtffible.  If  the  gudgeon  be  in  the  middle,  the  effedl,  that  they  may  require  moderate  blows  of  a  maul  to 
both  of  the  joggles  and  the  fcarfings,  is  coufiderably  force  them  in,  and  the  joints  may  be  perfe&ly  clofe  when 
diminiffied  ;  and  if  it  is  on  the  upper  fide,  the  fcarf-  the  external  furfaces  are  even  011  each  fide  of  the  beam, 
ings  a£t  in  a  very  different  way.  In  this  fituation,  if  But  we  muff  not  exceed  in  the  leaff  degree;  for  a  very 
the  loads  on  the  arms  are  alfo  applied  to  the  upper  fide,  taper  wedge  has  great  force  ;  and  if  we  have  driven  the 
the  joggled  beam  is  Hill  more  fuperior  to  the  fcarfed  pieces  together, by  very  heavy  blows,  we  leave  the  whole 
one.  This  will  be  beft  underftood  by  refolving  it  in  ima-  in  a  flate  of  violent  drain,  and  the  abutments  are  per- 

gination  into , a  truffed  frame.  But  when  a  gudgeon  is  haps  ready  to  fplinter  off  by  a  fmall  addition  of  pref* 

thus  put  on  that  fide  of  the  lever  which  grows  convex  fure.  This  is  like  too  fevere  a  proof  for  artillery; 
by  the  ffirain,  it  is  ufual  to  conned;  it  with  the  red  by  which,  though  not  fufficient  to  burfl  the  pieces,  lias 
a  powerful  ftv£p>  which  embraces  the  beam,  and  caufes  weakened  them  to  fuch  a  degree,  that  the  drain,  of  or- 
the  oppofite  point  to  become  the  redding  point.  This  dinary  fervice  is  fufficient  to  complete  the  fracture, 
gteatly  changes  the  internal  actions  of  the  filaments,  The  •zvortmau  is  tempted  to  exceed  in  this,  becaufe  it 
and,  in  <m  e  meafure,  brings,  it  into  the  fame  Bate  as  fmooths  off  and  conceah  all  uneven  {earns ;  but  he  mull 
the  firff,  with  the.  gudgeon  below.  Were  it  poffible  to  be  watched-  It  is  not  unufual  to  leave  fome  abutments 

have  . the  gudgeon  on  the  upper  fide,  and  to  bring  the  open  enough  to  admit  a  thin  wedge  reaching  through  • 
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the  beam.  Nor  is  this  a  bad  pra&ici?,  if  the  wedge  is 
0f  materials  which  is  not  comprefied  by  the  driving  or 
the  (train  of  fervice.  Iron  would  be  preferable  for  this 
purpofe,  and  for  the  joggles,  weie  it  not  that  by  its  too 
great  hardnefs  it  cripples  the  fibres  of  timber  to  fnme 
diilance.  In  confequence  of  this,  it  often  happens  that,  # 
jjn  beams  which  are  fubje&ed  to  defultory  and  fudden 
{trains  (as  in  the  levers  of  reciprocating  engines),  the 
joggles  or  wedges  widen  the  holes,  and  work  themfelves 
jeofe  ;  Therefore  ilcilful  engineers  never  admit  them,  2nd 
indeed  as  few  bolts  as  pofiible,  for  the  fame  rcafon  :  but 
when  refilling  a  Heady  or  dead  pull,  they  are  not  lb  im¬ 
proper,  and  are  frequently  ufed. 

1  Beams  are  built  up,  not  only  to  increafe  their  dimen- 
fons  in  the  dive&ion  of  the  drain  (which  we  have  hb 
therto  called  their  depth),  but  alfo  to  increafe  their 
breadth  or  the  dimenfions  perpendicular  to  the  ft  rain. 
We  fometimes  double  the  breadth  of  a  girder  which 
is  thought  too  weak  for  its  load,  and  where  we  muft 
not  increafe  the  thicknefs  of  the  flooring.  The  mall  of 
a  gitat  lb  ip  of  war  mult  be  made  bigger  athwartfhip,  as 
47  well  as  fore  and  aft.  This  is  one  of  the  niceft  pro¬ 
pping  cfblems  of  the  art;  and  profefftonal  ren  are  by  no  means 
allS'  agreed  in  their  opinions  about  it.  We  do  not  prefume 
to  decide;  and  (ball  content  omfelves  with  exhibiting 
the  different  methods. 

The  mod  obvious  and  natural  method  is  that  (hewn 
in  fig.  20,  It  is  plain  that  (independent  of  the  con¬ 
nection  of  crofs  bolts,  which  are  ufed  in  them  all  when 
the  beams  are  fquare)  the  piece  C  cannot  b£nd  in  the 
direction  of  the  plane  of  the  figure  without  bending  the 
**  piece  D  along  with  it.  This  method  id  flinch  ufed  in 
Sin  the  French  navy  ;  but  it  k  undoubtedly  imperfc&. 
r?nch  Hardly  any  two  great  trees  are  of  equal  quality,  and 

fovy.  {Well  or  (brink  alike.  If  C  (brinks  more  than  the 

feather  of  C  becomes  loofe  in  the  groove  wrought  in  1) 
to  receive  it ;  and  when  the  beam  bends,  the  parts  can 
flide  on  each  other  like  the  plates  of  a  coach  fpring ; 
and  if  the  bending  h  in  the  dire<flion  ef9  there  is  no. 
thing  to  hinder  this  Hiding  but  the  bolts,  which  foon 
work  themfelves  loofe  in  the  bolt-holes, 
uer  Fig*  si.  exhibits  another  method.  The  two  halves 
Wthod!*  the  beam  are  tabled  into  each  other  in  the  fame  man¬ 
ner  as  in  fig,  17,  It  is  plain  that  this  will  not  be  af* 
fe&ed  by  the  unequal  fwelling  or  (hrinking,  becaufe 
this  is  infenfibk  in  the  di  reft  ten  of  the  fibres ;  but  when 
bent  in  the  direflion  a  b%  the  beam  is  weaker  than  fig, 
20.  bent  in  the  direction  e  /.  Each  half  of  fig.  20-  has, 
in  every  part  of  its  length,  a  thicknefs  greater  than  half 
the  thicknefs  of  the  beam.  It  is  the  contrary  in  the 
alternate  portions  of  the  halves  of  fig.  2  t.  When  one 
of  them  is  bent  in  the  direction  AB,  it  is  plain  that  it 
drags  the  other  with  it  by  means  of  the  crofs  hutments 
(>f  its  tables,  and  there  can  be  no  longitudinal  Hiding. 
But  unlefs  the  work  h  accurately  executed,  and  each 
hollow  completely  filled  tip  by  the  table  of  the  other 
piece,  there  will  be  a  lateral  flide  along  the  crofs  joints 
Sufficient  to  com  pen  fate  for  the  curvature  ;  and  this  will 
hinder  the  one  from  comprffiktg  or  ftretching  the  other 
'  in  conformity  to  this  curvature. 

3c  The  imperfection  of  this  method  is  fo  obvious,  that 
ftsjmper-  it  has  fdde  fly  been  praflifcd  :  but  it  has  been  combined 
lection.  w;t|1  t|ie  olvierj  a8  |6  represented  in  fig.  22.  where  the 
beams  are  divided  along  the  middle,  *i  d  the  tables  in 
Suppu  Vol.  I,  Fart  I. 
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each  half  are  alternate,  and  alternate  alfo  with  the 
tables  of  the  other  half.  Thus  1,  3,  4,  a^e  prominent, 
and  2,  6,  are  deptefled,  This  coniVu&ion  evidently 
puts  a  flop  to  both  Aides,  and  obliges  every  pan  of 
both  pieces  to  move  together,  n  b  and  c  d  {hoW  lec¬ 
tions  of  the  built-up  beam  correfponding  to  A  B  and 
CD. 

No  more  is  intended  in  this  practice  by  any  intelli¬ 
gent  artifi,  than  the  caufin  r  the  two  pieces  to  a&  toge- 
ther  in  all  their  parts,  although  the  drains  may  be  un¬ 
equally  diftributed  on  them.  Thus,  in  a  built-up  gir-  * 
der,  the  binding  jonk  are  frequently  mortifed  into  very 
different  part6  of  the  two  fides.  But  many  feCm  to 
aim  at  making  the  beam  (Ivonger  than  if  it  were  of  one 
piece;  and  this  inconfiderate  project  has  given  rife  to 
many  whimfical  modes  of  tabling  and  fcarfing,  which 
v/e  Heed  not  regard.  '  st 

The  practice  in  the  Biitifh  dock  yards  is  fome what  Brio* fli 
different  from  any  of  thefe  methods.  The  pieces  are  l  ctilod* 
tabled  as  in  tig,  22.  but  the  tables  are  not  thin  paraile- 
lopipcds,  but  thin  prifniB.  The  two  outward  joints  or 
viiible  teams  are  ilraight  lines,  and  the  table  n°  1 .  riles 
gradually  to  its  greatell  thicknefs  in  the  axis.  In  like 
manner,  the  hollow  5  for  receiving  the  opoofife  table, 
finks  gradually  from  the  edge  to  its  greatefl  depth  in 
the  axis.  Fig.  33-  represents  a  fedtion  of  a  round  piece 
of  timber  built  up  in  this  way,  where  the  full  line 
EFGH  is  the  fedliou  correfponding  to  AB  of  fi  *.  22. 
and  the  dotted  line  EGFH  is  the  feblion  correfp End¬ 
ing  to  CD. 

This  conflrudlion,  by  making  the  external  feam 
ftraight,  leaves  no  lodgment  for  water,  and  looks  much 
fairer  to  the  eye :  but  it  appears  to  us  that  it  does 
not  give  fuch  firm  hold  when  the  matt  is  bent  in  the  ► 

direction  EH.  The  exterior  parts  are  motl  ftretched 
and  moll  comprefied  by  this  bending  ;  but  there  is 
hardly  any  abutment  in  the  extern)/  parts  of  thdc 
tables.  In  the  very  ax?‘s,  where  the  abutment  is  the 
firmed,  there  k  little  or  no  difference  of  extenfion  and 
compreflion. 

But*  this  coallru&ion  has  an  advantage,  which  we 
imagine  much  more  than  compenfUes  for  thefe  imper- 
fc&ions,  at  leall  in  the  particular  cafe  of  a  round  mail  s 
it  will  draw  together  by  hooping  incomparably  bet  ter 
than  any  of  the  others.  If  the  cavity  be  made  forre- 
what  too  fhaflow  for  the  prominence  of  the  tables,  and 
if  this  be  done  uniformly  along  the  whole  length,  it 
will  make  a  fomewhat  open  Team ;  and  this  opening 
can  be  regulated  with  the  utmoft  ertadtnefa  from  end 
to  end  by  the  plane.  The  heait  of  thofe  vail  trunks 
is  very  fenfibly  foftcr  than  the  exterior  circles  j  There¬ 
fore,  when  the  whole  is  hooped,  and  the  hoops  hard 
driven,  and  at  confsdcrable  intervals  between  each  fptll 
—-we  are  confident  that  all  may  be  comprefled  till  the 
feam  disappears ;  and  then  the  whole  makes  one  piece, 
much  llronger  than  if  it  were  an  original  log  of  that 
fize,  becaufe  the  middle  has  become,  by  comp'*efiion,  as 
folid  as  the  cruit»  which  was  naturally  firmer,  and  refilled 
farther  compreflion.  We  verified  this  beyond  a  doubt, 
by  hooping  a  built  flick  of  £  timber  which  has  this  in¬ 
equality  of  fir  mile  Is  in  a  remarkable  degree,  and  ic  was 
nearly  twice  as  ftrong  as  another  of  the  fame  f  ze. 

Our  mallrnakers  are  r.ot  without  them  fancies  and 
whims;  and  the  manner  in  which  our  mails  and  vardaf 
Y  'are' 
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are  generally  built  up,  is  not  near  fo  fimple  as  fig.  2**.  : 
but  it  confifts  of  the  fame  effential  parts,  aXing  in  the 
very  fame  manner,  and  derives  all  its  efficacy  from  the 
principles  which  are  here  employed. 

3*  This  conftruXion  is  particularly  fuited  to  the  fitua- 
wlth^ecu  tl0n  °^ce  a  ^3*P,S  ma^*  It  has  no  bolts ;  or, 
liar  ad  van"  at  *eaft>  none  any  magr‘itude,  or  that  make  very  im- 
fages.  portant  parts  of  its  conftruXion.  The  moft  violent 
itrains  perhaps  that  it  is  expofed  to,  is  that  of  twilling, 
when  the  lower  yards  are  clofe  braced  up  by  the  force 
of  many  men  aXing  by  a  long  lever.  This  form  refills 
a  twill  with  peculiar  energy  :  it  is  therefore  an  excel¬ 
lent  method  for  building  up  a  great  fhaft  for  a  mill. 
The  way  in  which  they  are  ufually  built  up  is  by  redu¬ 
cing  a  central  log  to  a  polygonal  prifm,  and  then  filling 
it  up  to  the  intended  fize  by  planting  pieces  of  timber 
along  its  fides,  either  fpiking  them  down,  or  cocking 
them  into  it  by  a  feather,  or  joggling  them  by  flips  of 
hard  wood  funk  into  the  central  log  and  into  the  flips. 
N.  B.  Joggles  of  elm  are  fometimes  ufed  in  the  middle 
of  the  large  tables  of  mails  ;  and  when  funk  into  the 
firm  wood  near  the  furface,  they  mud  contribute  much 
to  the  flrength.  But  it  is  very  neceffary  to  employ 
wood  not  much  harder  than  the  pine  ;  othenvife  it 
will  foon  enlarge  its  bed,  and  become  loofe  ;  for  the 
timber  of  thefe  large  trunks  is  very  foft. 

The  mofl  general  reafon  for  piecing  a  beam  is  to  iri- 
creafe  its  length.  This  is  frequently  neceffary,  in  order 
to  procure  tie  beams  for  very  wide  roofs.  T wo  pieces 

mull  be  fear  fed  together.  —  Numberlefs  are  the  modes 
of  doing  this  ;  and  almoft  every  mafler  carpenter  has 
his  favourite  noflrum.  Some  of  them  are  very  ingeni- 
ous :  But  here,  as  in  other  cafes,  the  mofl  fimple  are 
Various  commonly  the  flrongeft.  We  do  not  imagine  that  any, 
methods  of  the  moft  ingenious,  is  equally  ftrong  with  a  tie  confifl- 
fcarfing.  *ng  0f  two  pieces  of  the  fame  fcantling  laid  over  each 
other  for  a  certain  length,  and  firmly  bolted  together. 
We  acknowledge  that  this  will  appear  an  artlefs  and 
clumfy  tie-beam ;  but  we  only  fay  that  it  will  be 
ftronger  than  any  that  is  more  artificially  made  up  of 
the  fame  thieknefs  of  timber.  This,  we  imagine,  will 
appear  fufficiently  certain. 

The  fimplefl  and  moft  obvious  fcarfing  (after  the 
one  now  mentioned)  is  that  reprefented  in  fig.  24.  n°  1. 
and  2.  If  confidered  merely  as  two  pieces  of  wood 
joined,  it  is  plain  that,  as  a  tie,  it  has  but  half  the 
flrength  of  an  entire  piece,  fuppofing  that  the  bolts 
(which  are  the  only  connexions)  are  faft  in  their  holes. 
N°  2  requires  a  bolt  in  the  middle  of  the  fcarf  to  give 
it  that  flrength;  and,  in  every  other  part,  is  weaker  on 
one  fide  or  the  other. 

But  the  bolts  are  very  apt  to  bend  by  the  violent: 
flrain,  and  require  to  be  flrengthened  by  uniting  their 
ends  by  iron  plates  in  which  cafe  it  is  no  longer  a 
wooden  tie.  The  form  of  n°  1.  is  better  adapted  to 
the  office  of  a  pillar  than  n°  2.;  efpecially  if  its  ends 
be  formed  in  the  manner  {hewn  in  the  elevation  n°  3. 

By  the  fally  given  to  the  ends,  the  fcarf  refills  an  effort 
to  bend  it  in  that  direXion.  Eefides,  the  form  of  n° 

2.  is  unfui table  for  a  poll;  becaufc  the  pieces,  by  Hi¬ 
ding  on  each  other  by  the  prefiure,  are  apt  to  fplinter 
off  the  tongue  which  confines  their  extremity. 

Fig.  25.  and  26.  exhibit  the  moft  approved  form  of 
a  fcarf,  whether  for  a  tie  or  for  a  poll.  The  key  re- 
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prefented  in  the  middle  is  not  effentially  neceffary  *  the 
two  pieces  might  fimply  meet  fquare  there.  This  form* 
without  a  key,  needs  no  bolts  (although  they  flrength* 
en  it  greatly)  ;  but,  if  worked  very  true  and  clofe,  and 
with  fquare  abutments,  will  hold  together,  and  will  re¬ 
fill  bending  in  any  direXion.  But  the  key  is  an  inge¬ 
nious  and  a  very  great  improvement,  and  will  force  the 
parts  together  with  perfeX  tightnefs.  The  fame  pre¬ 
caution  mu  ft  be  obferved  that  we  mentioned  on  ano¬ 
ther  occalion,  not  to  produce  a  conflant  internal  drain 
on  the  parts 'by  overdriving  the  key.  The  form  of  fig. 

25.  is  by'far  the  bdl ;  becaule  the  triangle  of  26.  is 
much  e after  fplintered  off  by  the  flrain,  or  by  the  key, 
than  the  fquare  wood  of  25.  It  is  far  preferable  for 
a  poll,  for  the  reafon  given  when  fpeaking  of  fig.  24. 
n°  1.  and  n°  2.  Both  may  be  formed  with  a  fally  atr 
the  ends  equal  to  the  breadth  of  the  key.  In  this 
fhape  fig.  25.  is  vaflly  well  fuited  for  joining  the  parts  of 
the  long  corner  polls  of  fpires  and  other  wooden  towers. 

Fig.  25.  nr‘  2.  differs  from  n°  1.  only  by  having  three 
keys.  The  principle  and  the  longitudinal  flrength  are 
the  fame.  The  long  fcarf  of  n  2.  tightened  by  the 
three  keys,  enables  it  to  refill  a  bending  much  better. 

None  of  thefe  fcarfed  tie-beams  can  have  more  than 
one- third  of  the  flrength  of  an  entire  piece,  unlefs  with- 
the  affiftance  of  iron  plates  ;  for  if  the  key  be  mads 
thinner  than  one-third,  it  has  lefs  than  one-third  of  the 
fibres  to  pull  by. 

We  are  confident,  therefore,  that  when  the  heads  of 
the  bolts  are  conneXed  by  plates,  the  fimple  form  of 
fig.  24.  1T  1.  is  ftronger  than  thofe  more  ingenious 
fcarfings.  It  may  be  flrengthened  againft  lateral  bend¬ 
ing  by  a  little  tongue,  or  by  a  fally;  but  it  cannot 
have  both. 

The  flrongeft  of  all  methods  of  piecing  a  tie  beam 
would  be  to  fet  the  parts  end  to  end,  and  grafp  them 
between  other  pieces  on  each  fide,  as  in  fig  27.  Thi&Fifhing  J 
is  what  the  fhip  carpenter  calls  fjhing  a  beam ;  and  is  abcam* 
frequent  praXice  for  occafional  repairs.  Mr  Perronet 
ufed  it  for  the  tie-beams  or  flretchers,  by  which  he  con¬ 
neXed  the  oppofite  feet  of  a  centre,  which  was  yield¬ 
ing  to  its  load,  and  had  puftied  afide  one  of  the  piers 
above  four  inches.  Six  of  thefe  not  only  withflood  a 
ftrain  of  1 800  tons,  but,  by  wedging  behind  them,  he 
brought  the  feet  of  the  trufs  24  inches  nearer.  The 
flretchers  were  14  inches  by  11  of  found  oak,  and  could 
have  withflood  three  times  that  ftrain.  Mr  Perronet, 
fearing  that  the  great  length  of  the  bolts  employed  to 
conneX  the  beams  of  thefe  flretchers  would  expofe- 
them  to  the  rifle  of  bending,  fcarfed  the  two  fide  pieces 
into  the  middle  piece.  The  fcarfing  was  of  the  "trian¬ 
gular  kind  (Trait  de  Jupiter),  and  only  an  inch  deep,, 
each  face  being  two  feet  long,  and  the  bolt  paffed 
through  clofe  to  the  angle. 

In  piecing  the  pump  rods,  and  other  wooden  flretch¬ 
ers  of  great  engines,  no  dependence  is  had  on  fcarfing  ; 
and  the  engineer  conneXs  every  thing  by  iron  ftraps! 

We  doubt  the  propriety  of  this,  at  leaft  in  cafes  where 
the  bulk  of  the  wooden  conneXion  is  not  inconvenient. 

Thefe  obfervations  muft  fuffice  for  the  methods  employ¬ 
ed  for  conneXing  the  parts  of  a  beam  ;  and  we  now 
proceed  to  confider  what  are  more  ufually  called  the 
joints  of  a  piece  of  carpentry. 

Where  the  beams  Hand  fquare  with  each  other,  andSqu3^e 
1  thejoints. 
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-the  {trains  are  alio  fquare  with  the  beams,  and  in  the 
■•plane  of  the  frame,  the  common  mortife  and  tenon  is 
the  moil  peifea  jtmftion.  A  pin  is  generally  put 
-through  both,  in  order  to  keep  the  pieces  united,  in 
oppofition  to  any  force  which  tends  to  part  them. 
Every  carpenter  knows  how  to  bore  the  hole  iov  this 
•pin,  fo  that  it  (hall  draw  the  tenon  tight  into  the  mor¬ 
tife,  and  caufe  the  fhonlder  to  butt  clofe,  and  make 
neat  work  ;  and  he  knows  the  rifle  of  tearing  out  the 
bit  of  the  ter.on  beyond  the  pin,  if  he  draw  it  too 
much.  We  may  juft  obferve,  that  fquare  holes  and 
pins  are  much  preferable  to  round  ones  for  this  pur- 
pofe,  bringing  more  of  the  wood  into  adion,  with  lefs 
tendency  to  fpllt  it.  The  '(hip  carpenters  have  an  in¬ 
genious  method  of  making  long  wooden  bolts,  which 
do  not  pafs  completely  through,  take  a  very  fait  hold, 
though  not  nicely  fitted  to  their  holes,  which  they  mult 
not  be,  left  they  fliould  be  crippled  in  driving.  They 
*6  call  it  foxtail  wedging.  They  ftick  into  the  point  of 
:xta!*1  the  bolt  a  very  thin  wedge  of  hard  wood,  fo  as  to  pro- 
edging'  jed  a  proper  diftance  :  when  this  reaches  the  bottom 
of  the  hole  by  driving  the  bolt,  it  fplits  the  end  of  it, 
and  fqueczes  it  hard  to  the  fide.  This  may  be  prac- 
tifed  with  advantage  in  carpentry.  If  the  ends  of  the 
mortife  are  widened  inwards,  and  a  thin  wedge  be  put 
into  the  end  of  the  tenon,  it  will  have  the  fn~e  effed, 
and  imke  the  joint  equal  to  a  dovetail.  But  this  rifles 
the  fphtting  the  piece  beyond  the  (boulder  of  the  te¬ 
non,  which  would  be  unhghtly.  This  may  be  avoided 
as  follows  :  Let  the  tenon  f,  fig.  28.  have  two  very 
thin  wedges  a  and  c  ftuck  in  near  its  angles,  projecting 
equally  :  at  a  very  fmall  diftance  within  thefe,  put  in 
two  (hotter  ones  d,  and  more  within  thele  if  necef¬ 
fary.  In  driving  this  tenon,  the  wedges  a  arid  c  will 
take  fir  ft,  and  fplit  off  a  thin  (lice,  which  will  eafily 
bend  without  breaking.  The  wedges  b ,  d ,  will  ad 
next,  and  have  a  Similar  effed,  and  the  others  m  ftfc- 
cefiion.  The  thicknefs  of  all  the  wedges,  taken  toge¬ 
ther  muft  be  equal  to  the  enlargement  of  the  morale 
toward  the  bottom. 

When  the  drain  is  tranfverfe  to  the  plane  or  the  two 
teams,  the  principles  laid  down  in  n*  85,  86.  of  the  ar¬ 
ticle  Strength  of  Materials ,  will  dired  the  artift  in 
placing  his  mortife.  Thus  the  mortife  in  a  girder  for- 
receiving  the  tenon  of  a  binding  joift  of  a  floor  fliould 
be  as  near  the  upper  fide  as  pofiible,  becaufe  the  girder 
becomes  concave  on  that  fide  by  the  drain.  But  as 
this  expofes  the  tenon  of  the  binding-joift  to  the  rijk 
of  being  torn  off,  we  are  obliged  to  mortife  farther 
down.  The  form  (fig.  29.)  generally  given  to  this 
joint  is  extremely  judicious.  The  doping  part  a  b  gives 
a  very  firm  fupport  to  the  additional  bearing  e  d,  with¬ 
out  much  weakening  of  the  girder.  l.his  form  fliou 
be  copied  in  every  cafe  where  the  drain  has  a  fimilar 
diredion. 

37  The  joint  that  mod  of  all  demands  the  careful  atten- 
Oblique  t;on  0f  the  artift,  is  that  which  connects  the  ends  ^ot 
mortife  and  be  Qne  0f  which  pufhes  the  other  very  obliquely, 
putting  it  into  a  date  of  extenfton.  The  mod  familiar 
inftance  of  this  is  the  foot  ol  a  rafter  preffing  on  the 
tie-beam,  and  thereby  drawing  it  away  from  the  other 
wall.  When  the  diredion  is  very  oblique  ( in  which 
cafe  the  extending  drain  is  the  greateft),  it  is  difficult 
to  give  the  foot  of  the  rafter  iuch  a  hold  of  the  tie- 


beam  as  to  bring  many  of  its  fibres  into,  the  proper  ac¬ 
tion.  There  would  be  little  difficulty  if  we  could  al¬ 
low  the  end  of  the  tie-beam  to  projed  to  a  fmall  dif¬ 
tance  beyond  the  foot  of  the  rafter  :  but,  indeed,  the 
dimenfions  which  are  given  to  tie-beams,  for  other  rea- 
fons,  are  always  fufficient  to  give  enough  of  abutment 
when  judicioufly  employed.  Unfortunately  this  joint 
is  much  expoftd  to  failure  by  the  effeds  of  the  wea¬ 
ther.  It  is  much  expofed,  and.  frequently  perifhes  by 
rot,  or  becomes  fo  foit  and  friaole  that  a  very  fmall 
force  is  fufficient,  either  for  pulling  the  filaments  out  of 
the  tie  beam,  or  for  crufhing  them  together.  We  arc 
therefore  obliged  to  fecure  it  with  particular  attention, 
and  to  avail  ourfelves  of  every  circumftance  of  con- 
ftrudion. 

One  is  naturally  difpofed  to  give  the  rafter  a  deep 
hold  by  a  long  tenon  ;  but  it  has  been  frequently  ob¬ 
ferve  i  in  old  roofs  that  fuch  tenons  break  off.  Fre¬ 
quently  they  are  obferved  to  tear  up  the  wood  that  is 
above  them,  and  pufli  their  way  through  the  end  of  the 
tie-beam.  This  in  all  probability  arifes  from  the  fir  ft 
fagging  of  the  roof,  by  the  comprefiion  of  the  ra^tert* 
and  of  the  head  of  the  king  poft.  L  he  head  of  the  raf¬ 
ter  defcends,  the  angle  with  the  tie-beam  is  diminifhed 
by  the  rafter  revolving  round  its  fiep  in  the  tie-beam. 

By  this  motion  the  heel  01  inner  angle  of  the  rafter  be¬ 
comes  a  fulcrum  to  a  very  long  and  powerful  lever  much 
loaded.  The  tenon  is  the  other  arm,  *veiy  fhort,  and 
being  ftill  freffi,  it  is  therefore  very  powerful.  .  It  there¬ 
fore  forces  110  the  wood  that  is  above  it,  tearing  it  out 
from  between  the  cheeks  of*  the  mortife,.  and  then  pufhes 
it  along.  Carpenters  have  therefore  given  up  long  te¬ 
nons,  and  giye  to  the  toe  of  the  tenon  a  fhape  which 
abuts  firmly,  in  the  diredion  of  the  thruft,  on  the  (olid 
bottom  of  the  mortife,  which  is  well  fupported  on  the 
under  fide  by  the  wall  plate.  This  form  has  the  farther 
advantage  of  having  no  tendency  to  tear  up  the  end  of 
the  mortife.  This  form  is  reprefented  in  fig.  30.  The 
tenon  has  a  fmall  portion  a  b  cut  perpendicular  to  the 
ftirface  of  the  tie-beam,  and  the  reft  b  c  is  perpendicular 
to  the  rafter.  _ 

But  if  the  tenon  is  not  Efficiently  ftrong-  (and  it  is 
not  fo  ftrong  as  the  rafter,  which  is  thought  not  to  be 
flronger  than  is  neceffary),  it  will  be  crufhed,  and  then 
the  rafter  will  fhade  out  along  the  furtace  of  the  beam. 

It  is  therefore  neceffary  to  call  in  the  affiftance  of  the 
whole  rafter.  It  is  in  this  diflribution  of  the  flrain 
among  the  various  abutting  parts  that  the  varieties  of 
joints  and  their  merits  chiefly  confifts.  It  would  be 
endlefs  to  deferibe  every  noftrum,  and  we  (hall  only  men¬ 
tion  a  few  that  are  moft  generally  approved  of. 

The  aim  in  fig.  31  is  to  make  the  abutments  exad-Moft3a^ 
ly  perpendicular  to  the  thrufts.  It  does  this  very  pre-prove(j 
cifely  ;  and  the  fnart  which  the  tenon  and  the  (ho ulder  forms, 
have"  of  the  whole  may  be  what  we  pleafe,  by  the  por¬ 
tion  of  the  beam  that  we  notch  down.  If  the  wall  plate 
lie  duly  before  the  heel  of  the  rafter,  there  is  no  rifle  of 
draining  the  tie  acrofs  or  breaking  it,  becaufe. the  thruft 
is  made  dired  to  that  point  where  the  beam  is  fupport¬ 
ed.  The  adion  is  the  fame  as  againft  the  joggle  on  the 
head  or  foot  of  a  king  poft.  We  have  no  doubt  but 
that  this  is  a  very  effedtial  joint.  It  is  not,  however, 
much  pradifed.  It  is  faid  that  the  (loping  feam  at  the 
ffioulder  lodges  water  j  but  the  great  reafon  feems  to  be 
Y  2  a 
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a  fecret  notion  that  it  wenkrr.fi  the  tie-beam.  If  we 
conhder  the  direction  in  which  it  a&B  as  a  tie,  we  mud 
acknowledge  that  this  form  takes  the  he'd  method  for 
Vr*n  ring’  the  whole  of  it  into  a£ion. 

Fi'f*  32-  exhibits  a  form  that  is  more  general,  but 
certainly  worie.  What  part  of  the  thruft  that  is  not 
borne  by  the  tenon  ads  obliquely  on  the  joint  of  the 
{boulder,  and  gives  the  whole  a  tendency  to  rife  up  and 
flide  outward. 

The  {boulder  joint  is  fometimes  formed  like  the  dot¬ 
ted  line  abed ef g  of  fig.  32.  This  is  much  more 
agreeable  to  the  true  principle,  and  would  be  a  very 
perfect  method,  were  it  not  that  the  intervals  bd  and 
df  are  fa  ftiort  that  the  little  wooden  triangles  be  d , 
d  ef  will  be  eafily  pufhed  off  their  bafes  b  </,  df. 

33*  ms  to  have  the  mod  general  approbation. 
It  is  the  joint  recommended  by  Price  (page  7.),  and 
copied  into  all  books  of  carpentry  as  the  true  joint  for  a 
ratter  foot.  The  vdible  fhoulder-joint  is  flufh  with  the 
upper  furface  of  the  tie  beam  The  angle  of  the  tenon 
at  the  tie  nearly  bifedts  the  obtufe  angle  formed  by  the 
rafter  and  the  beam,  and  is  therefore  fomewhat  oblique 
to  the  thruft.  The  inner  fhoulder  a  c  is  nearly  perpen¬ 
dicular  to  b  d .  The  fewer  angle  of  the  tenon  is  cut  off 
horizontally  as  at  e  d.  Fig.  34.  is  a  fe&ion  of  the  beam 
and  rafter  foot,  {hewing  the  different  fhoulders. 

We  do  not  perceive  the  peculiar  merit  of  this  joint. 
The  effedt  of  the  three  oblique  abutments  ab,  a  c,  e  d, 
is  undoubtedly  to  make  the  whole  bear  on  the  outer 
end  of  the  mortife,  and  there  is  no  other  pait  of  the  tie- 
beam  that  makes  immediate  refiftance.  Its  only  advan¬ 
tage  over  a  tenon  extending  in  the  direction  of  the 
thruft  is,  that  it  will  not  tear  up  the  wood  above  it. 
Had  the  inner  fhoulder  had  the  form  eci,  having  its 
face  ic  perpendicular,  it  would  certainly  have  a&ed 
more  powerfully  in  ftretching  many  filaments  of  the  tie- 
beam,  and  would  have  had  much  lefs  tendency  to  force 
out  the  end  of  the  mortife.  The  little  bit  ci  would 
have  prevented  the  Hiding  upwards  along  ec.  At  any 
rate,  the  joint  ab  being  flufh  with  the  beam,  prevents 
any  fenfible  abutment  on  the  fhoulder  ac. 

33\  N°  2.  is  a  fimpler,  and  in  our  opinion  a  pre¬ 
ferable,  joint.  We  ohferve  it  pradtifed  by  the  moft 
eminent  carpenters  for  all  oblique  thrufts;  but  it  furely 
employs  lefs  of  the  cohefion  of  the  tie  beam  than  might 
be  ufed  without  weakening  it,  at  leaft  when  it  is  iup- 
ported  on  the  other  fide  by  the  wall  plate. 

33*  3*  is  affo  much  praftifed  by  the  firft  car¬ 

penters. 

Fig.  55.  is  propofed  by  Mr  Nicholfen  (page  6  c.)  as 
preferable  to  fig.  33.  n°  3  becaufe  the  abutment  of  the 
inner  part  is  better  fupported.  This  is  certainly  the 
cafe;  but  it  fuppofes  the  whole  rafter  to  go  to  the  bot¬ 
tom  of  the  focket,  and  the  beam  to  be  thicker  than  the 
rafter  Some  may  think  that  this  will  weaken  the  beam 
too  much,  when  it  i-  no  broader  than  the  rafter  is  thick  • 
in  which  cafe  they  think  that  it  requires  a  deeper  focket 
than  Nicholfbn  has  uiven  it.  Perhaps  the  advantages 
of  Nicholfon’s  confi ruction  may  be  had  by  a  joint  lfke 

•  n-  n°  2. 

Circum-  Whatever  is  the  form  of  thefe  butting  joints,  great 
nance,  to  care  (hould  be  taken  that  all  parts  bear  alike,  and  the 
be  attended artift  will  attend  to  the  magnitude  of  the  different  fur- 
faces,  in  the  general  compreffion,  the  greater  furfaces 
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will  be  lefs  comprefTed,  and  the  (mailer  will  therefore 
change  mod.  When  all  has  fettled,  every  part  fhould 
be  equally  clofe.  Becaufe  great  logs  are  moved  with 
difficulty,  it  is  very  troublefome  to  try  the  joint  fre¬ 
quently  to  fee  how  the  parts  fit;  therefore  we  mnft  ex- 
petfl  lefs  accuracy  in  the  interior  parts.  This  fhould 
make  us  prefer  thofe  joints  whofe  efficacy  depends  chief¬ 
ly  on  the  vifible  joint. 

It  appears  from  all  that  we  have  faid  on  this  fubje&, 
that  a  very  fmall  part  of  the  cohefion  of  the  tie-beam  is 
Sufficient  for  withftanding  the  horizontal  thruft  of  a 
roof,  even  though  very  low  pitched.  If  therefore  no 
other  ufe  is  made- of  the  tie-beam,  one  much  flenderer 
may  be  lifed,  and  blocks  may  be  firmly  fixed  to  the 
ends,  on  which  the  rafters  might  abut,  as  they  do  on 
the  joggles  on  the  head  and  foot  of  a  king  poft.  Al¬ 
though  a  tie-beam  has  commonly  floors  or  ceilings  to 
carry,  and  fometimes  the  workfhops  and  {lore  rooms  of 
a  theatre,  and  therefore  requires  a  great  fcantling,  yet 
there  frequently  occur  in  machines  and  engines  very  ol>- 
lrque  ftretchers,  which  have  no  other  office,  and  are  ge. 
nerally  made  of  dimen fions  quite  inadequate  to  their  ii- 
tuation,  often  containing  ten  times  the  neceffary  quan¬ 
tity  of  timber.  It  is  therefore  of  importance  to  afeer- 
tam  the  moft  perfe&  manner  of  executing  fuclr  a  joint. 
We  have  direfted  the  attention  to  the  orincioles  that 
are  really  concerned  in  the  effedl.  In* all  hazardous 
cafes,  the  carpenter  calls  in  the  affiftance  of  iron  ftraps  • 
and  they  are  frequently  neceffary,  even  in  roofs,  not- 
withftandrng  this  fuperabundant  ftrength  of  the  tie-beam. 
But  this  is  generally  owing  to  bad  conftruaion  of  the 
wooden  joint,  or  to  the  failure  of  it  by  time.  Strap3 
will  be  confidered  in  their  place. 

.  The,e  needs  but  little  to  be  faid  of  the  joints  at  a 
joggle  worked  out  of  foil’d  timber  ;  they  are  not  near 
fa  difficult  ae  the  laft.  .  When  the  fue  of  a  log  will  al- 
low  the  joggle  to  receive  the  whole  breadth  or  the  a- 
butting  brace,  it  ought  certainly  to  he  made  with  a 
lquare  fhoulder  5  or,  which  is  dill  better,  an  arch  of  a 
circle,  having  the  other  er.d  of  the  brace  for  Its  centre. 
Indeed  this  in  general  will  not  fenfibly  differ  from  3 
uraight  line  perpendicular  to  the  brace.  By  this  circu¬ 
lar  form,  the  fettling  of  the  roof  makes  no  chano-e  in 
the  abutment ;  but  when  there  is  not  fufficient  fluff  for 
this,  we  muft  avoid  bevel  joints  at  the  fhoulders.  becaufe 
thefe  always  tend  to  make  the  brace  flide  off.  The 
brace  in  fig  36.  muft  not  be  joined.as  at  a,  but  as  at  b, 
or  lome  equivalent  manner.  Observe  the  joints  at  the 
head  of  the  main  polls  of  Drury  Lane  theatre,  fig.  D. 

W  hen  the  very  oblique  adlion  of  one  fide  of  ^  frame  P 
of  carpentry  does  not  extend  but  comprefs  the  piece  on; 
which  it  abuts  (as  in  fig.  u.),  there  is  no  difficulty  id 
the  joint.  Indeed  a  joining  is  unneceffary,  and  it  is 
enough  that  the  pieces  ahut  on  each  other  ;  and  we 
have  only  to  lake  care  that  the  mutual  oreffute  be  equal- 
y  orne  by  all  the  parts,  and  that  it  do  not  produce  la» 
teral  preffures,  which  may  caufe  one  of  the  pieces  to 
Hide  on  the  butting  joint.  A  very  flight  mortife  and 
tenon  is  fufficient  at  the  joggle  of  a  king  poll  with  a 
rafter  or  (training  beam.  It  is  befl,  in  geneial,  to  make 
the  butting  plain,  bife&ing  the  angle  formed  by  the 
hdes,  or  elie  perpendicular  to  one  of  the  pieces.  In 
fig.  36.  n°  a.  where  the  draining  beam  a  b  cannot  flip 
away  from  the  preffure,  the  joint  a  is  preferable  to  b,  or 
2  indeed 
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indeed  to  any  uneven  joint,  which  never  fails  to  produce 
very  unequal  preiTures  on  the  dififeient  parts,  by  which 
fome  are  crippled,  others  are  fplintered  off,  &c. 

,ns  When  it  is  necedary  to  employ  iron  (traps  for  ftrength- 
i  g  enhg  a  joint,  a  confiderable  attention  is  neceffary,  that 
li)s  we  may  place  them  properly.  The  fird  thing  to  be  deter¬ 
mined  is  the  direction  of  the  drain.  1  his  is  learned  by 
the  observations  in  the  beginning  of  this  article.  We 
mud  then  refwlve  this  drain  into  a  drain  parallel  to  each 
piece,  and  another  perpendicular  to  it.  Then  the  -drap 
which  is  to  be  made  fad  to  any  of  the  pieces  mud  be  <o 
fixed,  that  it  (hall  refid  in  the  direftion  parallel  to  the 
piece.  Frequently  th’s  cannot  be  done  ;  but  we  mud 
come  as  near  to  it  as  we  can.  In  fuch  cafes  we  mud 
fuupofe  that  the  afitmblage  yields  a  little  to  the  pref- 
fures  which  ad  on  it.  We  mud  examine  what  change 
of  (hape  a  fmall  yielding  will  produce.  We  mud  now 
fee  how  this  will  afteft  the  iron  drap  which  we  have  al¬ 
ready  fuppofed  attached  to  the  joint  in  fome  manner 
that  we  thought  fuitable.  This  fettling  will  perhaps 
draw  the  pieces  away  from  it,  leaving  it  loofe  and  nn- 
fervictable  (this  frequently  happens  to  the  plates  which 
are  put  to  fecure  the  obtuie  angles  of  butting  timbers, 
when  their  bolts  are  at  fome  didance  from  the  angles, 
efoecially  when  thefe  plates  are  laid  on  the  infide  of  the 
angles)  ;  or  it  may  caufe  it  to  comprefs  the  pieces  hard¬ 
er  than  before  ;  in  which  cafe  it  is  anfwering  our  inten¬ 
tion.  But  it  may  be  producing  crofs  drains,  which 
may  break  them;  or  it  may  be  crippling  them.  We 
can  hardly  give  any  general  rules;  but  the  reader  will  do 
well  to  read  what  is  written  in  n°  36.  and  41.  of  the 
article  Roof,  Encycl.  In  n°  36.  he  will  fee  the  nature  of 
the  drap  or  dirrup,  by  which  the  king  pod  carries  the 
tie  beam.  The  drap  that  we  obferve  mod  generally  ill- 
placed  is  that  which  connects  the  foot  of  the  rafter  with 
the  beam.  It  only  binds  down  the  rafter,  but  does  not 
aft  againd  its  horizontal  thrud.  It  fhould  be  placed 
farther  back  on  the  beam,  with  a  bolt  through  it,  which 
will  allow  it  to  turn  round.  It  fhould  embrace  the  rafter 
almod  horizontally  near  the  foot,  and  fhould  be  notch¬ 
ed  fquare  with  the  back  of  the  rafter.  Such  a  conduc¬ 
tion  is  represented  in  fig.  37.  By  moving  round  the 
eye  bolt,  it  follows  the  rafter,  and  cannot  pinch  and 
cripple  it,  which  it  always  does  in  its  ordinary  form. 
We  are  of  opinion  that  draps  which  have  eye-bolts  in 
the  very  angles,  and  allow  all  motion  round  them,  are 
of  all  the  mod  perfeft.  A  branched  drap,  fuch  as  may 
at  once  bind  the  king  pod  and  the  two  braces  which 
butt  on  its  foot,  will  be  more  ferviceable  if  it  have  a 
joint.  When  a  roof  warps,  thole  branched  draps  fre- 
quentlybreak  the  tenons,  by  affordinp  a  fulcrum,  in  one 
of  their  bolts.  An  attentive  and  judicious  artift  will 
coniider  how  the  beams  will  aft  on  fuch.  occadons,  and 
will  avoid  giving  rife  to  thefe  great  drains  by  levers  — 
A  Ikilful  carpenter  never  employs  many  draps,  confider- 
ing  them  as  auxiliaries  foreign  to  his  art,  and  iubjeft  to 
imperfeftions  in  workmanfhip.  which  he  cannot  difeern 
nor  amend.  We  mud  refer  the  reader  to  Nicholfon’s 
Carpenter  and  Joiner’s  Assistant  for  a  more  par¬ 
ticular  account  of  the  vadous  forms  of  ftirrups,  ferewed 
rods,  and  other  iron  work  for  carrying  tie-beams,  &c. 

As  for  thofe  that  are  neceflary  for  the  turning  joints 
of  great  engines  condrufted  of  timber,  they  make  no 
part  of  the  art.  of  carpentry*. 
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After  having  attempted  to  give  a  fy  derm  tic  view  4^ 
of  the  principles  of  framing  carpentry,  we  (hail  con- 
elude,  by  giving  fome  examples  which  will  illudrate  andpj^gof 
confirm  the  foregoing  principles.  carpentry. 

Fig.  38.  is  the  root  of  the  chapel  of  the  Royal  Hof-  43 

pital  at  Greenwich,  condrufted  by  Mr  S.  Wyatt/  Greenwich. 

Inches  1 

Scantling.  T  • 

A  A,  Is  the  tie-beam,  57  feet  long,  fpanning 


51  feet  clear  -  -  -  14  by  12 

CC,  Queen  pods  -  -  -  9X12 

D,  Braces  -  -  -  -  9X7 

E,  Trufs  beam,  -  -  -  10X7 

F,  Straining  piece  -  -  -  6  X  7 

G,  Principal  rafters  -  -  10X7 

I  I,  A  cambered  beam  for  the  platform  -  9.7 

B,  An  iron  dring,  fupportir.g  the  tie-beam  2X2 


The  truffes  are  7  feet  apart,  and  the  whole  is  covered 
with  lead,  the  boarding  being  fupported  by  horizontal 
ledgers  h,  h ,  of  6  by  4  inches. 

This  is  a  beautiful  roof,  and  contains  lefs  timber  than 
mod  of  its  dimenfions.  The  parts  are  all  diipofed  with 
great  judgment.  Perhaps  the  iron  rod  is  unnecedary  ; 
but  it  adds  great  ftiffnefs  to  the  whole. 

The  iron  draps  at  the  rafter  feet  would  have  had  - 
more  effeft  if  not  fo  oblique.  Thofe  at  the  head  of 
the  pods  are  very  effective. 

We  may  obferve,  however,  that  the  joints  between 
the  draining  beam  and  its  braces  are  not  of  the  bed 
kind,  and  tend  to  bruife  both  the  draining  beam  and 
the  trufs  beam  above  it.  ^ 

Fig.  39.  the  roof  of  St  Paul’s,  Covent  Garden,  con*gt  PaulY*.  , 


drufted  by  Mr  Wapfhot  in  1796.  4  Govern 

•  .  „  .  .  „  Garden. 

A  A,  Tie-beam  fpanmng  50  fget  2  inches  16.12 

B,  Queen  pod  -  -  -  9X8 

C,  Trufs- beam  -  -  -  -  10X8 

D,  King  pod  (14  at  the  joggle)  -  9X8 

E,  Brace  -  -  -  -  B  X  7J 

FF,  Principal  brace  (at  bottom)  -  J0X84 

HH,  Principal  rafter  (at  bottom)  -  10  X  84 

Studs  fupporting  the  rafter  -  8  X8 


This  roof  far  excels  the  original  one  put  up  by  Inigo 
Jones.  One  of  its  truffes  contains  198  feet  of  timber. 

One  of  the  old  roof  had  273,  but  had  many  inaftive 
timbers,  and  others  ill  difpofed  ( Ar.  B.  The  figure  which  , 
we  gave  of  it  in  the  article  Roof,  copied  from  Price,  is 
very  enoneous).  The  internal  trufs  FCF  is  admirably 
contrived  for  fupporting  the  exterior  rafters,  without 
any  prefTare  on  the  far  projefting  ends  of  the  tie  beam. 

The  former  roof  had  bent  them  greatly,  fo  as  to  appear  • 
ungraceful. 

We  think  that  the  camber  (fix  inches)  of  the  tie- 
beam  is  rather  hurtful;  becaufe  by  fettling,  the  beam  • 
lengthens  ;  and  this  mull  be  accompanied  by  a  conftder - 
able  finking  of  the  roof.  This  will  appear  by  calcula¬ 
tion.  .  45- 

Fig.  40.  the  roof  of  Birmingham  theatre,  condruft-  Binning* 
ed  by  Mr  Geo.  Saunders.  I  he  fpaa  is  So  feet  clear,  ham  theatre, 
and  the  trufTes  are  10  feet  apart. 

A,  Is  an  oak  corbel  -  -  9*5 

B,  Inner  plate  -  -  -  9X9 

C,  Wall  plate  *  -  *  8  X  54 

D,  Pole  plate  -  -  -  7  X  5 

IK*, 
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*E,  Beam  -  - 

E,  Straining  beam 

G,  Oak  king  pod  (in  the  fhaft) 

H,  Oak  queen  pod  (in  the  fhaft) 

I,  Principal  rafters 

K,  Common  ditto 

L, ,  Principal  braces 

M,  Common  ditto 

N,  Purlins 

Qj  Straining  fill 


'5*l5 

12X9 

9X9 
7X9 
9X9 
4X2J 
9  and  6X9 
6X9 
7  x  5 

5^X9 


This  roof  is  a  fine  fpecimen  of  Britffii  carpentry,  and 
•is  one  of  the  bolded  and  lighted  roofs  in  Europe.  The 
.draining  fill  Q  gives  a  firm  abutment  to  the  principal 
.braces,  and  the  fpace  between  the  pods  is  194  feet 
♦wide,  affording  roomy  workshops  for  the  carpenters 
and  other  workmen  connefted  with  a  theatre.  The 
eontrivancefor  taking  double  hold  of  the  wall,  which  is 
very  thin,  is  excellent.  There  is  alfo  added  a  beam 
(marked  R),  bolted  down  to  the  tie-beams.  The  in¬ 
tention  of  this  was  to  prevent  the  total  failure  of  fo 
bold  a  trufling,  if  any  of  the  tie-beams  fhould  fail  at  the 
end  by  rot. 

Drury- "Lane  Akin  to  this  roof  is  fig.  41.  the  roof  of  Drury  Lane 
theatre.  theatre,  80  feet  3  inches  in  the  clear,  and  the  truffes  15 
’feet  apart,  condru&ed  by  Mr  Edward  Grey  Saunders. 
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A,  Beams 

B,  Rafters 

C,  King  pods 

D,  Struts 

E,  Purlins 

G,  Pole  plates 
I,  Common  rafters 

K,  Tie-beam  to  the  ixain,  trufs 

L,  Pods  to  ditto 

M,  Principal  braces  to  ditto 

N,  Struts 

P,  Straining  beams 


-  10  by  7 

7X7 
12X7 
5X7 
9X5 
5X5 
5X4. 
15  X  12 
15X12 
14  and  12X12 
8X12 
12  X  12 
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Eeraarks. 


The  main  beams  are  truffed  in  the  middle  fpace  with 
oak  truffes  5  inches  fqmre.  This  was  neceffary  for  its 
width  of  32  feet,  occupied  by  the  carpenters,  painters, 
Ac.  The  great  fpace  between  the  truffes  afford  good 
flore-rooms,  drefiing  rooms,  &c. 

It  is  probable  that  this  roof  has  not  its  equal  in  the 
world  for  lightnefs,  diffnefs,  and  drength.  The  main 
trufs  is  fo  judicioufiy  framed,  that  each  of  them  will  fafe- 
ly  bear  a  load  of  near  300  tons;  fo  it  is  not  likely  that 
they  will  ever  be  quarter  loaded.  The  divifion  of  the 
whole  into  three  parts  makes  the  exterior  roofings  very 
light.  The  drains  are  admirably  kept  from  the  walls, 
and  the  walls  are  even  firmly  bound  together  by  the 
roof.  They  alfo  take  off' the  dead  weight  from  the 
main  trufs  one-third. 

The  intelligent  reader  will  perceive  that  all  thefe  roofs 
are  on  one  principle,  depending  on  a  trufs  of  three 
pieces  and  a  draight  tie-beam.  This  is  indeed  the 
great  principle  of  a  trufs,  and  is  a  dep  beyond  the  roof 
with  two  rafters  and  a  king  pod.  It  admits  of  much 
greater  variety  of  forms,  and  of  greater  extent.  We 
may  fee,  that  even  the  middle  part  may  be  carried  to 
any  fpace,  and  yet  be  flat  at  top  ;  for  the  tmfs-beam 
may  be  fupported  in  the  middle  by  an  inverted  king 
pod  (of  timber,  not  iron),  carried  by  iron  or  wooden 
ties  from  its  extremities  :  And  the  fame  ties  may  carry 
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the  horizontal  tie-beam  K  ;  for  till  K  be  torn  afunder 
or  M,  M,  and  P  be  crippled,  nothing  can  fail. 

The  roof  of  Bt  Martin's  church  in  the  Fields  is  con- 
dr iidled  on  good  principles,  and  every  piece  proDcrly 
difpofed.  But  although  its  fpan  does  not  exceed  40 
feet  from  column  to  column,  it  contains  more  timber  in 
a  trufs  than  there  is  in  one  of  Drury  Lane  theatre.  The 
roof  of  the  chapel  at  Greenwich,  that  of  St  Paul's,  Co¬ 
vent  Garden,  that  of  Birmingham,  and  that  of  Drury 
Lane  theatres,  form  a  feries  gradually  more  oerfedt. 
Such  fpecimens  afford  excellent  Ieffons  to  th/artids. 

We  therefore  account  them  aufeful  prefent  to  the  pub¬ 
lic. 

There  is  a  very  ingenious  projeft  offered  to  the  pub-Pr'k 
lie  by  Mr  Nicholfon  (Carpenter’s  Affidant.  p.  68.)  HeMr*N 
•propofes  iron  rods  for  king  pods,  queen  pods,  and  all^’ 
other  fit uations  where  beams  perform  the  office  01  ties. 
This  is  in  profecution  of  the  notions  which  we  pnblifh- 
ed  in  the  article  Roof  of  the  EncycL  (fee  n°  36,  37.) 

He  receives  the  feet  or  the  braces  and  drnts  in  a  focket 
very  well  connedled  with  the  foot  of  his  iron  king  pod  ; 
and  he  fecures  the  feet  o*  his  queen  pods  from  being 
fpuflied  inwards,  by  interpofing  a  draining  fill.  He 
does  not  even  mortife  the  foot  of  his  principal  rafter  in- 
to  the  end  of  the  tie-beam,  but  fets  it  in-  a  focket  like  a 
fhoe,  at  the  end  of  an  iron  bar,  which  is  bolted  into  the 
tie  beam  a  good  way  back.  All  the  parts  are  formed 
and  difpofed  with  the  precifion  of  a  perfon  thorou  ghly 
acquainted  with  the  fubjecl;  and  we  have  not  the  fmal- 
led  doubt  of  the  fuccefs  of  the  projed,  and  the  complete 
fecurity  and  durability  of  his  roofs,  and  we  expert  to 
fee  many  of  them  executed.  We  abound  in  iron,  but 
we  mud  fend  abroad  for  building  timber.  This  is  there1 
foie  a  valuable  projedl ;  at  the  fame  time,  however,  let 
us  not  over-rate  its  value.  Iron  is  but  about  1  2  times 
dronger  than  red  fir,  and  is  more  than  12  times  hea¬ 
vier  ;  nor  is  it  cheaper,  weight  for  weight,  or  flremnh 
for  drength.  .  ^  - 

Our  illudrations  and  examples  have  been  chiefly  ta¬ 
ken  from  roofs,  becaule  they  are  the  mod  familiar  in- 
dances  of  the  difficult  problems  of  the  art.  We  could 
have  wifhed  for  more  room  even  on  this  fubjeft.  The 
condruaion  of  dome  roofs  has  been  (we  think)  mifta- 
ken,  and  the  difficulty  is  much  lefs  than  is  imagined. 

We  mean  in  refpecl  of  drength;  for  we  grant  that  the 
obliquity  of  the  joints,  and  a  general  intricacy,  incrcafes 
the  trouble  of  workmanfhip  exceedingly.  Another  op- 
portunity  may  perhaps  occur  for  confidenng  this  fub- 
jed.  Wooden  bridges  form  another  clafs  equally  diffi.  ...  ‘ 
cult  and  important ;  but  our  limits  are  already  overpaf-^j 
fed,  and  will  not  admit  them.  The  principle  on  which 
they  Ihould  all  be  conftruded,  without  exception,  is 
that  of  a  tiufs,  avoiding  all  lateral  bearings  on  any  of 
the  timbers.  In  the  application  of  this  principle,  we 
muft  farther  remark,  that  the  angles  of  our  trufs  Ihould 
be  as  acute  as  poffible  ;  therefore  we  Ihould  make  it  of 
as  few  and  as  long  pieces  as  we  can,  taking  care  to  pre¬ 
vent  the  bending  of  the  trufs  beams  by  bridles,  which 
embrace  them,  but  without  preffing  them  to  either  fide. 
When  the  trufs  conhfts  of  many  pieces,  the  angles  are 
very  obtufe  ;  and  the  thrufts  increafe  nearly  in  the  du¬ 
plicate  proportion  of  the  number  of  angles.  The  pro- 
per  maxims  will  readily  occur  to  the  artift  who  confi. 
ders  with  attention  the  fpecimens  of  centres  or  coombs 
which  we  lhall  give  in  the  article  Centre. 
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With  refpeft  to  the  frames  of  carpentry  which  occur 
U  in  engines  and  great  machines,  the  varieties  are  fuch 
lev  that  ft  would  require  a  volume  to  treat  of  them  proper- 
1  1v  The  principles  are  already  laid  down  ;  and  if  the 
reader  be  really  interefled  in  the  ftudy,  he  will  engage 
in  it  with  ferioufnefs,  and  cannot  fail  of  being  ir.ftru&* 
ec|  We  recommend  to  his  con fi deration,  as  a  fpecimen 
of  what  may  be  done  in  this  way,  the  working  beam  of 
Fornblower’s  fleam  engine  (fee  SrsAM-Engme ,  n°  84. 
£nc«cI. )  When  the  beam  mud:  a&  by  chains  hung 
from  the  upper  end  of  arch  heads,  the  framing  there 
given  fcems  very  fcientifically  conflrudted  ;  at  the  fame 
time,  we  think  that  a  ftrap  of  wrought  iron,  reaching 
the  whole  length  of  the  upper  bar  (fee  the  figure), 
would  be  vaftly  preferable  to  thofe 'partial  plates  which 
the  engineer  has  put  there,  for  the  bolts  will  foon  work 


But  when  arches  are  not  neceflary,  the  form  employ¬ 
ed  by  Mr  Watt  is  vaftly  preferable,  both  for  fimplicity 
and  for  flrength.  It  confifts  of  a  fimple  beam  AB 
(fig.  42.),  having  the  gudgeon  C  on  the  upper  fide. 
The  two  piflon  rods  arc  attached  to  wrought  iron  joints 
A  and  B."  Two  fliong  firuts  DC,  EC  reft  on  the  up¬ 
per  fide  of  the  gudgeon,  and  carry  an  iron .  firing 
ADEB,  con  lifting  of  three  pieces,  conne&ed  with  the 
{[ruts  by  proper  joints  of  wrought  iron.  A  more  mi- 
mite  defcription  is  not  needed  for  a  clear  conception  of 
the  piinciple.  No  part  of  this  is  expofed  to  a  crofs 
ftiain  ;  even  the  beam  AB  might  be  fawed  through  at 
the  middle.  The  iron  firing  is  the  only  part  which  is 
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flretched  ;  for  AC,  DC,  EC,  EC,  are  all  in  a  Rate  of 
comprefiion.  We  have  made  the  angles  equal,  that  all 
may  be  as  great  as  pofiible,  and  the  preffure  on  the 
ftruts  and  firings  a  minimum.  Mr  Watt  makes  them 
much  lower,  as  A  de  B,  or  A  *  But  this  is  for 
economy,  becaufe  the  flrength  is  almofl  infuperable.  It 
might  be  made  with  wooden  filings;  but  the  workman- 
fhip  of  the  joints  would  more  than  compenfate  the 
cheapncfs  of  the  materials. 
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We  offer  this  article  to  the  public  with  deference,  Condufiom.- 
and  we  hope  for  an  indulgent  reception  of  our  effay  on 
a  fubjed  which  is  in  a  manner  new,  and  would  require 
much  ftudy.  We  have  bellowed  our  chief  attention 
on  the  flrength  of  the  conflru&ion,  becaufe  it  is  here 
that  perfons  of  the  profefiion  have  the  mofl  fcanty  in¬ 
formation.  We  beg  them  not  to  confider  our  obferva- 
tious  as  too  refined,  and  that  they  will  ftudy  them  with 
care.  One  principle  runs  through  the  whole  ;  and 
when  that  is  clearly  conceived  and  familiar  to  the  mind, 
we  venture  to  fay  that  the  practitioner  will  find  it  cf 
eafy  application,  and  that  he  will  improve  every  per¬ 
formance  by  a  continual  reference  to  it. 

If  this  attempt  to  inilruCl  our  mod  valuable  and 
much  efleemed  artifts  lhall  appear  to  meet  with  theic 
approbation,  it  may  encourage  us  to  engage  in  the  fe- 
rious  talk  of  compofing  a  fyftem  on  the  fubjeCl.  But 
this  is  a  great  work,  and  will  require  much  time  and  li¬ 
beral  contribution  of  knowledge  from  the  eminent  car¬ 
penters  who  do  honour  to  this  country  by  their  works. . 
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j  CARRE'  (Lewis),  was,  in  1663,  born  in  the  pro- 

^  vince  of  Brie  in  France  ;  and  refilling  to  enter  into  the- 

fervice  of  the  church,  for  which  his  education  was  in 
tended  to  fit  him,  he  incurred  the  dilpleafure  of  his  fa¬ 
ther.  His  refources  being,  thus  cut  oft,  lie  was  obliged 
to  quit  the  univerfity,  and  go  out  into  the  world  with¬ 
out  employment  or  the  means  of  fubfiflence.  Tn  this 
exigency  he  was  fosnehow  introduced  to  the  celebrated 
Malebranclie,  and  retained  by  him  as.  an  amanuenfis* 
Under  this  great  mailer  he  fludied  mathematics  and  me- 
taphyfics,  and  could  hardly  fail  to  become  ftrongly  at¬ 
tached  to  the  latter  fcience.  After  refiding  feven  years 
with  Malebranche,  he  refolved  to  enter  upon  fome  em¬ 
ployment,.  which  might  procure  him  a  lefs  precarious* 
cilabhfhinent  than  what  could  be  enjoyed  by  the  favour 
of  any  individual  :  and  with  that  view  he  began  at  Pa¬ 
ris  a  courfe  of  le£lures  in  mathematics,  metaphyfics,  and 
moral  philofophy,  to  fuch  young  ladies  and  gentlemen 
as  chofe  to  put  themfelves  under  his  tuition.  Vvhen 
we  think  of  the  mafler  under  whom  he  himfelf  fludied 
thofe  fciences,  we  cannot  wonder  that  he  made  geome¬ 
try  ferve  merely  as  an  introduction  to  his  beloved  meta¬ 
phyfics  ;  and  indeed  the  order  of  his  courfe  deferves  to 
be  univerially  adopted.  It  is  furely  much  better  to  ac- 
cuflom  the  youthful  mind  to  Heady  apprehenfion  and 
patient  thinking  in  the  ftudy  of  the  ancient  geometry, 
before  it  proceed  to  fciences  more  abflrad,  than  to  hur¬ 
ry  it  at  once,  as  is  the  practice  in  fome  univerfities,  in¬ 
to  all  the  mazes  and  intricacies  of  what  is  called  the 
fir  ft  philofophy,. 

But  although  M.  Carre  gave  the  preference  to  meta- 
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phyfics,  he  did  not  negled  mathematics  ;  and  while  he  Car  ref 
taught  both,  he  took  care  to  make  himfelf  acquainted  — -v— ^ 
with  all  the  new  difeoveries  in  the  latter.  This  was  all 
that  his  conflant  attendance  on  his  pupils  would  allow 
him  to  do  till  the  year  1697,  when  M.  Varignon,  fo 
remarkable  for  his  extreme  fcrupuloufnefs  in  the  choice 
of  his  eleves,  took-M.  Carre  to  him  in  that  flation.- 
Soon  after,  viz.  in  the  year  1700,  our  author,  thinking 
himfelf  bound  to  da  fomething  that  might  render  him 
worthy  of  that  title,  publifhed  the  firft  complete  work 
on  the  integral  calculus,  under  the  title  of  “  A  Method 
of  Meafuring  Surfaces  and  Solids,  and  finding  their 
Centres  of  Gravity,  Percuftion,  and  Ofc illation.”  Fie 
afterwards  difeovered  fome  errors  in  the  work,  and  was 
candid  enough  to  own  and  corrc&  them  in  a  fubfequent 
edition. 

In  a. little  time  M.  Carre  became  afTociate,  and  at 
length  one  of  the.  penfioners  of  the  Academy.  And  as 
this  was  a  fufficient  eftablifhment  for  one  who  knew  fo 
well  how  to  keep  his  defires  within  juft  bounds,  he  gave 
himfelf  up  entirely  to  ftudy  ;  and  as  he  enjoyed  the  ap¬ 
pointment  of  mechanician,  he  applied  himfelf  more  par¬ 
ticularly  to  mechanics.  He  took  alfo  a  furvey  of  every 
branch  relating  to  mufic;  fuch  as  the  do&rine  of  founds, 
and  the  defcription  of  mufical  inflruments  ;  though  he 
defpifed  the  pra&ice  of  mufic  as  a  mere  fenfual  plea- 
fure.  Some  fketches  of  his  ingenuity  and  induflry  in 
this  v/ay  may  be  feen  in  the  Memoirs  of  the  French 
Academy  of  Sciences.  M.  Carre  alfo  compofed  fome 
treatifes  on  other  branches  of  natural  philofophy,  and  # 

fome  on  mathematical  fubjects  $  all  which  he  bequeath¬ 

ed  * 
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cd  to  thr.t  illuflrious  body,  though  It  docs  rot  appear 
that  any  of  them  have  yet  been  publifiied.  It  is  not 
unlikely  that  he  was  hindered  from  putting  the  laid:  hand 
to  them  by  a  train  of  disorders  proceeding  from  a  bad 
digeilion,  which,  after  harafling  him  during  the  fpace  of 
five  or  fix  years,  at  length  brought  him  to  the  grave  in 
j  7 1 1,  at  48  years  of  age. 

Though  he  pofieffed  a  confiderable  degree  of  fcience 
and  much  ingenuity,  like  many  other  eminent  men  he 
had  neqle&ed  in  his  youth  to  duly  the  language  of  his 
native  country.*  In  confequenee  of  this,  one  of  the  ear- 
Jieft  of  his  female  pupils,  perceiving  that  his  language 
was  the  reverfe  of  elegant,  told  him  pleafantly,  that  a6 
an  acknowledgment  for  the  trouble  which  he  had  taken 
to  teach  her  philafopliy,  die  would  in  return  teach  him 
French;  and  he  ever  afterwards  faid,  that  from  her  lef- 
fons  he  had  reaped  great  advantage.  To  this  circum- 
flanee  probably  it  was  owing  that  he  thought  more 

highly  of  the  genius  of  women  than  that  of  men. 

rrr ~  - 1 — : — 1  i:a  r  u: . „ 
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CASSINI  (James),  a  celebrated  French  iftronomcr, 
was  born  at  Paris  February  18.  1677,"  being  the  young¬ 
er  fon  of  Johannes  Dominions  CafJini,  of  whom  fome 
account  has  been  given  ir.  the  Encyclopedia. 

After  his  firft  ftudics  in  his*  fathers  houfe,  in  which 
it  is  not  to  be  fuppofed  that  mathematics  and  aftroromy 
would  be  negle&ed,  he  was-  fent  to  ftudy  philofophy  at 
the  Mazarine  college,* where*  the  celebrated  Varignon  was 
then  pro  fed  or  ofmathematics.fFrom  the  aflidanee  of  this 
eminent  man  young  Cafhni  profited  fo  well,  that  at  1  <; 
yem*s  of  age  lie  fupported  a  mathematical  thefis  with  great 
honour.  At  the  age  of  17  he  was  admitted  a  mem¬ 
ber  of  the  Academy  of  Sciences;  and  the  dime  year  he 
accompanied  his  father  m  a  journey  to  Italy,  where 
he  addled  him  in  the  verification  of  the  meridian  at  IVj. 
iogna  and  other  meafurements.  On  his  return  lie  per. 
formed  fimilar  operations  in  a  journey  into  Holland, 
where  he  difeovered  fome  errors  in  the  merfurc  of  the 
earth  by  Snell,  the  refult  of  which  was  communicated  to 


The  following  is  ?.  chronological  lift  of  his  memoirs  the  Academy  in  i  702.  He  made  alfo  a  vifit  to  England 
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printed  in  the  volumes  of  the  Academy. 

J.  The  redlification  of  curve  lines  by  tangents,  1701. 
2.  Solution  of  a  problem  propofed  to  geometricians,  <kc. 
1 7?  1.  3.  Refiedlions  on  the  table  of  equations,  1701. 

4.  On  the  caxife  of  the  refradlion  of  light,  1702. 

5.  Why  the  tides  are  always  augmenting  from  Bred  to 

St  Malo,  and  dirninifhing  along  the  coafts  of  Normandy, 
1702.  6.  The  number  and  the  names  of  mufical  in- 

ffrunients,  1702.  7.  On  the  vinegar  which  caufes  fmall 
flones  to  roll  upon  an  inclined  plane,  1733.  8.  On  the 

rectification,  &c.  of  the  candies  by  reflection,  1703. 
9.  Method forthe  rectification^ curves,  1704.  10.  Ob- 
fervations  on  the  .produ&ion  of  found,  1  703.  2 1.  On 

a  curve  formed  from  a  circle,  1705.  12.  On  the  re¬ 

fraction  of  mufket- balls  in  water,  and  on  the  refiftance 
of  that  fluid,  17 05.  13*  Experiments  on  capillary  tubes, 
17°5»  M*  On  the  proportion  of  pipes  to  have  a  de¬ 
terminate  quantity  of  water,  1705.  15.  On  the  laws  of 
motion,  1706.  16.  On  the  properties  of  pendulums, 

with  fome  new  properties  of  the  parabola,  1 707.  1 7.  On 
the  proportion  of  cylinders,  that  their  founds  may  form 
the  mufical  cords,  1709.  18.  On  the  eladicity  of  the 

air,  1710.  ^  19.  On  catoptrics,  1710.  20.  On  the  Mo- 
ifochord :  in  the  Machines,  tom.  1.  with  fome  other 
pieces,  not  mathematical. 

CASCABEL,  the  knob  or  button  of  metal  behind 
the  breech  of  a  cannon,  as  a  kind  of  handle  by  which 
to  elevate  and  direct  the  piece  ;  to  which  fome  add  the 
fillet  and  ogees  a&  far  as  the  bafe-ring. 

1  •  °r  PAZ,E.MATE»  in  fortification,  a 

kind  of  vault  or  arch  of  Rone- work,  in  that  part  of  the 


in  1696,  where  he  was  made  a  member  of  the  Royal 
8oc|ety.  In  1 7  1 2  he  Succeeded  his  father  as  aftronomer 
royal  at  the  obfervatory  of  Paris.  In  3717  he  gave  to 
the  Academy  his  refeurches  on  thediftance  of  the  fixed 
liars;  in  which  lie  Ihewed  that  the  whole  annual  orbit, 
of  near  200  millions  of  miles  diameter,  is  but  as  a  point 
in  companion  of  that  diftance.  The  fame  year  he  com¬ 
municated  alfo  his  difeoveries  concerning  the  inclination 
of  the  orbits  of  the  fatelhtes  in  general,  and  efpecially 
of  thofe  of  baturn’8  fatellites  and  ring.  In  172^  he 
undertook  to  determine  the  caufe  of  the  moon’s  libra- 
tion,  by  which  lire  (hews  fometimeg  a  little  towards  one 
fide,  and  fometimes  a  little  on  the  other,  of  that  half 
which  is  commonly  behind  or  hid  from  our  view. 

In  1732  an  important  quetllon  in  aftronomy  exemfed 
the  ingenuity  of  our  author.  His  father  had  determi¬ 
ned,  by  his  obfervations,  that  the  planet  Venus  revolved 
about  her  axis  in  the  fpace  of  23  hours ;  and  M.  Bjan- 
chini  had  publffhed  a  work  in  1729,  in  which  he  fettled 
the  period  of  the  fame  revolution  at  24  days  8  hours. 
From  an  examination  of Bianchini’s  obfervations  which 
were  upon  the  fpots  in  Venus,  he  difeovered  that  he 
had  intermitted  his  obfervations  for  the  fpace  of  three 
hours,  from  which  caufe  he  had  probably  miftaken*ne\v 
fpots  for  the  old  ones,  and  fo  had  been  led  into  the  mi- 
flake.  The  probability  is,  that  both  had  fallen  into 
fome  miflake,  or  that  they  had  proceeded  on  very  diffe¬ 
rent  principles ;  for  otherwife  ftich  different  refults  are 
wholly  unaccountable.  Dr  Herfeliel  feems  latiefied  that 
the  period  of  the  revolution  is  lefs  than  Bianchini  has 
made;  but  he  does  not  fay  what  it  is,  or  that  it  is  not 

much  (vreater  than  ir  l.,.  *  f 


Panic  of  T  ,,  .  .  uui  lie  ones  hoc  lay  wnat  it  is,  or  that 

to  defen'd  the’ face  of  thF  L  *\  aLbatttf,T  mucl>  greater  than  it  was  fuppofed  by  Cafiint.  Oui 

or  ditch  °PP  C  mld  the  n10at  ai,tllor’  aftei  he  had  con vi died  Bianchftu,  as  he  thought 

-  It  is  now  feldomufed,  becaufe  the  batteries  of  the  the  **«?  a."d  «*■«!*  of  tin 

enemy  are  apt  to  bury  the  artillery  of  thecafemate  in 

*le  ™ns  °- the  vault befide,  the  great  fmok'e  made  by 
the  dnehare  nf  oannoo  j _  v  •  ,  ,  .  ,  .  ] 


the  difehare  of  the  cannon  tender,6 it  intolerable  to  Z 
men.  bo  that,  inflead  of  the  ancient  covered  cafenrafes 
later  engineers  have  contrived  open  ones,  onlr  niardai 
by  a  parapet,  &c.  1  n 

Casem  ate  is  alfo  u fed  for  a  well  with  feveral  firbter- 
raneous  branches,  dug  in  the  pafTage  of  the  badfonf  till 
th'  !Iucer  18  b<avd  at  A'ork,  and  air  given  to  the  mine. 


acceleration  of  the  motion  of  Jupiter  at  half  a  fecond 
per  year,  and  of  that  of  the  retardation  of  Saturn  at 
two  minutes  per  year ;  that  thefe  quantities  would  go 
on  mcreafmg  for  2000  years,  and  then  would  decreafe 
In  ^740  he  publiftud  his  A (tronomical  ables, 
and  his  Elements  of  Allronomy  ;  very  dx  ten  five  and  ac¬ 
curate  works. 

yilthough  agronomy  was  the  principal  objtft  of  our 
author’s  confi deration,  he  did  not  confine  himkir 
lutely  to  that  branch,  but  made  occafional  excurfiuna 

into 
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into  other  fields.  We  owe  M  . 

Experiments  on  Eledricity,  or  the  Light  produced  by 
-o  t the  R  eroil  of  Fire. 


Bodies  by  Fiittion;  Experiments  on  the  Recoil  of  Fire- 
arms ;  Refearches  on  the  Rife  of  the  Mercury  in  the 
Barometer  at  different  Heights  above  the  Level  of  the 
Sea  ;  Refleftions  on  the  perfeding  of  Burning-glaffes; 
and  other  Memoirs. 

The  French  Academy  had  properly  judged,  that  one 
of  its  moft  important  obje&s  was  the  meafurement  of 
the  earth.  In  1669  Picard  meafured  a  little  more  than 
o  degree  of  latitude  to  the  north  of  Paris  ;  but  as  that 
extent  appeared  too  fmall  from  which  to  conclude  the 
whole  circumference  with  Efficient  accuracy,  it  .was  re- 
folved  to  continue  that  meafurement  on  the  meridian  of 
Paris  to  the  north  and  the  fouth,  through  the  whole 
extent  of  the  country.  Accordingly,  in  1683,  the  late 
M.  de  la  Hire  continued  that  on  the  north  fide  of  Pa¬ 
ris,  and  the  older  Caffini  that  on  the  fouth  fide.  The 
latter  was  affifted  in  1700  in  the  continuation  of  this 
operation  by  his  foil  our  author.  The  fame  work  was 
farther  continued  by  the  fame  academicians;  and,  finally, 
the  part  left  unfmiffied  by  De  la  Hire  in  the  north  was 
hnillied  in  1718  by  our  author,  with  the  late  Maraldi, 
and  De  la  Hire  the  younger.  - 

Thefe  operations  produced  a  coniiderable  degree  ot 
precition.  It  appeared  alfo,  from  this  meafured  extent 
of  fix  degrees,  that  the  degrees  were  of  different  lengths 
in  different  parts  of  the  meridian ;  and  in  fuch  fort  that 
our  author  concluded,  in  the  volume  publifhed  for  17  1  8, 
that  they  decreafed  more  and  more  towards  the  pole, 
and  that  therefore  the  figure  of  the  earth  was  that  of 
an  oblong  fpheroid,  or  having  its  axis  longer  than  the 
equatorial  diameter.  He  alfo  meafured  the  perpendicu¬ 
lar  to  the  fame  meridian,  and  compared  the  meafured  di¬ 
fiance  with  the  differences  of  longitude  as  before  deter¬ 
mined  by  the  eclipfes  of  Jupiter’s  fatellites:  whence  he 
concluded  that  the  length  of  the  degrees  of  longitude 
was  fmaller  than  it  would  be  on  a  fphere,  and  that 
therefore  again  the  figure  of  the  earth  was  ^an  oblong 
fpheroid,  contrary  to  the  determination  of  Newton  by 


the  theory  of  gravity.  Though  Newton  was  of  all  men 
the  moft  averfe  from  controverfy,  the  other  mathema¬ 
ticians  in  Britain  did  not  tamely  fubmit  to  conclufions 
in  dired  oppofition  to  the  fundamental  dodrine  of  a 
philo fopher  of  whofe  talents  the  nation  was  juftly  proud. 
The  confequence  was,  that  the  French  government  fent 
two  different  fetsof  meafurers,  the  one  to  meafure  adegree 
at  the  equator,  the  other  at  the  polar  circle  ;  and  the 
comparifon  of  the  whole  determined  the  figure  to  be  an 
oblate  fpheroid,  contrary  to  Caffim’s  determination  . 

After  a  long  and  laborious  life,  James  Caffini  died 
in  April  1756,  in  confequence  of  a  fall,  and  was  fuc- 
ceeded  in  the  Academy  and  Obfervatory  by  the  tiibjed 
of  the  following  article.  He  publilhed,  A  I  reatile  on 
the  Magnitude  and  Figure  of  the  Earth  ;  as  alfo,  1  he 
Elements  or  Theory  of  the  Planets,  with  1  ables ;  be* 
fide  an  infinite  number  of  papers  in  the  Memoirs  of  the 
Academy,  from  the  year  1699  to  1755. 

Cjssinj  de  cThury  (Cefar  Francois),  a  celcbratedFrench 
aftronomer,  director  of  the  obfervatory,  penfioner  aitro* 
nomer,  and  member  of  moft  of  the  learned  focieties  of 
Europe,  was  born  at  Paris  June  17*  1714?  being  the  e* 
cond  fon  of  James  Caffini,  the  lubjed  of  the  preceding 
memoir,  whole  occupations  and  talents  he  inherited  and 
fupported  with  great  honour.  He  received  his  firft  kdous 
i3up.pL.  Vol.  I.  Part  I. 
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to  him,  for  example,  in  aftronomy  and  mathematics  from  MM.  Maraldi  and 
Camus  ;  and  made  fuch  a  rapid  progrefs,  that  when  he 
was  not  more  than  ten  years  of  age  he  calculated  the 
phafes  of  a  total  eclipfe  of  the  fun.  At  the.  age  of 
eighteen  he  accompanied  his  father  in  his  two  journeys 
undertaken  for  drawing  the  perpendicular  to  the  ob¬ 
fervatory  meridian  from  Strafbourg  to  Breft.  from 
that  time  a  general  chart  of  France  was  devifed  *,  for 
which  purpole  ic  was  necefl’ary  to  traverfe  the  country 
by  fever al  lines  parallel  and  perpendicular  to  the  men- 
dian  of  Paris,  and  our  author  was  charged  with  the  con- 
dud  of  tlih  bufmefs  ;  in  which  lie  was  fo  fcrupulous  as 
to  meafure  again  what  had  been  meafured  by  his  father. 
This  great  work  was  publifhed  in  174°*  vvltb  a  chart 
ffiewirg  the  new  meridian  of  Paris,  by  two  different  fe- 
ries  of  triangles,  paffing  along  the  fea  coafts  to  Bayonne, 
travelling  the  frontiers  of  Spain  to  the  Mediterranean 
and  Antibes,  and  thence  along  the  eatleru  limits  of 
France  to  Dunkirk,  with  parallel  and  perpendicular 
lines  deferibed  at  the  diftance  of  6:00  toifes  from  one 
another,  from  fide  to  fide  of  the  country. 

A  tour  which,  in  1741,  our  author  made  in  Flanders, 
in  the  train  of  the  king,  gave  rife,  at  his  majefty’s  in- 
ftance,  to  the  chart  of  France  ;  relative  to  which  Caf¬ 
fini  publifhed  different  works,  as  well  as  a  great  number 
of  the  fheets  of  the  chart  itfelf.  In  1761  he  under¬ 
took  an  expedition  into  Germany,  for  the  purpofe 
of  continuing  to  Vienna  the  perpendicular  of  the  Pa¬ 
ris  meridian  ;  to  unite  the  triangles  of  the  chart  of 
France  with  the  points  taken  in  Germany  ;  to  pre¬ 
pare  the  means  of  extending  into  that  country  the 
fame  plan  as  in  France ;  and  thus  to  eftabli'h  fuc- 
ceffively  for  all  Europe  a  moft  ufeful  uniformity.— 
Our  author  was  at  Vienna  the  6th  of  June  1761,  the 
day  of  the  traniit  of  the  planet  Venus  over  the  fun,  of 
which  he  obferved  as  much  as  the  ftate  of  the  weather 
would  permit  him  to  do,  and  publifhed  the  account  of 
it  in  his  Voyage  cn  j4llemagnc. 

Finally,  M.  Caffini,  always  meditating  the  perfedion 
of  his  grand  defign,  profited  of  the  peace  of  [783  to  pio- 
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pofe  the  joining  of  certain  points  taken  upon  the  Eng- 
lifh  coaft  with  thofe  which  had  been  determined  on  ihe 
coaft  of  France,  and  thus  to  conned  the  general  chart  ' 
of  the  latter  with  that  of  the  Britifh  ifles,  like  as  he 
had  before  united  it  with  thofe  of  Flanders  and  Germa¬ 
ny.  The  propofal  was  favourably  received  by  the  Eng- 
lifh  government,  and  prefently  carried  into  effed  under 
the  diredion  of  the  Royal  Society,  the  execution  being 
committed  to  the  late  General  Roy.  See  the  life  of 
that  general  in  this  Supplement . 

Between  the  years  1735  and.  1770,  M.  Caffini  pub- 
lifhed,  in  the  volumes  of  Memoirs  of  the  French  Aca¬ 
demy,  a  piodigious  number  of  pieces,  confifting  chief¬ 
ly  of  aftronomical  obfervations  and  queftions ;  among 
which  are  obfervable,  refearches  concerning  the  parallax 
of  the  fun,  the  moon,  Mars,  and  Venus  ;  on  aftronomi¬ 
cal  refradions,  and  the  efled  caufed  in  their  quantity 
and  laws  by  the  weather;  numerous  obfervations  011  the 
obliquity  of  the  ecliptic,  and  011  the  law  of  its  variations. 
In  fhort,  lie  cultivated  aftronomy  ‘or  fifty  years,  the 
moft  important  for  that  fcience  that  ever  elapfed  for 
the  magnitude  and  variety  of  objeds,  in  which  he  com¬ 
monly  fuftained  a  principaUhare. 

M.  Caffini  was  of  a  very  llrong  and  vigorous  confti- 
tution,  which  carried  him  through  the  many  laborious 
Z  operations 
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^tation^"  °?eratl,°ns  *n  £eo£i*aphy  and  aftronomy  which  he  con- 
l|  du&ed.  An  habitual  retention  of  urine,  however,  ren- 
Catalogue  dered  the  laft  twelve  years  of  his  life  very  painful  and 
Lof  8ookg-  di  ft  refling,  till  it  was  at  length  terminated  by  the  fmall- 
W  v  ‘  Pox  the  4th  of  September  1784,  in  the  71ft  year  of  his 
age.  Ke  was  fucceeded  in  the  academy,  and  as  di. 
redfor  of  the  obfcrvatory,  by  his  only  fon  John-Do- 
mime  Cafimi,  the  fourth  in  order  of  diredt  defeent  who 
has  filled  that  honourable  ftation. 

.  CASTRAMETAT  ION,  the  art  or  adfc  of  encamp¬ 
ing  an  army. 

CATACAUSTICS,  or  Catacaustic  Curves,  in 
the  higher  geometry,  are  the  fpecies  of  cauftic  curves 
formed  by  refledion. 

CATACOUS1  ICS,  orCATAPHONics,is  the  fcience 
of  refledled  founds;  or  that  part  of  acouftics  which  treats 
of  the  properties  of  echoes. 

FALOGUES  of  Books,  is  a  fubjedl  of  which 
a  very  curious  hiftory  has  been  given  to  the  world  by 
Frorefior  Beckmann.  In  the  Encyclopedia  mention  has 
been  made  of  fome  of  the  moft  valuable  catalog”es, 
their  defedfs  pointed  out,  and  rules  given  for  making 
them  more  perfed  ;  but  nothing  has  there  been  faid  of 
them  ongin,  or  of  the  ufes  which  might  be  made  of  the 
oldelt  catalogues. 

According  to  the  ProfefTor,  George  Wilier,  whom 
fome  improperly  call  Viller,  and  others  Walter,  a  book- 
feller  at  Augfourg,  who  kept  a  very  large  (hop,  and 
frequented  the  Franckfort  fairs,  firfl  fell  upon  the  plan 
©f  cauiing  to  be  printed,  before  every  fair)  a  catalogue 
of  aH  the  new  books,  in  which  the  fize  and  printers 
names  were  marked.  Le  Mire,  better  known  under 
the  name  of  Mir*us,  fays,  that  catalogues  were  firft 
printed  m  the  year  1574;  but  Labbe  (a),  Reimann(B), 
d  I-ieumann  (c),  who  took  their  information  from  Le 
Mire,  make  the  year  erroneoufly  to  be-i  c64.  Willer’s 
catalogues  were  printed  till  the  year  ,592  by  Nicol 
B  a  flams,  printer  at  Franckfort.  Other  bookfeller 
however,  muft  have  foon  published  catalogues  of  the  like 

K;4hSp.S ' or  Wfl,CT  •« 

page-,  the  following  order  is  obferved.  The  Latin 

tefta  Sf  °flCU‘Ii>^  7,  P^ace>  beginning  with  the  Pro- 

Lnthe  he°1g,Ca  W°rks’  PerhaPs  hecaufe  Wilier  was  a 
Lutheran  ;  then  come  the  Catholir*  .  r  1 

City.  Our  author  had  fXv  r  •  1  .  *  rs  in  ^at 

ZS.tZL’Zi  £•  ■Vf,,alo*“e  of  111  ^  Zh 

publilhtd  at  Lriptc, 
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Franckfort,  with  the  permiflion  of  his  highnefs  the  elec-  CataW 
tor  of  Saxony,  to  thofe  new  works  which  have  appeared  rf  Boob 

at  Leipfic.  Printed  at  Leipfic  by  Abraham  Lambert  ' - v— 

and  to  be  had  at  his  fhop.  On  the  September  catalogue 
of  the  fame  year,  it  is  faid  that  it  is  printed  from  the 
Franckfort  copy  with  additions.  He  found  an  Imoerial 
privilege  for  the  firft  time  on  the  Franckfort  September 
catalogue  of  1616:  Cum  gratia  et  privilegio  fpeciali  f. 
caef  maj .  Projlat  apucl  J.  Kruger um  Augujlanum. 

Reimmann  fays,  that  after  Willer’s  death  the  cata 
Iogue  was  published  by  the  Leipfic  bookfeller  Henning 
G rone,  and  by  his  fon  and  grandfon.  The  council  of 
Franckfort  caufed  feveral  regulations  to  be  iflued  re- 
fpe&jng  catalogues  ;  an  account  of  which  may  be  feen 
in  D.  Orth’s  Treat  l/e  on  the  Imperial  Fairs  at  Franc  F  • 
forn  After  the  bufmefs  of  bookselling  was  drawn  from 
M  ancktort  to  Leipfic,  occafioned  principally  by  the  re. 
unctions  to  which  it  was  fubjeded  at  the  former  bv 
the  cenlors,  no  more  catalogues  were  printed  there- 
and  the  (hops  in  Book-ftreet  were  gradually  convened 
into  taverns (d). 

,,  “  In  t1lle1,6Jt.h  century  there  were  few  libraries  ;  and 
the  e,  which  did  not  contain  may  books,  were  in  mo- 
naileries,  and  con  (died  principally  of  theological,  philo- 
fophical,  and  hiftoncal  works,  with  a  few,  however,  on 
jiirifprudence  and  medicine  ;  while  thofe  which  treated 
of  agriculture  manufaflures,  and  trade,  were  thought 
unworthy  of  the  notice  of  the  learned,  or  of  being  ore- 
ferved  in  large  collections.  The  number  of  thefe  works 
was,  neverthelefs,  far  from  being  inconfiderable;  and  at 
any  , ate,  many  of  them  would  have  been  of  great  ufe, 
as  they  would  have  ferved  to  illudrate  the  inltruftive 
dory  of  the  arts.  Catalogues  which  might  have  given 
occafion  to  inquiries  after  books,  that  may  be  flill  Le- 
where  preferred  have  differed  the  fate  of  tomb  done  , 
which,  being  waded  and  crumble--  to  pieces  by  the  de- 
ftroymg  hand  of  time,  become  no  longer  legible.  A 

at  Lad  I  rS  ofthem  Pe,flaPs  is  nowhere  toV  found, 

d°  n.0t  r“ber  (fays  the  Profeflor)  to  have 
ever  feen  one  m  any  library. 9>  " 

he,thinks’  m,’sht  be  in  f°me  mea. 
who  bv  /r  rat/l0gues  0f  Ckfs  and  Claudius 

7h  °r  lie  deflre  °f  fome  bo°k(ellers,  collected  to«I 

ddferent  L;  whIch  had  been  pnblifhcd  at  the 

the  dido  "  yMrS-  ,The  work  of  Clefs  has 

wing  ltle  :  Unius  faculi  ejufque  virorum  littera- 

To  TCTTT  tUm-fl°rent^  tum  ferMffimi,  ab  an. 

chus  confummatifjjmus  defumtus  partim  ex  fingularum  nun. 
dmarmn  catalog^  partim  ex  biblmbecis.  AuCfo^e  [oanne 

Bv  the  eIre-CeniiVHann°i0>  P^opho  ac  medico  1 
wa's  pubhS  in^e  ^  ^  ^  edit^ 

methodical ^ 2  O ur  ^ ^  ^  ^  ™ 

metnodical.  Our  author,  however,  confeffes,  that  he 


never. 
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(»)  Job.  Adolph.  Stock,  Frankfurter  Clfrondfj'p. 
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never  faw  a  perfect  copy  of  either  edition 
logue  confifls  of  three  parts  ;  of  which  the  firft  has  the 
title  of  Bibliotheca  claffica ,  Jive  Catalogue  officinalis ,  in 
quo  finguli  ftngularum  facultatum  ac  profeffionum  libri ,  qui 
in  quavis  fere  lingua  extant — recenfentur  ;  ufque  ad  an - 
num  1624  inclufive .  Au&ore  M.  Gcorgio  Draudio.— 

It  contains  Latin  works  on  theology,  jurifprudence, 
medicine,  hiftory,  geography,  and  politics.  The  copy 
in  the  library  of  the  univerlity  of  Gottingen  ends  at 
page  1304,  which  has,  however,  a  catch-word,  ^  that 
feems  to  indicate  a  deficiency.  —  The  fecond  part  is  en¬ 
titled,  Bibliotheca  claffica  five  Catalogus  officinalis ,  in  quo 
philofophtci  artiumque  adeo  humauiorum ,  poetici  etiam  et 
mufici  libri  ufque  ad  annum  1624  contiueiiiur.  This  part, 
containing  Latin  books  alfo,  begins  at  page  1298,  and 
ends  with  page  16^4,  which  is  followed  by  an  index  of 
all  the  authors  mentioned. — A  fmaller  volume,  of:  302 
pages-  without  au  index,  has  for  title,  Bibliotheca  exotica , 
five  Catalogus  officina  is  librorum  peregrinis  Unguis  uftalU 
bus  feriptorum.  And  a  third  part,  forming  759  p?ges, 
be fides  an  index  of  the  authors,  is  called,  Bibliotheca  li¬ 
brorum  Germanicorum  clajjica  ;  that  is,  A  catalogue  of 
all  the  hooks  printed  in  the  German  language  till  the 
year  1625. 

We  have  reafon  to  believe  that  there  are  other  edi¬ 
tions  of  this  catalogue  than  tliofe  mentioned  by  Profef- 
for  Beckmann  ;  and  it  might  become  fome  prince  or 
great  man,  for  it  is  not  a  work  for  a  bookfeller,  to  com¬ 
pare  all  the  editions  together,  and  publifh  a  new  one 
more  correT  than  any  that  is  at  prefent  extant  This 
indeed  would  be  an  expenfive  and  not  an  eafy  talk  ;  for 
our  author  obferves,  that  all  the  oldeft  catalogues  had 
the  fame  faults  as  thofe  of  later  date,  and  that  thefe 
faults  have  been  copied  by  Draudius.  Many  books  are 
mentioned  which  were  never  printed,  and  many  titles, 
names,  and  dates,  are  given  incorrectly  ;  but  Draudius 
neverthelefs  is  well  worth  the  attention  of  any  one  who 
may  be  inclined  to  employ  his  time  and  ingenuity  on 
the  hiftory  of  literature  ;  and  his  work  certainly  was  of 
ufe  to  Haller  when  he  compofed  his  Bibliotheca . . 

CATAi.oGvrs  of  the  Stars ,  have  ufualiy  been  difpofed, 
cither  as  colleCttd  into  certain  figures  called  conflellations , 
or  according  to  their  right  afcenlions,  that  is,  the  order 
of  their  paffing  over  the  meridian. 

Of  the  principal  catalogues,  according  to  the  firft  of 
thefe  forms,  an  account  has  been  given  in  the  Encyclo¬ 
pedia .  The  firft  catalogue,  we  believe,  that  was  printed 
in  the  new  or  fecond  form,  according  to  the  order  of 
the  right  afcenlions,  is  that  of  De  la  Caille,  given  in  his 
Ephemerides  for  the  ten  y tars  between  1755  anc^  *7 
and  printed  In  1755*  It  contains  the  right  afcenlions 
and  declinations  of  307  flars,  adapted  to  the  beginning 
of  the  year  1750.  In  1757  ^a  Ladle  pubhfhed  his 
Aflronom'ue  Fundamenta ,  containing  a  catalogue  of  the 
right  afcenlions  and  declinations  ot  398  flars,  likewife 
adapted  to  the  beginning  of  1750.  And  in  1763,  the 
year  after  his  death,  was  publiflied  the  Ccclum  Auflrale 
Stelliferum  of  the  fame  author  ;  containing  a  catalogue 
of  the  places  of  1942  flars,  all  fituated  to  the  fouthward 
of  the  tropic  of  Capricorn,  and  obferved  by  him  while 
he  was  at  the  Cape  of  Good  Hope  in  1 7 5 1  and  I752  » 
their  places  being  alfo  adapted  to  the  beginning  of 
1750.  In  the  fame  year  was  pubMhed  his  Epheme- 
rides  for  the  ten  years  between  1765  and  177 5  5  *n  ^ie 
introduction  to  which  are  given  the  places  of  515  zo- 
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Tins  cata-  di'acal  ftars,  all  deduced  from  the  obfervations  of  the 

fame  author;  the  places  adapted  to  the  beginning  of0  ^ — > 
the  year  1 765. 

In  the  Nautical  Almanac  for  1773,  'ls  ?l’ve.n  a  cata~ 
logue  of  387  flars,  in  right  afeenfion,  declination,  lon¬ 
gitude,  and  latitude,  derived  from  the  obfervatlons  of 
the  late  celebrated  Dr  Bradley,  and  adjufled  to  the  be¬ 
ginning  of  the  year  1760.  1  his  fmall  catalogue,  and 

the  refults  of  about  1200  obfervations  of  the  moon,  arc 
all  that  the  public  have  yet  feen  of  the  multiplied  la¬ 
bours  of  this  mofl  accurate  and  indefatigable  oblerver, 
although  he  has  now  ( 1  798 )  been  dead  upwards  of  36 
years. 

In  1775  was  publifhed  a  thin  volume,  intitled.  Opera 
Inedita ,  containing  feveral  papers  of  the  late  1  obia3 
Mayer,  and  among  them  a  catalogue  of  the  right  afcen¬ 
lions  and  declinations  of  998  flars,  which  may  be  oc¬ 
culted  by  the  moon  and  planets;  the  places  being  adapt¬ 
ed  to  the  beginning  of  the  year  1756- 

At  the  end  of  the  fir  lb  volume  of  i(  Agronomical 
Obfervations  made  at  the  Royal  Obfervatory  at  Green¬ 
wich,”  publifhed  in  1776,  Dr  Mafkelyne,  the  prefent 


aftronomer  royal,  has  given  a  catalogue  of  the  places  of 
34  principal  liars,  in  right  afcenlion  and  north  polar 
diflance,  adapted  to  the  beginning  of  the  year  1770* 

Thefe  being  the  refult  of  feveral  years  repeated  ob¬ 
fervations,  made  with  the  utmoil  care,  and  the  belt  in- 
llruments,  it  may  be  prefumed  are  exceedingly  accu¬ 
rate. 

In  1782,  M.  Bode  of  Berlin  publifhed  a  very  ex- 
tenfive  catalogue  of  5058  of  the  fixed  flars,  colle&ed 
from  the  obfervations  of  Flamfieed,  Bradley,  Hevelius, 
Mayer,  De  la  Caille,  Meflier,  Monnier,  D’Arquier,  and 
other  aflronomers  ;  all  adapted  to  the  beginning  of  the 
year  1780;  and  accompanied  with  a  ccleftial  atlas  or 
fet  of  maps  of  the  confiellations,  engraved  in  a  mofl  de¬ 
licate  and  beautiful  manner. 

To  thefe  may  be  added  Dr  HerfcheBs  catalogue  of 
double  llais  printed  in  the  Phil.  Tranf.  for  178?  and 
1783  ;  Meffier’s  nebulae  and  clufters  of  flars,  publifhed 
in  the  Connoffance  des  Temps  for  1784;  and  HerfcheBs 
catalogue  of  the  lame  kind,  given  in  the  Phil.  Tranf. 
for  1786. 

In  1789  Mr  Francis  Wollaflon  publifhed  “  A  Spe¬ 
cimen  of  a  General  Agronomical  Catalogue,  in  Zones 
of  North  polar  Difiance,  and  adapted  to  January  1. 
1790.”  Thefe  itars  arc  colie&ed  from  all  the  cata¬ 
logues  before  mentioned,  from  that  of  Hevelius  down¬ 
wards.  This  work  contains  five  dillindt  catalogues; 
viz  Dr  Malkelyne’s  new  catalogue  or  36  principal  flars; 
a  general  catalogue  of  all  the  liars,  in  zopes  of  north- 
polar  dillance  ;  an  index  to  the  general  catalogue  ;  a 
catalogue  of  all  the  liars,  in  the  order  in  which  they 
pafs  the  meridian  ;  and  a  catalogue  of  zodiacal  flars,  in 
longitude  and  latitude. 

Finally,  in  1792,  Dr  Zach  publiflied  at  Gotha,  Ta- 
buU  Motuum  Solis;  to  which  is  annexed  a  new  catalogue 
of  the  principal  fixed  ftars,  from  his  own  obfervations 
made  in  the  years  1787,  1788,  I79°-  This  ca¬ 

talogue  contains  the  right  afeenfions  and  declinations  of 
381  principal  flars,  adapted  to  the  beginning  of  the 
year  1  800. — Hutton's  Mathematical  Dictionary, 

Befides  thefe  two  methods  of  forming  catalogues  of 
the  liars,  Dr  Herichel  has  conceived  a  new  one,  ia 
which  the  comparative  brightnefs  of  the  ftars  is  accu- 
Z  2  lately 
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Stars  ,a*c^r  txPrc^cc^»  It  is  long  fince  aftronomers  were  firft 
led  to  arrange  the  ftars  in  clafTesof  different  magnitudes 
by  their  various  degrees  of  brilliancy  or  luftre.  Bright- 
nefs  and  fize  have  at  all  times  been  confidered  as  fyno- 
nymous  terms  ;  lo  that  the  brighteft  ffars  have  been  re¬ 
ferred  to  the  clafs  comprehending  thole  of  the  firfl  mag¬ 
nitude  ;  and  as  the  fubfequent  orders  of  ffars  have  been 
fuppofed  to  decreafe  in  luftre,  their  magnitude  has  been 
determined  in  the  fame  decreafing  progreflion  :  but  the 
want  of  1’ome  fixed  and  fatisfadoiy  ffandard  of  luftre  has 
been  the  fource  of  eonfiderable  confufion  and  uncertain¬ 
ty  in  fettling  the  relative  magnitudes  of  the  ftars.  A 
ffar  marked  i.  2m.  is  fuppofed  to  be  between  the  firft 
and  fecond  magnitude;  but  2.  ini.  intimates,  that  the 
ftar  is  nearly  of  the  fecond  magnitude,  and  that  it  par¬ 
takes  fomewhat  of  the  luftre  of  a  ftar  of  the  firft  order. 
Such  fubdivifons  may  be  of  fome  ufe  in  afeertaining 
ftars  of  the  firft,  fecond,  and  third  claffes  ;  but  the  ex* 
pitflions  5  5-6m9  6.5m,  6m,  muft  be  very  vague  and 

indefinite.  Dr  Herfcliel  obferves  that  he  has  found 
them  fo  in  fad  ;  and  he  therefore  confiders  this  method 
of  pointing  out  the  different  luftre  of  ftars  as  a  reference 
to  an  imaginary  ftandard.  If  any  dependence  could  be 
placed  on  this  method  of  magnitudes,  “  it  would  follow, 
that  no  lefs  than  eleven  ftars  in  the  conftellation  of  the 
Dion,  namely,  P*  A  be  d  54,  48,  72,  had  all  under- 
gone  a  change  in  their  luftre  fince  Flamfleed’s  time  : 
ror  if  the  idea  of  magnitudes  had  been  a  clear  one,  our 
author,  who  marked  /»  1.2m.  and  y  2m.  ought  to  be 
under  ft  ood  to  mean  that  fi  is  larger  than  but  we  now 
find  that  actually  y  is  larger  than  fi.  Every  one  of  the 
eleven  ftars  (fays  Dr  Herfcliel)  which  I  have  pointed 
cut  may  be  reduced  to  the  fame  contradiafoll.,, 

author  h.as  pointed  out  the  inftances  of  the  in- 
fumciency  of  this  method,  and  of  the  uncertain  conclu- 
fions  that  are  deduced  from  it,  in  determining  the  com- 
parative  brightnefs  of  ftars  found  not  only  in  Mr  Flam- 
lteed’s  catalogue,  but  alfo  in  the  catalogues  of  other 
anronomers.  It  is  fufficiently  apparent  that  the  prefent 
method  of  expreffing  the  brightness  of  the  ftars  is  very 
deft  dive.  Dr  Herlchel  therefore  propofes  a  different 
mode,  that  is  more  precife  and  fatisfadory. 

“  1  P1?"  each  l,ar  (he  fays),  inftead  of  giving  its 
magnitude,  into  a  fiiort  feries,  conflruded  upon  the  or¬ 
der  of  brightnefs  of  the  neareft  proper  ftars.  For  in 
ftance,  to  exprefs  the  luftre  of  D,  I  fay  CDE.  By  this 
lhort  notation,  inftead  of  referring  the  ftar  D  to  an 
imaginary  uncertain  ftandard,  I  refer  it  to  a  precife  and 
determined  exiftiug  one.  C  is  a  ftar  that  has  a  greater 
luftre  than  I),  and  E  is  another  of  lefs  brightnefs  than 
r 1!otI'  C  an,d  L  are  neighbouring  ftars,  chofen  in 
fuch  a  manner  that  I  may  fee  them  at  the  fame  time 
with  D,  and  therefore  may  be  able  to  compare  them 
properly.  1  he  luftre  of  C  is  in  the  fame  manner  afeer- 
tamed  by  BCD;  that  of  B  by  ABC  ;  and  alfo  the 
hri&htnefs  of  E  by  D£F  ;  and  that  of  F  by  EFG. 

“  That  this  is  the  mod  natural,  as  well  as  the  moft 
effectual  way  to  exprefs  the  brightnefs  of  a  ftar,  and  bv 
that  means  to  deled  any  change  that  may  happen  in  its 
luftre,  will  appear,  when  we  confidcr  what  is  requifite 
to  alcertain  Inch  a  change.  We  can  certainly  not  wifh 
for  a  more  deciftve  evidence,  than  to  be  afTured,  by  ac¬ 
tual  infpedion,  that  a  certain  ftar  is  now  no  longer  more 
or  lefs  bright  than  fuch  other  ftars  to  which  it  has  been 
formerly  compared  j  provided  we  are  at  the  fame  time 
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a  flu  red  that  thofe  other  flats  remain  (till  in  their  foimer  CVaW,,, 
unaltered  luftie.  But  if  the  ftar  D  will  no  longer  *  ‘he  Stint 

ltana  in  its  foimer  order  CDE,  it  muft  have  undergone  ' - r— ' 

a  change  ;  and  if  that  older  is  now  to  he  expreffed  by 
CED,  the  liar  has  loft,  fome  part  of  its  luftre  ;  if,  on 
the  contrary,  it  ought  now  to  be  denoted  by  DCE,  its 
brightnefs  muft  have  had  fome  addition.  Then,  if  we 
fhould  doubt  the  liability  of  C  and  E.  we  have  recourfc 
to  the  orders  BCD  and  DEE,  which  expiefs  their 
u  .e  ,  or  even  to  ABC  and  EFG,  which  continue  the 
Tir-Tv  r  vth  W^8'  Now  havll>£  before  us  the  feries 
Arpnrrv,1  'f  even  die  more  extended  one 

r  i  •  i  *  ^r>  11  Wl11  be  impoflible  to  miftake  a  change 
ot  brightnefs  in  D,  when  every  member  of  the  feries^is 
found  in-  its  proper  order  except  D.” 

In  the  author’s  journal  or  catalogue,  in  which  the 
order  of  the  luftre  of  the  ftars  is  fixed,  each  ftar  bears 
Us  own  proper  name  or  number,  e.g.  “  the  brightnefs 
of  the  ftar  t  Leonis  may  be  expreffed  by  &  S  t  Leonis, 
or  better  by  94—68— 17  Leonis;  thefe  being  the 
numbers  which  the  three  above  ftars  bear  in  the  Britifli 
catalogue  of  fixed  ftars.” 

1  his  method  of  artangement  occurred  to  Dr  Her- 
fchel  fo  early  as  the  year  1782  ;  but  he  was  diverted 
from  the  regular  purfuit  of  it  by  a  variety  of  other  af- 
tronotBical  engagements.  After  many  trials,  he  pro- 
pored,  in  the  Tranfadions  of  the  Royal  Society  of 
London  for  1796,  the  plan  which  appeared  to  him  the 
moft  eligible.  It  is  as  follows  : — Inftead  of  denoting 
particular  ftars  by  letters,  he  makes  ufe  of  numbers  ;  and 
m  Ins  choice  of  the  ftars  which  are  to  exprefs  the  luftre 
of  any  particular  one,  he  direds  his  firft  view  to  perfed 
equality.  When  two  ftars  feem  to  be  fimilar  both  in 
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jhtnefs  and  magnitude,  he  puts  down  their  numbers 
together,  feparated  merely  by  a  point,  as  30.24  Leonis; 
but  if  two  ftars,  which  at  firft  feemed  alike  in  their 
luftre,  appeared  on  a  longer  infpedion  to  be  different, 
and  the  preference  fhould  be  always  decidedly  in  favour 
of  the  fame  ftar,  he  feparates  thefe  ftars  by  a  comma, 
thus,  41,94  Leonis.  This  order  muft  not  be  varied  ; 
nor  can  three  fuch  ftars,  as  20,  40,  39,  Libras,  admit 
of  a  different  arrangement.  If  the  ftate  of  the  heaven* 
fhould  be  fuch  as  to  require  a  different  order  in  thefe 
number?,  we  may  certainly  infer  that  a  change  has  ta¬ 
ken  place  in  the  luftre  of  one  or  more  of  them.  When 
two  ftars  differ  very  little  in  brightnefs,  but  fo  that  the 
pre  eience  of  the  one  to  the  other  is  indifmitable,  the 
numbers  that  exprefs  them  are  feparated  by' a  fhort  line, 
Is  ~?°  ^eoni3>  or  68 — 17 — 70  Leonis.  When  two 
ftars  differ  fo  much  in  brightnefs,  that  one  or  two 
other  ftars  might  be  interpofed  between  them,  and  ftill 
leave  fufficient  room  for  diftindion,  they  are  diftinguifh- 
ed  by  a  line  and  comma,  thus,  — ,  or  by  two  lines,  as. 
32  -41  Leonis.  A  greater  difference  than  this  is 

denoted  by  a  broken  line,  thus - 29  Bootis.  On 

the  whole,  the  author  obferves,  the  marks  and  diftinc- 
tions  which' he  has  adopted  cannot  poffibly  be  miftaken; 

a  point  denoting  equality  of  luftre  ;  a  comma  indica¬ 
ting  the. lead  perceptible  difference;  a  fhort  line  to 
mark  a  decided  but  finall  fupefiority  5  a  line  and  com¬ 
ma,  or  double  line,  to  exprefs  a  eonfiderable  and  (hiking 
excefs  of  brightnefs ;  and  a  broken  line  to  mark  any 
other  fuperiority  which  is  to  be  looked  upon  as  of  110 
ufe  in  eftimations  that  are  intended  for  the  pupoie  of 
direding'  changes. 
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,  ,  -i  „.e  The  difficulties  that  attend  this  arrangement  are  not 
°h»Sttr«.(iJf„uifed  ;  but  the  importance  and  utility  of  it  more 
~-v —  tiivn  compenfate  for  the  labour  which  it  muft  neceffanly 
reouire.  By  a  method  of  this  kind,  many  difcovenes 
of  changeable  and  periodical  liars  might  p.obabty  have 

been  made,  which  have  efeaped  the  moft  d.l.gent  and 

accurate  obfervtrs.  We  might  then,  as  the  authoi  fu0- 
pefts,  be  enabled  to  refolve  a  problem  in  which  we  are 
s\\  immediately  concerned. 

“  Who,  foil  inftance,  would  not  w.fh  to  know  what 
den-ree  of  permanency  we  ought  to  afcribe  o 
ofbour  fun?  Not  only  the  (lability  of  our  climates,  but 
the  very  exiftence  ot  the  whole  animal  and  vegetable 
creation  itfelf,  is  involved  in  the  queftion.  Where  ca 
we  hope  to  receive  information  upon  this  u.je 
from  agronomical  obfervations  ?  It  it  be  allowed  to  ad¬ 
mit  the  fimilarity  of  ftars  with  our  fun  as  a  point  eft  - 
Miffied,  how  neccffary  will  it  be  to  take  notice  of 
fate  of  our  neighbouring  funs,  in  order  to  guefs  s at  ia 
o*  our  own  !  That  Jlar,  which  among  the  multitude  we 
have  dignified  by  the  name  of>«,  to-morrow  may  (low¬ 
ly  begin  to  undergo  a  gradual  decay  of  brightness,  like 
I Leonis,  «  Ceti,  «  Diacoms,  i  Una  majons,  and  many 
other  dimin.ffiing  ftars  that  will  be  mentioned  in  myxa- 
talogues.  It  may  fuddenly  increafe,  like  the  wonderful 
liar  In  the  back  of  Caffiopea’s  chair,  and  the  no  lefs  re¬ 
markable  one  in  the  foot  of  Serpentanus  5  or  gradually 
come  on  like  *  Geminorum,  0  Ceti,  f  Sagittaru,  and 
many  other  increaftng  ftars,  for  which  I  aifo  refer  to 
mv  catalogues  ;  and,  laftly,  it  may  turn  into  a  penom.al 
one  of  25  days  duration,  as  Algol  is  one  of  three  days, 

”  Cephei  of  five,  g  Lync  of  fix,  »  Antinoi  of  (even 
days,  and  as  many  others  as  are  of  various  periods. 

'  Having  thus  explained  the  general  principle  on  which 
this  catalogue  is  formed,  as  we  find  it  in  the  author  s 
firft  memofr  on  the  fubject,  we  muft  refer  the  reader  to 
the  Dodor’s  own  account  for  its  particular  anang  - 
ment;  obferving  only  that  the  catalogue  fnbjo.ned  com¬ 
prehends  nine  conftellations,  wh.ch  are  arranged  m  al¬ 
phabetical  order,  with  the  comparative  br.ghaiefs  of  the 
liars  accurately  dated.  In  a  fublequent  paper,  p.ibhi  1- 
cd  in  the  lam;  volume,  lie  has  completely  ventied  the 
utility  of  his  method  by  experience,  and  ihewn  that  there 

is  no  permanent  change  ot  luftre  in  the  liars. 

notes  to  liis  firft  catalogue  he  mentioned  «  Herculis as 
a  periodical  ftar.  By  a  feries  of  obfervations  on  this 
ftar,  compared  with  *  Ophiuchi,  which  was  mod  con¬ 
veniently  lituated  for  his  pnrpofe,  he  has  -een  able  not 
only  to  confirm  this  opinion,  but  to  afeertam  its  period. 
His  obfervations  are  arranged  in  a  table,  by  means  o 
which  he  determines  that  this  ftar  had  gone  through 
four  fucceffive  chan  es  in  an  interval  of  241  days ;  anc 
theretore  tire  duration  of  its  period  muft  be  about  60 
day-  and  a  quarter.  This  (aft  concurs  with  other  cir- 
cumilances  in  evincing  the  rotatory  motion  of  the  fta.* 
on  their  axes.  “  Dark  fpots,  or  large  portions  of  the 
furface,  lefs  luminous  than  the  reft,  turned  alternately 
in  certain  diredions,  either  towards  or  from  us,  will  ac¬ 
count  for  all  the  phenomena  of  periodical  changes  m  the 
luftre  of  the  liars,  fo  fatbfadorily,  that  we  certainly 
need  not  look  out  for  any  other  caufe.  |tube  al¬ 
leged  that  the  periods  in  the  change  of  luftre  of  iome 
liars,  fuch  as  Algol,  &  Lyric,  •>  Ccohei,  and  »  Antmoi, 

are  Ihort,  being  only  3,  5.  \V 

while  thofe  of  •  Ceti,  and  of  the  changeable  ftar  in  Il>- 
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lira,  and  that  in  the  neck  of  the  Swan,  are  long,  a-  Catalog.^ 

mounting  to  331,  394.  2nd  497  daYs  >  an~  that  .we  || 
cannot  afcribe  phenomena  fo  different  in  their  duration  Catharine 
to  the  fame  caufe— it  may  be  aniwered  to  tins  objedtioa, 1  v 
that  the  force  of  it  is  founded  on  our  limited  acquaint¬ 
ance  with  the  ffate  of  the  heavens.  To  the  7  the 
periodical  changes  of  which  were  belore  known,  _we 
may  now  add  *  Herculis,  which  performs  a  revolution 

of  its  changes  in  60  days.  _  ,  f 

“  The  llep  front  the  rotation  of  *  Herein. s  to  that  ot 
c  Ceti  is  far  lefs  confrderable  than  that  from  the  period 
of  Algol  to  the  rotation  of  «  Herculis  ;  and  thus  a  link 
in  the  chain  is  now  fupplied,  which  removes  the  objec¬ 
tion  that  arofe  from  the  vacancy.”  The  rotation  of 
the  fifth  fatellite  of  Saturn  is  proved  by  the  change  ob- 
fervable  in  its  light ;  and  “  this  variation  or  light,  off- 
ing-  to  the  alternate  expofition  of  a  more  or  lefs  bngh. 
liemifphere  of  this  periodical  fatellite,  plainly  indicates, 
that  the  fimilar  phenomenon  of  a  changeable  ftar  ariies 
from  the  various  luftre  of  the  different  parts  of  its  fur- 
lace,  lucccffively  turned  to  us  by  its  rotatory  motion. 

Befides,  we  perceive  a  greater  limilarity  between  the 
fun  and  the  ftars,  by  means  of  the  fpots  that  mult  be 
admitted  to  exift  on  their  furfaces,  as  well  as  on  that  ot 

^DrHerfchel  farther  obferves,  that  the  ftars,  befides 
a  rotatory  motion  on  their  axes,  may  have  other  move¬ 
ments  ;  “  fuch  as  nutations  or  changes  in  the  inchna. 
tion  of  their  axes  ;  •  which,  added  to  bodies  much  flat¬ 
tened  by  quick  rotatory  motions,  or  furrounded  oy  rings 
like  Saturn,  will  eafily  account  for  many  new  phenome¬ 
na  that  may  then  offer  themfelves  to  our  extended  views. 

To  this  paper  is  likewife  fubjoined  a  catalogue  of  nine 
conllellations ;  and  the  author  promifes  to  give  the 
whole  of  them  in  fucceffive  Ihort  catalogues  on  the  lame 

^CATENARIA,  or  Catenary  Curve.  Sec  En « 
cycl.  and  Arch  in  this  Supplement 

CATHARINE  II.  emprefs  of  all  the  Ruinas,  act- 
ed  fo  confpicuous  a  part  on  the  theatre  of  the  world ;  - 
poffeffed  fuch  uncommon  powers  of  mind,  highly  culti- 
vated  by  fcience  and  literature;  and  was  fuch  a  patro- 
nefs  of  fcience  and  literature  in  others— that  it  cannot 
be  deemed  foreign  from  a  work  of  this  nature  to  give 
fome  account  of  the  principal  events  ol  her  more  pri- 

vate  liie.  , 

Sophia  Augusta  Frederica,  who,  upon  hei  mar¬ 
riage  to  the  grandfon  of  Peter  the  Great,  affumed  tnc 
name  Catharina  Alexievna,  was  born  Xl  Stettin  on 
the  2d  of  May  1729.  Her  father  was  CUnftian  An- 
guffus,  prince  of  Anhalt  Zerbft-Dornburg,  at  that  time 
maior  general  in  the  Pruffian  fervice,  commander  in  chief 
of  the  regiments  of  infantry,  and  governor  of  the  tovviv 
and  fortrels  of  Stettin.  Her  mother,  who  was  born 
princefs  of  Holftein  Eutin,  was  a  woman  of  great  parts 
and  beauty  of  nearly  the  lame  age  with  the  prince  royal 
oi  XAuffia,  afterwards  Frederic  the  Great,  with  whom 
Ihe  kept  up  a  regular  eorreipondcnce,  and_  who  after¬ 
wards  contributed  to  the  aggrandifement  of  her  daugh¬ 
ter.  This  accomplilhed  prmcels  took  upon  herlell  the 
care  of  educating  the  yonwr  Sophia,  whom  flit  brought 
ud  in  the  iimpklt  manner,,  and  would  not  lufftr  to  ex¬ 
hibit  the  halt  Symptoms  ol  that  pride  to  which  Ihe 
bad  fome  propenlity  from  her  earlitff  childhood.  1  he- 
conlequence  of  this  lalutary  reft  1  amt  was,  that  good  hu- 
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Catharine,  mour,  intelligence,  and  fpirit,  were  even  then  the  ftrl- 
king  features  of  her  youthful  character.  Being  natu¬ 
rally  addidled  to  reading,  to  reflection,  to  learning,  and 
to  employment,  ftie  was  taught  the  French  and  other 
fafliionable  languages ;  and  was  intruded  to  read  iuch 
books  chiefly  as  might  make  her  acquainted  with  hifto- 
ry  and  with  the  principles  of  fcienee;  whilft  the  dodlrines 
of  the  Lutheran  religion  were  carefully  explained  to  her 
by  a  divine,  who  little  thought  how  foon  his  illuftrious 
pupil  would  embrace  another  faith. 

The  Emprefs  Elizabeth,  who  then  Lvayed  the  feep- 
tre  of  Ruflia,  had  in  early  life  been  promifed  in  marriage 
to  the  young  prince  of  liolflein-Eutin,  brother  to  the 
prince fs  of  Anhalt  Zerbfl  ;  but  at  the  inftant  when  the 
marriage  was  about  to  be  celebrated,  the  prince  fell  Tick 
and  died.  Elizabeth,  who  loved  him  to  excefs,  became 
inconfolable,  and  in  the  bitternefs  of  her  grief  made  a 
tow  of  celibacy.  This  vow,  though  fenfual,  and  even 
laleivious,  fhe  kept  fo  far  as  never  publicly  to  acknow¬ 
ledge  any  man  as  a  hufband  ;  and  upon  her  afeendiner 
the  throne  of  her  anceftois,  (he  called  her  nephew  the 
Ehike  of  Holftein  Gottorp  to  her  court,  where  he  was 
(olemnly  proclaimed,  when  fourteen  years  of  age,  Grand 
Duke,  with  the  title  of  Imperial  Highnefs,  and  decla¬ 
red  fuccefior  to  the  Emprefs  Elizabeth.  To  fecure  the 
fucceffion  in  the  family  of  Peter  the  Great,  the  Emprels 
was  very  dehrous  to  have  her  nephew  married  ;  and  the 
pnneeis  of  Anhalt-Zerbft,  not  ignorant  of  the  tender 
remembrance  which  (Ire  ftill  preferred  for  her  brother 
conceived  the  idea  of  placing,  by  means  of  it,  her  dauHi- 
ter  on  the  throne  of  Ruflia.  She  communicated  her 
plan,  to  the  king  of  Pruffia,  who  not  only  applauded  it, 
but  lent  her  his  afiiilance  to  carry  it  into  execution. 

Pull  of  ambitious  hopes,  therefore,  the  princefs  re¬ 
paired  with  her  daughter  to  St  Perterfburgh,  where  (lie 
was  received  with  friendship  by  Elizabeth,  and  where 
the  young  Sophia  foon  made  a  confiderable  impreffion 
on  the  mind  of  the  Grand  Duke.  As  Peter  was  well 

deft5/  r°f  r  g°°d  !lg"rCl  and’  thouSh  uneducated,  not 
deftitute  of  natural  talents,  the  attachment  became  reci- 

procal ;  and  the  pnneeis  of  Zerbft,  throwing  herfelf  at 
the  feet  of  the  emprefs,  affured  her,  that  the  two  lover 
were  attached  to  each  other  by  a  paffion  unconquerable ; 
i  .d_Ca  i11?  l°  ber  ml.nd7he_ love  which  (he  had  herfelf 


182  ]  CAT 

which  the  courtiers  quickly  difeovered,  and  were  atCathar; 
pains  to  foment  into  hatred.  Peter  was  now  ugly,  and  — r 
his  mind  was  uninformed.  Catharine,  it  not  a  beauty, 
was  at  leaft  a  lovely  woman,  and  highly  accomplifhed! 

She  could  find  no  entertainment  in  his  converfation,  and 
he  felt  himfelf  degraded  by  her  fuperiority.  A  faction 
was  formed  at  court,  headed  by  the  great  chancellor 
Beftucheft,  to  exclude  the  Grand  Duke  "from  the  thronef 
and  to  place  Catharine  at  the  head  of  affairs ;  and  to 
accompli lh  this  end,  every  art  was  employed  to  fill  the 
feeble  mmd  of  the  emprefs  with  jealoulks  of  her  nephew, 
and  with  a  contempt  of  his  character.  He  was  repre- 
lented  at  one  time  as  extremely  ambitious,  and  capable 
of  the  moft  daring  enterprifes,  to  get  immediate  poflei- 
hon  of  the  throne  ;  and  at  another,  as  a  wretch  given 
up  to  druiikennds  and  to  every  uiiprineely  vice. 

The  coiiiequence  of  the  full  of  thefe  accuiations  was, 
that  he  was  kept  at  a  diftance  from  his  aunt,  and  a 
ltranger  to  public  affairs  ;  and  being  wholly  unemploy- 
ed,  that  time  winch  his  education  had  not  fitted  him  to 
hll  up  with  reading,  reflection,  and  rational  converfa- 
tion,  hung  fo  heavy  on  his  mind,  that  it  was  no  diffi¬ 
cult  matter  for  thofe  dilfipated  young  men,  who  were 
placed  about  hirn  for  that  very  purpofe,  to  initiate  him 
m  the  habits  of  drunken neis  and  the  other  mean  prac¬ 
tices  to  which  it  was  pretended  he  had  long  been  de¬ 
voted.  In  iuch  a  Ichool,  it  was  no  wonder  that  he  be- 


#  _ - i  wwuuci  LiidL  lie  oe- 

came  a  proficient  in  grovelling  diflipation  j  or  that,  be- 


borne  to  the  prince  of  Holftein,  conjured to' n*  to  afPlfe  making  a  conquelt  even  of  the  Gr 
mote  the  happinefs  of  that  prince  "nC  The  ft  rata!  P  her  and  contriving 

«em  fucceeded.  The  choice  of  Elizabeth  was  next  dav  her  L  '’'  ,"  fuccel8f“> 5  a"d  obtained  f, 

announced  to  the  council  and  tn  thr  _ •  7  VL  imPtnaI  Highnefs  every  favour  which  lie  m 


nig  linpohfhed,  and  even  of  rude  manners,  he  chofe  for 
his  companions  fome  of  the  lowed  of  the  people. 

•  CZtha!in<:’  i,n  the  rataa  time>  languilhed  for  that  hap- 
pmels  which  flie  could  not  find  in  the  lociety  of  her 
lufbanc.  She  was  fond  of  pleafure  ;  but  it  was  that 
comparatively  refined  pleafure  which  (he  had  enjoyed  at 
the  court  of  Berlin.  She  loved  balls  mulic,  and  ele¬ 
gant  converfation,  and  could  take  no  (hare  in  the  drun¬ 
ken  revels  of  Peter.  Among  the  young  men  with  whom 
he  was  furrounded,  his  chamberlain  Soltikoff  was  parti¬ 
cularly  remarked  for  the  elegance  ot  his  tafie  and  the 
graces  of  his  perfon;  and  though  yet  fcarcely  more  than 
a  boy  m  years,  he  was  faid  to  have  obtained  the  favours 

clfilT  T  °futlle  C0Urt‘  Succcfs  had  mad^  him 

confident  and  ambitious  ;  and  his  ambition  prompted 
him  to  nfpue  at  making  a  conquelt  even  of  the  Grand 

to 


announced  to  the  council  and  to  the  foreign  minified 
end  preparations  were  trade  for  celebrating  the  man¬ 
age  with  a  magnificence  worthy  of  the  heir  of  the 
hrone  Of  the  Ruffias.  In  the  mean  time  the  Grand 
Duke  was  feized  with  the  f'mall  pox  from  which  tho’ 
he  recovered,  it  was  with  fuch  a  change  of  features  L 

h^ous, s;nad 


r  '•  i  T 7 ■  r"  ™  uuidinca  from 

uftft/lTu  H!ghnefs  ever>’  hivocr  which  he  could 
wifh  .  but  he  enjoyed  not  his  fortune  with  moderation, 

:oLhK,enreS  C°nt"Ved  to  **  hln‘  placed  in  an  ho- 
non.  able  office  at  a  difiance  from  the  court.  He  was 

commiffioned  to  repair  to  Stockholm,  with  the  title  of 

the  Ky.rXlr»  riioary’  t0  n0tlf}'  t0  the  k“*g  of  Sweden 
the  bath  of  1  aul  Petrovitch,  ot  whom  the  Grand  Duch- 

elsjiad  juft  been  delivered*.  The  prelu.i.ptuous  Solti-  *  Oft.  i. 


a  d,J, gated  f.igh,,,  her  ,P m  a  thrJ“ 


srss ,he 7 i T"e rSjsrsK.* 


o ...  e j  j  i  r  •  v  icl  uii  wiui  naite  toJ 

i  CqUal  ‘PCed-  But  fcar=elX  had 

°n/he  W‘,lg-  of  love  and  ambi- 


a  uisngured  countenance  frighten  her  h‘om  a  throne  tion  7  T  T’  °RJthe  wlnS'  of  ^  a"d  ambi- 

f  E1“»b“h  h'- “d in •** 

Ti'rvi-  f _ a.‘ _  .1  •  J-yUXfc. 


i  .* .  .  t"'  ituucin  tne  qualitr 

is  married  to  her  nephew  the'  Grand  Duke  ~“"aucul  mimfier  plenipotentiary  from  the  court  of  Ruffin. 

InX  0ml  tmf  th,’S  ill  matchtd  Pair  lived'  together  the  exfieTt  VT-  'T  1>refe,Ved  her  a«acl.ment  to 
ough  without  love,  yet  on  terms  apparently  dec,-,. !  V  Ued  chamberIaia  !  but  all  at  once  the  pretence  of 


a  '  "7  7  ““  ui  me  preience  of 

Ruffia,gm/fteV  :r/0rtUi:Cuhaf  brOUght  10  the  cou«  of 
Rulha,  made  her  forget  the  lover  whom  ffie  no  longer 

law. 
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C  urine*  favvr.  This  perfon  was  Staniflaus  Poniatowlky,  the  late 
k  - v king  of  Poland,  who  firft  made  his  appearance  at  St  Pe- 
teifburg  in  the  train  of  the  Britifh  amb'*.ftador,  and  very 
quickly  gained  the  affedlions  of  the  Grand  Duchefs.  In 
carrying  on  this  intrigue,  the  lovers  were  not  fo  cau¬ 
tious  as  to  deceive  the  eyes  of  the  envious  courtiers,  who 
reported  to  the  emprefs  not  only  all  that  they  favv,  but 
whatever  they  fufpedted.  Elizabeth  was  incenied,  and 
commanded  Poniatowlky  to  quit  without  delay  the  domi¬ 
nions  of  Rufiia.  The  accomplifhed  Pole  obeyed  ;  but 
foon  returned  clothed  with  a  character  which  made  him 
in  fome  degree  independent  of  the  emprefs. 

The  Count  dc  Eruhl,  then  prime  minifler  to  the 
king  oi  Poland,  faw  of  what  importance  it  was  to  his 
mailer  to  have  a  power! ul  interell  at  the  court  of  Ruf- 
fia.  He  was  likewiie  no  liranger  to  the  paflion  which 
the  Grand  Duchefs  entertained  for  Poniatowlky  ;  and 
having  got  that  nobleman  decorated  with  the  order  of 
the  White  Eagle,  he  fent  him  back  to  St  Peterfburgh  in 
the  quality  or  minifter  plenipotentiary  from  the  repub¬ 
lic  and  king  of  Poland.  Nor  was  this  all  that  Bruhl 
did  for  the  two  lovers.  Being  informed  by  the  chan- 

Icellor  BeftuchefF,  that  the  Grand  Duke  and  Grand 
Duchefs  were  languifhing  in  a  penury  unworthy  of  their 
rank,  he  remitted  to  Poniatowlky  6000  ducats,  to  be 
employed  in  fuch  a  manner  as  he  might  judge  bell  for 
fecuring  the  favour  of  the  prince  and  his  confort.  The 
amhaflador  profited  by  theie  couni  els  and  benefa&ions. 
He  was  already  fure  of  the  Grand  Duchefs’s  heart,  and 
he  very  quickly  gained  the  favour  of  her  hufband.  He 
talked  Englifh  and  German  with  him  ;  drank,  fmoked, 
abuied  the  French,  and  extolled  the  king  of  Prufiia 
with  unlimited  praife. 

The  Grand  Duchefs  was  fo  blinded  by  her  paffion, 
that  fhe  was  never  without  Poniatowfky  in  her  company. 
She  devoted  to  him  the  whole  of  her  time  ;  and  (he 
made  this  intimacy  fo  little  a  fecret,  that  public  report 
was  loud  to  her  prejudice.  In  the  mean  time  fhe  was 
ebruary  delivered  of  the  Princefs  Annef ,  who  lived  only  fifteen 
8.  months  The  Grand  Duke  was  the  only  perfon  about 
court  who  feemed  to  know  nothing  of  what  was  palling. 
His  whole  time  was  occupied  in  copying,  with  fervile 
afteftation,  the  air,  the  manners,  the  tone  of  the  king 
of  Prufiia  ;  and  in  drefiing  a  litle  army  at  Orar.ianbaum 
in  the  Prufiian  uniform.  His  eyes,  however,  were  at 

Ilaft  opened.  Some  of  the  courtiers,  from  hatred  to  the 
chancellor,  who  countenanced  the  intrigue  between  the 
Grand  Duchefs  and  the  Polifn  ambaflador,  roufed  his 
jealoufy  in  order  to  deftroy  their  enemy.  They  fuc- 
ceeded.  He  forbade  his  wife  to  be  feen  with  Ponia¬ 
towlky,  and  prevailed  with  the  emprefs  to  deprive  the 
chancellor  of  his  office,  and  to  banilh  him  to  a  a  eftate 
which  he  had  1  20  verfts  beyond  Molcow. 

Catharine  had  now  to  fupport  at  once  the  averflon  of 
her  hufband,  the  indignation  of  the  emprefs,  the  in- 
fulting  dildain  of  a  court,  which  a  few  days  before  was 
lavifh  of  its  affiduities  and  Imiles;  and  what  afflicted  her 
mod  or  all,  the  dread  of  lofing  for  ever  her  favourite  Po- 
niatowlky.  Her  courage,  however,  did  not  forfake  her. 
Poniatowlky  was  indeed  recalled,  and  left  Rufiia,  after 
fuffering  fome  deferved  indignities  from  the  Grand 
Duke,  who  about  this  time  formed  a  connection  with 


one  of  the  daughters  of  the  Senator  VorontzofT,  brother  Catharine, 
to  the  new  chancellor.  This  lady,  Elizabeth  Roma-  ^  ^ 
novna  VorontzofF,  was  elder  filter  to  the  Princefs  Dafh- 
koft,  who  aCted  to  confpicuous  a  part  in  the  revolution 
which  let  the  crown  on  the  head  of  Catherine.  She 
was  beautiful,  but  vain;  and  poficfiea  not  either  the  wit 
or  the  underftanding  of  her  filler. 

In  the  mean  time  the  health  of  the  emprefs  vifibly 
declining,  Catharine  was  very  defirous  of  being  recon¬ 
ciled  to  her  :  but  thb  irritated  fovereign  would  liften  to 
no  accommodation,  except  on  terms  too  humiliating  for 
the  haughty  fpirit  of  the  Grand  Duchefs.  Catharine, 
therefore,  abfented  herfelfhom  court,  and  afked  oermif- 
fion  to  retire  into  Germany.  This,  as  Ihe  had  for  efeen, 
was  refined.  Elizabeth  was  too  fond  of  the  young  Paul 
Petrovitch  to  permit  the  departure  of  his  mother,  and 
thereby  expofe  him  to  the  danger  of  being  at  fome  fu¬ 
ture  period  declared  illegitimate.  She  took  the  Grand 
Duchefs  again  into  favour ;  and  it  is  thought,  that  had 
Ihe  lived  a  little  longer  than  fhe  did,  (he  would  have  ex¬ 
cluded  Peter  from  the  throne,  and  declared  Paul  her 
immediate  luccefibr. 

Whilft  the  emprefs  was  meditating  the  aggrandife- 
ment  of  the  young  prince  and  his  mother,  the  Grand 
Duke  had  conceived  a  plan  for  degrading  them  both- 
He  had  refolved,  at  the  moment  his  aunt  Ihould  clofe 
her  eyes,  to  afiemble  Ills  troops,  to  get  himfelf  proclaim¬ 
ed  emperor,  to  repudiate  the  Grand  Duchefs,  to  declare 
the  young  Paul  Petrovitch  illegitimate,  and  publicly 
to  marry  his  miflrefs  Elizabeth  Romanovna  Voront- 
zoff.  We  have  fhown  elfewhere  (fee  Russia,  n°  72. 

EncycL )  how  this  plan,  when  almoft  ready  to  be  carried 
into  execution,  was  betrayed  to  Catharine,  who,  ever 
frnce  her  caballing  with  the  Chancellor  BeftuchefF,  had 
refolved,  by  lome  means  or  other,  to  fnatch  the  feeptre 
from  the  feeble  hand  of  her  hufband.  At  prefent,  we 
believe  fhe  was  not  acquainted  with  it;  and  though  fhe 
had,  file  could  not  now  have  turned  it  to  her  advan¬ 
tage,  as  her  party,  ever  iince  the  difgrace  of  BeftuchefF, 
was  without  a  leader  of  any  abilities. 

Amid  thefc  diflradlions  caufed  by  the  profpedl  of  the 
death  of  the  emprefs,  and  the  known  hatred  of  the 
Grand  Duke  and  Ducheis  to  each  other,  Count  Panin, 
preceptor  to  the  young  prince,  devoted  himfelf  entirely 
to  Catharine.  He  wifhed  to  fee  her  p  flefTed  of  all  the 
power  of  the  empire  ;  but  he  was  afraid  to  proceed  to, 
the  extremity  to  which  fhe  propofed  to  go,  and  to  de¬ 
prive  Peter  of  the  name  of  Emperor.  He  contrived 
therefore  to  procure  an  apparent  reconciliation  between 
the  Grand  Duke  and  his  confort,  as  well  as  between  him 
and  his  aunt  Elizabeth  ;  and  he  had  almoft  peifuaded 
the  filly  prince  not  to  afiume  the  fovereign  power  on 
the  death  of  the  emprefs,  till  he  fiiould  be  folemnly  in-  * 
veiled  with  it  by  a  decree  of  the  fenate.  Could  he  ob¬ 
tain  this  point,  he  knew  that  the  power  of  Peter  would 
be  limited,  and  the  authority  iecured  to  his  wife  andhia 
fon.  He  was,  however,  difappointed.  Catharine  her- 
felf  dit approved  of  this  plan,  and  concurred  with  the 
real  friends  of  her  hufband  in  advifrng  him  “  to  conform 
to  eftablilhed  cuftom  in  aftuming  the  reins  of  empire.” 

He  had  hardly  received  this  advice  when  word  was 
brought  him  that  the  Emprefs  Elizabeth  was  dead  (a); 

and 


(  a)  Chriftmas*day  1761  according  to  the  Ruffian  calendar,  or  the  5th  of  January  1762.  according  to  ours, 


Catharine. 
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_  and  the  courtiers  preffed  in  crowds  about  bim.  alc 
accofted  them  with  dignity,  received  the  oaths  of  the 
officers. of  his  guard,  and  fcemed  at  once  to  have  laid 
afide  his  weaknefs.  In  an  hour  he  got  on  hoifeback, 
-traverfed  the  ftreets  of  St  Peteriburg,  and  diftributed 
money  among  the  multitude  and  the  foldiers.  He  had 
been  fo  treated  by  his  aunt,  that  he  could  not  poffibly 
be  grieved  at  her  death  ;  but  in  paying  the  la  ft  duties 
to  her  remains,  he  betrayed  no  indecent  elation.  The 
ffrft  actions  of  his  reign  were  prudent  and  patriotic,  and 
■filch  as  would  have  done  honour  to  a  greater  prince. 
He  iippeared  to  be  reconciled  to  his  wife,  in  whole 
company  he  fpent  much  of  his  time ;  he  recalled  from 
prifon  snd  banifhment  17,000  perfons,  fome  of  them  of 
rank  and  of  great  talents,  who  had  been  the  vi&ims  of 
Elizabeth  s  jealous  timidity  ;  he  permitted  the  nobility 
to  bear  arms  or  not  at  their  own  diferetion,  freeing  them 
st  the  farr.e  time  from  the  extreme  fervftude  under 
which  they  had  been  held  by  his  immediate  predecefl'ors; 
snd  he  aboliilied  the  fecret  committee ,  an  infamous  mqiril 
•litorial  tribunal,  which  ever  fince  the  reign  of  the  father 
of  Peter  the  Great  had  been  the  chief  engine  of  Ruffian 
.defpotifm. 
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and  found  himfelf  obliged  fuddenly  to  recal  CVt 


He  neglefted,  however,  one  thing;  which,  among  the 
people  over  whom  he  was  apuointed  to  reign,  would 
•have  contributed  more  to  the  fecurity  of  his  throne  than 
nil  the  wife  and  beneficent  edidts  which  he  had  publilh- 
ed.  He  made  no  preparations  to  be  crowned  at  Mof- 
covv.  Tnftead  of  complying  with  this  ancient  ceremony, 
znd  humouring  the  prejudices  of  his  fuperftitious  fub- 
jec.s,  he  thought  of  nothing  but  of  war  with  Denmaik 
and  of  a  petfonal  interview  with  the  king  of  Prnffin  in’ 
Germany.  His  admiration  of  that  great  monarch  hur- 
ned  him  indeed  into  the  moft  extravagant  follies.  Not 
contented  with  giving  him  peace,  and  entering  into  an 
offenfive  and  defenfive  alliance  with  him,  lie  had  the 
■meannefs  to  folicit  a  commiffion  in  his  army,  and  to  ac¬ 
cept  of  the  tank  of  major-general.  Of  this  title  he  feem- 
ed  more  vain  than  of  that  of  Emperor  of  all  the  Ruf- 
fias.  He  conftantly  wore  the  Piuflian  uniform  ;  intro¬ 
duced  among  his  tioops  the  Prufiian  difeipline,  which, 
though  better  than  their  own,  was  difagreeable,  becaufe 
it  was  new,  and  much  more  becaufe  it  was  German- 
and  he  raifed  Ins  uncle,  a  man  of  no  military  talents,  and 
a  foreigner,  to  the  dignity  of  generaliffimo  of  the  Ruf- 
Jian  armies  v  giving  him  at  the  fame  time  the  particular 
command  of  the  horfe-guards,  a  body  of  men  which  had 
aiever  before  been  under  any  command  hut  that  of  the 
fupreme  head  of  the  empire.  Nor  did  his  infatuated 
.predilea.om  for  Germany,  a  country  abhorred  by  the 
.Ruffians,  flop  even  here:  He  difhanded  the  noble 
guards,  which  had  placed  Elizabeth  on  the  throne,  dif! 
.miffed  the  horfe  guards  from  the  fervice  which  they 

rtt.com' and  fB“it"ied  hi 

Whilfl  he  was  thus  alienating  from  himfelf  the  affec- 
tions  of  the  army,  he  contrived  to  difguft  another  or- 

T  °f  Tl'-  "h0fe  atta.chment  he  ftould  have  laboured 
above  all  things  to  retain.  He  was  at  pains  to  (hew  his 

preference  of  the  Lutheran  faith  and  worihip  to  the 
X-oftrines  and  ceremonies  of  the  Greek  church  •  he  at 
tempted  to  make  fome  alterations  in  the  d refs’ of  the 
V.T  V  h^,anl‘excd.  Sreat  Part  °f  the  poffeffions  of  the 

the  a  K-llhC  d°,mxaTlnS  °f  thc  crown  ^  and  be  banned 
the  archbifhop  of  Novogorod,  who  oppofed  thefe  inno. 


«■  H  1 

He  rations 
him. 

He  had  now  returned  to  his  former  courfes.  He 
ffiut  himfelf  up  for  whole  days  with  his  miftrefs  an  ' 
drunken  companions;  he  compelled  the  nobility  and 
ladies  of  the  court  to  fit  in  company  with  buffoons  and 
comedians;  he  mfulted  every  foreign  minifter  but  the 
nnmfters  of  Great  Britain  and  Prnffia  ;  and  he  made  no 
leca-t  of  lus  intention  to  repudiate  the  emprefs,  declare 
1  auf  Pctrovitch  illegitimate,  and  marry  the  Countefs 
Vorontzoff.  Convinced,  however,  as  it  would  feem, 
that  he  could  not  he  a  father,  he  refolved  to  adopt 
1  nnce  Ivan,  the  defendant  of  the  elder  brother  of  Pe¬ 
ter  the  Great,  whom  Elizabeth  had  dethroned  and  con- 
fined  in  prifon,  to  declare  him  his  fucceffor,  and  to  unite 
him  ,n  marriage  with  the  young  princefs  of  Holftein 

S  t  T  t,l!en,at  St  P^erlburgh,  ar.d  whom  he 
eneiiihed  as  his  daughter. 

Thjs  jnc0I>fiftent  and  weak  conduit  of  the  emoe-or 
turned  the  attention  of  all  orders  of  men  to  the'  era. 
prefs,  who  made  it  her  foie  employment  to  gain  thofe 
-  hearts  winch  he  was  lofing.  Inftrudted  from  her  in. 
fancy  in  the  arts  of  diffimulation,  it  was  not  difficult  for 


i  ;  rr  O.  .  ,  r  11  uu>  iL  VVdS  n°t  cumcult  for 
tlm  m  ftfff a’-  ‘n  t  ,e,  flght-  of  the  multitude>  fentiments 

l  ,  l'  r  i  e‘Rn  t0  he,r  m!nd-  The  PuPi]  of ‘he  French 

p  ilofophers  put  on  the  air  of  a  bigot  to  the  moft  fu- 
peril, tious  ceremonies  of  the  Greek  religion,  and  treat¬ 
ed  the  minifters  of  that  religion  with  the  profoundeft  re- 
veieuce.  And  whilfl  her  hufband  was  getting  drunk 
amidft  a  rabble  of  buffoons,  and  difguftinf  every  perfon 
of  decency  who  approached  him,  (he  kept  her  cou rt 
w.th  a  mixture  of  d.gnity  and  affability,  which  attracted 
to  hei  all  who,  by  capacity,  courage,  or  reputation, 
were  capable  of  ferving  her.  * 

Correft,  however,  as  her  public  conduft  appeared, 
her  pnvate  life  was  not  lefs  licentious  than  formerly! 
V/h,le  yet  Grand  Duchefs,  (he  had  formed  a  very  ten- 
d« •  conned, on  with  Gregory  Orloff,  a  man  of  mean 
birth,  and  of  no  education,  but  poffeffed  at  once  of 
perform!  beauty  and  the  moft  daring  courage.  He  had 
an  inferior  commiffion  in  the  artillery,  while  his  two 
brothers  were,  common  foldiers  in  the  regiments  of 
guards.  I  he  intrigue  which  (he  carried  on  with  him 
was  known  only  to  one  of  her  women  named  Catharine 
Ivanovna;  „or  did  Orloff  himfelf  for  fome  time  fufoeft 
the  rank  of  the  lady  who  fo  hvifnly  conferred  upon  him 
her  favours  in  fepret.  A  t  laft  finding  him  intre^d  and 
difereet,  (he  difeovered  herfelf,  unvailed  to  him'  all  her 
bilious  dehgns,  and  eafily  prevailed  with  him  and  his 
brothers  to  enter  with  .zeal  into  her  confpiracy  againll 
the  emperor.  Orloff  likewife  gained  over  Bibikoff  his 
friend,  a  Lieutenant  Paffick,  with  other  officers ;  and  by 
then-  means  eafily  fcduced  fome  regiments  of  the  guardl 

•  e  PnnKCI;.fs  I)adlk°ff  was  ft'ongly  attached  to  Catha- 
nne,  we  believe  from  worthy  motives,  and  had  frequent 
meetings  with  Orloff  on  the  bufinels  of  the  confpn-acv 
without  fufpedting  that  he  was  fo  much  as  kn Tn To 
he  emprefs.  Count  Panin,  too,  and  the  Hetman  of 

™0lTV£re  determined  t0  arable  Peter  from  the 
thione,  but  they  were  not  inclined  to  go  all  the  lengths 

proposed  by  Catharine  and  her  two  favourites.  Iio 
pmg  to  enjoy  the  actual  power  of  the  empire  them- 
Alves,  they  were  tor  declaring  Paul  Petrovitch  empe¬ 
ror  in  the  room  of  his  fa, her,  and  confer,, v,  upt  .This 
mother  the  name  and  authority  only  of  regent  f  while 

the 
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the  prrncefs  and  Orloff,  knowing  the  fentiments  and 
v/ilhes  of  the  emprefs,  were  refolved  to  veft  her  with 
.fovereign  power,  or  to  periffi  themfelves  m  the  hazar¬ 
dous  attempt.  _ 

In  the  mean  time  the  anniverfary -of  the  patron  faints 
„f  Rufiia  was  at  hand,  when  Peter  had  determined,  at 
the  conclufion  of  the  feftival,  to  divorce  the  emprefs, 
(hut  her  up  in  prifon,  declare  her  fon  illegitimate,  and 
publicly  many  his  miftrefs.  As  they  who  plan  a  con- 
•  foiracy  are  always  more  vigilant  than  thofe  agatnft  whom 
it  is  direfted,  the  friends  of  Catharine  were  cave  fully 
informed  of  all  that  palTed  about  the  emperor,  whilft  he 
was  kept  in  total  ignorance  of  their  proceedings,  it 
was  therefore  neceffary  for  them  to  mute  in  the  fame 
plan,  and  to  cany  it  quickly  into  execution  ;  tor  delay 
or  divilions  would  involve  them  all  in  one  common  ruin. 
The  emprefs  contrived  to  bring  over  the  Hetman  en¬ 
tirely  to  her  views  ;  and  the  Princefs  Daffikoff,  by  the 
facrifice,  it  lias  been  faid,  of  her  charms,  found  little  dif¬ 
ficulty  in  reconciling  Count  Panin  to  the  fame  meafures. 
They  now  agreed  to  fcize  the  Tzar  on  his  arrival  at  Peter- 
hoff,  an  Imperial  palace  on  the  fhore  of  the  Gulf  of 
Cronftadt,  where  he  propofed  to  celebrate  the  approach- 
in"-  feftival ;  and  they  were  waiting  impatiently  for  the 
moment  of  a&ion,  when  all  at  once  their  plot  was  dii- 

C°  Paffick,  who  has  been  mentioned  among  the  confpi- 
rators,  had  gained  the  foldiers  of  the  company  of  guards 
in  which  he  was  a  lieutenant ;  but  one  of  them,  w'ho 
thought  that  his  captain  was  in  the  fecret,  aflced  that 
officer  one  evening.  When  they  vyere  to  take  up  arms 
a°-ainft  the  emperor?  The  captain,  furprifed,  hat-  re- 
courfe  to  diffimulation,  and  eafily  drew  from  the  foldier 
all  that  he  knew  of  the  confpiracy.  It  was  nine  o’clock 
at  night.  Paffick  was  put  under  arreft ;  but  found 
means  to  flip  into  the  hands  of  a  man  who  had  been 
placed  as  a  fpy  over  him  by  the  Princefs  Daihkoft,  a 
fcrap  of  paper  containing  thefe  words,  “  Proceed  to  ex¬ 
ecution  this  inflant,  or  we  are  undone.”  The  man  was 
defned  to  carry  it  to  the  Hetman,  by  whom  lie  would 
be  handfomely  rewarded;  but  he  hurried  with  it  to  the 
princefs,  who  inflantly  communicated  the  intelligence  to 
the  other  confpirators.  She  heifelf  put  on  man  s  appa¬ 
rel,  and  haftened  to  the  place  where  fte  was  accuftomed 
to  meet  Orloff  and  his  friends ;  where  ffie  found  them, 
as  impatient  as  heifelf  to  carry  their  plot  into  imme- 
diate  execution. 

During  this  awful  crifis  the  emprefs  was  at  Peter- 
hoff,  at  the  diftance  of  25  verfts  from  St  Peterfburgh  ; 
and  one  of  the  brothers  of  Gregory  Orloff,  named  A- 
lexius,  undertook  to  find  her  out,  whilft  he  himfelt, 
with  his  other  brother  and  Bibikoff  his  friend,  repaired 
to  the  barracks  for  the  purpofe  of  lnftru&ing  the  fol- 
diers  of  their  party  how  to  ad  on  the  firft  fignal.  A- 
lexius  Orloff  carried  with  him  a  feort  note  trom  the 
Princefs  Dafiikoff,  but  negleded  to  deliver  it ;  and  the 
emprefs,  being  fuddenly  roufed  from  a  found  fieep,  was 
much  alarmed,  when  ffie  law  at  the  fide  of  her  bed  a 
foldier  of  whom  ffie  knew  nothing.  Her  alarm  was  m- 
•creafed  when  the  ftranger  laid,  “  Your  majefty  has  not 
2  moment  to  lofe  ;  get  ready  to  follow  me  and  in¬ 
flantly  difa opeared.  She  rofe,  however,  and  calling  her 
woman  Ivanovna,  they  difguifed  themfelves  in  fucha 
manner  that  they  could  not  be  known  by  the  lentinels 
about  tlie  palace  ;  and  the  foldier  returning,  they  hur- 
Buppp.  Vol.  I.  Part  I. 


ried  with  him  to  a  coach  which  was  waiting  at  the  gar-  Catharine, 
den  gate.  Orloff  took  the  reins,  but  drove  with  fuch 
fury  that  the  horfes  foon  fell  down  ;  and  they  were 
obliged  to  travel  part  of  the  way  on  foot.  They  had 
not.  however,  gone  far,  when  they  met  a  light  country 
cart  ;  and  fhe  who  was  afpir  ng  to  the  throne  of  the 
greateft  empire  in  the  world,  was  glad  to  enter  the  capi¬ 
tal  of  that  empire  in  this  humble  vehicle. 

It  was  feven  in  the  morning  when  (lie  arrived  in  St 
Peter ffiuro-h  :  and  to  the  foldiers,  who  gathered  about 
her  in  great  numbers,  ffie  faid,  that  “  her  danger  had 
driven  her  to  the  neceffity  of  coming  to  afle  their  affift- 
ance  ;  that  the  Tzar  had  intended,  that  very  night,  to 
put  her  and  her  fon  to  death;  and  that  ffie  had  lo  great 
confidence  in  their  difpofitions,  as  to  put  heifelf  en* 
tirely  into  their  hands.”  They  immediately  ffiouted, 

“  Long  live  the  emprefs !”  And  the  chaplain  of  one  of 
the  regiments  fetching  a  crucifix,  received  their  oaths 

of  fidelity.  .  .  . 

The  troops,  however,  were  not  unanimous  in  this  te- 
volt.  Though  Gregory  Orloff  was  treafurer  of  the  ar¬ 
tillery,  and  well  enough  beloved  by  the  foldiers,  that 
corps  refufed  to  follow  him  until  he  ffioiild  produce  the 
orders  of  Villebois  their  general ;  and  that  officer,  with¬ 
held  either  by  fidelity  to  the  emperor  or  by  fear,  pre¬ 
fumed  to  fpeak  to  Catharine  of  the  obftacles  which  yet 
remained  for  her  to  furmount ;  adding,  that  ffie  ought  to 
have  forefeen  them.  She  haughtily  replied,  that  “  ffie 
had  not  fent  for  him  to  afk  what  ffie  ought  to  have 
forefeen,  but  to  know  how  he  intended  to  a£I.  I  o 

obey  your  majefty,”  returned  Villebois ;  and  putting 
himfelf  at  the  head  of  his  regiment,  he  immediately  join¬ 
ed  the  confpirators.  So  ripe  indeed  wete  the  minds  of 
all  men  for  this  revolt,  that  in  the  fpace  of  two  hours 
the  emprefs  found  heifelf  furrounded  by  2000  warriors, 
together  with  great  part  of  the  inhabitants  of  Peterf¬ 
burgh  ;  and  with  that  numerous  train  of  attendants  ffie 
repaired  to  the  chnrch  of  Kafan,  where  the  archbifliop 
of  Novogorod,  fetting  the  Imperial  crown  on  her  head, 
proclaimed  her  fove reign  of  all  the  Ruffias,  declaring, 
at  the  fame  time,  Paul  Petrovitch  her  fucceffor. 

Matters  had  now  proceeded  by  much  too  far  to  ad¬ 
mit  of  any  compiomife  between  Catharine  and  her  huf- 
band  :  but  had  the  infatuated  Tzar  put  his  affairs  whol¬ 
ly  into  the  hands  of  Marffial  Munich,  that  intrepid  ve¬ 
teran  would  have  tumbled  the  emprefs  from  her  throne 
almoft  as  quickly  as  ffie  had  got  poffeffion  of  it.  .  He 
afted,  however,  a  very  different  part.  Upon  receiving 
intelligence  of  what  had  been  done  at  St  Peterfburgh, 
he  afked  indeed  the  Marffial’s  advice,  but  fuffered  him- 
felf  to  be  guided  by  his  miftrefs  and  timid  companions. 
Through  their  terrors  and  his  own  irrefolution  oppor¬ 
tunities  were  loft  which  could  never  be  recovered  ;  for 
though  his  Holftein  guards,  with  tears  in  their  eyes, 
fwore  that  they  were  all  ready  to  facrifice  tlieir  lives  in 
his  fervice,  and  though  the  old  Matftal  offered  to  lead 
them  againll  the  rebels,  faying  to  the  emperor,  “  1  will 
go  before  you,  and  their  fwordj  (hall  not  reach  you  till 
they  have  pierced  my  body,”  be  was  perfuaded  to  treat 
with  the  emprefs,  to  acknowledge  his  mifconduA,  and 
to  offer  to  ffiare  with  her  the  fovereign  power.  At 
laft  lie  v-as  weak  enough  to  abandon  his  troops,  and 
to  furrender  at  diferetion  to  his  confort ;  whole  creatures 
hurried  him  from  Oianienbaum  to  Pcterhoff,  dripped 
him  of  all  his  clothes,  and  after  leaving  him  for  fome 
A  a  time 
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Catharine,  time  In  his  Hurt,  a  butt  to  the  outrages  of  an  Infolent 
" "  y  foldiery,  threw  over  him  an  old  morninggown,  and  fhut 
him  up  alone,  with  a  guard  at  the  door  of  his  wretched 
*  July  I0*  apartment.  On  the  29th  of  June,  O.  S.*  1762,  Count 
Panin  was  fent  to  him  by  the  emprefs  ;  and  after  a  long 
conference,  prevailed  v/lth  him  to  write  and  fi?n  a  fo- 
lemn  refignatjon  of  his  crown,  and  a  declaration  of  his 
utter  incapacity  to  govern  fo  great  an  empire. 

The  revolution  was  now  complete,  and  Peter  feemcd 
to  enjoy  fome  compofure  of  mind  ;  but  in  the  evening 
he  was  carried  a  prifoner  to  Ropfcha,  a  fmall  Imperial 
palace,  at  the  diftauce  of  20  verfts  from  PeterhofF,  where 
he  was  murdered  on  the  17th  of  July,  juft  one  week  af¬ 
ter  his  depofition.  Of  the  manner  of  his  death  different 
accounts  have  been  given.  By  fome  he  is  faid  to  have 
been  poifoned  ;  by  others,  to  have  been  ftrangled  by  one 
of  the  Orloffs  ;  and  a  few  have  thought  that  he  perifhed 
by  the  fame  means  as  Henry  VI.  of  England.  Whether 
the  emprefs  was  acceffary  to  his  death  is  not  known  ; 
though  it  is  certain,  that  fo  far  from  making  any  in¬ 
quiry  after  his  murderers,  {he  afle&ed  to  believe  that  he 
had  died  naturally  of  the  piles  ! 

The  firft  care  of  Catharine  was  to  reward  thofe  who 
had  been  the  principal  aftors  in  the  revolt  Panin  was 
made  prime  minifter  ;  the  Orloffs  received  the  title  of 
Count ;  and  the  favourite  Gregory  was  appointed  lieu¬ 
tenant-general  of  the  Ruffian  armies,  and  knight  of  the 
order  of  St  Alexander  Nefsky,  the  fecond  order  of  the 
empire.  Several  officers  of  the  guards  were  promoted, 
of  whom  24  received  confiderable  eftates  ;  and  among 
the  foldierSj  whom  ihe  treated  with  the  greatefl  affab t 
lity,  brandy  and  beer  were  liberally  diftributed.  The 
chancellor  BeftuchefF,  who  had  been  the  moil  inveterate 
enemy  of  Peter,  was  recalled  from  his  exile,  reftored  to 
his  rank  of  field-marfhal,  and  had  an  annual  pennon  fet¬ 
tled  upon  him  of  20,000  rubles.  To  the  friends  of  the 
emperor  fhe  behaved  with  great  moderation.  Prince 
George,  whom  he  had  conftituted  Duke  of  Courland, 
was  indeed  obliged  to  renounce  his  title  ;  but  the  ad- 
imniftration  of  Holftein  was  committed  to  him,  and  he 
ever  after  ferved  the  emprefs  with  zeal  and  fidelity. 

The  news  of  the  revolution  was  foon  fpread  over 
Europe;  and  none  of  the  fovereigns,  though  they 
knew  by  what  fteps  Catharine  had  mounted  the  throne, 
hefitated. for  a  moment  to  acknowledge  her  title.  She 
was  not,  however,  at  perfedl  eafe  in  her  own  mind  ; 
nor  was  her  right  recognifed  by  all  her  fubje&s.  Tho’ 
fhe  publi filed  manifeftos,  fetting  forth  the  intentions  of 
the  late  emperor  towards  her  and  her  fon,  which  made 
refiitar.ee  neceifary  ;  though  in  thefe  papers  ihe  attri¬ 
buted  her  elevation  to  the  wifhes  of  her  people  and  the 
providence  of  God;  and  though  ihe  called  upon  all  who 
were  fincerely  attached  to  the  orthodox  faith  of  the 
Greek  church,  to  confider  the  fudden  death  of  Peter  as 
the  judgment  of  heaven  in  favour  of  the  revolution  -  yet 
in  the  did  ant  provinces  no  exultations  were  heard;  both 
*°  »/rS  an<^  Pea^an^s  obferved  a  gloomy  filence.  Even 
at  Mcfcow,  fo  great  was  the  difaffedion  to  Catharine’s 
government,  that  it  was  fome  time  before  ihe  could  ven¬ 
ture  to  go  to  that  city  to  be  crowned  ;  and  ihe  found 
in  it  at  laft  fo  cold  a  reception,  that  ihe  very  quicklv 
returned  to  St  Peteriburgh.  J 

Nor  was  this  the  only  canfe  of  her  uneafinefs  The 
connexion  between  OrlofF  and  her  became  vifible,  and 
gave  juft  offence  to  her  other  friends.  The  princefs  of 
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Dafiikoff  firfl  perceived  it ;  and  when  fhe  prefumed  to 
expoftulate  with  the  emprefs  on  the  meannefs  and  im¬ 
prudence  of  her  paffion,  fhe  was  banifhed  from  the 
court  to  Mofcow.  Count  Panin  and  the  Hetman  faw 
with  indignation  that  they  had  dethroned  the'grandfon 
of  Peter  the  Great,  to  aggrandife  a  rude  and  low  born 
upftart.  Cabals  and  con  {piracies  were  entered  into  by 
high  and  low,  both  a^ainfl:  Catharine  and  againft  her 
favourite  ;  and  it  required  all  her  abilities  and  firmnefs 
to  preferve  at  once  her  throne  and  her  lover.  On  one 
occafion  fhe  hoped  to  obtain  from  the  Princefs  Dafh- 
kofr  fufficient  proof  that  Panin  and  the  Hetman  of  the 
Kofacks  were  concerned  in  a  plot  which  had  juft  been 
difcoveied;  and  with  this  view  fhe  wrote  to  her  a  letter 
of  four  pages,  filled  with  the  moft  tender  epithets  and 
the  moft  magnificent  promiies,  conjuring  her  in  the  name 
of  their  long  Handing  fricndfhip,  to  "reveal  what  fhe 
knew  of  the  recent  conspiracies  With  becoming  mag¬ 
nanimity,  the  princefs  replied,  “  Madam,  I  have  heard 
nothing  ;  but  if  I  had  heard  any  thing,  I  ffiould  take 
good  care  how  I  fpoke  of  it.  What  is  it  you  require 
of  me  ?  That  I  fhould  expire  upon  a  fcaffold  ?  I  am 
ready  to  mount  it.” 

Catharine,  defpairing  of  conquering  fuch  a  fpirit,  at¬ 
tempted  to  attach  to  her  thofe  whom  fhe  dared  not  to 
punifh.^  Some  of  the  inferior  confpivators  were  banifh¬ 
ed  to  Siberia,  while  Panin  and  the  Hetman,  whom  fhe 
moft  dreaded,  received  additional  marks  of  her  favour* 
In  the  mean  time,  to  gain  the  affedtions  of  the  people 
at  large,  fhe  paid  the  utmoft  attention  to  the  adminiftra.- 
tion  of  juftice  ;  formed  magnificent  eftablifhments  for 
the  education  of  the  youth  of  both  fexes;  founded  hof- 
prtals  for  orphans,  fer  the  fick,  and  for  lying-in  women; 
invited  foreigners  of  all  nations,  poffeffed  of  any  merit* 
to  fettle  in  different  parts  of  her  vaft  territories  ;  increa- 
fed  the  naval  force  of  the  empire  ;  and  gave  fuch  en¬ 
couragement  to  the  cultivation  of  every  elegant  and  ufe- 
htl  art,  that  in  the  fhort  fpp.ee  of  a  year  and  a  half  from 
her  accefiion  to  the  throne,  the  national  improvement  of 
lvulua  was  vifible. 

In  the  good  fortune  and  glory  of  Catharine,  no  one 
rejoiced  more  fincerely  than  Count  Poniatowfky.  He 
appre ached  towards  the  confines  of  Ruffia,  and  wrote 
to  her  in  the  tendered  ftyle  of  congratulation,  requeft- 
mg  permiffion  to  pay  his  refpefts  to  her  in  the  capital 
he^  erap're.  It  is  not  improbable  that  he  flattered 
himfelf  with  the  hopes  that  (he  would  give  him  her 
hand  in  marriage,  and  thus  raife  him  to  the  throne  of 
the  Tzars ;  but  fhe  had  promifed  to  the  Emprefs  Eli¬ 
zabeth,  that  fhe  would  never  again  fee  the  count ;  and 
to  that  promife  fhe  at  prefent  adhered.  She  wrote  to 
him,  however,  in  the  moft  affe&ionatc  terms ;  and  tho’ 
fhe  gave  him  no  encouragement  to  repair  to  St  Peterf- 
burgh,  fhe  afftired  him  that  fhe  had  other  profpefts  in 
view  for  his  aggrandifement,  and  that  he  might  depend 
upon  her  perpetual  friendfhip  :  and  fhe  foon  appeared 
to  be  as  good  as  her  word.  On  the  death  of  Auguftus 
III.  fhe  raifed  her  former  favourite  to  the  throne  of 
Poland,  in  oppofition  to  the  wifhes  of  the  courts  of 
Vienna  and  Veifailles,  as  well  as  of  a  great  majority  of 
the  Pohfh  nobles.  She  defeated  the  intrigues  of  the 
two  foreign  courts  by  more  flcilfully  conducted  intrigues 
of  her  own  ;  and,  by  pouring  her  armie6  into  the  re¬ 
public,  fhe  fo  completely  overawed  the  nuncios,  that 
romatowiicy  was  chofen  by  the  unanimous  fuffrages  of 
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the  diet  which  met  for  the  ele&ion  of  a  fovereign  ; 
and,  on  the  7th  of  September  176+,  was  proclaimed 
King  of  Poland  and  Grand  Duke  of  Lithuania,  by  the 
name  cf  Stanillaus  Augustus. 

Whilft  fee  was  thus  difpoflng  of  foreign  kingdoms, 
fee  was  kept  under  perpetual  dread  of  being  tumbled 
from  the  throne  of  her  own  vaft  empire.  Her  want 
of  title  to  that  throne  was  dow  feen  by  all  ranks  of  her 
f’ib;ects  ;  the  good  qualities  of  Peter  the  third  were 
remembered,  and  his  failings  and  faults  forgotten.  His 
fate  was  univerfally  lamented ;  and,  except  the  confpi- 
rators,  who  may  be  faid  to  have  embrued  their  hands 
;fl  his  blood,  there  was  hardly  a  Ruffian  who  did  not 
regret  that  the  fovereignty  had  parted  from  the  ancient 
familv  o^  the  Tzars  to  a  foreigner,  allied  only  by  mar- 
rioae'to  the  blood  royal.  Even  the  confpirators  them- 
felves  had  loft  much  of  their  regard  for  Catharine. 
The  princefs  of  DafekofF  was  a  fecond  time  bamfhed 
to  Mofcow  ;  and,  to  magnify  her  own  importance,  fee 
fDoke  freelv  of  the  means  by  which  the  emprefs,  whom 
fee  accufed  of  ingratitude,  had  been  raifed  to  the  throne. 
The  inhabitants  or  Mofcow,  who  never  favoured  the 
u  fur  pat  ion,  were  thus  made  ripe  for  a  revolt.  At  St 
Pcterfburgh,  Count  Panin  felt  himfelf  uneafy  under  the 
predominant  influence  of  the  favourite,  and  tried  in  vain 
to  divert  Catharine  s  affedions  to  a  new  objed.  She 
received  a  few  fecret  vifita  from  a  handfome  young  man, 
and  then  appointed  him  to  a  lucrative  and  honourable 
employment  ‘in  feme  diftant  province  of  the  empire  ; 
when  Orloff  recovered  his  former  aicendency,  winch 
tlfoucrh  his  own  careleflnefs  he  had  nearly  loft.  In 
this  itate  of  the  public  mind,  confpitacies  were  very 
frequent ;  and  as  the  general  object  of  them  was  to 
place  on  the  throne  prince  Ivan,  who  was  again  lan- 
o-uifi'.ing  in  the  dungeon  from  which  Peter  had  taken 
himj  the  emDrefs  had  given  to  his  guard  an  order,  fign- 
ed  by  her  own  hand,  to  put  that  unfortunate  prince  to 
death,  Ihould  any  attempt  be  made  to  liberate  him  from 
his  prilon.  An  attempt  was  made  by  a  very  inferior 
officer,  as  fome  have  fuppofed,  by  the  inftruaions  of 
Catharine,  and  her  bloody  order  was  inftantly  ooeyed. 
The  aflaffins  were  rewarded,  and  promoted  in  the  ar¬ 
my  ;  but  the  officer  who  attempted  to  refeue  the  prince 
was  condemned  to  death,  and  fuffered  unexpettedly  the 
fentence  of  the  law.  The  brothers  and  fillers  of  Ivan, 
who  had  been  kept  in  a  prifon  different  from  his,  were 
fent  to  Denmark ;  and,  to  provide  them  with  necef- 
faries  fuitable  to  their  rank,  the  emprefs  made  them  a 
prefent  of  200,000  rubles,  and  paid  annually  to  the 
maintenance  of  their  dignity  a  penfion  of  thirty  thou- 

The  throne  of  Catharine  was  now  firmly  eftabliffied 
by  the  death  or  renunciation  of  every  oerfon  who  was 
defeended  of  the  imperial  family  ;  and  (he  had  leifure 
to  turn  her  thoughts  to  the  aggrandifement  of  the  em¬ 
pire.  It  was  foon  feen  that  this  was  the  objeft  which 
fee  had  in  view  when  fee  raifed  Count  Poniatowfey  to 
the  throne  of  Poland,  and  that  ffie  was  not  aftuated  on 
that  occafion  by  any  remains  of  her  former  attachment. 
We  have  elfe where  feewn  (fee  Poland,  Encycl.  n  9° 

_ 1  x^}  under  what  pretences  fee  invaded  the  kingdom 

of  him  who  had  formerly  been  one  of  her  mod  favour¬ 
ed  lovers,  and  by  what  means  fee  annexed  great  part 
of  it  to  the  territories  of  Rufiia.  But  it  is  not  through 
hex  wars  that  in  this  article  we  meau  to  trace  her  cha«* 
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life  is  entitled  to  a  place  in  a  general  repofitorv  of  arts, 
fciences,  and  mifcellaneous  literature,  but  as  a  patronefs 
of  art  and  of  fcience,  and  as  the  kgitlatrix  of  a  vaft  em¬ 
pire,  who  employed  all  her  talents  and  all  her  power 
for  the  civilization  of  a  great  part  ot  the  human  race. 

Under  the  article  Russia  ( Encycl. )9  we  have  men¬ 
tioned  the  famous  code  of  laws  for  a  great  empire ,  and 
the  propofed  convention  op  deputies  from  ail  the  claffes , 
which  Catharine  and  the  princefs  Dafekoff  fo  artfully 
employed  as  means  to  bring  about  the  revolution  which 
fcated  the  former  on  the  throne.  I  he  Hates  actually 
met  in  the  ancient  capital  of  the  empire,  and  the  love- 
reign's  inftru&ions  for  framing  a  new  code  of  laws  was 
read  amidft  reiterated  burfls  of  applaufe.  All  prefent 
extolled  the  fagacity,  the  wifdom,  the  humanity  of  the 
emprefs ;  but  °fear  and  flattery  had  a  greater  (hare  in 
theie  exclamations  than  any  juft  knowledge  of  the  fub- 
je&.  The  deputies  of  the  Samoiedes  alone  had  the 
courage  to  fpeak  freely.  One  of  them  flood  up,  and, 
in  the  name  of  himfelf  and  his  brethren,  laid,  “  We  are 
a  fimple  and  honeit  people.  We  quietly  tend  our  rein¬ 
deer.  We  are  in  no  want  of  a  new  code  ;  but  make 
laws  for  the  Ruffians,  our  neighbours,  that  may  put  a 
flop  to  their  depredations.”  The  following  fittings 
did  not  pafs  fo  quietly.  A  debate  about  the  liberation 
of  the  boors  was  carried  on  with  fuch  warmth,  that  fa¬ 
tal  consequences  were  to  be  apprehended;  and  the  de¬ 
puties  were  difmifled  to  their  refpedive  provinces  m 
the  manner  which  we  have  elfe  where  related.  Previ¬ 
ous,  however,  to  the  diflolution  of  this  aflcmbly,  the 
members  were  required  to  finalize  the  meeting  by 
fome  confpicuous  aft  of  gratitude  ;  and.  by  a  general 
acclamation,  the  titles  of  Great,  Wise,  Prudent, 
and  Mother  of  the  Country,  were  decreed  to  the 
emprefs.  With  aftumed  modefty  fee  accepted  only  of  the 
laft,  “  as  the  moil  benign  and  glorious  recompence  for 
her  labours  and  folicitudcs  in  behalf  of  a  people  whom 

fee  loved.”  , 

For  that  people  fee  did  indeed  labour,  and  labour 
moft  ufefully.  She  introduced  into  the  adminiftration 
of  jii  ft  ice  the  greateft  reformation  of  which  the^half  ci¬ 
vilized  ftate  of  Ruffia  would  perhaps  admit.  She  fpa- 
red  neither  trouble  nor  expence  to  diffufe  over  the  em¬ 
pire  the  light  ot  fcience,  and  the  benefits  of  ufeful  and 
elegant  arts ;  and  fee  protected,  as  far  as  fee  could,  the 
poor  from  the  oppreflions  of  the  rich.  About  the 
middle  of  1767,  fee  conceived  the  idea  of  fending  feve- 
ral  learned  men  to  travel  through  the  interior  of  her 
vaft  dominions,  to  determine  the  geographical  pofition 
ot  the  principal  places,  to  maik  their  temperature,  and 
to  examine  into  the  nature  of  their  foil,  their  vegetable 
and  mineral  produ&ions,  and  the  manners  of  the  peo¬ 
ple  by  whom  they  were  inhabited.  To  this  employ¬ 
ment  fee  appointed  Pallas,  Gmelin,  Euler,  and  many 
others  of  the  higheft  eminence  in  the  republic  of  letters; 
from  whofe  journals  of  thefe  interefting  travels  large 
additions  have  been  made  to  the  general  flock  of  uie- 
ful  knowledge.  This  furvey  of.  the  empire,  and  the 
maps  made  from  it,  had  Catharine  done  nothing  elfe, 
would  alone  have  been  fufficient  to  render  her  name  im¬ 
mortal.  Well  convinced  in  her  own  mind,  that  it  i3 
not  fo  much  by  the  power  of  arms,  as  by  precedence 
in  fcience,  that  nations  obtain  a  confpicuous  place  in 
the  annals  of  the  world,  with  a  laudable  zeal  fee  er»- 
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Catharine,  couraged  artifts  and  fcholars  of  all  denominations.  She 
granted  new  privileges  to  the  two  academies  of  fciences 
and  the  arts  ;  encouraged  fuch  of  the  youth  as  had  be¬ 
haved  well  in  thefe  nation?!  inftitutes,  to  travel  for  far¬ 
ther  improvement  over  Europe,  by  bellowing  upon  them, 
for  three  years,  large  penlions  to  defray  their  expence  ; 
and,  to  remove  as  much  as  poffible  the  Ruffian  pre¬ 
judice  againfl  all  kinds  oflearning,  (he  granted  patents  of 
nobility  to  thofe  who,  during  their  education,  had  con¬ 
ducted  themfelves  with  propriety,  and  become  profi¬ 
cients  in  any  branch  of  ufeful  or  elegant  knowledge. 
Still  farther  to  encourage  the  line  arts  in  her  domi¬ 
nions,  Ihc  aligned  an  annual'  fum  of  5000  rubles  for 
the  transition  of  foreign  literary  works  into  the  Ruffian 
language. 

In  the  year  1768,  the  frnall-pox  raged  at  St  Pecerf- 
burgh,  and  proved  fatal  to  vail  numbers  of  all  ranks 
and  of  every  age.  The  ernprefs  was  defirous  to  intro¬ 
duce  the  practice  of  inoculation  among  her  fubjects ; 
and  refolved  to  fet  the  example  by  having  herfelf  and 
her  fon  inoculated.  With  tins  view,  fhe  applied  for  a 
phyfician  from  England  ;  and  Dr  Thomas  Dimfdale  of 
Hertford  being  recommended  to  her,  he  repaired  with 
his  fon  to  the  capital  of  Rufiia,  where  he  inoculated 
firfl  the  ernprefs,  then  the  grand  duke,  and  afterwards 
many  of  the  nobility.  The  experiment  proving  fuc* 
cefsful,  he  was  created  a  baron  of  the  empire,  appoint¬ 
ed  actual  counfellor  of  Hate,  and  phyfician  to,  her  impe¬ 
rial  majefly,  with  a  penfion  of  L*.  500  flerling  a-year,  to 
be  paid  him  in  England,  befides  L.  10,000  which  he  im¬ 
mediately  received.  So  popular  was  the  ernprefs  at 
this  period,  that,  by  a  decree  of  the  fenate,  the  anni- 
verfary  of  her  recovery  from  the  fmall-pox  was  enjoin¬ 
ed  to  be  celebrated  as  a  religious  feflival ;  and  it  has 
ever  fince  been  obferved  as  fuch. 

She  was  now  engaged  in  war  with  the  Turks,  of 
which  a  fufficient  account  for  a  work  of  this  nature  has 
been  given  under  the  title  Turkey  (EncycL)  ;  but 
there  was  one  traniaction  of  her  and  her  fiiends,  of 
which  no  mention  was  made  in  that  article,  though  it  is 
of  importance  to  him  who  would  form  a  juft  eflimate 
of  her  perfonal  chara&er. 

We  have  noticed  the  fenfuality  of  the  ernprefs  Eliza¬ 
beth.  She  bore  three  children  to  the  grand  veneur 
Alexey  Gregoiievitch  Razumofffky,  to  whom,  indeed, 
the  is  faid  to  have  been  clandeftinely  married.  Of  thefe 
children  the  yoimgeft  was  a  girl,  brought  up  under  the 
name  of  princefs  Tarrak'anoff.  Prince  Radzivil,  who 
has  been  mentioned  in  the  article  Poland  (EncycL), 
irritated  at  Catharine’a  cruelties  to  his  countrymen, 
conceived  the  projedt  of  placing  the  young  princefs  on 
the  throne  of  her  ancellors ;  and,  having  gained  over 
the  perlons  to  whom  her  education  was ’entrufted,  he 
carried  her  off  to  Rome  as  a  place  of  fafety.  Catha¬ 
rine,  in  return,  feized  his  large  eftates  ;  and  he  and  the 
princefs  were  reduced  to  extreme  poverty.  Radzivil 
repaired  to  Poland  in  order  to  learn  what  could  be  done 
to  forward  his  great  enterprife  ;  and  fcarcely  had  he  ar¬ 
rived  there  when  an  offer  was  made  to  reflore  to  him  his 
pofleffions,  upon  condition  of  his  carrying  his  ward  to 
St  Peterfburgh.  This  he  refufed  j  but  had  the  bafe- 
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nefs  to  promife,  that  he  would  give  himfelf  no  farther  Cathar 
concern  about  the  daughter  of  Elizabeth  ;  and  he  was 
put  in  poffeffion  of  all  his  eflates. 

By  the  inltru&ions  of  the  ernprefs,  Alexius  Orloff, 
who  nominally  commanded  the  Ruffian  fleet  at  the  Dar¬ 
danelles,  repaired  to  Rome,  got  accefs'to  young  Tar- 
rakanoff,  and  found  means  to  perfuade  her  that  all  Ruf. 
fia  was  ready  to  revolt  from  Catharine,  and  place  her 
on  the  throne  of  her  mother.  To  convince  her  of  his 
fincerity,  he  pretended  to  feel  for  her  the  tendered  and 
mod  refpe&ful  paffion  ;  and  the  unfufpicious  lady  was 
induced  to  accept  of  him  as  a  hufband.  The  ruffian 
who  had  affaffinated  the  grandfon  of  Peter  the  Great, 
did  not  hefitateto  feduce  and  betray  his  granddaughter. 

Under  pretence  of  having  the  marriage  ceremony  per¬ 
formed  according  to  the  rites  of  the  Greek  church,  lie 
fuborned  fome  fubaltern  villains  to  perfonate  prieds  and 
lawyers;  thus  combining  profanation  with  impofture 
againd  the  unprotected  and  too  confident  Tarrakanoff. 

Having  been  treated  for  fome  days,  both  at  Rome 
and  at  Leghorn,  with  all  the  refpe&  due  to  a  fovereign, 
the  unfufpe&ing  princefs  expreffed  a  wifh  to  go  on 
board  a  Ruffian  fliip  of  war.  This  was  jud  what  Or¬ 
loff  wanted.  Attended  by  a  numerous  and  obfequious 
train,  fhe  was  rowed  from  the  fhore  in  a  boat  with  mag¬ 
nificent  enfigns,  hoided  upon  the  deck  of  the  fhip  in 
a  fplendid  chair,  and  immediately  handcuffed.  In  vain 
did  fhe  thrpw  herfelf  at  the  feet  of  her  pretended  huf¬ 
band,  and  conjure  him  by  every  thing  tender  which 
had  paffed  between  them.  She  was  carried  down  into 
the  hold  ;  the  next  day  the  veffel  failed  for  St  Peterf- 
burgh ;  where,  upon  her  arrival,  the  princefs  was  flint 
up  in  the  fortrefs ;  and  what  became  of  her  fince  was 
never  known.  Such  were  the  means  which  Catharine 
fcrupled  not  to  employ  in  order  to  get  rid  of  all  pre¬ 
tenders  to  her  throne. 

Soon  after  this  fervice  rendered  to  her  by  Alexius 
Orloff,  fhe  difmiffed  his  brother  Gregory  from  her  fa¬ 
vour,  and  conne&ed  herfelf  with  Vaffiltchikoff,  ^  fub- 
lieutenant  of  the  guards.  The  former  favourite  had 
indeed  become  infolent,  and,  as  Catharine  thought, 
ungrateful.  He  afpired  to  nothing  lefs  than  the  throne- 
From  love  to  himfelf  and  to  a  ion  which  fhe  had  born 
to  him,  fhe  offered  to  enter  into  a  fecret  marriage ;  but 
with  this  propolal  the  proud  prince  (A)  was  not  fatia- 
fied,  and  hoped  that  his  refufal  would  impel  her  to  re¬ 
ceive  him  publicly  as  her  hufband  and  partner  in  power. 

He  was  miftaken.  She  divefled  him  of  all  his  employ¬ 
ments  ;  but  gave  him  a  penfion  of  150,000  rubles,  3 
handfome  fervice  of  plate,  and  an  eflate  with  6000  pea¬ 
sants  upon  it ;  and,  thus  enriched,  he  fet  out  upon  a 
journey  tbiough  various  parts  of  Europe.  He  return¬ 
ed,  however,  much  fooner  than  was  expe&ed  ;  the  new 
favourite  was  haiidfuraely  rewarded,  and  fent  to  a  dif- 
tar.ee  ;  Orloff  was  reflored  to  all  his  offices,  and  hia 
baleful  influence  was  again  felt. 

He  attempted  to  perfuade  the  ernprefs  to  difmifs 
Panin  from  the  court  ;  but  the  grand  duke  interpofed 
in  behalf  of  his  old  preceptor;  and,  for  once,  Catharine 
lifiened  to  the  entreaties  of  her  fon.  When  a  dreadful 
rebellion,  under  a  Kofak  of  the  name  of  PugetfhofF, 

who 


(a)  She  had  fome  time  before  obtained  for  him 


a  patent,  creating  him  a  prince  of  the  Romam  empire. 
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prevailed  over 

^  favourite  •  P?nfn  was  fent  againll  Pugetffioff ;  the 
rSemon  was  c^fted;  and  Catharine  found  lerfure  to 
•  .1  IrarvKkeakrralconftitution  to  the  empire.  In 

g,ve  iomeJh‘"glaws  Regulations  eftablifhcd  for  the  go- 
th“  "°^’of  the  vartus  provinces,  and  for  the  equitable 
vernment  through  the  whole  of  her  vaft  do- 

sr  is 

’1*1;, li  he?  privare  condoft  «,  far  fro™ £' 

“  ,A!nff  in  the  capacity  of  foverergn,  fo  as  to  Ce 
flr  e  tndeed,  the  appellation  of  Mother  of  her  people. 
f  To  follow  her  through  all  her  wars  and  intrigues 
•  .  forein-n  courts,  would  fwell  this  article  to  the  fize 
3  l  volume.  Such  a  narrative,  too,  belongs ^ 
the  hiftorv  of  Rufiia  than  to  the  memoirs  of  Catharine, 

J  wffit  is  the  bufinefs  of  the  biographer  to  deve- 

lone  the  private  charafter  of  the  woman  rather  than  to 
Kll  theP  exploits  of  the  fovereign.  Her  partition  of 
Poland,  and  afterwards  the  annihilation  of  it  as  an  in¬ 
dependent  republic  ;  her  encroachments ,  on »  thettm£ 
ties  of  the  grand  figmor  ;  her  formation  of  the  armea 

neutrality  ;  fhe  influence  which  Ihe  maintained  over  the 
neutrality,  ^  Denmark .  and  the  art  with 

which  (he  threw  the  weight  of  Rufiia  [®meU“pS  lfi"t0 
the  fcale  of  Auftria,  and  foinetimes  into  that  of  I  inffia 
-ft  r,le  interefts  of  her  own  dominions  required  the 
it  or  ffie  oth "  to  preponderate-fhew  how  admirably 
ffie  was  qualified  to^uide  the  helm  of  a  great  ^empire 
in  all  its  tranfa&ions  with  foreign  ftates.  P 

not  of  th  equity  of  her  proceedings;  for  it  mult  be 
confeffed,  tha^  equity  formed  no  tan*  -g-J 
bition  •  and  that  (he  never  failed  to  iubjugate  tnoie 
whom  (he  pretended  to  take  under  her  protedion.  Her 
nilimf  Dafiion  was  to  enlarge  her  own  territories,  a.- 
reldy  lo  very  extenfive  ;  and,  for  the  attainment  of  that 
obiea  (he  contrived  the  moft  judicious  plans,  wh  ch 
(lie  executed  with  vigour.  In  this  part  ot  her  conduit, 
Wever  (he  has  been  equalled  by  other  monarchs  ;  but 
in  the  veal  and  the  wifdom  with  which  ^«  ^'lde"v0J1'ed 

children  of  &th  fexes  were  educated  at  the  annual  «- 
tience  to  the  government  of  754*33  j  tub  es  . 
perintended  herfelf  the  education  of  her 
and  wrole  for  them  books  of  inftruaion.  It  it  be  t.  ue, 
that  every  man  acquainted  with  the  common  principles 

ter  who  is  at  one  time  combating  Locke,  and  a  anotr  ^ 
making  a  catechifm  for  children  in  then  fourth  year  , 
with  wVat  veneration  (hould  we  look  upon  the  empress 
'f  Pnffia  could  we  torget  the  means  by  which  (he  ob 
tamed  that  elevation  from  which  ihe  frequently  dtfcen  - 
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ed  for  a  fimilar  employment  ?  This  (he  did,  not  for  her  Cato 
own  defeendants  alone,  but  alfo  for  the  children  of 
others ;  of  whom  (he  had  always  a  great  number  in  her 
apartments,  who  (hared  in  the  inftruaion  given  to  her 
grandchildren,  and  wliofe  careffes  (lie  returned  with  ex-» 

He  r  'gr  eat  eft 'we  a  k  r.  e  fs  was  furely  that  grofs  pafiloti 
which  her  panegyrifts  have  dignified  with  the  name  of 
love:  but  to  fuch  an  appellation  it  had  no  claim,  if 
love  be  any  thing  more  than  a  fexual  appetite.  Befides 
Gretrory  Orloff,  ihe  had  not  fewer  than  ten  favourites 
S2K2  death  ’of  her  huffiand  ;  and  of  thefe  (he  feemS 
to  have  felt  a  tefined  affeaion  for  none  but  Lanfkoi,  a 
vouncr  Pole  of  a  very  ancient  family,  and  of  elegant 
manners,  and  the  famous  Potemkin,  to  whom  (he  M 
fa;d  fecretly  to  have  given  her  hand,  and  who  preier- 
ved  her  fviendthip,  if  not  her  aflefticm,  to  the  end  oi 
h:s  life  To  Lanlkoi,  whofe  education  had  been  much 
neglefted,  (he  condefeended  to  become  preceptnx  ;  and; 
as  he  made  great  progrefs  in  the  acqu.fition  of  ufefu! 
knowledge,  (he  admired  in  him  her  own  creation.  Po¬ 
temkin,  though  not  amiable,  deferred  her  favour  for 
the  fidelity  and  abilities  with  which  he  ferved  her,  both 
in  the  council  and  in  the  field;  and  m  him,  when  ftm 
had  ceafed  to  look  on  him  with  the  eyes  of  love,  (he 
refpe&ed  the  Intriguing  politician  and  intrepid  com- 
mander,  who  had  formed  plans  for  driving  the  Turks 
out  of  Europe,  and  fett.ng  her  on  the  throne  of  By¬ 
zantium.  Her  other  favourites  had  nothing  to  recom¬ 
mend  them  but  mafeuline  beauty  and  corporeal  length. 

One  of  them,  however,  thought  it  necefiary  to  have 
a  library  in  the  grand  houfe,  of  winch  the  emprefs,  up¬ 
on  receiving  him  into  favour,  had  made  him  a  prefent ; 
and  defired  the  principal  bookfeller  to  fill  his  fi‘«lv«. 

The  man  afRed  him  what  books  he  would  pleafe  to 
have.  “  You  underftand  that  better  than  I  (replied 
the  favourite)  ;  that  is  your  bufinefs.  You  know  the 
proper  aflbrtments;  I  have  deftined  a  |a,Se  t0 

receive  them.  Let  there  be  large  books  at  the  bet- 
tom,  and-  fmaller  and  l'maller  up  to  the  top  ;  that  is  the 
way  they  thnd  in  the  emprefs’s  library  !  In  the  con- 
vetfation  of  fuch  men,  the  cultivated  mind  of  Catharine 
could  enjoy  no  interchange  of  fentiments. 

We  know  not  whether  that  more  than  Afiatic  mag¬ 
nificence,  which  (he  ditplayed  on  every  public  occafion,  ■ 
(hould  be  confidered  as  an  mftance  of  wcaknefs  or  o- 
wiidom.  If  (he  delighted  in  balls,  and  mafquerades 
and  fumptuons  entertainments,  and  drefs  loaded  ^ith 
jewels  and  every  kind  o(  fplendid  ornament,  for 
own  fakes,  (he  betrayed  a  weaknefs  unworthy  of  that 
fovereign  who  held  in  her  hand  the  balance  ot  Europe, 
and  at  whofe  nod  the  greateft  powers  of  Afia  trem¬ 
bled  :  but  if  (he  introduced  fuch  fplendor  into _he. 
court  merely  to  divert  the  attention  of  the  Ruffians 
from  the  means  by  which  (he  got  poffeffion  of  the 
throne,  and  to  ween  them  from  their  own  lavage  and 
flovenly  manners  ;  even  this  may  perhaps  be  confidered 
as  one  oi  her  moft  maftetly  ftrokes  ip  politics. 

Her  ambition  was  boundlefs;  but,  it  lueh  a  phrafe 
may  be  allowed,  it  was  not  always  true  ambiuom 
When  the  French  republic  had  eftabhftied  itielf  on  the 
ruins  ot  monarchy,  and  was  propagating  new  theories 
of  government  through  all  Europe,  true  .ambition  would 
furelv  have  ltd  the  autocratrix  o^  the  north  to  unite 
her  forces  with  thole  of  the  coalefced  powers,  m  order 
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C  Caud"'’  t0  CrUl"tl  tke  horrid  hydra  before  its  anarchical  princi- 

»  ...  aUl,a  pies  could  be  introduced  among  her  own  barbarous  fub- 
jefts.  Such  would  certainly  have  been  the  advice  of 
her  favourite  Potemkin,  who  longed  to  lead  a  Ruffian 
army  into  France,  even  before  the  murder  of  the  un- 
fortunate  Louis.  That  general,  however,  had  died  in 
O&ober  1791  ;  and  when  Britain,  Auftria,  and  Pruf- 
fia,  were  leagued  againll  the  new  republic,  Catharine 
looked  coolly  on,  in  hopes,  it  is  probable,  of  availing 
herfelf  of  their  weak nef3,  when  exhaufted  by  a  long  and 
bloody  war.  _  She  gave  refuge,  indeed,  in  her  dominions 
to  many  emigrants  from  France,  and  fent  a  fquadron 
of  (hips  to  co-operate  with  the  navy  of  England  :  but 
in  this  lad  meafure  (he  regarded  merely  her  own  imme¬ 
diate  inteiefi.  ;  for  her  crazy  (hips  were  repaired  by 
Britifh  carpenters  at  the  expence  of  the  Britiih  govern¬ 
ment,  and  her  officers  had  an  opportunity  of  learning 
the  evolutions  of  the  BrTtifli  navy.  She  had  likewife 
other  profpeds  in  view  when  (he  lent  to  the  allies  this 
(lender  aid.  She  meditated  a  new  war  with  Turkey  ; 
and,  depending  upon  meeting  with  no  oppofition,  if 
fhe  (hould  not  receive  affiftance  from  England  and 
Aullria,  (he  flattered  herfelf  with  acconiplilhing  her 
darling  projed  of  driving  the  Ottomans  out  of  Europe, 
and  of  reigning  in  Conftantinople.  But  (lie  was  dif- 
appointed.  On  the  morning  of  the  9th  of  November 
1796,  (he  was  feized  with  what  her  principal  phyfician 
judged  a  fit  of  apoplexy;  and,  at  10  o’clock  in  the 
evening  of  the  following  day,  expired,  in  the  6Sth  year 
of  her  age,  leaving  behind  her  the  charader  of  one  of 
the  greateft  fovereigns  that  ever  fwayed  a  fceptre. 

.  After  this  long  detail  of  the  incidents  of  her  life,  it 
is  needlefs  to  inform  the  reader  that  Catharine  II.  had 
no  religion,  and,  of  courfe,  no  principles  of  morality, 
which  could  induce  her  in  every  inftance  to  do  to  others 
as  die  would  have  them  do  to  her.  She  was  a  profeffid 
difciple  of  the  French  philofophers  ;  by  fome  of  whom 
(he  was  ridiculed,  and  by  others  cheated.  The  incenfe 
which  (he  paid  to  the  genius  of  Voltaire  did  not  hinder 
him  from  frequently  breaking  his  jells  upon  the  auto- 
cratrix  of  Ruffia  and  her  fucccffive  favourites  ;  and  Di¬ 
derot,  whom  lhe  careffed,  fold  to  her  an  immenfe  li- 
brary,  when  he  poffeffed  hardly  a  book,  and  was  obli- 
ged  to  ranfack  Germany  and  France  for  volumes  to 
enable  him  to  fulfil  his  bargain.  Such  is  the  friendffiip, 
and  fnch  the  gratitude,  which  fubfifts  among  the  ami! 
able  pupils  of  nature,  and  the  philanthropic  advocates 
ior  the  rights  of  man. 

.  CAUDA  Capricorn},  a  fixed  liar  of  the  fourth  matr- 
mtude,  m  the  tail  of  Capricorn  ;  called  alfo,  bv  the 
Arabs,  Dineb  Algedi ;  and  y  by  Bayer. 

Cavva  Ceti,  a  fixed  liar  of  the  third  magnitude  ; 
called  alfo,  by  the  Arabs,  Dineb  Kaetos ;  marked  H  by 

•  CJgn'l’a  flxed  flar  of  the  fecond  magnitude, 
in  the  Swan  s-tail ;  called  by  the  Arabs  Dineb  Adigege, 
or  Lldegtagich  ;  and  marked  *  by  Bayer. 

•  a  fixed  ftar  of  the  third  magnitude, 
in  the  tail  of  the  Dolphin  ;  marked  by  Bayer” 

Cauda iDracanis,  or  Dragon’s  tail,  the  moon’s  fouth- 
ern  or  defcending  node 


Cauda  Looms,  a  fixed  liar  of  the  firft  magnitude,  in 
-he  -Umn  s  tail ;  called  alfo,  by  the  Arabs,  Dineb  Lie- 
C!/nd  raarked  P  hY  Ba7^  It  is  called  alfo  Lucida 
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.  Urfg  Majoris,  a  fixed  ftar  of  the  third  mag- 

mtude,  in  the  tip  of  the  Great  Bear’s  tail ;  called  alfo 
by  the  Arabs,  Alalioth>  and  Benenath ;  and  marked  «  bv 
Bayer.  * 

.  Cauda  U*'f*  Minor  is  y  a  fixed  flar  of  the  third  ma^ 
mtude,  at  the  end  of  the  Lefler  Bear’s  tail ;  called  alfo 
the  Star,  and,  by  the  Arabs,  Alrukabah ;  and 
marked  *  by  Bayer. 

•  *7  ADSE  has  been  defined,  we  think,  wich  accuracy 
in  the  Encyclopaedia,  and  the  doctrine  Hated  which  we 
believe  to  be  true.  Objections  however  have  been  made 
to  that  doctrine,  of  which  we  have  endeavoured  to  re¬ 
move  fome,  under  the  title  Action,  in  this  Supple- 
ment;  and  the  doArine  itfelf  has  been  well  illuftrated 
(at  leall  firch  is  our  opinion)  in  the  fimplementary  ar¬ 
ticle  Astronomv.  We  have,  therefore,  very  little  to 
a..d  here  on  the  fubjeA  of  caufes,  though  it  is  the  moil 
important  fubjeft  which  can  employ  the  mind  of  man. 
What  is  the  relation  between  a  pliyfical  caufe  and  that 
which  is  termed  its  effea— between  heat,  for  inftance, 
and  the  fufion  of  metals  ?  Is  it  a  neceffary  connection,  or 
Jlalt  *  C°"JUna,on’  ddcovel'ed  hY  experience  to  be  con- 

If  by  neceffary  connection  be  meant  that  kind  of  con. 
nection  of  which  the  contrary  cannot  be  conceived,  we 
do  not  thms  that  the  conneAion  of  any  phyfical  caufe 
with  its  effect  can  be  called  neceffary.  We  fee  no  dif- 
hculty  in  conceiving,  that  fire,  inftead  of  fiifing  gold, 
might  fix  mercury.  This  may  indeed  be  impoffible; 
and  we  might  perhaps  fee  the  impoffibility,  did  we  as 
completely  know  the  nature  of  fire  and  of  metals  as 
we  know  the  relations  .of  pure  geometry.  We  know 
that  the  three  angles  of  a  plain  triangle  cannot  poffibly 
be  either  greater  or  lefs  than  two  right  angles  ;  for  in 
this  companion  nothing  is  hid  from  our  mental  view. 
We  do  not,  however,  perceive  the  impoffibility  of  mer¬ 
cury  being  fixed,  as  clay  is  hardened,  by  heat ;  for  of 

X  and  clay,  we  know  very  little,  and 

that  little  is  the  offspring  of  experience. 

But  if  the  connection  between  caufe  and  effeA  be 
not  neceffary,  are  we  not  deprived  of  the  means  of  de- 
monftrating  the  great  fundamental  truth  of  religion  > 
We  have  nowhere  laid,  that  the  connexion  between 
caufe  and  effeA  is  not  neceffary;  but  only,  that  we  do 
not  perceive  the  neceffary  connexion  between  what  are 
called  phyfical  caufes  and  their  effeAs.  That  everv 
event  is,  and  mull  be,  brought  about  by  fame  caufe,  or 
iome  agency,  we  hold  to  be  a  felf  evident  truth,  which 
no  man  can  deny  who  under Hands  the  terras  in  which 
■t  is  expreffed;  but  what  or  where  the  agency  is,  we 
can  very  feldotn,  if  ever,  know,  except  when  we  think 
ot  our  own  voluntary  actions.  When  a  change  is  ob- 
(erved,  we  cannot  doubt  of  its  being  produced  by  fome- 
thing:  either  the  thing  changed  is  animated  and  has  pro- 
duced  the  change  by  its  own  agency,  juft  as  we  move 
our  heads  and  legs  by  an  aft  of  volition  ;  or  if  it  be  in- 
animated,  and  ot  itfelf  incapable  of  agency,  the  change 
has  been  produced  by  fomething  external,  denominated 
a  caufe.  _  But  all  external  caufes,  which  are  not  likewife 
agents,  m  the  proper  fenfe  of  the  word,  may  be  traced, 
we  think,  as  effect  up  to  fome  agency;  and  therefore, 
in  our  opinion,  there  is  no  real,  ultimate,  efficient, 
caufe  but  mind,  or  that  which  is  endued  with  power. 

In  proof  of  this  doArine,  if  it  need  any  proof,  we  can 
only  refer  to  what  has  been  laid  elfewhere  on  our  no- 
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tions  of  power  and  of  phyfical  caufes.  See  (Encycl.) 
Metaphysics,  n°  109,  &c. —  Philosophy  and  I  hy- 
sics  paffim — and  (SuppL)  Action  and  Astronomy. 

CENTER,  or  Centre,  a  word  borrowed  from  the 
French  name  ceintre  or  cintre,  given  to  the  frame  of  tim¬ 
ber  by  which  the  brick  or  (lone  of  arched  vaulting  is 
fup ported  during  its  ere&ion,  and  from  which  it  re¬ 
ceives  its  form  and  curvature. 

It  is  not  our  intention  to  defcribe  the  variety  of  con- 
ftrudions  which  may  be  adopted  in  eafy  fituations, 
where  the  arches  are  of  fmail  extent,  and  where  iuih- 
cient  foundation  can  be  had  in  every  part  of  it  ffir  iup- 
portino-  the  frame.  In  fuch  cafes,  the  frequency  of  the 
props  which  we  can  let  up  difpenfes  with  much  care  ; 
and  a  frame  of  very  flight  timbers,  connected  together 
in  an  ordinary  way,  will  fuffice  for  carrying  the  weight, 
and  for  keeping  if  in  exad  fhape.  But,  when  the  arches 
have  a  wide  lpan,  and  consequently  a  very  great  weight, 
and  when  we  cannot  fet  up  intermediate  pillars,  either 
for  want  of  a  foundation  in  the  foft  bottom  of  a  river, 
or  becaufe  the  arch  is  turned  between  two  lofty  piers, 
as  in  the  dome  of  a  ftately  cathedral— -we  are  then  o- 
bilged  to  reft  every  thing  on  the  piers  themfelves ;  ana 
the  framing  which  is  to  fupport  our  arch  before  the 
keyftone  is  fet,  muft  itfelf  be  an  arch,  depending  on  the 
mutual  abutment  of  its  beams.  One  fhould  think  that 
this  view  of  the  conftru&ion  of  a  centre  would  otter  it 
felfat  the  firft,  naturally  derived  from  the  ere&ion  it 
was  to  aflift :  but  it  has  not  been  fo.  When  interme¬ 
diate  pillars  were  not  employed,  it  was  ufual  to  name 
the  mould  for  the  arch  with  little  attention  to  any  thing 
but  its  fhape,  and  then  to  crofs  it  and  recrofs  it  in  all 
diredions  with  other  pieces  of  timber,  till  it  was  thought 
fo  bound  together  that  it  could  be  lifted  in  any  pofxtion, 
and,  when  loaded  with  any  weight,  could  not  change 
its  fhape.  The  frame  was  then  raifed  in  a  lump,  like 
any  folid  body  of  the  fame  fhape,  and  fet  in  its  place. 
This  is  the  way  ft  ill  pradifed  by  many  country  artifts, 
who,  having  no  clear  principles  to  guide  them,  do  not 
ftop  till  they  have  made  a  load  of  timber  almoit  equal 
to  the  weight  which  it  is  to  carry. 

But  this  artlefs  method,  befides  leading  the  employer 
into  great  expence,  is  frequently  fatal  to  the  underta¬ 
ker,  from  the  unfkilfulnefs  of  the  conftruaion.  lhe 
beams  which  conned  its  extremities  are  made  alio  to 
fupport  the  middle  by  means  of  pofts  which  reft  on 
them.  They  are  therefore  expofed  to  a  tranfverfe  or 
crofs  ftrain,  which  they  are  not  able  to  bear.^  Their 
number  muft  therefore  be  increafed,  and  this  increafes 
the  load.  Some  of  thefe  crofs  ftrains  are  derived  from 
beams  which  are  preffed  very  obliquely,  and  therefore 
exert  a  prodigious  thruft  on  their  fupports.  The  beams 
are  alfo  greatly  weakened  by  the  mortifes  which  are  cut 
in  them  to  receive  the  tenons  of  the  cr offing  beams  ; 
and  thus  the  whole  is  exceedingly  weak,  in  proportion 
to  what  the  fame  quantity  of  timber  may  be  made  by 

a  proper  difpofition  of  its  parts.  # 

The  principles  from  which  we  are  to  derive  this  dii- 
•mapies  potion  are  the  general  mechanical  principles  of  car- 
'  confine- pentry,  of  which  we  have  given  fome  account  in  that 
on.  article.  Thefe  furnifti  one  general  rule  :  When  we 
would  give  the  utmoft  ftrength  pofiible  to  a  frame  of 
carpentry,  every  piece  fhould  be  fo  difpofed  that  it  is 
fubied  to  no  ftrain  but  what  either  putties  or  draws  it 
in  the  diredion  of  its  length ;  and,  if  we  would  be  in- 
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debted  to  timber  alone  for  the  force  or  ftrength  of  the  ^ 
centre,  we  muft  reft  all  on  the  firft  of  thefe  ftrains ;  tor 
when  the  draining  force  tends  to  draw  a  beam  out  Oi 
its  place,  it  muft  be  held  there  bf  a  mortife  and  tenon, 
which  pofle fifes  but  a  very  trifling  force,  or  by  iron 
ftraps  and  bolts.  Cafes  occur  where  it  may  be  very 
diffici/it  to  make  every  (train  a  thruft,  and  the  bc.t  art- 
i'ts  admit  of  ties  ;  and  indeed  where  we  can  admit  a  tie- 
beam  connefting  the  two  feet  of  our  frame,  we  need 
feek  no  better  fecurity.  But  this  may  fometirnes  be 
ve-y  inconvenient.  When  it  is  the  arch  of  a  bridge 
that  we  are  to  fupport,  fuch  a  tie-beam  would  totally 
ftop  the  paffage  of  fmail  craft  up  and  down  the  river. 
It  would  often  be  in  the  water,  and  thus  expofed  to 
the  molt  fatal  accidents  by  frefttes,  &c.  Interrupted 
ties,  therefore,  muft  be  employed,  whole  joint  or  meet¬ 
ings  muft  be  fnpported  by  fomething  analogous  to  the 
king-pofts  of  roofs.  When  this  is  judicioufly  done,  the  fe- 
canty  is  abundantly  good.  But  great  judgment  is  ne- 
cefiary,  and  a  very  lcrupulous  attention  to  the  dilpoti- 
tion  of  the  pieces.  It  is  by  no  means  an  eafy  matter 
to  difeern  whether  a  beam,  which  makes  a  part  of  our 
centre  is  in  a  ftate  of  comprefiion  or  in  a  ftate  of  exten- 
fion.  In  fome  works  of  the  moll  eminent  carpenters 
even  of  this  day,  we  fee  pieces  confidcred  as  ftruts  (and 
conf'derable  dependence  had  on  them  in  this  capaci¬ 
ty),  while  they  are  certainly  performing  the  office  of 
tie-beams,  and  fhould  be  fecured  accordingly.  Ihis 
was  the  cafe  in  the  boldeft  centre  (we  think)  that  lias 
been  executed  in  Europe,  that  of  the  bridge  of  Orleans, 
by  Mr  Hupem.  Yet  it  is  evidehtly  of  great  confe- 
quence  not  to  be  miilaken  in  this  point ;  for  when  we 
are  miftaken,  and  the  piece  is  firetclied  which  we  ima¬ 
gine  to  be  comprefied,  we  not  only  are  deprived  of  fome 
fupport  that  we  expefted,  but  the  expefted  fupport  lias 
btcome  an  additional  load. 
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come  an  duumuncu  ,  4 

To  afeertain  this  point,  we  may  iuppole  the  piers  How  to  dif. 
to  yield  a  little  to  the  preffure  of  the  archftones  on  thetiuguifh  a 
centre  frames.  The  feet,  therefore,  fly  outwards,  and^utfron 
the  (bane  is  altered  by  the  finking  of  the  crown.  We 
muft  draw  our  frame  anew  for  this  new  ftate  of  things, 
and  muft  notice  what  pieces  muft  be  made  longer  than 
before.  All  fuch  pieces  have  been  ading  the  part  of 

tie-beams.  . 

But  a  centre  has  ftill  another  office  to  lnftain  ,  it 
mull  keep  the  arch  in  its  form  ;  that  is,  while  the  load 
on  the  centre  is  continually  increafing,  as  the  matons 
lay  on  more  courfes  of  arch-ftones,  the  frame  muft  not 
yield  and  go  out  of  fhape,  finking  under  the  weight  on 
the  haunches,  and  riflng  in  the  crown,  which  is  not  yet 
carrying  any  load.  The  frame  muft  not  be  fupple  ;  and 
mull  derive  its  ftiffnefs,  not  from  the  clofenefs  and 
ftrength  of  its  joints,  which  are  quite  infignfficant  when 
fet  in  competition  with  fuch  immenfe  ftrains,  but  from 
ftruts  or  ties,  properly  difpofed,  which  hinder  any  of 
the  angles  from  changing  its  amplitude.  5 

It  is  obvious,  from  all  that  has  been  faid,  that  the  Howto  fe* 
ftrength  and  ftiffnefs  of  the  whole  muft  be  found  in  the  cure  fhff- 
triangles  into  which  this  frame  of  carpentry  may  be  re- 
folved.  We  have  feen  that  the  ftrains  which  one  piece 
produces  on  two  others,  with  which  it  meets  in  one 
point,  depends  on  the  angles  of  their  interfedion  ;  and 
that  it  is  greater  as  an  obtufe  angle  is  more  obtufe,  or 
an  acute  angle  more  acute.  #  And  this  fuggefts  to  us 
the  general  maxim,  “  to  avoid  as  much  as  pofiible  all 
1  very 
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very  obtufe  attgles.”  Acute  angles,  which  are  not  ne- 
'  ceffarily  accompanied  by  obtufe  ones,  are  not  fo  hurtful; 
'-becaufe  the  drain  here  can  never  exceed  the  draining 
force  ;  whereas,  in  the  cafe  of  an  obtufe.  angle,  it  may 
.furpafs  it  in  any  degree. 

Such  are  the  general  rules  on  thisfubjert.  Although 
fomething  of  the  mutual  abutment  of  timbers,  and  the 
fupport  derived  from  it,  has  been  long  perceived,  and 
-  employed  by  the  carpenters  in  roofing,  and  alfo  (doubt- 
-Jefs)  in  the  forming  of  centres,  yet  it  is  a  matter  of  hi- 
ftorical  fa rt,  that  no  general  and  diftinrt  views  had  been 
taken  of  it  till  about  the  beginning  of  this  century,  or  a 
little  earlier.  Fontana  has  preferved  the  figure  of  the 
.frames  on  which  the  arches  of  St  Peter’s  at  Rome  were 
turned.  The  one  employed  for  the  dome  is  condrurt- 
ed  with  very  little  fjrill;  and  thofe  for  the  arches  of  the 
.nave  and  tranfepts,  though  incomparably  fuperior,  and 
of  confiderable  fimplicity  and  ftreugth,  arc  yet  far  infe¬ 
rior  to  others  which  have  been  employed  in  later  times. 
It  is  much  to  be  regretted  that  no  trace  remains  of  the 
forms  employed  by  the  great  architert  and  confummate 
mechanician  Sir  Chridopher  Wren.  We  fihould  doubt- 
lefs  have  feen  in  them  every  thing  that  fcience  and  great 
fagacity  could  fugged.  We  are  told,  indeed,  that  his 
centering  for  the  dome  of  St  Paul’s  was  a  wonder  of  its 
kmd  ;  begun  in  the  air  at  the  height  of  16b  feet  from 
the  ground,  and  without  making  ufe  of  even  a  projert- 
^  mg  corniche  whereon  to  red  it. 

T'heearheft  ^  he  earlied  theory  of  the  kind  that  we  have  met 
theory ,  on  with,  that  -is  propofed  on  fcientific  principles,  and  with 
winc/l/  the  exPrefs  purpofe  of  ferving  as  a  leflon,  are  two  cen- 
^  ^  tres  by  Mr  Pitot  of  the  Academy  of  Sciences,  about  the 

i. beginning  of  this  century.  As  they  have  confiderable 
merit  (greatly  refembling  thofe  employed  by  Michael 
Angelo  in  the  nave  of  St  Peter’s),  and  afford  fome  good 
maxims,  we  fhall  give  a  fhort  account  of  them.  °We 
'  crave  the  excufe  of  the  artids  if  we  ffould  emoloy  their 
terms  of  art  fomewhat  aukwardly,  not  being  very  fami¬ 
liarly  acquainted  with  them.  Indeed,  we  obferve  very 
great  differences,  and  even  ambiguity,  in  the  terms  em¬ 
ployed.. 

What  we  fhall  deferibe  under  the  name  of  a  centre  is 
(properly  fpeaking)  only  one  frame,  trufs,  or  rib,  of  a 
centre.  They  are  fet  up  in  vertical  planes,  parallel  to 
each  other,  at  the  didance  of  5,6,  7,  or  8  feet,  like* 
the  truffes  or  main  couples  of  a  roof.  Bridging  joids 
are  laid  acrofs  them. — In  fmallcr  works  thefc  are  laid 
fparingly,  but  oT  confiderable  fcantling,  and  are  board¬ 
ed  over  ;  but  for  great  arches,  a  bridging  joid  is  laid  for 
every  courfe  of  archdoncs,  with  blockings  between  to 
keep  them  at  their  proper  didances..  The  dones  are 
not  laid  immediately  on  thefe  joids,  but  beams  of  foft 
wood  are  laid  along  each  joid,  on  which  the  done  is 
Jaid.  Thefe  beams  are  afterwards  cut  out  with  the 
chide!,  in  order  to  feparate  the  centre  from  the  ring  of 
dones,  which  mud  now  fupport  each  other  by  their  mu- 
7  tual  abutment.  - 

Ullvftrated  The  centre  is  didinguifnable  into  two  parts,  ALLB 
JrUte  XIV.  { fig.  i.)  and  LDL,  which  are  pretty  independent  of 
each  other,  or  at  lead  art  feparatcly.  The  horizontal 
S  1* etcher  LL  cuts  the  femicfrcle  ADB  halfway  be¬ 
tween  the  ip  ring  and  the  crown  of  the  arch;  the  arches 
AL,  I/D,  being  45°  each.  This  dretcher  is  divided  in 
the  fame  propoition  in  the  points  G  and  H  ;  that  .is, 
fGH  is  one- halt  of  LL,  and  LG,  HL  are  each  one- 
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fourth  of  LL  nearly.  Each  end  is  fupported  by  two  Center 
Struts  El,  Gt,  which  red  below  on  a  Sole  or  Bed 
properly  fupported.  The  interval  between  the  heaJ.s  of 
the  druts  GI,  HKis  filled  up  by  the  Straining  Beam 
GH,  abutting  in  a  proper  manner  on  the  druts  (fee 
Carpentry,  Supplement ),  The  extremities  L,  L,  arc 
united  in  like  manner  by  butting  joints,  with  the  heads 
of  the  outer  druts.  The  Arch  Moulds  AP,  BP.  are 
connerted  with  the  druts  by  crofs  pieces  PQj,  which  we 
fiiall  call  Bridles,  which  come  inwards  on  each  fide  of 
the  druts  (being  double),  and  are  bolted  to  them.  This 
-may  be  called  the  lower  part  of  the  frame.  The  upper 
vpart  confids  of  the  king  pod  DR,  fupported  on  each 
fide  by  the  two  druts  or  braces  ML,  ON,  mortifed  into 
the  pod,  and  alfo  mortifed  into  the  dretcher,  at  the 
points  L,  N,  where  it  is  fupported  by  the  druts  below. 

The  arches  LD,  LD  are  concerted  with  the  druts  by 
the  bridles  PQ^,  in  the  fame  manner  as  below.  . 

There  is  a  great  propriety  in  many  parts  of  this  ar-propriet 
rangemert.  The  lower  parts  or  haunches  of  the  arch  of  this  ar 
prefs  very  lightly  on  the  centres.  Each  archdone  is  ly-rangemei 
ing  on  an  inclined  plane,  and  tends  to  Aide  down  only 
with  its  relative  weight ;  that  is,  its  weight  is  to  its 
tendency  to  Aide  down  the  joint  as  radius  to  the  fine  of 
elevation  of  the  joint.  Now  it  is  only  by  this  tendency 
to  Aide  down  the  joint  that  they  prefs  on  the  centering, 
which  in  every  part  of  the  arch  is  perpendicular  to  the 
joint :  .  But  the  preffure  on  the  joint,  arifing  from  this 
caufe,  is  much  lefs  than  this,  by  reafon  of  the  frirtion  of 
the  joints.  A  block  of  dry  freedone  will  not  Aide  down 
at  all ;  and  therefore  will  not  prefs  on  the  centering,  if 
the  joint  be  not  elevated  35  degrees  at  lead.  But  the 
archdoues  are  not  laid  in  this  manner,  by  Aiding  them 
down  along  the  joint,  but  are  laid  on  the  centres,  and 
Aide  down  their  Aope,  till  they  touch  the  blocks  on 
which  they  are  to  red  ;  fo  that,  in  laying  the  arch- 
dones,  we  are  by  no  means  allowed  to  make  the  great 
dedurtion  from  their  weight  jud  now  mentioned,  and 
which  Mr  Couplet  preferibes  (Mem.  Acad.  Sciences, 

1729).  But  there  is  another  caufe  which  diminiffes 
the  preffure  on  the  centres  ;  each  block  Aides  down  the 
planks  on  which  it  is  laid,  and  preffes  on  the  block  be¬ 
low  it,  in  the  direction  of  the  tangent  to  the  arch.  This 
preffure  is  tranfmitted  through  this  block,  in  the  fame 
dirertion,  to  the  next,  and  through  it  to  the  third,  See. 

In  this  manner  it  is  plain  that,  as  the  arch  advances, 
there  is  a  tangential  preffure  on  the  lower  archdonos, 
which  diminiffes  their  predure  on  the  frame,  and,  if 
fufficiently  great,  might  even  puff  them  away  from  it. 

Mr  Couplet  has  given  an  analyfis  of  this  preffure,  and 
Aiews,  that  in  a  lemicircular  arch  of  uniform  thicknefs 
none  of  the  arch  dones  below  30°  prefs  on  the  frames. 

But  he  (without  faying  fo)  calculates  on  the  fuppofi- 
tion  that  the  blocks  deicend  along  the  circumference  of 
this  frame  in  the  fame  manner  as  if  it  were  perfertly 
fmooth.  As  this  is  far  from  being  the  cafe,  and  as  the 
obdrurtions  are  to  the  la!t  degree  various  and  irregular, 
it  is  quite  nfelefs  to  inditute  any  calculation  on  the  fub- 
jert.  A  little  reflection  will  convince  the  reader,  that 
in  this  cafe  the  obftrudlion  arifing  from  frirtion  mujl  be 
taken  into  account,  and  that  it  mujl  not  be  taken  into 
account  in  edimating  the  preffure  of  each  iuecefilve 
courfe  of  dones  as  they  are  laid.  It  is  enough  that  w.e 
fee  that  the  preffure  of  the  lower  couifes  of  arebdones 
on  the  frame  is  diminiffed.  Mr  Couplet  lays,  that  tin? 
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-  ltt,  whole  preffure  of  a  femicircular  arch  is  but  3-th*  of  its 
_  ! — '  weight ;  but  it  is  much  greater,  for  the  reafon  juft  now 
riven.  We  have  tried,  with  a  well  made  wooden  mo¬ 
del  (of  which  the  circumference  was  rubbed  with  black 
,  cntrelead  to  render  it  more  flippery  ),  whether  any  part  of  the 
%.  X  wooden  blocks  reprefenting  the  archftoi.es  were _  detach- 
nf  c.i  from  the  frame  by  the  tangential  preffure  of  the  fu- 
perior  blocks  ;  but  we  could  not  fay  confidently  that 
any  were  fo  detached.  We  perceived  that  all  kept  hold 
of  a  thin  flip  of  Chinefe  paper  (alfo  rubbed  with  black 
lead)  between  them  and  the  frame,  fo  that  a  fallible 
force  was  required  to  pull  it  out.  From  a  combination 
of  circumftances,  which  would  be  tedious  to  relate,  we 
believe  that  the  centres  carry  more  than  two- thirds  ot 
the  weight  of  the  arch  before  the  keyftone  is  fet.  In 
elliptical  and  lower  pitched  circular  arches,  the  propor¬ 
tion  is  ftill  greater.  ,  „ 

It  feem»  reafonable  enough,  therefore,  to  dilpole  the 
framing  in  the  manner  propofed  by  Pitot,  directing  the 
main  fupoort  to  the  upper  mafs  of  the  arch,  which 
oieifes  mod  on  the  frame.  We  fK  ill  derive  another  ad- 
vantage  from  this  conftruftion,  which  has  not  occurred 

to  Mr  Pitot.  ...  r  •  1 

There  is  an  evident  propriety  in  the  manner  in  which 

he  has  diftributed  the  fupports  of  the  upper  part.  I  he 
ftruts  which  carry  the  king  no  ft  fpring  from  thofe  point* 
of  the  ftretcher  where  it  refts  on  the  ftruts  below  :  thus 
the  ftretcher,  on  which  all  depends,  bears  no  tranfverfe 
drains  It  is  ftretche-d  by  the  ftrut  above  it,  and  it  is 
compveffed.in  a  fmall  degree  between  the  ftruts  below 
it,  at  lead  by  the  outer  ones.  Mr  Pitot  propofes  the 
draining  beam  GH  as  a  lateral  fupport  to  the  ftretcher, 
which  mav  therefore  be  of  two  pieces  :  but  although  it 
^augment  its  ltrength,  it  does  not  feem  ceceffary  for  it. 
The  ftretcher  is  abundantly  carried  by  the  ftrap,  which 
may  and  fhould  fufpend  it  from,  the  king  poll.  i  he 
rreat  ufe  of  the  ftraining  piece  is  to  give  a  firm  abut- 
ment  to  the  inner  ftruts,  without  allowing  any  lateral 
ftrain  on  the  dretcher.  N.  B.  Great  care  mud  be  to- 
ken  to  make  the  hold  fufficiently  firm  and  extenfive  be¬ 
tween  the  dretcher  and  the  upper  druts,  to  that  its  co- 
hefion  to  refid  the  thruds  from  thefe  druts  may  be  much 

employed.^  ;mperfeft;on  that  we  find  in  this  frame  is 

the  lanral  drains  which  are  brought  upon  die  upper 
jin,ts  by  the  bridles,  which  certainly  tramrnit  to  them 
part  o‘  the  weight  of  the  archdoneson  the  curves. 
The  fpace  between  the  curves  and  ML  fhould  alfo  have 
been  truded.  Mr  Pitot’s  form  is,  however,  extremely 
ft  iff ;  and  the  caufing  the  middle  bridle  to  reach  down 
-to  the  dretcher,  feems  to  fecure  the  upper  druts  from 

all  rifle  of  bending.  .  c  . 

This  centre  gives  a  very  diftinCI  view  of  the  offices 
of  all  the  parts,  and  makes  therefore  a  proper  incroduc- 
tion  to  the  general  fubje&.  It  is  the  limpled  that  can 
be  in  its  principle,  becaufe  all  the  eflential  parts  are  fub- 
jefted  to  one  kind-  of  drain.  The  dretcher  LL  is  the 
only  exception,  and  its  extenfion  is  rather  a  collateral 
„  circiimftance  than  a  dep  in  the  general  fupport.  _ 

,e  The  examination  of  the  drength  of  the  frame  is  ex- 

ength  Of  tremely  eafy.  Mr  Pitot  gives  it  for  ah  arch  of  60  teet 
is  frame  fpan  an(t  fuppofes  the  archdones  7  feet  long,  which  is 
a  monftrous  thicknefs  for  fo  fmall  an  arch ;  4  feet  is  an 
abundant  allowance,  but  we  diall  abide  by  Ins  condruc- 
tion.  He  gives  the  following  fcantlings  of  the  parts : 
SufPi-  Vot.  I.  Part  I. 
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The  ring  or  circumference  confifti  of  pieces  of  oak 
it  inches  broad  and  6  thick. 

The  ftretcher  LL  is  n  inches  fquare. 

The  ftraining  piece  GH  is  alfo  M3  by  12. 

The  lower  ftruts  10  by  8. 

The  king  poft  i  2  by  12. 

The  upper  ftruts  io  by  6. 

The  bridles  20  by  8.  .  t  - 

Thefe  dimenfions  are  French,  which  is  about  Tjtli 
larger  than  ours,  and  the  fuperficial  dimenfions  (by 
which  the  fedion  and  the  abfolute  ftrength  is  meafured) 
is  almoft  ^th  larger  than  ours.  The  cubic  foot,  by 
which  the  ftones  are  meafured,  exceeds  ours  nearly  f  th. 
The  pound  is  deficient  about  ^Tth.  But  fince  very 
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nice  calculation  is  neither  eafy  nor  neceffary  on  thisiub- 
je6f,  it  is  needlels  to  depart  from  the  French  meafurcs, 
which  would  occafion  many  fractional  parts  and  a  trou- 
blefome  reduftion. 

The  arch  is  fuppofed  to  be  built  of  done  which 
weighed  160  pounds  per  foot.  Mr  Pitot,  by  a  compu¬ 
tation  (in  which  he  has  committed  a  midake),  fays, 
that  only  i^ths  of  this  weight  is  carried  by  the  frame. 

We  believe,  however,  that  this  is  nearer  the  truth  than 
,Mr  Couplet’3  affumption  of  £ths  already  mentioned. 

Mr  Pitot  farther  affumes,  that  a  fquare  inch  of  found 
oak  will  carry  8640  pounds.  By  his  language  we 
fhould  imagine  that  it  will  not  carry  much  more  :  but 
this  is  very  far  below  the  ftrength  of  any  Britifh  oak 
that  we  have  tried  ;  fo  far,  indeed,  that  we  rather  ima¬ 
gine  that  he  means  that  this  load  may  be  laid  on  it  with 
perfed  fecurity  for  any  time.  But  to  compcnfate  for 
knots  and  other  accidental  imperfections,  he  affumes 
7200  as  the  meafure  of  its  abfolute  force. 

He  computes  the  load  on  each  frame  to  be  707520 
pounds,  which  he  reduces  to  4-Jths,  or  5559°^  pounds. 

The  abfolute  force  of  each  of  the  lower  ftruts  is 
576000  (at  7  200  per  inch),  and  that  of  the  curves 
918400.  Mr  Pitot,  confidering  that  the  curves  are 
kept  from  bending  outwards  by  the  arch  (tones  which 
prefs  on  them,  thinks  that  they  may  be  cuniidered  as 
aCting  precifely  as  the  outer  ftruts  LL  We  have  no 
objection  to  this  fuppofition.  #  1 

With  thefe  data  we  may  compute  the  load  which  the  Computed, 
lower  trufs  can  fafely  bear  by  the  rule  delivered  in  the 
article  Carpentry*  We  therefore  proceed  as  fol¬ 
lows  : 

Meafure  off  by  a  fcale  of  equal  parts  a  at ,  each 
576000,  and  add  tv  518400.  Complete  the  paralle¬ 
logram  a  v  x  s9  and  draw  the  vertical  x  c ,  meeting  the 
horizontal  line  aC  in  e.  Make  c  b  equal  to  c  a.  Join 
*  by  and  complete  the  parallelogram  a  x  by.  It  is  evident 
that  the  diagonal  x y  will  reprefent  the  load  which  thefe 
pieces  can  carry  ;  for  the  line  a  v  is  the  united  force  of 
the  curve  AP  and  the  ftrut  I£,  and  a  s  is  the  ltrength 
of  IG.  Thefe  two  are  equivalent  toex.  xb  is,  in 
like  manner,  equivalent  to  the  fuppo-t  on  the  other 
fide,  and  * y  is  the  load  which  will  juft  balance  the  two 
fupports  a  x  and  b  x. 

When  xy  is  meafured  on  the  fame  fcale,  it  will  be 
found  =  2850000  pounds.  This  is  more  than  five 
times  the  load  which  adually  lies  on  the  frame.  It  is 
therefore  vaftly  ftron^er  than  is  neceffary.  Half  of  each 
of  the  linear  dimenfions  would  have  been  quite  fiiffi- 
cient,  and  the  ftruts  needed  only  to  be  5  inches  by  4. 

Even  this  would  have  carried  twice  the  weight,  and 
B  b  would 
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would  have  borne  the  load  really  laid  on  it  with  perfect 
-™  fafety. 

We  proceed  to  meafure  the  ftrength  of  the  upper 
part.  The  force  of  each  ftrut  is  4320CO,  and  that  of 
the  curve  is  31 8400  ;  therefore,  having  drawn  M  v  pa¬ 
rallel  to  the  ftrut  ON,  make  M  v  zz  442000,  and  Mx 
z=  4320CO  +  51^400.  Complete  the  parallelogram 
M  s  r  <v.  Draw  the  horizontal  line  rk ,  cutting  the  ver¬ 
tical  MC  in  k ,  and  make  k  y  zz  M  k.  It  is  plain,  from 
what  was  done  for  the  lower  part,  that  My  will  meafure 
the  load  which  can  he  carried  by  the  upper  part.  This 
will  be  found  zz  1160000.  This  is  alfo  greatly  fupe- 
rior  to  the  load  ;  but  not  in  fo  great  a  proportion  as 
the  other  part.  The  chief  part  of  the  load  lies  on  the 
upper  part;  but  the  chief  reafon  of  the  difference  is  the 
greater  obliquity  of  the  upper  ftruts.  T  his  fhortens 
the  diagonal  My  of  the  parallelogram  of  forces.  Mr 
Pitot  fhould  have  adverted  to  this  ;  and  inftead  of  ma¬ 
king  the  upper  ftruts  more  (lender  than  the  lower,  he 
fhould  have  made  them  ftouter. 

The  drain  on  the  ftretcher  LL  is  not  calculated.  It 
is  meafured  by  r’  k  ,  when  My  is  the  load  actually  lying 
on  the  upper  part.  Lefs  than  the  fixth  part  of  the  co* 
hefion  of  the  ftretcher  is  more  than  fufficient  for  the  ho¬ 
rizontal  thrufl  ;  and  there  is  no  difficulty  of  making  the 
foot  joints  of  the  ftruts  abundantly  ftrong  for  the  pur- 
pofe. 

The  reader  will  perceive  that  the  computation  juft 
now  given  does  not  ftate  the  proportions  of  the  ft  rains 
atlually  exerted  on  the  different  pieces,  but  the  load  on 
the  whole,  on  the  fuppofition  that  each  piece  is  fub- 
je&ed  to  a  ftrain  proportioned  to  its  ftrength.  The  other 
calculation  is  much  more  complicated,  but  is  not  necef* 
fary  here. 

This  centre  has  a  very  palpable  defeat.  If  the  piers 
fhould  yield  to  the  load,  and  the  feet  of  the  centre  fly 
out,  the  lower  part  will  exert  a  very  confiderable  ftrain 
on  the  dretcher,  tending  to  break  it  acrofs  between  N 
and  L,  and  on  the  other  fide  HKF  of  the  lower  part 
is  firmly  bound  together,  and  cannot  change  its  fhape, 
and  will  therefore  a like  a  lever,  turning  round  the 
point  F.  It  will  draw  the  ftrut  HK  away  from  its  a- 
butment  with  GIT,  and  the  ftretcher  will  be  drained 
acrofs  at  the  place  between  H  and  F,  where  it  is  bolt¬ 
ed  with  the  bridle.  This  may  be  refilled  in  feme  de¬ 
gree  by  an  iron  ftrap  uniting  ON  and  HK  ;  but  there 
will  ft  ill  be  a  want  of  proportional  ftrength.  Indeed, 
in  an  arch  of  l'uch  height  (a  ftmicircle),  there  is  but 
little  rifle  of  this  yielding  of  the  piers ;  but  it  is  an  im- 
perfection. 

A  centre  #  The  centre(fig.  2  )  is  conflru&ed  on  the  fame  prin- 
on  the  fame dple  precisely  for  an  elliptical  arch  (a).  The  calcula- 
Tran^ni  _tlon  °^ts  ^rer'Ht^  is  nearly  the  fame  alfo;  only  the 
tical  arch .P"two  llPPer  ftr,lts  °f  a  being  parallel,  the  parallel 
gram  Mx  r  v  (of  fi  g.  1  )  is  not  needed,  and  in  its  dead 
wre  meafure  off  on  ON  a  line  to  reprefent  twice  its 
ftrength.  This  comes  in  place  of  Mr'  of  fig  1. —  N.  B, 
The  calculation  proceeds  on  the  fuppofition  that  the 
fhort  (training  piece  MM  makes  but  one  firm  body  with 
the  king  polt.  Mr  Pitot  employed  this  piece  (we  pre¬ 


fume)  to  feparate  the  heads  of  the  ftruts,  that  their  ob¬ 
liquity  might  be  leffened  thereby  :  and  this  is  a  good 
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thought  ;  for  when  the  angle  formed  by  the  ftruts  on 


each  fide  is  very  open,  the  ftrain  on  them  becomes  very 
great. 

The  ftretcher  of  this  frame  is  fcarfed  in  the  middle. 
Suppcfe  this  joint  to  yield  a  little,  there  is  a  danger 
of  the  lower  flrut  ON  lofing  its  hold,  and  ceafing^to 
join  in  the  fupport  ;  for  when  the  crown  links  by  the 
lengthening  of  the  ftretcher,  the  triangle  ORNoffg.  2. 
will  be  more  diftorted  than  the  fpace  above  it,  and  ON 
will  be  loofened.  But  this  will  not  be  the  cafe  when 
the  finking  of  the  crown  arifes  from  the  mere  com- 
preffion  of  the  ftruts.  Nor  will  it  happen  at  all  in 
the  centre,  fig.  1.  On  the  contrary,  the  ftrut  ON 
will  abut  more  firmly  by  the  yielding  of  the  foot  of 

ML. 

The  figure  of  this  arch  of  Mr  Pitot’s  confifts  of 
three  arches  of  circles,  each  of  60  degrees.  As  it  is 
elegant,  it  will  not  be  unacceptable  to  the  artift  to 
have  a  confirmation  for  this  purpofe. 

Make  BY  zz  CD,  and  CZ  zz  i  CY.  Defcribe  the  How  L 
femicircle  ZiEY,  and  makeZS  zz  ZiE.  S  is  the  centreCOpftru& 
of  the  fide  arches,  each  of  60  degrees.  The  centre  T  offuch  ™ 
the  arch,  which  unites  thefe  two,  is  at  the  angle  of  anarch‘ 
equilateral  triangle  STS 

This  conftrudion  of  Mr  Pitot’s  makes  a  handfome 
oval,  and  very  near  an  cllipfis,  but  lies  a  little  without 
it.  We  (hall  add  anotTier  of  our  own,  which  coincides 
with  the  ellipfe  in  eight  points,  and  furnifhes  the  artift, 
by  the  way,  a  rule  for  drawing  a h  infinite  variety  of 
ovals. 

Let  AB,  DE  (fig.  2.  N°  2.)  be  the  axes  of  an  el* 
lipfe,  C  the  centre,  and  F,  /  the  two  foci.  Make  Cb 
zz  CD,  and  deferibe  a  circle  AD^  paffing  through 
the  three  given  points  A,  D,  and  b.  It  may  be  de- 
monftrated,  that  if  from  any  point  P  of  the  arch  AD 
be  drawn  a  chord  PD,  and  if  a  line  PRr  be  drawn, 
making  the  angle  I)?R  =  P DC,  and  meeting  the  two 
axes  in  the  points  R  and  r,  then  R  and  r  will  be  the 
centres  of  circles,  which  will  form  a  quarter  APD  of 
an  oval,  which  has  AB  and  DE  for  its  two  axes. 

We  want  an  oval  which  fhali  coincide  as  much  as  pof- 
fible  with  an  ellipfis  ?  The  molt  likely  method  for  this 
is  to  find  the  very  point  P  where  the  ellipfis  cuts  the 
circle  AD  b  e .  The  eafieft  way  for  the  artift  is  to  de- 
feribe  an  arch  of  a  circle  a  w,  having  AB  for  its  radius, 
and  the  remote  focus  /  for  its  centre.  Then  fet  one 
foot,  of  the  com paffts  on  any  point  P,  and  try  whether 
the  diftance  PF  from  the  neareft  focus  F  is  exa&ly 
equal  to  its  diftance  V  ?n  from  that  circle.  Shifting  the 
foot  of  the  compaffes  from  one  point  of  the  arch  to  an¬ 
other,  will  foon  difeover  the  point.  This  being  found, 
draw  PD,  make  the  angle  DPr=  PD  r,  and  R  and  fl¬ 
are  the  centres  wanted.  Then  make  C  x  zz  CR,  and 
we  get  the  centres  for  the  other  fide. 

The  geometer  will  not  relifh  this  mechanical  con- 
ftru&ion.  He  may  therefore  proceed  as  follows:  Draw 
D  d  parallel  to  AB,  cutting  the  circle  in  d .  Draw  e  d 
cutting  AC  in  N.  Draw  CG  parallel  to  A  e,  and  make 

the 
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Vne  anffle  CG  i  =  AD  r.  Bifeft  CN  in  0,  and  join  brium.). 
0  !.  Make  OM,  OM'  =  O  i,  ar.d  draw  MP,  M  P  per¬ 
pendicular  to  AB.  Tliefe  ordinates  will  cut  the  circle 
Allie  in  the  points  P  and  I',  where  it  is  cu  >y 
tllipfe.  We  leave  the  demonftration  as  a  geometrical 

exercife  for  the  dilettante.  m f  ,,  i 

Wc  faid,  that  this  centering  of  Mr  Pitot  s  refem 


We  laid,  tnat  i ms  ccihuh^  - 

Kc  vcof-|n  princiole  the  one  employed  by  Michael  Angt r  o  or 

...  h«  ™ve‘>»<!  «>■*?»  -rs,  ,ch«rch  .1  1(™«. 

.ho  h„  preserved  <h  j,  .tab.. ■  <h«  ».«*«■ 
-tion  of  it  to  one  of  the  name  of  ban  Gallo.  A  Iketc 
of  it  is  given  in  fig.  3.  It  is,  however,  fo  much  fupe- 
rior,  and  fo  different  in  principle,  from  that  employed 
for  die  cupola,  that  we  cannot  think  it  the  mvem  o, 
the  fame  perfon.  It  is,  like  Pitot’s,  not  only  divifible,  but 
really  divided  into  two  parts,  of  which  the  upper  carries 
bv  much  the  greateft  part  of  the  load.  I  he  pieces  are 
judicioufly  difpofed,  and  every  important  beam  is  amply 
fecured  againft  all  tranfverfe  drams.  Its  only  fault  a 
great  profufion  of  ftrength.  The  innermoft  polygon 
agbb  is  quite  fuperfluous,  becaufe  no  ftrain  cal,  o  e 
hf  the  ft  ruts  which  reft  on  the  angles  Should  the 
piers  yield  outwards,  this  polygon  will  be  loofe,  an 
can  do  no  fftvice.  Nor  is  the  triangle  g  t  hoi  any  ufe, 
if  the  king  poll  above  it  be  ftrapped  to  the  tie-beam 
and  (training  fill.  Perhaps  the  inventor  confidered  the 
king  poft  as  a  pillar,  and  wifhed  to  fecure  the  tie-beam 
a  gam  ft  its  crofs  ftrain.  This  centering,  however,  muft 
be  allowed  to  be  very  well  compofed  ;  and  we  expedl 
that  the  well-informed  reader  will  join  us  in  preferring 
it  to  Mr  Pitot’s,  both  for  fimplicity  of  principle,  lor 

fcientific  propriety,  and  for  ftrength.  , 

There  is  one  coufiderable  advantage  which  _  may  b 
derived  from  the  aftual  divifion  of  the  trufs  into  two 
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.  It  confifts  of  a  number  or  Units,  fet  end  to  *’’•  . 

end,” "and  forming  a  polygon.  Thcfe  truff“  ”c  f  T 
ranged,  that  the  angles  ot  one  are  m  the  middle  of  the 
fides  of  the  next,  as  when  a  polygon  ts  lincnbed  in  a 
circle,  and  another  (of  ti  e  fame  number  of  fides)  is  cir- 
cumfenbed  by  lines  which  touch  the  circle  in  the  angles 
of  the  inferibed  polygon.  By  this  cot.ftruft.on  the 
aimke  cf  the  alternate  truffes  lie  in  hues  pointing  to- 
wards  the  centre  of  the  curve.  King  pelts  are  there¬ 
fore  placed  in  thisdireftion  between  the  adjoining  beams 
of  the  truffes.  Thcfe  king  pofts  confift  of  two  beams, 
one  on  each  fide  of  the  truls,  and  embrace  the  tru.s- 
beams  between  them,  meeting  in  the  middle  of  their 
th’cknefs.  The  abutting  beams  are  mort.fed,  halt  into 
each  half  of  the  poll.  The  other  beam,  which  makes 
the  bafe  of  the  triangle,  paffes  through  the  poll,  and  a 
ftrong  bolt  is  driven  through  the  joint,  and  fecured  by 
a  key  or  a  nut.  In  this  manner  is  the  whole  united  ; 
and  it  is  expefted,  that  when  the  load  is  laid  on  the  up- 
permoft  trufs,  it  will  all  butt  together,  forcing  down  the 
king  polls  and  therefore  preff  ng  them  on  the  beams  ot 
all  the  inferior  truffes,  cauling  them  alfo  to  abutt ^on  each 
other,  and  thus  bear  a  (hare  of  the  load.  Mr  1  emmet 
(3oes  not  affume  the  invention  to  himfelf ;  but  iajo,  that 
it  was  invented  and  praftifed  by  Mr  Manlard  de  Sagonne 
at  the  great  bridge  of  Moulin..  It  is  much  more  an  ¬ 
cient,  and  is  the  work  of  the  celebrated  phyheum  and 
architeft  Perrault ;  as  may  be  feen  in  the  colleftran  o 
machines  and  inventions  ot  that  gentleman  published  al¬ 
ter  his  death,  and  alio  in  the  great  colleftion  ot  inven¬ 
tions  approved  of  by  the  Academy  ot  Sciences.  It  is 

this  which  we  propofe  to  examine.  , 

Fig  4.  reprefents  the  -centering  employed  .or  the  Certenrg 
bridge  of  Cravant.  The  arches  are  elliptical,  of  60  eet  P 
fpan  and  20  feet  rife.  The  archftones  are  four  feet, 


L  r 

bridge  of 


15 

;r  nonet’s 
axim  of 
nftruc- 


pavts.  If  the  tie-beam  LL,  in  Head  of  retting  on  ^he  a  ^  ^  weigh  176  pounds  per  foot.  The  trufs-  Cravur-t, 

ftretcherEF,  had  refted  on  a  row  of  chocks  formed  like  thick,  anctwe.gn  ,  a.;,  feftinn 

double  wedges,  placed  above  each  other,  head  to  point, 
the  upper  part  of  the  centering  might  be  ftruck  inde¬ 
pendent  of  the  lower,  and  this  might  be  done  gradually, 
beginning  at  the  outer  ends  of  the  ftretcher.  By  ' 
procedure,  the  joints  of  the  archftones  will  clofe  on  the 
haunches,  and  v/ill  almoft  relieve  the  lower  centering, 
fo  that  all  can  be  pulled  out  together.  1  hus  may  the 
arch  fettle  and  confolidate  in  perfeft  fiffety,  without 
any  chance  of  breaking  tl.e  bond  of  the  mortar  in  any 
part  ;  an  accident  which  frequently  happens  in  g  at 
arches.  This  procedure  is  peculiarly  advifable  fo.  low 
pitched  or  elliptical  arches  But  this  will  pe  more  clear¬ 
ly  feen  afterwards,  when  we  treat  of  the  internal  move- 

ments  of  an  arch  of  mafonry. 

This  may  fuffice  for  an  account  of  tne  more  Ample 
conftruftion  of  truffed  centres;  and  we  proceed  to  Inch 
as  have  a  much  greater -complication -of  principle.  W 
fnall  take  for  examples  fome  conltrufted  by  Mr  Penonet, 
a  very  celebrated  French  architeft  ... 

Mr  Perronet’s  general  maxim  of  conftnift.on  >s  mQre  auvttIll  ,  - -  „  ,  . 

make  the  trufs  confift  of  fcvcral  courfe.  of  1  h  parallelogramof  forces correfpond.ng  to  its  petition is 

Tes,  independent  (as  he  thinks  of  each  other  «d  thus  ^  ^  ^  S  ^  ^  ^  ^  gjw  %  for  the 
to  employ  the  joint  fupport  ot  them  all.  each  f  whlch  ;s  not  much  above  the  fourth 

ftruftion  it  is  not  intended  to  ma.ee  ufe  of  one  r  ,  o 
tiai  t  of  one  trufs,  to  fupport  another,  as  in  -the  torn  e 
fet,  and  as  is  praftifed  in  the  roofs  of  St  Paul’s  church, 

Covent  Garden,  and  in  Drury  Lane  theatre.  Lach 
tru's  fpans  over  the  whole  diftance  of  the  piers,  and 
would  ftand  alone  (haying,  however,  a  tottering  tquili- 


thicK,  ana  wciuu  i/^ru,uu  r  ,  .  .  r  .-  • 

beams  were  from  15  to  1 8  feet  long,  and  their  feftion 
was  9  inches  by  8.  Each  half  of  the  kino  polls  was 
about  7  feet  long,  and  its  feftion  9  inches  by  b.  1  lie 
whole  was  of  oak.  The  five  trufles  were  5?  feet  afun- 
der.  The  whole  weight  of  the  arch  was  13  5COOO  Ids. 
which  we  may  call  600  tons  (it  is  55 8).  1  his  is  about 
1 1 2  tons  for  each  trufs.  We  muft  allow  near  90  tons 
of  this  really  to  prefs  the  trufs.  A  great  part  ot  this 
preffure  is  borne  by  the  four  beams  which  make  the  feet 
of  the  trufs,  coupled  in  pairs  on  each  fide.  I  lie  diago¬ 
nal  of  the  parallelogram  ot  foiees  drawn  for  thefe  beams 
k,  to  one  of  the  fides,  in  the  proportion  of  360  to  2ts$. 
Therefore  fay,  as  360  to  285  ;  lo  is  poto  713  tons,  the 
thruft  on  each  foot.  The  feftion  of  each  is  144  inches. 
We  may  with  the  utmoft  fafety  lay  three  tons  on  every 
inch  forever,  this  amounts  to  43’  tons,  which  ns more 
than  fix  times  the  ftrain  really  preffmg  the  foot  beams 
in  the  direftion  of  their  length  ;  nay,  the  upper  trufs 
alone  is  able  to  carry  much  more  than  its  load.  i  he 
abfolHte  ftrength  of  its  foot-beam  is  216  tons,  it  is 
much  more  advantageoufly  placed  ;  for  the  diagonal  of 

,  r  r _ fo  1  r p.  rwilllion  IS 
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ftrain  on  each  foot;  which  is  not  much  above  the  lourth 
part  of  what  it  is  able  to  cairy  tor  ever.  No  doubt  can 
therefore  be  entertained  of  the  fupei abundant  ftrength 
of  this  centering.  We  fee  that  the  upper  ro  w  of  Units 
is  cuite  fuffi'  ient,  and  all  that  is  wanted  is  to  procure 


ft.iffr.efs  foi  it  ;  for  it  u.uft  be  carctuii)  kept  in  min' 
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Center. 


r 


that  this  upper  row  Is  not  like  an  equilibrated  arch 

i _ _  t  t  i  t 


will  be  very  unequally  loaded  as  the  work  advances. 
The  haunches  of  the  frame  will  be  prefTed  down,  and 
the  joints  at  the  crown  raifed  up.  This  mull  be  re¬ 
filled. 

Here  then  we  may  gather,  by  the  way,  a  ufeful  le.f- 
fon.  Let  the  outer  row  of  Units  be  appropriated  to 
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It.  fore  a  crofs  drain  on  the  beams. 


N 


Obferve  alfo,  that  the  eW(li 
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triangle  EHF  does  not  preferve  its  fhape  by  the  con- 
ne&ion  of  its  joints  ;  for  although  the  ftrut  beams  are 
mortifed  into  the  king  poll,  they  are  in  very  /hallow 
mortifes,  rather  for  Heady ing  them  than  for  holding 
them  together.  Mr  Perronet  did  not  even  pin  them 
thinking  that  their  abutment  was  very  great.  The  tri- 


~  . . ~ . unliving  mat  tneir  aDUtment  was  very  great.  1  he  tri- 

the  carriage  of  the  load,  and  let  the  reft  be  employed  angle  is  kept  in  ffiape  by  the  bafe  EF,  wfv’ch  is  firmly 
for  giving  ftiffnefs.  For  this  purpofe  let  the  outer  row  bolted  into  the  middle  poll  at  O.  Had  thefe  interfec- 
have  abundant  ftrength.  1  he  advantages  of  this  me-  tions  not  been  ftrongly  bolted,  we  imagine  tha*  the  cen 
thod  are  confiderable.  The  pofition  of  the  beams  of  tres  of  feme  of  Mr  PerronePs  bridges  would  have  yield- 
ro^  ^  m°re  advantageous,  when  (as  in  this  ed  much  more  than  they  did  ;  yet  fome  of  them  yield 


:  .  —  ” — **<  » .no 

example)  the  whole  is  made  to  reft  on  a  narrow  foot  : 
for  this  obliges  us  to  make  the  lalt  angle,  at  leaft  of  the 
lower  row,  more  open,  which  increafes  the  ftrain  on 
the  ftrut;  befides,  it  is  next  to  impolTible  to  diftribute 
the  compreftlng  thrufts  among  the  different  rows  of  the 
trufs  beams;  and  a  beam  which,  during  one  period  of 
the  mafon  work,  is  adling  the  part  of  a  ftrut,  in  another 
period  is  hearing  no  ftrain  but  its  own  weight,  and  in 
another  it  is  ftretched  as  a  tie.  A  third  advantage  is, 
that,  in  a  cafe  like  this,  where  all  refts  on  a  narrow  foot, 
and  the  lower  row  of  beams  are  bearing  a  great  part  of 
the  thruft,  the  horizontal  thruft  on  the  pier  is  very  great, 
and  may  pufh  it  afide.  This  is  the  moft  ruinous  acci¬ 
dent  that  can  happen.  An  inch  or  two  of  yielding  will 
caufe  the  crown  of  the  arch  to  fink  prodigioufly,  and 
will  inftantly  derange  all  the  bearings  of  the  abutting 
beams :  but  when  the  lower  beams  already  adl  as  ties, 
and  are  quite  adequate  to  their  office,  we  render  the 
frame  perfe&ly  ftiff  or  unchangeable  in  its  form,  and 
take  away  the  horizontal  thruft  from  the  piers  entirely . 
This  advantage  is  the  more  valuable,  becaufe  the  very 
circumftance  which  obliges  us  to  reft  all  on  a  narrow 
foot,  places  this  foot  on  the  very  top  of  the  Dier,  and 
makes  the  horizontal  thruft  the  more  dangerous. 

But,  to  proceed  in  our  examination  of  the  centering 
of  Cravant  bridge,  let  us  fuppofe,  that  the  king  pofts 
are  removed,  and  that  the  beams  are  joined  by  compafs 
joints.  If  the  pier  fhall  yield  in  the  fmalleft  degree, 
both  rows  of  ftruts  mult  fink ;  and  fince  the  angles  (at 
leaft  the  outermoft)  of  the  lower  row  are  more  open 
than  thofe  of  the  upper  row,  the  crown  of  the  lower 
row  will  fink  more  than  that  of  the  upper. 

The  angles  of  the  alternate  rows  muft  therefore  fepa- 
rate  a  little.  Now  reftore  the  king  pofts ;  they  pre¬ 
vent  this  feparation.  Therefore  "they  are  Jlr etched ; 
therefore  the  beams  of  the  lower  row  are  alfo  ftretched; 
confequently  they  no  longer  butt  on  their  mortifes,  and 
muft  be  held  in  their  places  by  bolts.  T  hus  it  appears 
that,  in  this  kind  of  fagging,  the  original  diftribution  of 
the  load  among  the  different  rows  of  beams  is  changed, 
and  the  upper  row  becomes  loaded  beyond  our  expedi¬ 
tion.  r 

If  the  fagging  of  the  whole  trufs  proceed  only  from 
the  comprefiion  of  the  timbers,  the  cafe  is  different,  and 
we  may  preferve  the  original  diftribution  of  mutual  abut¬ 
ment  more  accurately.  But  in  this  cafe  the  ftiffnefs  of 
the  frame  arifes  chiefly  from  crofs  ilrai-ns.  Suppofe  that 
the  frame  is  loaded  with  archftones  on  each  fide  up  to 
the  pofts  HC,  h  c  ;  the  angles  E  and  e  are  preffed 
down,  and  the  beams  EOF,  eoY  pufh  up  the  point  F. 
Tins  cannot  rife  without  bending  the  beams  EOF,  eoY  • 
becaufe  O  and  0  are  held  down  by  the  double  king  pods* 
which  grafp  the  beams  between  them.  There  is  there- 


ed  to  a  degree  that  our  artifts  would  have  thought  very 
danperous  Mr  Perronet  was  obliged  to  load  the  crown 
of  the  centering  with  very  great  weights,  increafing 
them  as  the  work  advanced,  to  prevent  the  frames  front 
going  out  of  fhape  :  in  One  arch  of  1  20  feet  he  laid  on 
45  tons.  Not  with  (landing  this  imperfedlion,  which  is 
perhaps  unavoidable,  this  mode  of  framing  is  undoubt¬ 
edly  very  judicious,  and  perhaps  the  bed  which  can  be 
employed  without  depending  on  iron  work. 

Fig.  5.  reprefents  another,  conflruded  by  Perronet  For  the 
for  an  arch  of  90  feet  fpan  and  28  feet  rife.  The  truf- 1  ridge  of' 
fes  were  7  feet  apart,  and  the  arch  was  4^  thick;  fo  thatNo8em> 
the  unreduced  load  on  each  frame  was  very  nearly  235 
tons.  The  icantling  of  the  ftruts  was  15  by  1  2  inches. 

The  principle  is  the  fame  as  that  of  the  former.  The 
chief  difference  is,  that  in  this  centre  the  outer  trufs- 
beam  of  the  lower  row  is  not  coupled  with  the  middle 
row,  but  kept  nearly  parallel  to  the  outer  beam  of  the 
upper  row.  This  adds  greatly  to  the  ftrength  of  the 
foot,  and  takes  off  much  of  the  horizontal  thruft  from 
the  pier. 

Mr  Perronet  has  /hewn  great  judgment  in  caufing 
the  polygon  of  the  inner  row  of  trufs  beams  gradually 
to  approach  the  polygon*  of  the  outer  row.  By  this 
difpofition,  the  angles  of.  the  inner  polygon  are  more 
acute  than  thofe  of  the  outer.  A  little  attention  will 
Ihew,  that  the  general  lagging  of  all  the  polygons  will 
keep  the  abutments  of  the  lower  one  nearer,  or  exactly, 
to  their  original  quantity.  We  muft  indeed  except  the 
foot-beam.  It  is  ftill  too  oblique;  and,  initead  of  con¬ 
verging  to  the  foot  of  the  upper  row,  it  fliould  have  di¬ 
verged  from  it.  Had  this  been  done,  this  centre  is  al- 
moft  perfeft  in  its  kind.  As  it  is,  it  is  at  leaft  fix  times 
ftronger  than  was  abfolutely  neceffary.  We  fhall  have 
occafion  to  refer  to  this  figure  on  another  occafion.  ,s 

This  maxim  is  better  exemplified  by  Mr  Perronet  in  St  Max- 
the  centering  of  the  bridge  of  St  Maxence,  exhibited  in™1*, 
fig.  5.  n°  2.  than  in  that  of  Nogent,  fig.  5.  n°  i.  But 
we  think  that  a  horizontal  trufs-beam  a  b  fhould  have 
been  inferted  (in  a  fubordinate  manner)  between  the 
king  ports  next  the  crown  on  each  fide.  This  would 
prevent  the  crown  from  rifing  while  the  haunches  only 
are  loaded,  without  impairing  the  fine  abutments  of  c  d, 
c  d,  when  the  arch  is  nearly  completed.  This  is  an  ex¬ 
cellent  centering,  but  is  not  likely  to  be  of  much  ufe  in 
thefe  kingdoms  ;  becaufe  the  arch  itfelf  will  be  coufi- 
dered  as  ungraceful  and  ugly,  looking  like  a  huge  lin¬ 
tel.  Perronet  fays,  that  he  preferred  it  to  the  ellipfe, 
becaufe  it  was  lighter  on  the  piers,  which  were  thin. 

But  the  failure  of  one  arch  muft  be  immediately  follow.' 
ed  by  the  ruin  of  all  We  know  much  better  methods 
of  lightening  the  piers. 

Fig.  6.  reprefents  the  centering  of  the  bridge  of 

Neuilly, 
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C  [«f*  Jseuilly,  ftear  Paris,  alfo  by  Pemmet.  ^  The  arch  has 

—  —  no  feet  fpan,  and  30  feet  rife,  and  is  5*  feet  thick. 

The  frames  are  6  feet  apart,  and  each  carries  an  abfo- 
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. lute  (that  is,  not  reduced  to  or  to  y)  load  35° 
tons.  The  ftrut  beams  are  1  7  ^7  *4  inches  in  fcant- 
ling.  The  king  pods  are  of  15  by  9  each  halt;  and 
the  horizontal  bridles,  which  bind  the  different  frames 
together  in  five  places,  are  alfo  15  by  9  each  half. 
There  are  eight  other  horizontal  binders  of  9  inches 
fquare. 

This  is  one  of  the  mod  remarkable  arches  in  the 
world  ;  not  altogether  on  account  of  its  width  (for 
there  are  feveral  much  wider),  but  for  the  ilatneis  at 
the  crown;  for  about  26  feet  on  each  fide  of  the  middle 
it  was  intended  to  be  a  portion  of  a  circle  of  150  feet 
radius.  An  arch  (femicircular)  of  300  feet  fpan  might 
therefore  be  eafily  condru&ed,  and  would  be  much 
dronger  than  this,  becaufe  its  horizontal  thrud  at  the 
crown  would  be  vadly  greater,  and  would  keep  it  more 
firmly  united. 

The  bolts  of  this  centre  are  differently  placed  from 
thofe  of  the  former  ;  and  the  change  is  judicious.  Mr 
Perronet  had  doubtlefs  found  by  this  time,  that  the 
ftiffnefsof  his  framing  depended  on  the  tranfverfe  ftrength 
of  the  beams;  and  therefore  he  was  careful  not  to  weak¬ 
en  them  by  the  bolts.  But  notwithftanaing  all  his  care, 
the  framing  funk  upwards  of  13  inches  before  the  key- 
dones  weie  laid  ;  and  during  the  progrefs  of  the  work, 
the  crown  rofe*and  funk,  by  various  heps,  as  the  loading 
was  extended  along  it.  When  20  courfes  were  laid  on 
each  fide,  and  about  16  tons  laid  on  the  crown  of  each 
frame,  it  funk  about  an  inch.  When  46  couries  were 
laid,  and  the  crown  loaded  with  50  tons,  it  funk  about 
half  an  inch  more.  It  continued  finking  as  the  work 
advanced  ;  and  when  the  keydone  was  fet  it  had  funk 
13*  inches.  But  this  finking  was  not  general ;  on  the 
contrary,  the  frame  had  rifen  greatly  at  the  very  haunch¬ 
es,  fo  as  to  open  the  upper  part  of  the  joints,  many  of 
which  gaped  an  inch;  and  this  opening  of  the  joints 
gradually  extended  from  the  haunches  towards  the 
crown,  in  the  neighbourhood  of  which  they  opened  on 
the  under  fide.  This  evidently  arofe  from  a  want  of 
diffnefs  in  the  frame.  But  thefe  joints  doled  a^ain 
when  the  centres  were  druck,  as  will  be  mentioned  af¬ 
terwards. 

We  have  taken  particular  notice  of  the  movements 
and  twiding  oF  this  centre,  becaufc  we  think  that  they 
indicate  a  deficiency,  not  only  of  diffnefs,  but  of  abut¬ 
ment  among  the  trufs  beams.  The  whole  has  been 
too  flexible,  becaufe  the  angles  are  too  obtufe  :  Ihis 
arifes  from  their  multiplicity.  When  the  intercepted 
arches  have  fo  little  curvature,  the  power  of  the  load 
to  prefs  it  inward  increaies  very  fad.  When  the  in- 
tercepted  arch  is  reduced  to  one  half,  this  power  is 
more  than  doubled ;  and  it  is  alfo  doubled  when  the 
radius  of  curvature  is  doubled.  The  king-pods  fhould 
have  been  farther  apart  near  the  crown,  fo  that  the 
quantity  of  arch  between  them  fhould  compenfate  for 
its  diminilhed  curvature. 

The  power  of  withdanding  any  given  inequality  of 
load  would  therefore  have  been  greater,  had  the  centre 
confided  of  fewer  pieces,  and  their  angles  of  meeting 
been  proportionally  more  acute.  The  greated  improve¬ 
ment  would  have  been,  to  place  the  foot  of  the  lower 
tier  of  trufs-beams  on  the  very  foot  of  the  pier,  and  to 
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have  alfo  feparated  it  at  the  head  from  the  red  with  a  t  Cfntcr; 
longer  king-pod,  and  thus  to  have  m?.de  the  didances 
of  the  beams  on  the  king  pods  increafc  gradually  from 
the  crown  to  the  fpring.  This  would  have  made  all 
the  angles  of  abutment  more  acute,  and  would  have  pro¬ 
duced  a  greater  preffure  on  all  the  lower  tiers  when  the 
frame  fagged. 


Fig.  7  f  reprefents  the  centering  of  the  bridge  of  Or-  Orleans, 
leans &  The  arch  has  100  feet  fpan,  and  rifes  30,  and 
the  arch-ftones  are  6  feet  long.  It  is  the  conftruCtiop 
of  Mr  Hupcau,  the  fird  archite&  of  the  bridge.  It  is 
the  bolded  work  of  the  kind  that  we  have  feen,  and  is 
conflruCted  on  clear  principles.  The  main  abutments 
are  few  in  number.  Becaufe  the  beams  of  the  outer 
polygon  are  long,  they  are*  very  well  fupported  by 
draining  beams  in  the  middle  ;  and  the  druts  or  braces 
which  fupport  and  butt  on  them,  are  made  to  red  on 
points  carried  entirely  by  ties .  The  inventor,  however, 
ieems  to  have  thought  that  the  angles  of  the  inner  po¬ 
lygon  were  fupported  by  mutual  comprefiion,  as  in  the 
outer  polygon.  But  it  is  plain  that  the  whole  inner 
polygon  may  be  formed  of*  iron  rods.  Not  but  that 
both" polygons  may. be  in  a  date  of  comprefiion  (this  is 
very  poffible)  ;  but  the  fmalled  fagging  of  the  frame 
will  change  the  proportions  of  the  preffures  at  the  an¬ 
gles  of  the  two  polygons.  The  preffures  on  the  exte¬ 
rior  angles  will  inertafe,  and  thofe  on  the  lower  or  in¬ 
terior  angles  will  diminifh  mod  rapidly  ;  fo  that  the  a- 
butments  in  the  lower  polygon  will  be  next  to  no¬ 
thing.  Such  points  could  bear  very  little  preffure  from 
the  braces  which  fupport  the  middle  of  the  long  bear¬ 
ings  of  the  upper  beams,  and  their  preffures  muft  be 
borne  chiefly  by  Tie  joints  fupported  by  the  king-pofts. 

The  king-pods  would  then  be  in  a  date  of  extenfion. 

It  is  difficult,  however,  to  decide  what  is  the  precife 
date  of  the  preffure  at  thefe  interior  angles.  . 

The  hidory  of  the  ereCtion  of  this  bridge  will  throw  Tnftru&ivs 
much  light  on  this  point,  and  is  very  inftru£tive.  Mr^lo«nue 
Hupeau  died  before  any  of  the  arches  were  carried  far-  11 
ther  than  a  very  few  of  the  fiid  courfcs.  Mr  PerroHet 
fucceeded  to  the  charge,  and  finifhed  the  bridge.  As 
the  work  advanced,  the  crown  of  the  frame  rofe  very 
much.  It  was  loaded  ;  and  it  funk  as  remarkably* 

This  (hewed  that  the  lower  polygon  was  giving  very 
little  aid.  ,  Mr  Perronet  then  thought  the  frame  too 
weak,  and  inierted  the  long  beam  DE,  making  the 
diagonal  of  the  quadrangle,  and  very  nearly  in  the  di¬ 
rection  of  the  lower  beam  a  b,  but  falling  rather  below 
this  line.  He  now  found  the  frame  abundantly  drong* 

It  is  evident  that  the  trufs  is  now  changed  exceedingly, 
and  confids  of  only  the  two  long  fides,  and  the  fliort 
draining  beam  lying  horizontally  between  their  heads. 

The  whole  centering  confids  now  of  one  great  trufs 
aEeb,  and  its  long  fides  a  E,  e  b,  are  trufied  up  at  B 
and /.  Had  this  fimple  idea  been  made  the  principle 
of  the  conflruCtion,  it  Aould  have  been  excellent.  The 
angle  a  DE  might  have  been  about  176°,  and  the  po¬ 
lygon  Dcgh  employed  only  for  giving  a  flight  fup¬ 
port  to  this  great  angle,  fo  as  not  to  allow  it  to  exceed 
180°.  But  Mr  Perronet  found,  that  the  joint  r,  at  the 
foot  of  \he  poft  E  r,  was  about  to  draw  loofe ,  and  he 
was  obliged  to  bolt  long  pieces  of  timber  on  each  fide 
of  the  joint,  embracing  both  beams.  Thefe  were  evi¬ 
dently  aCting  the  fame  part  as  iron  draps  would  have 
done  j  a  complete  proof  that,  whatever  may  have  been 

the 
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Cents-,  the  original  prefiures,  there  was  no  abutment  now  at 

— -v - '  the  point  r,  and  that  the  beams  that  met  there  were 

not  in  a  date  of  comprefiion,  but  were  on  the  Hreteh. 
Mr  Perronet  fays  that  he  put  thefe  cheeks  to  the  joints 
to  JliJJen  ^hem.  But  this  was  not  their  office  ;  becaufe 
the  adjoining  beams  were  not  ftruts,  but  ties,  as  we  have 
now  proved. 

We  may  therefore  conclude,  that  the  outer  polygon, 
with  the  abidance  of  the  pieces  a  b,  DE,  were  carrying 
the  whole  load.  We  do  not  know  the  diilanee  between 
the  frames  ;  but  fuppofmg  them  feven  feet  apart,  and 
the  arch  6  feet  thick,  and  weighing  1 70  pounds  per  foot, 
we  learn  the  load.  The  beams  were  16  inches  fquare. 
If  we  now  calculate  what  they  would  bear  at  the  fame 
very  moderate  rate  allowed  to  the  other  centres,  we  find 
that  the  beams  AB  and  a  b  are  not  loaded  to  one-fixth 
of  their  ftrength. 

We  have  given  this  centre  as  a  fine  example  of  what 
carpentry  is  able  to  perform,  and  becaufe,  by  its  fim- 
plicity,  it  is  a  fort  of  text  on  whieh  the  intelligent  art- 
ift  may  make  many  comments.  We  may  fee  plainly 
that,  if  the  lower  polygon  had  been  formed  of  iron  rods, 
firmly  bolted  into  the  feet  of  the  king-polls,  it  would 
have  maintained  its  fhape  completely.  The  fervice  done 
by  the  beam  DE  was  not  fo  mueh  an  increafe  of  abut¬ 
ment  as  a  difcharge  of  the  weight  and  of  the  pull  at  the 
joint  c.  Therefore,  in  cafes  where  the  feet  of  the  trufs 
are  necejfarily  confined  to  a  very  narrow  fpaee,  we  Ihould 
be  careful  to  make  the  upper  polygon  fuffieient  to  carry 
the  whole  load  (fay  by  doubling  its  beams),  and  we 
may  then  make  the  lower  polygon  of  {lender  dimen  - 
fions,  provided  we  fecure  the  joints  on  the  king-polls 
by  iron  llraps  whieh  embraee  a  confiderable  portion  of 
the  tie  on  each  fide  of  the  joint. 

*  All  thefe  We  are  far  from  thinking  that  thefe  centres  are  of 
censes  the  bell  kind  that  could  be  employed  in  their  fituation  ; 
Serrkini  ^ut  they  are  excellent  in  their  kind;  and  a  careful 
Hudy  of  them  will  teaeh  the  artill  much  of  his  profef- 
i  lion.  When  we  have  a  clear  conception  of  the  Hate 
of  drain  in  which  the  parts  of  a  frame  really  are,  we 
know  what  fhould  be  done  in  order  to  draw  all  the  ad¬ 
vantage  pofiible  from  our  materials.  We  have  laid  in 
another  place,  that  where  we  can  give  our  joints  fuffi- 
cient  conne&ion  (as  by  llraps  and  bolts,  or  by  cheeks 
or  fifhes),  it  is  better  to  ufe  ties  than  ilruts,  becauie 
ties  never  bend. 

«  We  do  not  approve  of  Mr  Perronet’s  pradlice  of  gi¬ 

ving  his  trufles  fuch  narrow  feet.  By  bringing  the  foot 
of  the  lower  polygon  farther  down,  we  greatly  diminiih 
all  the  {trains,  and  throw  more  load  on  the  lower  poly¬ 
gon  :  and  we  do  not  fee  any  of  Mr  Perronet’s  centres 
where  this  might  not  have  been  Jone.  He  fee  ms  to  af- 
fedl  a  great  fpan,  to  (hew  the  wonders  of  his  art;  but 
our  obje&  is  to  teach  how  to  make  the  bell  centre  of  a 
given  quantity  of  materials ;  and  how  to  make  the  moll 
perfect  centre,  when  we  are  not  limited  in  this  refpedt, 
2^  nor  in  the  extent  of  our  fixed  points. 

Excellence  We  fhall  conclude  this  ieries  of  examples  with  one 
i’f  the  cen-  where  no  fuch  afiedlation  takes  plaee.  This  is  the  cen- 
ciT ^P^y'tering  of  the  bridge  at  Blackfriars,  London.  The  fpan 
Blackfriars  arc^  *s  1  00  ^eet?  'ts  height  Horn  the  fpring 

bndgc.  is  about  43.  The  drawing  fig.  8.  is  fufficieutly  minute 
to  convey  a  dillindl  notion  of  the  whole  coniirudtion. 
We  need  not  be  very  particular  in  our  obiervations,  af¬ 
ter  what  has  been  Lid  on  the  general  principles  of  con- 


Hru&ion.  The  leading  maxim,  in  the  prefent  example.  Center, 
feems  to  be,  that  every  part  of  the  anhjhall  be  fupported  * 
by  a  fimple  trufs  of  two  legs  rejYing ,  one  on  each  pier . 

H,  H,  &c.  are  called  apron  pieces  to  ilrengthen  the 
exterior  joints,  and  to  make  the  ring  as  Hitt  in  itkif 
as  pofiible.  From  the  ends  of  this  apron-picee  proceed 
the  two  legs  of  each  trufs.  Thefe  legs  are  1  2  inches 
fquare  :  1  hey  are  not  of  an  entire  piece,  but  of  kveral, 
meeting  in  firm  abutment  Some  of  their  meetings  are 
fecured  by  the  double  king- po Its,  which  graip  them 
firmly  between  them,  and  are  held  together  by  bolts. 

At  other  interfc&ions,  the  beams  appear  halved  into 
each  other  ;  a  practice  which  cannot  but  veeaken  them 
much,  and  would  endanger  their  breaking  by  crofs 
{trains,  if  it  were  pofiible  for  the  frame  to  change  its 
lhape.  But  the  great  breadth  of  this  frame  is  an  ef¬ 
fectual  Hop  to  any  fuch  change.  The  fad  was,  that 
no  Jinking  or  twjjling  whatever  was  obferved  during  the 
progrefs  of  the  mafon  work.  Three  points  in  a  llraight 
line  were  marked  on  purpofe  for  this  obfervation,  and 
were  obferved  every  day.  The  arch  was  more  than  fix 
feet  thiek  ;  and  yet  the  finking  of  the  crown,  before 
fetting  the  key-ftones,  did  F.ot  amount  to  one  inch. 

The  centre  employs  about  one-third  more  timber 
than  Perronet’s  great  centre  in  proportion  to  the  fpan 
of  the  arch  ;  but  the  circumference  increafes  in  a 
greater  proportion  than  this,  becaufe  it  is  more  eleva¬ 
ted.  In  every  way  of  making  a  comparifon  of  the  di- 
menfions,  Mr  Mylne’s  arch  employs  more  timber  ;  but 
it  is  beyond  all  comparifon  ilronger.  The  great  elevation 
is  partly  the  reafon  of  this.  But  the  difpofition  of  the 
timbers  is  alfo  mueh  more  advantageous,  and  may  be 
copied  even  in  the  low  pitched  arches  of  Neuilly.  The 
fimple  trufs,  reaching  from  pier  to  pier  for  the  middle 
point  of  the  arch,  gives  the  ftrong  fupport  where  it  is 
moll  of  all  wanted  ;  and  in  the  lateral  points  H,  al¬ 
though  one  leg  of  the  trufs  is  very  oblique,  the  other 
compeniates  for  it  by  its  upright  pofitioii. 

The  chief  peculiarity  of  this  centre  is  to  be  feen  in 
its  bafe.  This  demands  a  more  particular  attention  ; 
but  we  mull  firll  make  fome  obfervations  on  the  condi¬ 
tion  of  an  arch,/  as  it  rells  on  the  centering  after  the 
keydones  are  fill  fet,  ard  on  the  gradual  transference 
of  the  preflure  from  the  boards  of  the  centering  to  the 
joints  of  the  arclidones.  ^ 

While  all  the  arehdones  lie  on  the  centering,  theobferva. 
lower  couifes  are  alfo  leaning  pretty  llrongly  on  eaeh  tions  on  tM  I 
other.  But  the  mortar  is  hardly  compreffed  in  the  liat,e  ( *  ? 11 
joints;  and  lead  of  all  in  the  joints  near  the  crown. on thJ] 
Suppofe  the  arch  to  be  Catenarean,  01  of  any  other  centering. 
lhape  that  is  perfedlly  equilibrated  ;  When  the  center¬ 
ing  is  gradually  withdrawn,  all  the  archllones  follow  it.  I 

Their  wedge-like  form  makes  this  impofiible,  without 
the  middle  ones  fqueezing  the  lateral  ones  afide.  This 
corr.prefies  the  mortar  between  them.  As  the  Hones 
thus  eome  nearer  to  each  other,  thofe  near  the  crown 
mull  defeend  more  than  thofe  near  the  haunches,  be¬ 
fore  every  Hone  has  Jcfiened  its  diilanee  from  the  next 
by  the  fame  quantity  ;  for  example,  by  the  hundredth  j 

part  of  an  inch.  This  circumdawce  alone  mull  caufe  a 
finking  in  the  crown,  and  a  change  of  fhape.  But  the 
joints  near  the  crown  are  already  more  open  than  thole 
near  the  haunches.  rI  his  produces  a  Hill  greater  change 
of  form  before  all  is  fettled.  Some  malons  etu  eavour 
to  remedy,  or  at  kail  to  diminiih,  this,  by  ufing  110 
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mortar  in  the  joints  near  the  crown.  They  lay  the 
ftones  dry,  and  even  force  them  together  by  wedges 
an A  blocks  laid  between  the  ftones  on  opoofite  tides  i  ot 
the  crown  :  ’1  hey  afterwards  pour  in  fine  cement.  .  Ins 
appears  a  good  prafticc.  Perronet  rejefts  it,  becaufe 
the  wedging  fometimes  breaks  the  ftones.  We  (hou  d 
not  think  this  any  great  harm;  becaufe  the  fra^re 
w, 11  make  them  clofe  where  they  would  otherw.fe  he 
hollow.  But,  after  all  our  care,  there  is  Util  a  linking 
of  the  crown  of  the  arch.  By  gradually  withdrawing 
the  centering,  the  joints  clofe,  the  archftones  begin  to 
butt  on  each  other,  and  to  force  afide  the  lateral  courfes. 
This  abutment  gradually  increafing,  the  p  refill  re  on  the 
haunches  of  the  centering  is  gradually  dimimihed  by 
the  mutual  abutment,  and  ceafes  entirely  in  that  courie, 
which  is  the  lowed  that  formerly  pieffed  it :  it  then 
ceafes  in  the  courfe  above,  and  then  in  the  third,  and 
fo  on.  And,  in  this  manner,  not  only  the  centering 
quits  the  arch,  gradually,  from  the  bottom  to  the  top, 
by  its  own  retiring  from  it,  but  the  arch  alfo  quits  the 
centering  by  changing  its  Jhape.  If  the  centering  were 
now  pnfhed  up  again,  it  would  touch  the  arch  at 
the  crown  ;  and  it  muft  lift  up  that  part  gradually  be¬ 
fore  it  come  again  in  contad  with  the  haunches.  It 
is  evident,  therefore,  that  an  arch,  built  on  a  centre  ot 
a  {hape  perfcdly  fuited  to  equilibration,  will  not  be  in 
equilibrio  when  the  centering  is  removed.  It  is  there¬ 
fore  neceflary  to  form  the  centering  in  fuch  a  manner 
(by  railing  the  crown),  that  it  (hall  leave  the  archil 
a  proper  form.  This  is  a  very  delicate  talk,  requiring 
a  previous  knowledge  of  the  enfuing  change  of  form. 
This  cannot  be  afeertained  by  the  help  of  any  theory 
we  are  acquainted  with.  . 

But,  iuppofe  this  attained,  there  is  another  difficulty : 
While  the  work  advances,  the  centering  is  warped  by 
the  load  laid  on  it,  and  continually  increafing  on  each 
fide.  The  firft  p  refill  re  on  the  centering  forces  down 
the  haunches,  and  raifes  the  crown.  The  arch  is  there¬ 
fore  lefs  curved  at  the  haunches  than  is  intended  :  the 
joints,  however,  accommodate  themfelves  to  this  form, 
and  are  clofe,  and  filled  with  mortar.  When  the  ma- 
fons  approach  the  middle  of  the  arch,^  the  frame  finks 
there,  and  rifes  up  at  the  haunches,  i  his  opens  all  the 
joints  in  that  place  on  the  upper  fide.  By  the  time  that 
the  keyflones  are  fet,  this  warping  has  gone  farther  ; 
and  joints  are  opened  on  the  under  fide  near  the  crown. 
It  is  true  we  are  here  fpeaking  rather  of  an  extreme 
cafe,  when  the  centering  is  very  flexible  ;  but  this  oc¬ 
curred  to  Mr  Perronet  in  the  two  great  bridges  o!  Neu- 
iUy  and  of  Mantz.  In  this  laft  one,  the  crown  funk 
above  a  foot  before  the  key  was  fet,  and  the  joints  at 
the  haunches  opened  above  an  inch  above,  whnelome  near¬ 
er  the  crown  opened  near  a  quarter  of  an  inch  below. 

In  this  condition  of  things,  it  is  a  delicate  bufmels  to 
ftrike  the  centering.  Were  it  removed  in  an  inflaiit,  aft 
would  probably  come  down  ;  for  the  archftones  are  not 
yet  abutting  on  each  other,  and  the  joints  in  the  middle 
are  open  below.  Mr  Perronet’s  method  appears  to  us 
to  be  very  judicious.  He  began  to  detach  the  center- 
in  a  at  the  very  bottom,  on  each  fide  equally,  where  the 
preffure  on  the  centering  is  very  flight.  He  cut  away 
the  blocks  which  were  immediately  under  eacj\  arc 
ftone.  He  proceeded  gradually  upwards  in  this  way 
with  fome  fpeed,  till  all  was  detached  that  had  been  put 
out  of  (hape  by  the  bending  of  the  centering.  I  h«  oe- 
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irifT  no  longer  fupported,  funk  inward,  till  it  was  flopped 
by' the  abutment  which  it  found  on  the  a'-chftones  near 
the  crown,  which  were  ftill  refting  on  their  clocks. 
During  part  of  this  procefs,  the  open  joints  opened  ttill 
more,  and  looked  alarming.  Thi3  was  owing  to  the  re¬ 
moval  of  the  load  from  the  haunches  ot  the  centering. 
This  allowed  the  crown  to  fink  ft  11  more,  by  forcing 
out  the  arch  ftones  at  the  haunches.  He  now  paufed 
fome  days;  and  during  this  time  the  two  haunches,  now 
hanging  in  the  air,  gradually  preffed  in  toward  the  cen* 
tcring,  their  outer  joints  clofing  in  the  meanwhile,  i  he 
haunches  were  now  pr effing  pretty  hard  on  the  atch- 
ftones  nearer  the  crown.  He  then  proceeded  more 
flowly,  deftroying  the  blocks  and  bridgings  of  thefe  up- 
per  archftones.  As  foon  as  he  deftroyed  the  fupport  of 
one,  it  immediately  yielded  to  the  preffure  of  the  haunch; 
and  if  the  joint  between  it  and  the  one  adjoining  to- 
ward  the  crown  happened  to  be  open,  whether  on  the 
under  or  the  upper  fide,  it  immediately  clofed  on  it. 
But  in  proceeding  thus,  he  found  every  ftone  link  a 
little  while  it  clofed  on  its  neighbour  ;  and  this  was  like 
to  produce  a  ragged  fofftt,  which  is  a  deformity.  He 
therefore  did  not  allow  them  to  fink  fo  much.  In  the 
places  of  the  blocks  and  bridgings  which  he  bad  cut 
away,  he  fet  final! billets,  (landing  on  their  ends,  between 
the  centering  and  the  archftones.  Thefe  allowed  the  pen¬ 
dulous  arch  to  pufh  toward  the  crown  without  fenlibly 
defeendino- ;  for  the  billets  were  pulhed  out  of  the  per¬ 
pendicular,  and  fome  of  them  tumbled  down.  Proceed¬ 
ing  in  this  way,  he  advanced  to  the  very  next  courfe  to 
the  key  ftone  on  each  fide,  the  joints  doting  all  the  way 
as  he  advanced.  The  laft  job  was  very  troublefome  ; 
we  mean  the  detaching  the  three  uppermoft  Courfes  from 
the  centering  :  for  the  whole  elafticity- of  the  center¬ 
ing  was  now  trying  to  unbend,  and  preffirig  hard  agaiall 
them.  He  found  that  they  were  lifted  up  ;  for  the 
joints  beyond  them,  which  had  clofed  completely,  now 
opened  again  below  :  but  this  job  was  fimfhed  in  one 
day,  and  the  centie  fprung  up  two  or  three  inches,  and 
the  whole  arch  funk  about  fix  inches.  This  was  an 
anxious  time  ;  for  he  dreaded  the  great  momentum  of 
fuch  a  valt  mafs  of  matter.  It  was  hard  to  fay  where 
it  v/ould  Hop.  He  had  the  pleafure  to  fee  that  it  Hop¬ 
ped  very  foon,  fettling  flowly  as  the  mortar  was  corn- 
preffed,  and  after  one  or  two  days  fettling  no  more. 
This  fettling  was  very  confiderable  both  in  the  budge 
at  Neuilly  and  in  that  at  Mantz,  In  the  tormer,  the 
finking  during  the  work  amounted  to  1 3  inches. .  It 
funk  iix  inches  more  when  the  blocks  and  bridgings 
were  taken  out,  and  if-  when  the  little  ftanda-ds  were 
deftroyed,  and  i4  more  next  day ;  fo  that  the  whole  fink¬ 
ing  ot  the  pendulous  arch  was  9!  inches,  betides  what  it 
had  funk  by  the  bending  and  comprefiion  of  the  center- 

The  crown  of  the  centering  was  an  arch  of  a  circle 
deferibed  with  a  radius  ot  150  feet;  but  by  the- Jinking 
of  the  arch  its  (hape  was  conliderably  changed,  and 
about  60  feet  of  it  formed  an  arch  of  a  circle  whofe 
radius  was  244  feet.  Hence  Mr  Perronet  infers,  that 
a  femicitcle  of  500  feet  fpan  may  be  erefted^  It  would 
no  doubt  be  ftrouger  than  this  arch,  becaufe  its  greater 
horizontal  thruLt  would  keep  the  Hones  firmer  together. 
The  finking  of  the  arches  at  Mantz  was  not  quite  fo 
great,  but  every  thing  proceeded  in  the  fame  way.  It 
amounted  in  all  to  2oi  inches,  of  which  12  inches  were 

owing 
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Center,  owing  to  the  compreffion  and  bending  of  the  center. 
W*a'~  *ng- 

The  fore-  1°  fig-5*  n°  I.  maybe  obferved  an  Indication  of  thi; 

going  ob  procedure  of  the  mafonry.  There  may  be  noticed  a 

fervations  horizontal  line  ac ,  and  a  diagonal  a  b*  Tliefe  are  fup- 
P°l€d  to  be  drawn  on  the  mafonry  as  it  would  have 
flood  had  the  frames  not  yielded  during  the  building. 
The  dotted  line  A  hi  cf  (hews  the  ffiape  which  it  took 
by  the  linking  of  the  centering.  The  dotted  line  on 
the  other  fide  was  actually  drawn  on  the  mafonry  when 
the  keyftone  was  fet ;  and  the  wavy  black  line  on  the 
fame  fide  (hews  the  form  which  the  dotted  line  took  by 
the  ftriking  of  the  centering  The  undulated  part  of 
this  line  cuts  its  former  pofition  a  little  below  the  middle, 
going  without  it  below,  and  falling  w  ithin  it  above. 
This  {hews  very  diftindly  the  movement  of  the  whole 
mafonry,  diftinguifhing  the  parts  that  were  forced  out 
and  the  parts  which  funk  inward. 

We  prefume  that  the  practical  reader  will  think  this 
account  of  the  internal  movements  of  a  ftupendous  arch 
very  inftrudive  and  ufeful.  As  Mr  Perronet  obferved 
it  to  be  uniformly  the  fame  in  feveral  very  large  arches 
which  he  ertded,  we  may  conclude  that  it  is  the  gene¬ 
ral  procefs  of  nature.  We  by  no  means  have  the  con 
fideoce  m  the  durability  or  folidity  or  his  arches  which 
he  prudently  profeffes  to  have.  We  have  converfed  with 
fome  very  experienced  mafons,  who  have  alfo  ereded 
very  great  a*  che;;,  and  in  very  difficult  fituations,  which 
have  riven  univerfal  fatisfadion  ;  and  we  have  lound 
them  uniformly  o*’  opinion,  that  an  arch  which  lias  let- 
tied  to  (uch  a  proportion  of  its  curvature  as  to  change 
the  radius  from  1  to  244  feet,  is  in  a  very  hazardous 
fztuation.  They  think  the  hazard  the  greater,  becaule 
the  fpan  of  the  arch  is  fo  great  in  proportion  to  its 
weight  (a^  they  exprefs  it  very  emphatically)  or  its 
height.  The  weight,  fay  they,  of  the  haunches  is  too 
fmall  for  forcing  together  the  -keyftones,  which  have 
fearcely  any  wedgelike  form  to  keep  them  from  Hiding 
down  This  is  very  good  leafonin^,  and  expreftes  very 
familiar  notions.  The  mechanician  would  fay,  that  the 
horizontal  thruft  at  the  crown  is  too  fmall.  When  we 
queftioned  them  about  the  propriety  ot  Mr  Perronet’s 
method  of  removing  the  centering,  they  unanimoufiy 
approved  of  its  general  principle,  but  faid  that  it  was 
very  ticklifh  indeed  in  the  execution.  The  cafes  which 
he  narrates  were  new  to  ffiem.  They  fhould  have  al- 
moft  defpaired  of  fuccefs  with  arches  which  had  gone  fo 
much  out  of  ffiape  by  the  bending  of  the  centres ;  be¬ 
cause,  fairl  they,  the  Hope  of  the  centering,  to  a  great 
diftance  from  the  crown,  was  fo  little,  that  the  arch- 
Hones  could  not  Hide  outwards  along  it,  to  clofe  even 
the  under  fide  of  the  joints  which  had  opened  above 
the  haunches  ;  fo  that  all  the  archftones  were  at  too 
great  a  diftance  from  each  other  ;  and  a  great  and  gene¬ 
ral  iubfiding  of  the  whole  was  neceffary  for  bringing 
them  even  to  touch  each  other.  They  had  never  obfer¬ 
ved  fuch  bendings  of  the  centerings  which  they  had  em- 
ployed,  having  never  allowed  themfelves  to  contr?.&  the 
feet  o^  their  trufles  into  fuch  narrow  fpaces.  They  ob¬ 
ferved,  thaf  nothing  but  lighters  with  their  mails  down 
can  pafs  under  the  truffies,  and  that  the  Tides  mull  be  fo 
protected  by  advanced  works  from  the  accidental  (hock 
of  a  loaded  boat,  that  there  cannot  be  left  room  for 
more  than  one.  They  added,  th  t  the  bridges  of  com¬ 
munication,  neceffary  for  the  expeditious  conducing  of 


•  the  work,  made  all  this  fuppofed  roominefs  ufelefs  :  be.  C 
fides,  the  bufinefs  can  hardly  be  fo  urgent  and  crowded 
}  anywhere,  as  to  make  the  paflage  through  every  arch  in-  T  I 
1  difpenfably  neceffary.  Nor  was  the  inconvenience  of 
■  this  obftrudion  greatly  complained  of  during  the  erec- 
!  tion  of  Weftminfter  or  Blackfriars  bridges.  Nothing 
fhould  come  in  competition  with  the  undoubted  folidity 
of  the  centering  and  the  future  arch  ;  and  all  boafling 
difplay  of  talent  and  ingenuity  by  an  engineer,  in  the 
exhibition  of  the  wonders  of  his  art,  is  mifpiaced  here. 

Thefe  appeared  to  us  good  reafons  for  preferring  the 
more  cautious,  and  incomparably  more  fecure,  conftruc. 
tion  of  Mr  Mylne,  in  which  the  breadth  given  to  each 
bafev  of  the  tiuffes  permitted  a  much  more  effedive  dif. 
pofition  of  the  abutting  timbers,  and  alfo  enabled  the 
engineer  to  make  it  incomparably  fliffer  ;  fo  that  no 
change  need  be  apprehended  in  the  joints  which  have 
already  clofed,  and  in  which  the  mortar  has  already  ta¬ 
ken  its  fet,  and  commenced  an  union  that  never  can  be 
reflored  if  it  be  once  broken  in  the  fmalleft  degree,  no 
not  even  by  greater  compreffion.  j 

Here  we  beg  leave  to  mention  our  notions  of  the  Th/con. 
connexion  that  is  formed  by  mortar  compofed  of  limene&ion 
or  gypfum.  We  confider  it  as  confining  chiefly,  if  -not that  is 
folely,  in  a  cry  ft  alii  zat  ion  of  the  lime  or  gypfum  and[rm<?d 
water.  As  much  water  is  taken  up  as  is  neceffary 
the  formation  of  the  cryflals  during  their  gradual  con-  &c.  * 

verfion  into  mild  calcareous  earth  or  alabaiter,  and  the 
refl  evaporates.  When  the  free  accefc  of  air  is  ablo- 
lutely  prevented,  the  cryftallization  never  proceeds  to 
that  flate,  even  although  the  mortar  becomes  extremely 
dry  and  hard.  We  had  an  opportunity  of  oblemng 
this  accidentally,  when  palling  through  Maeflricht  in 
1770,  while  they  were  cutting  up  a  maffy  revetment  of 
a  part  of  the  fortifications  more  than  300  years  old. 

The  monar  between  the  bricks  was  harder  than  the 
bricks  (which  were  Dutch  clinkers,  fuch  as  are  now 
ufed  only  f  >r  the  greateft  loads)  ;  but  when  mixed  with 
water  it  made  it  limewater,  leemingly  as  ftrong  as  if 
frefh  lime  had  been  ufed.  We  obferved  the  fame  tinner 
in  one  fmall  part  of  a  huge  mafs  of  ancient  Roman  work 
near  Romney  in  Kent ;  but  the  reft,  and  all  the  very 
old  mortar  that  we  have  feen,  was  in  a  mild  flate,  and 
was  generally  much  harder  than  what  produced  any 
lime  water.  Now  when  the  mortar  in  the  joints  has 
begun  its  firlt  cryftallization,  and  is  allowed  to  remain 
in  perfed  reft,  we  are  confident  that  the  fubfequent  cry- 
ftals,  whether  of  lime,  or  of  calcareous  earth,  or  of  gyp¬ 
fum,  will  be  much  larger  and  ftronger  than  can  ever  be 
produced  if  they  are  once  broken;  and  the  farther  that 
this  cryftallization  has  been  carried,  that  is,  the  harder 
that  the  mortar  has  become,  lefs  of  it  remains  to  take 
any  new  Cryftallization.  Why  fhould  it  be  otherwife 
here  than  in  every  other  cryftallization  that  we  are  ac¬ 
quainted  with  ? 

We  think  therefore  that  it  is  of  great  confequence  N  CgJL0 
to  keep  the  joints  in  their  jirjl  ftate  if  poffible  ;  and  keepingthcl 
that  the  ftrength  (as  far  as  it  depends  on  the  mortar)  joints  in  ) 

1*8  greatly  diminifhed  by  their  opening  ;  efpecially  when  their  firft 
the  mortar  ha3  acquired  confiderable  hardnefs,  which  it {hte*  j 
will  do  in  a  month  or  fix  weeks,  if  it  be  good.  The 
cohefion  given  by  mortar  is  indeed  a  mere  trifle,  when 
oppofed  to  a  force  which  tends  to  open  the  joints,  ad- 
ing,  as  it  generally  does,  with  the  tranfverfe  force  of  a 
lever ;  but  in  fituations  where  the  overload  on  any  par- 
1  "  ticular 
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r  ter.  ticular  archftones  tends  to  pufli  them  down  through  be- 
^  —  tween  their  neighbours,  like  wedges,  the  cohefion  of  the 

mortar  is  then  of  very  great  conicquence. 

We  muft  make  another  obfervation.  Mr  Perronet  ft 
ingenious  procefs  tended  very  effe&ually  to  cloie  the 
Joints.  In  doing  this,  the  forces  which  he  brought  in¬ 
to  a&ion  had  little  to  oppofe  them;  but  as  foon  as  they 
were  clofed,  the  contad  of  the  parts  formerly  open  op- 
pofed  an  obftrudion  incomparably  greater,  arid  imme¬ 
diately  balanced  a  force  which  was  but  juft  able  to  turn 
the  ftone  gently  about  the  two  edges  in  which  it  touch¬ 
ed  the  adjoining  ftones.  Tliis  is  an  important  remark, 
though  feemingly  very  trifling  ;  and  we  wifh  the  prac¬ 
titioner  to  have  a  very  clear  conception  of  it ;  but  it 
would  take  a  multitude  of  words,  to  explain  it.  It  is 
worth  an  experiment.  Form  a  little  arch  of  wooden 
blocks ;  and  form  one  of  thefe  fo,  that  when  they  arc 
all  refting  on  the  centering,  it  may  be  open  at  the  outer 
joint — Remove  the  centering -Then  prefs  on  the  arch 
at  fome  diftance  from  the  open  joint.— You  will  find 
that  a  very  fmall  preffure  will  make  the  arch  bend  till 
that  joint  elofes— Prefs  a  little  harder,  and  the  arch  will 
bend  more,  and  the  next  joint  will  open.— Thus  you 
will  find  that,  by  preffing  alternately  on  each  fide  of  the 
open  joint,  that  ftone  can  eafily  be  made  to  flap  over  to 
either  fide  ;  and  that  immediately  after  this  is  done  the 
refiftance  increafes  greatly. .  This  fhews  clearly  that  a 
very  moderate  force,  judicioufly  employed,  will  dole 
the  joints,  but  will  not  prefs  the  parts  firongly  toge¬ 
ther.  The  joints  therefore  are  clofed ,  but  no  more  than 
clofed ,  and  are  hanging  only  by  the  edges  by  which  they 
were  hanging  while  the  joints  were  open.  The  arch, 
therefore,  though  apparently  clofe  and  firm,  is  but  loofe 
a nd  tottering.  Mr  Perronet  lays,  that  his  arches  were 

firm,  becaule  hardly  a  ftone  was  obferved  to  chip  or 
fplintei  off  at  the  edges  by  the  fettlement.  But  he  had 
done  every  tiling  to  prevent  this,  by  digging  out  the 
mortar  from  between  the  headers,  to  the  depth  of  two 
inches,  with  faws  made  on  purpofe.  But  we  are  well 
informed,  that  before  the  year  1791  (twenty  years  af- 
ter  the  ere&ion)  the  arches  at  Neuilly  had  funk  very 
fenfibly,  and  that  very  large  fplinters  had  flown  off  in 
a,  feveral  places.  It  could  not  be  otherwife.  The  ongi- 
l  ■  Petro-  nai  conftru&ion  was  too  bold  ;  we  may  fay  needlelsly 
co'  -  and  oftentatioufly  bold.  A  very  gentle  Hope  of  the 
3boldS  roadway,  which  would  not  have  flackened  the  mad  gal¬ 
lop  of  a  ducal  carriage,  nor  fenfibly  checked  the  labo¬ 
rious  pull  of  a  loaded  waggon,  and  a  proper  difference 
in  the  fize  of  the  arches,  would  have  made  this  won¬ 
derful  bridge  incomparably  flronger,  and  alio  much 
more  elegant  ar.d  pleafing  to  the  eye.  Indeed,  it  is  i far 
from  being  as  handfome  as  it  might  have  been.  the 
ellipfe  is  a  moft  pleafing  figure  to  every  beholder  ;  but 
this  is  concealed  as  much  as  pofiible,  and  it  is  attempt¬ 
ed  to  o-ive  the  whole  the  appearance  of  a  tremendous 
lintel. &  It  has  the  opprefiive  look  of  danger.  It  will 
Suppl.  Vol.  I.  Part  I. 
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not  be  of  long  duration.  The  bridge  at  Mantz  is  ftiil  Center 
more  exceptionable,  becaufe  its  piers  are  tall  and  {lender. 

If  any  one  of  the  arches  fails,  the  reft  muft  fall  in  a 
moment.  An  arch  of  Blackfriars  Bridge  might  be 
blown  up  without  difturbing  its  neighbours. 

Mr  Perronet  mentions  another  mode  of  flriking  the  A  1 
centering,  which  he  fays  is  very  ufual  in  France.  Every  ^ 

fecond  bridging  is  cut  out.  Some  time  after,  every  fe-  ceiitref 
cond  of  the  remainder;  after  this,  every  fecond  of  the 
remainder ;  and  fo  on,  till  all  are  removed.  This  is  ne¬ 
ver  pra&ifed  in  this  country,  and  is  certainly  a  very  bad 
method.  It  leaves  the  arch  hanging  by  a  number  of  di- 
ftant  points;  and  it  is  wonderful  that  any  arch  can  bear 
this  treatment. 

Our  architefts  have  generally  proceeded  with  extreme 
caution.  Wherever  they  could,  they  fupported  the  cen¬ 
tering  by  intermediate  pillars,  even  when  it  was  a  truffed 
centre,  having  a  tie-beam  reaching  from  fide  to  fide. 

The  centre  was  made  to  reft,  not  immediately  on  thefe  The  com* 
pillars,  but  on  pieces  of  timber  formed  like  acute  wedges,  nv>n  me* 
placed  In  pairs,  one  above  the  other,  and  having  the t^.1" 
point  of  the  one  on  the  thick  end  of  the  other.  Thefe 
wedges  were  well  foaped  and  rubbed  with  black  lead,  to 
make  them  flippery.  When  the  centres  are  to  be  ftruck, 
men  are  ftationed  at  each  pair  of  the  wedges  with  heavy 
mauls.  They  are  direfted  to  ftrike  together  on  the  op- 
pofite  wedges.  By  this  operation,  the  whole  centering 
defeends  together ;  or,  when  any  part  of  the  arch  is  ob¬ 
ferved  to  have  opened  its  joints  on  the  upper  fide,  the 
wedges  below  that  part  are  flackened.  'The  framing 
may  perhaps  bend  a  little,  and  allow  that  part  to  fub- 
fide.  If  any  part  of  the  arch  is  obferved  to  open  its 
joints  on  the  under  fide,  the  wedges  below  that  part  are 
allowed  to  (tand  after  the  reft  have  been  flackened.  By 
this  procefs,  the  whole  comes  down  gradually,  and  as 
flovvly  as  we  pleafe,  and  the  defedis  of  every  pare  of  the 
arch  may  be  attended  to.  Indeed  the  caution  and  mo¬ 
deration  of  our  builders  have  commonly  been  fuch,  that 
few  defedis  have  been  allowed  to  (hew  themfelves.  We 
are  but  little  acquainted  with  joints  opening  to  the  ex¬ 
tent  of  two  inches,  and  in  fuch  a  cale  would  probably 
lift  every  ftone  of  the  arch  again  (b).  We  have  not 
employed  truffed  centerings  fo  much  perhaps  as  we 
fhould  have  done;  nor  do  we  fee  their  advantage  (fpeak- 
ing  as  mere  builders)  over  centres  fupported  all  over, 
and  unchangeable  in  their  form.  Such  centres  muft 
bend  a  little, "and  require  loading  on  the  middle  to  keep 
them  in  fhape.  Their  compreffion  and  their  elafticity 
are  very  troublefome  in  the  flriking  of  the  centres  in 
Mr  Perronet*  s  manner.  The  elafticity  is  indeed  or  ufe 
when  the  centres  are  ftruck  in  the  way  now  deferibed. 

Thefe  obfervations  on  the  management  of  the  inter¬ 
nal  movements  of  a  great  arch,  will  enable  the  reader  to 
appreciate  all  the  merit  of  Mr  Mylne’s  very  ingenious 
conftrudlion.  We  proceed  therefore  to  complete  our 
defeription. 

^  C  c  The 


-T'v.p  wr;ter  of  this  article  can  only  fay,  that,  after  much  inquiry,  he  has  no  information  of  any  arch  being 
parapets  were  added  and  the  bridge  completely  finifhed. 


Center. 


3  a 

The  excel 


method. 


C  E  N  [ 

The  gradual  enlargement  of  the  bafe  of  the  piers  of 
Blackfnars  bridge  enabled  the  architect  to  place  a  feries 
of  five  polls  c ,  c ,  c,  c,  c ,  one  on  each  Hap  of  the  pier  ; 
the  ingenious  contexture  of  which  made  it  like  one  lo- 
lid  block  of  Hone  (fee  Arch,  Supplement ),  Tliefe  ftruts 
lence  of  Mr  were  gradually  more  and  more  oblique,  till  the  outer 
Mylne’s  one  formed  an  obtufe  angle  with  the  lowed  fide  of  the 
interior  polygon  of  the  trufs.  On  the  top  of  the fe  polls 
was  laid  a  (loping  seat  or  beam  D  of  llout  oak,  the 
upper  part  of  which  was  formed  like  a  zig-zag  fcarfing. 
The  polls  were  not  perpendicular  to  the  under  fide  of 
the  feat.  The  angles  next  the  pier  were  fomewhat  ob- 
tnfe.  Short  pieces  of  wood  were  placed  between  the 
heads  of  the  polls  (but  not  mortifed  into  them),  to  pre¬ 
vent  them  from  flipping  back.  Each  face  of  the  fcarf 
was  covered  with  a  thick  and  fmooth  plate  of  copper. 
The  feet  of  the  trufs  were  mortifed  into  a  fimilar  piece 
F,  which  may  be  called  the  sole  of  the  trufs,  having 
its  lower  fide  notched  in  the  fame  manner  with  the  up¬ 
per  fide  of  D,  and  like  it  covered  with  copper.  Be¬ 
tween  tliefe  two  lay  the  striking  wedge  E,  the  faces 
of  which  correfponded  exaclly  with  the  flant  faces  of 
the  feat  and  the  foie.  The  wedge- was  fo  placed,  that 
the  correfponding  faces  touched  each  other  for  about 
half  of  their  length.  A  block  of  wood  was  put  in  at 
the  broad  end  or  bafe  of  this  wedge,  to  keep  it  from 
flipping  back  during  the  laying  the  arch  Hones.  Its 
outer  end  E  was  bound  with  iron,  and  had  an  iron  bolt 
feveral  inches  long  driven  into  it.  The  head  of  this  bolt 
was  broad  enough  to  cover  the  whole  wood  of  the  wedge 
within  the  iron  ferrule. 

We  prefume  that  the  reader,  by  this  time,  forefees 
the  ufe  of  this  wedge.  It  is  to  be  driven  in  between 
the  foie  and  the  feat  (having  firft  taken  out  the  block 
at  the  bafe  of  the  wedge).  As  it  advances  into  the 
wider  fpaces,  the  whole  trufs  mull  defeend,  and  be  freed 
from  the  arch ;  but  it  will  require  prodigious  blows  to 
drive  it  back.  Mr  Mylne  did  not  think  fo,  founding 
his  expectation  on  what  he  faw  in  the  launching  of 
great  (hips,  which  Aide  very  eafily  on  a  flope  of  io  or 
12  degrees.  He  rather  feared,  that  taking  out  the 
block  behind  would  allow  the  wedge  to  be  pufhed  back 
at  once,  fo  that  the  defeent  of  the  trufs  would  be  too 
rapid.  However,  to  be  certain  of  the  operation,  he  had 
prepared  an  abundant  force  in  a  very  ingenious  manner. 
A  heavy  beam  of  oak,  armed  at  the  end  with  iron,  was 
fufpended  from  two  points  of  the  centre  like  a  battering 
ram,  to  be  ufed  in  the  fame'  manner.  Nothing  could 
be  more  Ample  in  its  flru&ure,  more  powerful  in  its 
operation,  or  more  eafy  in  its  management.  Accord¬ 
ingly  the  fuccefs  was  to  his  wifh.  The  wedge  did  not 
flip  back  of  itfelf ;  and  very  moderate  blows  of  the  ram 
drove  it  back  with  the  greateft  eafe.  The  whole  ope¬ 
ration  was  over  in  a  very  few  minutes.  The  fpedtators 
had  fufpeCled,  that  the  fpace  allowed  for  the  recefs  of 
the  wedge  wasjiot  fufficient  for  the  fettlement  of  the 
arch  ;  but  the  architect  trufted  to  the  precautions  he 
had  taken  in  its  conftruTion.  The  reader,  by  turning 
to  the  article  Arch  in  this  Supplement ,  will  fee,  that 
there  was  only  the  arch  LY  which  could  be  expeCled 
to  fettle  :  accordingly,  the  recefs  of  the  wedge  was 
found  to  be  much  more  than  was  neceffary.  However, 
had  this  not  been  the  cafe,  it  was  only  neceffary  to  take 
out  the  pieces  between  the  pods  below  the  feat,  and 
then  to  drive  back  the  heads  of  the  ftruts  ;  but  this  was 
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not  needed  (we  believe)  in  any  of  the  arches.  We  are 
well  allured  that  none  of  the  arches  funk  an  inch  and  a 
half.  The  great  arch  of  100  feet  fpan  did  not  fink  one 
inch  at  the  crown  It  could  hardly- be.  perceived  whe- 
ther  the  arch  quitted  the  centering  gradually  or  not,  fo 
fmail  had  been  the  changes  ofifhape. 

We  have  no  hefitation  in  faying,:  that  (if  we  except 
fome  wade  of  great  timber  by  uncommon  joggling)  the*fUDeriorit 
whole  of  this  performance  is  the  moil  perfect  of  any  of  the  cen. 
that  has  come  to  our  knowledge.  We  doubt  not  but  terin£  ufei 
that  feveral  have  equalled  it,  or  may  have  excelled  it  ;hyhim. 
but  we  do  not  know  of  them :  and  we  think,  that  the 
bringing  forward  fuch  performances  is  no  lefs  fervice- 
able  to  the  public  than  it  is  honourable  to  the  inventor. 

Nor  do  we  fuppofe  that  any  views  of  intereft  can  be  fo 
powerful  as  to  prevent- an  ingenious  architect  from  com* 
municating  to  the  public  fuch  honourable  fpecimens  of 
his  own  talents.  We  (hould  be  happy  to  communicate 
more  of  this  kind  ;  for  we  confider  it  as  a  very  import¬ 
ant  article  of  practical  mechanics,  and  think  that  it  is. 
of  confequence  to  the  nation  that  it  fhould  be  very  ge¬ 
nerally  underftood.  In  every  corner  of  the  country 
bridges  are  to  be  built — we  have  everywhere  good  ma - 
Jons ,  who  are  fully  able  to  execute  any  practicable  pro- 
jedl,  but  too  little  acquainted  with  principle  to  invent* 
or  to  accommodate  even  what  they  know  to  local  circum- 
flances,  and  are  very  apt  to  be  duped  by  appearances  of 
ingenuity,  or  mifled  by  erroneous  notions  of  the  drains 
which  are  excited.  We  profefs  more  fcience,  and  to 
treat  the  fubjed  with  the  afllftance  of  accurate  princi¬ 
ples  But  while  we  are  certain  that  every  circumflance 
is  fufceptible  of  the  mod  accurate  determination,  we 
mud  acknowledge  that  we  have  by  no  means  attained 
an  accurate  knowledge  of  all  the  drains  which  are  pro¬ 
duced  and  excited  in  a  frame  of  carpentry,  which  is 
fettling  and  changing  its  fliape,  even  though  it  be  not 
very  complicated  ;  far  lefs  are  we  poffefled  of  a  clear 
view  of  what  happens  in  a  mafs  of  mafonry  in  fimilar 
conditions.  Therefore,  though  we  fpeak  with  the  ftrong 
belief  of  our  being  right,  we  fpeak  with  a  fenfe  of  our 
fallibility,  and  with  great  deference  to  the  judgment  of 
eminent  and  experienced  archite&s  and  engineers.  We 
fliould  confider  their  free  and  candid  criticifms  as  the 
higheft  favour  ;  and  we  even  folicit  them,  w  ith  afluran- 
ces  of  thanks,  and  that  we  will  take  fome  opportunity, 
before  the  clofe  of  this  work,  to  acknowledge  and  cor¬ 
rect  our  miftakes  We  even  prefume  to  hope,  that  the 
liberal  minded  artift  will  be  pleafed  with  this  oppor¬ 
tunity  which  we  give  him  of  increafing  the  national 
dock  of  knowledge.  Let  mutual  jealoufy  and  rivalfhip 
reign  in  the  breads,  and  prompt  the  exertions,  of  our 
redlefs  neighbours  on  the  continent — let  them  think 
that  the  dignity  of  man  confifts  in  perpetual  warfare,  in 
which  every  individual  feels  himfelf  indebted  only  to 
himfelf,  freed  from  all  the  fweet  tier,  of  domedic  partia¬ 
lity,  of  friendfhip,  and  of  patriotic  attachment.  We 
hope  that  the  hearts  of  Britons  will  long  continue  to  be 
warmed  and  fortified  by  the  thoughts  of  mutual  affift- 
ance,  mutual  co-operation,  mutual  attachment,  and  a 
patriotic  preference  of  their  countrymen  to  all  other 
men.  While  thefe  fentiments  are  regulated  by  unflia- 
ken  honedy,  by  candour,  and  by  Chridian  charity,  we 
(hall  be  fecured  from  the  errors  of  partial  attachments, 
and  yet  enjoy  all  the  pleafures  of  unfophidcated  nature. 
Families  will  ftill  be  bound  together  by  the  affe&ionate 
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diredlions  prefcubed  in  the  article  Carpentry  of  this 
volume,  and  the  article  Roof  of  the  hacycl.  lhe 
beams  FA,  FB  mult  be  mortifed  mto  Art,  in  the  firm- 
elt  manner,  and  there  fecured  with  ftraps  and  bolts  ; 
and  the  middle  mutt  hang  by  a  (trap  attached  to  the 
king  polt  FC,  or  to  the  iron  rod  that  is  u fed  lor  a  king 

do  IF  No  inortiling  in  the  point  C  mult  be  employed  ; 

*  .  /-r'  j  rp  it  weakens 
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vdiichhe  deoends'  for  all  his  belt  enjoyments.  Nothing 
I  1  dd  the  good  man  back  when  this  is  in  h,s  power, 
he  v  rtnous  ufe  which  he  can  make  othisfupeno- 
•  ,l,.  mfrliarn-e  of  his  own  little  circle  ot  duties. 

This’is  all  that  is  required  of  true  patriotilm  ;  and  it  is 

not  too  much  to  be  expected  from  ^ftSSeaTfchool  f  poit.  j\j0  worming  m  me  t««“* y  -~i—,  - 

pleafure  in  Viewing  their  country  as  the  great  Ichoc  P  unuecefl-a  and  it  U  hurtful,  beeaufe  it  weakens 

the  arts,  under  the  patronage  of  a  °vere. gn pother  the  beam,  and  beeaufe  it  lodges  water  and  f)ondeca>3 
done  more  for  their  improvement  than  all  the  ,.ot.  Tbe  belt  praaice  is  not  to  fnfpend  the  beam 

princes  of  Europe,  and  who  (we  are :  wdl  immediately  by  this  ftrap,  but  to  let  it  reft,  as  in  fig.  10. 

now  meditating  a  plan  which  muft  be  lnghl)  grati.ymg  ^  &  ^  ^  (vhich  cro(res  the  bridge  below,  and  has  its 
•  to  every  eminent  profefiot  of  the  arts.  other  enci  fupported  in  the  fame  manner  by  the  other 

i4b.  The  fubjeft  which  we  have  been  J S^02  ““it  is  evident  that  the  length  of  the  king  poft  has  no 

if  this  clofely  conr.eaed  with  the  conilrutt  on  effca  on  the  fuppott  of  C,  We  may  tneretore  contraA 

,  e  con-brifJeg.  Thefe  are  not  always  conftruded  on  the  lo  t  th;  and  preferve  the  fame  flrength  of  fuppott, 

:dwi!%rinfiples  of  equilibrium,  by  means  of  mutual  aoutment.  fiynd;ngStw0  points  a  and  b( fig.  1 1.)  in  the  banks, 

'  lion  of  They  are  ftiff  frames  of  carpentry  ,  where ,  b J P  P  J  m()dfrale  diftance  below  A  and  B,  and  letting  up 
difpofition,  beams  are  put  into  a  jf^TSf  folld  the  rafters  *  F,  b  F,  and  Spending  C  from  the  ihort- 
well  as  of  comprefiion,  fo  as  to  ftand  p  ened  k;  ft.  In  this  coniWhon,  when  the  beam 

bodies  as  big  as  the  fpaces  wh,J*  follr  0  AB  refis  on  a  crofs  bearer,  as  is  drawn  here,  the  firms 

and  thus  we  are  enabled  to  couple  two,  three,  or  to  are  kept  clear  of  it.  No  connedion  between 

thefe  together, -and  let  them  f  ^l^tL  ar-  them  is  neceffary,  and  it  may  be  hurtful,  by  inducing 
other  like  mighty  archives.  W  e,ba'clo‘e  Wooden  crofs  ftra;ns  on  both.  It  will,  however,  greatly  mcreafe 
tiele,  therefore,  with  two  or  three  fpemmens  ot  wooaen  This  conftruaion  may  fafely 

bridges  difpofed  in  a  feries  of  progreffive  compofit.on,  the  li.tl.iels  ot  r  ^  ^  ^  ^  A?>  „an,?rrv 

oriQges,  y  :ntmA,,ftion  to  the  art  in  ge 
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be  loaded  with  ten  times  the  weight  that  AB  can  carry 

al°Suppofe  this  done,  and  that  the  fcantling  of  AB  is  An 
too  weak  for  carrying  the  weight  which  may  be  brought  prov«m«t 
on  the  parts  AC,  CB.  We  may  now  mils  “p  each pf  that  n.e 
half  as  in  fi<T.  12.  and  then  the  whole  will  form  a  hand- 
fome  bndgef -of  the  fimplelt  conilrudion  poffible.  The 
interfedions  of  the  fecondary  braces  with  thofe  of  the 
main  trufs  will  form  a  hand-rail  of  agreeable  figure.  _ 

We  are  not  confined  to  the  employment  of  an  entire 
piece  AB,  nor  to  a  reftilineal  form.  We  may  frame 
the  bridge  as  in  fig.  13-  and  in  this  form  we  diffuade 
from  allowing  any  connection  with  the  middle  point3 
of  the  main  braces.  This  conftruaion  alio  may  be  tol- 

^2 circ:  S 

tiot'mayt  bl^tonned,  either  "by  fuipending  't  from  th.s  tn^S-  her  by  which  a  bridge  of  one  beam  An£r 

point,  or  by  a  poll  reft ing  on  ,t  Thumt  may.lung,  J.  ^  ^  ^  power  of  the  firft  and-thoU. 

by  means  of  a  rod  or  a  king  po  .  ,  ^  ^  f mplell  eonitruftion.  Ibis  is  reprefented  in  hg.  14. 

of  two  rafters  AF,  BF  ;  or  it  may  reft  on  thclButC/,  i-  P  beam  FG  ftould  occupy  one- 

•  . ^  th<  ’OOCS-  r°dS'  third  of  AB.  The  advantage  of  this  conftruaion  is 

very  confiderable.  The  great  elevation  of  the  braces 
(which  is  a  principal  element  of  the  ftrength)  is  prefer- 
vtd,  and  the  braces  are  greatly  fhortened.  . 

This  method  may  be  pufhed  Ibil  farther,  as  in  lig* 


foas*  to  ferVe*  as  a  fort  of  introduaion  to  the  art  in  ge¬ 
neral  and  furnifh  a  principle  which  will  enable  the  in 
telligent  and  cautious  art.il  to  pulh  it  with  confidence 

which  is  at  our  command ;  how  may  this  beam  A  B  bw 
fupported  with  fufficient  effea  ?  There  are  bu  w 
ways  ,  which  the  middle  point  C  (where  the  greateft 
TaTis)  can  be  fupported:  ..  It  may  g fufpended  by 
two  ropes,  iron  rods,  or  wooden  ties,  DC,  EC,  made 
Si  to  two  firm  points  D,  E,  above  it ;  01  it  may  reft  on 
fh  SlTof  twoSafters  ,/C,  e  C,  which  reft  on  two  firm 
po  „ts \  e  below  it.  a.  It  may  be  fupported  by  con- 


ot  two  ratters  xii  >  »  Ul  1  j  . 

whofe  lower  extremity  f  is  carried  by  the  ropes,  ro_  ; 

or  wooden  ties  A f,  B f,  .  y, 

Whichfoever  of  thele  methods  we  employ,  it  follows, 
from  he  principles  of  carpentry,  that  the  iupport  given 
to  d.e  ooint  C  is  fo  much  the  more  powerful,  as  we 
make  the  angle  DCE,  or  dCe,  or  the  equ.valent  angles 
AFB,  or  A/B,  more  aente 
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FB,  or  rt./ Jj,  nwre  aorwv..  And  all  thefe  methods  may  be  combined,  by  joining  Thefe  me- 
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11  TT  -  <•  .  XCCD  in  t  ^In  all  of  them  there  is  much  room  for  the  dlfplay  of 

fltill,  in  the  piooer  adjuftment  oi  the  fcantling  of  the 
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the  proper  points  of  fupport  D,  E,  u,  e ;  OX  B 
fecond  eafei  where  we  require  no  fixed  points  but  A  and 
B,  The  fimple  forms  of  the  firft  cate  require  a  g>e«t 
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timber,  and  the  obliquity  of  the  braces  to  the  lengths  thofe  of  a  brick  wall 
of  the  different  bearings.  A  very  oblique  ftrut,  or  a 
flender  one,  will  fuffice  for  a  fmall  load,  and  may  often 
give  an  opportunity  to  increafe  the  general  flrength  ; 
while  the  great  timbers  and  upright  fupports  are  refer¬ 
red  for  the  main  preffures.  Nothing  will  improve  the 
compofition  fo  much  as  refle&ing  progreflively,  and  in 
the  order  of  thefe  examples,  on  the  whole.  This  alone 
can  preferve  the  great  principle  in  its  fimplicity  and  full 
energy. 

me  eie  Thefe  conftru&Ions  are  the  elements  of  all  that  can 
merits  of  all  be  done  in  the  art  of  building  wooden  bridges,  and  are 
that  can  hs  to  be  found  more  or  lels  obvfoufly  and  diftin&ly  in  ail 
^ one  in  t  Attempts  c£  kind.  We  may  affert,  that  the  more 
obvioufly  they  appear,  the  more  perfect  the  bridge  will 
be.  It  is  aftonifhing  to  what  extent  the  principle  may 
be  carried.  We  have  feen  a  bridge  of  42  feet  fpan 
formed  of  two  oak  truffes,  the  biggeft  timber  of  which 
did  not  exceed  fix  inches  fquare,  bearing  with  perfect 
fteadinefs  and  fafety  a  waggon  loaded  with  more  than 
two  tons,  drawn  by  four  flout  horfes.  It  wa3  framed 
as  fig.  16,  nearly,  with  the  addition  of  the  dotted  lines, 
and  was  near  thirty  years  old;  prote&ed,  however,  from 
the  weather  by  a  wooden  roof,  as  many  bridges  in  Ger¬ 
many  are. 

We  recoiled  another  in  the  neighbourhood  of  Stet¬ 
tin,  which  feemed  confiru&ed  with  great  judgment  and 
fpirit.  It  had  a  carriage  road  in  the  middle  about  20 
feet  (we  think)  wide,  and  on  each  fide  a  foot  way  about 
five  feet  wide.  The  fpan  was  not  lefs  than  60  feet,  and 
the  greateli  fcantling  did  not  appear  to  exceed  10 
inches  by  6. 

This  bridge  confifted  of  four  truffes,  two  of  which 
formed  the  outfide  of  the  bridge,  and  the  other  two 
made  the  reparation  between  the  carriage  road  and  the 
two  foot  ways.  We  noticed  the  conftru&ion  of  the 
truffes  very  particularly,  and  found  it  fimilar  to  the  laft, 
except  in  the  middle  divifion  of  the  upper  trufs,  which, 
being  very  long,  was  double  truffed,  as  in  fig.  17. 

The  reader  will  find  in  that  volume  of  Leupold’s 
"Theatrum  Machinarum ,  which  he  calls  Theatrum  Ponti - 
fcum,  many  Specimens  of  wooden  bridges,  which  are  ve¬ 
ry  frequent  in  the  champain  parts  of  Germany.  They 
are  not,  in  general,  models  of  mechanic  art  ;  but  the  re- 
fleding  reader,  who  confiders  them  carefully ,  will  pick 
up  here  and  there  fubordinate  hints,  which  are  ingeni¬ 
ous,  and  may  fometimes  be  ufeful.  6 

What  we  have  now  exhibited  are  not  to  be  confidered 
as  models  of  conflrudhon,  but  as  elementary  examples 
ana  leffons,  for  leading  the  reader  fyftematically  into  a 
thorough  conception  of  the  fubje&. 

A  wonder-  We  cann°t  I?1"1  the  fubjtft  without  taking  notice  of 
ful  bridge  *  vf7  '™"de.rful  bridge  at  Wittingen  in  Switzerland, 

«n  Switzer-  A'ghtly  defenbed  by  Mr  Coxe  (Travels,  vol  I  ,,2  ) 

11 1S.  of  a  conftruftion  more  fimple  dill  than  the  bridges 
we  have  been  defcribing.  The  fpan  is  2,0  feet,  and  it 
nfes  only  25  The  fketch  (fig.  1  8.)  will  make  it  diffi¬ 
dently  intelligible.  ABC  is  one  of  two  great  arches 
approaching  to  a  Catenarean  lhape,  built  up  ofieven 
courfes  ot  folid  logs  of  oak,  in  lengths  of  12  or  14  feet 
and  16  inches  or  more  in  thicknefs.  Thefe  are  all 
picked  of  a  natural  fhape,  fuited  to  the  intended  curve- 
fo  that  the  wood  is  nowhere  cut  acrofs  the  grain  to 
trim  it  into  fhape.  Thefe  logs  are  laid  above  each 
other,  fo  that  their  abutting  joints  are  alternate,  like 
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# - ,  and  it  is  indeed  a  wooden  wall, 

fimply  built  up,  by  laying  the  pieces  upon  each  other,, 
taking  care  to  make  the  abutting  joints  as  clofe  as  pof- 
fible.  They  are  not  faftened  together  by  pins  or  bolts, 
or  by  fcarfings  of  any  kind.  They  are,  however,  held 
together  by  iron  ftraps,  which  furround  them,  at  the 
diflance  of  five  feet  from  each  other,  where  they  are  fa¬ 
ftened  by  bolts  and  keys. 

Thefe  two  arches  having  been  ere&ed  (by  the  help, 
we  prefume,  of  pillars,  or  a  centering  of  fome  kind),  and' 
well  butted  againft  the  rock  on  each  fide,  were  freed 
from  their  fupports,  and  allowed  to  fettle.  They  are 
fo  placed,  that  the  intended  road  abc  interfe&s  them 
about  the  middle  of  their  height.  The  roadway  is  fup- 
ported  by  crofs  joifts,  which  reft  on  a  long  horizontal 
fummer  beam.  This  is  conne&ed  with  the  arches  on 
each  fide  by  uprights  bolted  into  them.  The  whole  is 
covered  with  a  roof,  which  proje&s  over  the  arches  on 
each  fide  to  defend  them  from  the  weather.  Three  of 
the.  fpaces  between  thefe  uprights  have  ftruts  or  braces, 
which  give  the  upper  work  a  fort  of  trufiW  in  that 
par  t.  G 

This  conftru&ion  is  fimple  and  artlefs ;  and  appears, 
by  the  attempt  to  trufs  the  ends,  to  be  the  performance 
of  a  perfon  ignorant,  of  principle,  who  has  taken  the 
whole  notion  from  a  Hone  arch.  It  is,  however,  of  a 
ftrength  much  more  than  adequate  to  any  load  that  c=>n 
be  laid  on  it.  Mr  Coxe  fays,  but  does  not  explain  how, 
that  it  rs  fo  contrived  that  any  part  of  it  can  be  repair- 
ed  independent  of  the  rell.  It  was  the  laft  work  of  one 
Uluch  Grubenhamm  of  Tuffen,  in  the  canton  of  Ao- 
penzel,  a  carpenter  without  education,  but  celebrated 
for  teveral  works  of  the  fame  kind  ;  particularly  the 
bridge  over  the  Rhine  at  Schafhanfcn,  confiftin  r  of  two 
arches,  one  of  J72  and  the  other  of  193  feet  fpan,  both 
reiting  on  a  fmall  rock  near  the  middle  of  the  river. 

While  writing  this  article,  we  got  an  account  of  a 
wooden  bridge  erefted  in  North  America,  in  which  this 
i-u  r  notl°n  °*  Grubenhamm’s  is  mightily  improved. 

I  he  fpan  of  the  arch  was  faid  to  exceed  250  feet,  and 
its  rife  exceedingly  fmall.  't  he  defeription  we  got  is 
very  general  but  fofficient,  we  think,  to  make  it  per- 
feclly  intelligible. 

In  fig.  19.  DD,  EE,  FF,  are  fuppofed  to  be  three  .  fT  •, 
beams  of  the  arch.  They  confift  of  logs  of  timber  of^rTh 
lmall  lengths,  fuppofe  of  10  or  12  feet  fuch  as  can  be  America, 
found  of  a  curvature  fuited  to  its  place  in  the  arch  with- 
out  trimming  it  acrofs  the  grain.  Each  beam  is  double, 
confiding  of  two  logs  applied  to  each  other,  fide  to  fide, 
and  breaking  joint ,  as  the  workmen  term  it  They  are 
kept  together  by  wedges  and  keys  driven  through  them 
at  fhort  intervals,  as  at  K,  L,  &c. 

The  manner  of  joining  and  ftrongly  binding  the  two 
fide  pieces  of  each  beam  is  ftewn  in  fig.  20.  The 
mortife  « icb  and  dc  i  0,  which  is  cut  in  each  half  beam, 
is  confiderably  longer  on  the  outfide  than  on  the  infide, 
where  the  two  mortifes  meet.  Two  keys,  BB  and 
CC,  are  formed,  each  with  a  notch  bed,  or  aio,  on  its 
fide ;  which  notch  fits  one  end  of  the  mortife.  The 
inner  fide  of  the  key  is  ftraight,  but  fo  formed,  that 
when  both  keys  are  in  their  places,  they  leave  a  fpace 
between  them  wider  at  one  end  than  at  the  other.  A 
wedge  AA,  having  the  fame  taper  as  the  fpace  juft 
mentioned,  is  put  into  it  and  driven  hard.  It  is  evi- 
dent  that  this  muft  hold  the  two  logs  firmly  together. 

1  This 
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liter.  This  is  a  way  of  uniting  timber  not  mentioned  in 
the  article  Carpentry;  and  it  has  fome  peculiarities 
worthy  ot  notice.  In  the  firft  place,  it  may  be  employ¬ 
ed  fo  as  to  produce  a  very  ftrong  lateral  connection, 
and  would  then  co  operate  finely  with  the  other  artifi¬ 
cial  methods  of  fcarfing  and  tabling  that  we  defcribed 
in  the  article  referred  to.  But  it  requires  nice  attention 
to  fome  circumftances  of  conftrudtion  to  fecure  this  ef¬ 
fect.  If  the  joints  are  accurately  formed  to  each  other, 
as  if  the  whole  had  been  one  piece  divided  by  an  infi¬ 
nitely  thin  faw,  this  manner  of  joining  will  keep  them 
all  in  their  places.  But  no  driving  of  the  wedge  AA 
will  make  them  firmer,  or  caufe  one  piece  to  prefs  hard 
on  the  other.  If  the  abutment  of  two  parts  of  the 
hah  beam  is  already  dole,  it  will  remain  fo  ;  but  if 
open  in  the  fmalkft  degree,  driving  of  the  wedge  will 
not  make  it  tighter.  In  this  refpeCI,  therefore,  it  is 
pot  fo  proper  as  the.  forms  defcribed  in  Carpentry. 

In  order  that  the  method  now  deicribed  may  have 
the  effedi  of  drawing  the  halves  of  the  beams  together, 
and  of  keeping  them  haid  fqueezed  on  each  other,  the 
joints  muff  be  made  fo  as  not  to  correfpond  exadtly. 
The  prominent  angle  a  i  0  (fi^.  21.),  formed  by  the  ends 
of  the  two  half  mortifies,  mull  be  made  a  little  more  ob- 
tufie  than  the  angle  af  0  of  the  notch  of  the  key  which 
this  prominence  is  intended  to  fill  up.  Moreover,  the  op- 
pofite  iide  et  ot  this  key  fhould  not  be  quite  ftraight,  but 
a  very  little  convex.  With  thefe  precautions,  it  is  eafy 
to  fee  that,  by  driving  the  wedge  A. A,  we  caufe  the 
notch  af  0  to  take  hold,  firft  at  the  two  points  a  and  0, 
and  then,  by  continuing  to  drive  the  wedge,  the  Tides 
af  of  of  the  notch  gradually  comprefs  the  wood  of 
the  half  beams,  and  prefs  them  on  each  other.  By  con¬ 
tinuing  to  drive  the  wedge,  the  mutual  eompreffton  of 
the  key  and  the  beam  lqueezes  all  together,  and  the 
fpace  af  0  i  is  completely  filled  up.  We  may  fee,  from 
this  procefs,  that  the  mutual  comprefiion  and  drawing 
together  of  the  timber  will  be  greater  in  proportion  as 
we  make  the  angle  a  i  0  more  prominent,  and  its  corre- 
fponding  angle  af  0  more  deep  ;  always  taking  care 
that  the  key  fhall  be  thick  enough  not  to  break  in  the 
narrow  part. 

This  adjuftment  of  the  keys  to  the  mortife  is  necef- 
fary  on  another  account.  Suppofing  the  joints  to  fit 
each  other  exa&ly  before  driving  the  wedge,  and  that 
the  whole  fhrinks  a  little  by  drying — by  this  the  angle 
a  10  will  become  more  prominent,  and  the  angle  af  0 
will  become  more  fhallow  ;  the  joint  will  open  at  a  and 
0 ,  and  the  mutual  compreffure  wilkbe  at  an  end. 

We  may  alfo  obferve,  that  this  method  will  not  give 
any  additional  firmnefs  to  the  abutments  of  the  diffeient 
lengths  employed  to  piece  out  the  arch  beam  ;  in  which 
refpedl  it  differs  materially  fiom  the  other  modes  of  joint¬ 
ing  timber. 

Having  fhown  how  each  beam  is  pieced  together,  we 
muft  now  ftiow  how  a  number  of  them  are  united,  fo 
as  to  compofe  an  arch  of  any  thicknefs.  This  is  done 
in  the  very  fame  way.  The  beams  have  other  mortifes 
worked  out  of  their  inner  fides,  half  out  of  each  half  of 
the  beam.  The  ends  of  the  mortifes  are  formed  in  the 
fame  way  with  thofe  already  defcribed.  Long  keys 
BB,  CC,  \  fig.  19.)  are  made  to  fit  them  properly,  the 
notches  being  placed  fo  as  to  keep  the  beams  at  a  pro¬ 
per  diftance  from  each  other.  It  is  now  plain  that  dri¬ 
ving  in  a  long  wedge  A  A  will  bind  all  together. 


In  this  manner  may  an  arch  be  extended  to  any  fpan,  Center, 
and  made  of  any  thicknefs  of  arching.  i  lie  bridge  o-  ^ 

ver  Portfmouth  river,  in  North  America,  was  more  than 
250  feet  in  length,  and  confided  of  feveral  parallel 
arches  of  beams.  The  inventor  (we  think  that  his 
name  is  Bludget  )  faid  that  he  found  the  llrength  fo 
gieat,  that  he  could  with  perfedl  confidence  make  one 
of  four  times  the  fpan. 

We  admire  the  ingenuity  of  this  conftru&ion,  and 
think  it  very  effectual  tor  bringing  the  timbers  into  firm 
and  uniform  abutment ;  but  we  imagine  that  it  requires 
equilibration,  becaufe  it  is  extremely  flexible.  There  ifr 
nothing  to  keep  it  from  bending,  by  an  inequality  of 
load,  but  the  tianfverU  flrength  of  the  beams.  The 
keys  and  wedges  can  have  very  little  power  to  prevent 
this  bending.  The  diftance  between  the  beams  will 
alfo  contribute  little  or  nothing  to  the  ftiffnefs  ;  nay, 
we  imagine  that  a  great  diftance  between  them  will 
make  the  frame  more  flexible.  Could  the  beams  be 
placed  fo  near  each  other  that  they  could  be  fomehow 
joggled  on  each  other,  the  whole  would  be  ftiffer ;  but 
at  prefent  they  will  bend  like  the  plates  of  a  coach- 
fpring.  But  nothing  hinders  us  from  adding  diagonal 
pieces  to  this  conftrudfion,  which  will  give  it  any  de¬ 
gree  of  ftiffnefs,  and  will  enable  it  to  bear  any  inequali- 
ty  of  loading.  When  completed  in  this  manner,  we 
imagine  that  it  will  be  at  leaft  equal  to  any  conftruc- 
tion  that  has  yet  been  thought  of.  One  advantage  it 
poffeffes  that  is  very  precious  :  Any  piece  that  tails 
may  be  taken  out,  and  replaced  by  another,  without 
difiurbing  the  reft,  and  without  the  fmalleft  rifle.  On 
the  whole,  we  think  it  a  very  valuable  addition  to  Bri. 
tifh  carpentry.  The  method  here  pradtifed,  both  for 
joining  the  parts  ot  one  beam  and  for  framing  the  dif¬ 
ferent  beams  together,  fuggefts  the  moft  firm  and  light 
conftru&ions  for  dome-roofs  that  can  be  conceived ; 
incomparably  fuperior  to  any  that  have  yet  been  eredled. 

The  whole  may  be  framed’,  without  a  nail  or  a  fpike,  into 
one  net-like  fhell  that  cannot  even  be  pulled  in  pieces. 

We  may  perhaps  confider  this  in  another  article ;  at  pre- 
fent  we  return  to  the  confideration  of  truffed  bridges. 

When  the  width  of  (  he  river  exceeds  what  is  thought  ~ 
practicable  by  a  tingle  trufs,  we  muft  then  combine,  combined 
either  by  Ample  addition,  or  by  compofition,  different  by  fim pie 
We  compofe  a  bridge  by  fimple  ad-a(^tl0n  ar 
make  a  frame  of  carpentry  of  an  un- 
proper  fhape,  to  ferve  as  one  of  the  1 
bridge  of  mafonry.  This  may  eafily 
be  comprehended  by  looking  at  fig.  22.  Each  of  the 
frames  A,  B,  C,  D,  muft  be  confidered  as  a  feparate 
body,  arid  all  are  fuppoited  by  their  mutual  abutment. 

The  nature  of  the  thing  is  not  changed,  although  we 
fuppofe  that  the  rails  of  the  frame  B,  inftead  of  being 
mortiled  into  an  uptight  V  b\  unconnected  with  the 
frame  C,  is  mortified  into  the  upright  c  c  of  that  frame, 
the  direction  and  intenfity  of  the  mutual  preffures  of 
the  two  frames  are  the  fame  in  both  cafes  ;  accordingly 
this  is  a  very  common  form  of  fmall  wooden  bridges. 

It  is  ufual,  indeed,  to  put  diagonal  battens  into  each  : 
but  we  believe  that  this  is  more  frequently  done  to 
pleafe  the  eye  than  to  produce  an  unalterable  fhape  of 
each  frame. 

To  an  unfkilful  carpenter  this  bridge  does  not  feem 
effentially  different  from  the  centering  of  Mr  Hupeau 
for  the  bridge  of  Orleans  $  and  indeed,  in  many  cafes, 

it 
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it  requires  refleftion,  and  fometimes  very  minute  reflec¬ 
tion,  to  diftinguifh  between  a  conftruftion  which  is  only 
an  addition  of  frame  to  frame  till  the  width  be  covered, 
from  a  conftruftion  where  one  frame  works  on  the  ad¬ 
joining  one  tranfverfely,  pufhing  it  in  one  part,  and 
drawing  it  in  another.  The  ready  way  for  an  unletter¬ 
ed  artiil  tojform  a  juft  notion  of  this  point,  is  to  exa¬ 
mine  whether  he  may  faw  through  the  connecting  piece 
b'  b'  from  one  end  to  the  other,  and  make  them  two 
feparate  frames.  /Whenever  this  cannot  be  done  with¬ 
out  that  part  opening,  it  is  a  conftruftion  by  compofi- 
tion.  Some  of  the  beams  are  on  the  ftretch  ;  and  iron 
ltraps,  extending  along  both  pieces,  are  neceffary  for  fe- 
curing  the  joint.  The  bridge  is  no  longe*  "  ~ 
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- 0  — j -  -  - no  longei  a  piece  of  , 

mafonry,  but  a  performance  of  pure  carpentry,  depend-  in  which,  if  t 

ing  on  principles  peculiar  to  that  art.  Equilibration  is  the  vibrations  will  dill  be  performed  in  the  fame  Time 
necefTary  in  the  firft  conftruftion ;  but,  in  the  fecond,  ’  •  •  - 
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by  its  fr i 61  ion  would  be  equal  to  the  angular  velocity 
deftroyed  in  the  given  body  by  its  friftiun  in  the  fame 
time.  See  Friction  in  this  Supplement. 

Cfntrf.  of  Gyration ,  is  that  point  in  which,  if  the 
whole  maB  be  collefted,  the  fame  angular  velocity  will 
be  generated  in  the  fame  time,  by  a  given  force  afting 
at  anyplace,  as  in  the  body  or  fyftem  itfelf.  This  point 
differs  from  the  centre  of  ofcillation,  in  as  much  as  in 
this  latter  cafe  the  motion  of  the  body  is  produced  by 
the  gravity  of  its  own  particles  ;  but,  in  the  cafe  of  the 
centre  of  gyration,  the  body  is  put  in  motion  by  iome 
other  force  afting  at  one  place  only. 

Centre  of  Ofcillation,  is  that  point  in  the  axis  or  line 
of  fufpenfion  of  a  vibrating  body,  or  fyftem  of  bodies, 
l-'-i-  t  tj1€  wi10je  matter  or  weight  be  collefted. 
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any  inequality  of  loading  is  made  ineffeftual  for  hurt¬ 
ing  the  edifice,  by  means  of  the  flretch  that  is  made  to 
operate  on  fome  other  piece.  We  are  of  opinion, 
that  this  moil  fimple  employment  of  the  diftinguifhing 
principle  of  carpentry,  by  which  the  beams  ^are  made 
to  aft  as  ties,  will  give  the  moft  perfeft  coiiftrudtion 
of  a  wide  bridge.  One  polygon  alone  ftiould  contain 
the  whole  of  the  abutments;  and  one. other  polygon 
fhould  confift  entirely  of  ties ;  and  the  beams  which 
form  the  radii,,  connefting  the  angles  of  the  two  poly¬ 
gons,  complete  the  whole.  By  confining  the  atten¬ 
tion  to  thefe  two  fimple  objefts,  the-  abutments  of  the 
outer  polygon,  and  the  joints  of  the.  inner  one,  may  be 
formed  in  the  moft  fimple  and  efficient  manner,  without 
any  collateral  conneftions  and  dependencies,  .which  di¬ 
vide  the  attention,  increafe  the  complication,  and  com¬ 
monly  produce  unexpected  and  hurtful  drains.  It  was 
for  this  reafon  that  we  have  fo  frequently  recommended 
the  centering  of  the  bridge  of  Orleans.  Its  office  will 
be  completely  performed  by  a  t riffs  of  the  form  of  fig. 
23,  ;  where  the  polygon  ABCDEF,  confiding  of  two 
layers  of  beams  (if  one  is  not  fufficient),  contains  the 
whole  abutments,  and  the  other  A  b  c  de  F  is  nothing 
but  an  iron  rod.  In  this  conftruftion,  the  obtufenefs 
of  the  angles  of  the  lower  polygon  is  rather  an  advan¬ 
tage.  The  braces  G  c9  G  d,  'which  arc  wanted  for  trufs- 
ing  the  middle  of  the  outer  beams,  will  •effeftnally  fie- 
cure  the  angles  of  the  exterior  polygon  againft  all  ride 
of  change.  The  reader  mud  perceive  that  we  have 
now  terminated  in  the  conftruftion  of  the  Nojman  roof. 
We  indeed  think  it  the  beft  general  form,, when  fome 
moderate  declivity  is  not  an  infu  oar  able  objeftion.  When 
this  is  the  cafe,  we  recommend  the  general  pl3n  of  the 
centering  of  the  bridge  of  Orleans.  We  would  make 
the  bridge  (we  fpeak  of  a  great  bridge)  confift  of  four 
truffes  ;  two  to  Eerve  as  the  outrides  of  the  bridge,  and 
two  inner  truffes,  feparating  the  carriage-way  from  the 
foot-paths.  I  he  road  fhould  follow  the  courfe  of  the 
lower  polygon,  and  the  main  trufs  ftiould  form  the  rails, 
i  t  might  look  ftrange ;  but  we  are  here  .  freaking  of 
ftrength  ;  and  evident,  but  not  unwieldy,  ftrength,  once 
it  becomes  familiar,  13  the  fureft  JWircc  of  beauty  in  all 
works  of  this  kind. 

Centre  cf  Friction,  is  that  point  in  the  bafe  of  a 
body  on  which  it  revolves;  into  which,  if  the  whole 
hi r face  of  l-e  bafe,  and  the  mat's  of  the  body,  were 
collefted,  end  made  to  revolve  about  the  centre  of  the 
*>afe..of  the  given  body,  the  angular  velocity  deftroyed 


and  with  the  fame  angular  velocity,  as  before.  Hence, 
in  a  compound  pendulum,  its  diftance  from  the  point 
of  fufpenfion  is  equal  to  the  length -of  a  fimple  pendu¬ 
lum  whofe  o.fci llations  are  ifochronal  with  thole  of  the 
compound  one. 

-  Centre  of  Preffitre,  of  a  fluid  againft  a  plane,  is  that 
point  .againft  which  a  force  being  applied  equal  and 
contrary  to  the  whole  preffiire,  it  will  juft  fuftain  it,  fo 
as  that  the  body  preffed  on  will  not  incline  to  either 
fide. — Tin's  is  the  fame  as  the  centre  of  percuffion,  fup- 
pofing  the  axis  of  motion  to  be  at  the  interfeftion  of 
this  plane  with  the  fur  face  of  the  fluid  ;  and  the  centre 
of  preffure  upon  a  plane  parallel  to  the  horizon,  or  upon 
any  plane  where  the  preffure  is  uniform,  is  the  lame  as 
the  centre  of  gravity  of  that  plane. 

CENTRO  BAR  ICO,  the  fame  as  centre  of  o-ravitv. 
CENfROBARlC  Method,  is  a  method  of  deter¬ 
mining  the  quantity  of  a  fuidace  or  folid,  by  means  of 
the  generating  line  or  plane  and  its  centre  of  gravity. 
I  he  doftrine  is  chiefly  comprifed  in  this  theorem  : 

Every  figure,  whether  fuperficial  or  folid,  generated 
by  the  motion  of  a  line  or  plane,  is  equal  to  the  pro- 
duft  of  the  generating  magnitude  and  the  path  of  its 
centre  of , gravity,  or  the  line  which  its  centre  of  gra¬ 
vity  deferibes. 

CERUSE,  or  White- lead,  is  a  fubftance  fo  much 
ufed  in  painting,  and  for  other  purpofes,  that  numerous 
modes  have  been  employed  for  the  preparation  of  it. 
Of  the  moft  common  of  thefe,  a  fufficient  account  has 
been  given  in  the  Encyclopaedia  (fee  Ceruse,  and  the 
fame  word  Chemistry-/;^;  ;  but  Lord  Dundonald 
has  dffcovered  a  more  expeditious  and  facile  method 
than  any  of  them,  which  becomes  the  more  ufeful, 
as  the  fubftance  with  which  it  is  effefted  has  been  hi. 
therto  rejefted  by  the  chemical  world  as  a  caput  »<or- 
tuum . 

1  i.is  lordfhip  dire.fts  common  lead  to  be  reduced  to  a 
calx,  but  not  too  fine,  and  to  have  a  proportion  of  five- 
fixth  parts  thereof,  intimately  mixed  with  muriate,  or 
folution  of  potafs.  .  In  this  ftate,  he  direfts  it  to  be 
frequently  ftiired,  in  order  to  have  the  new  furfaces  of 
the  mixture  expofed  to  the  carbonic  acid  of  atmofpheric 
air  ;  as  his  lordfhip  ohferves,  that  the  efftfts  of  the  car¬ 
bonic  acid  on  the  alkali  exiling  in  the  prefent  ftate  of 
the  mixture  is  effentially  neceffary,  in  order  to  effeft  the 
intended  purpofe.  hi  this  ftate,  it  is  to  be  frequently 
fprinkled  with  water  ;  and,  after  the  calx  has  been  long 
enough  irnmerfed  with  the  muriate  to  be  fufficiently  o- 
perated  upon,  the  muriate  is  to  be  levigated  by  com- 
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umbers  mon  water  from  the  calx,  and  to  be  concentrated  by 
1!  evaporation,  in  order  to  be  made  ufe  of  at  a  future  pe- 
haLe*  riod  with  other  calx.  The  calx  is  to  be  afterwards 
1  pround,  levigated,  and  dried  for  ufe. 

For  this  difcovery,  his  lordlhip  obtained  a  patent  on 
the  t  8th  of  Augull  1797  ;  and  the  fuccefs  which  has 
attended  the  former  patents  of  this  fcientihe  nobleman 
leads  us  to  conclude,  that  the  prefent  difcoveiy  is  en¬ 
titled  to  the  attention  of  the  public. 

CHAMBERS  (Sir  William),  the  celebrated  archi¬ 
tect,  was  defeended  of  the  ancient  family  of  Chalmers  in 
Scotland,  batons  of  Tartas,  in  France.  His  grandfather 
fuffered  confiderably  in  his  fortune  by  fupplying  Charles 
XII.  of  Sweden  with  money,  &c.  which  that  monarch 
repaid  hi  bafe  coin.  Sit  William's  father  relided  feveral 
years  in  Sweden  to  recover  his  claims;  and  there  Sir  Wil¬ 
liam  was  born,  and,  at  eighteen  years  of  age,  appointed 
fu pei cargo  to  the  Swedifh  £aft  India  company.  From  a 
voyage  which  he  made  to  China,  he  brought  home  the 
Afiatic  ftyle  of  ornament,  in  tents,  temples,  mofques,  and 
pagodas.  Thefe  ornaments  (through  the  interellof  lord 
Bute)  he  was  enabled  to  apply  in  the  gardens  at  Kew*. 
Patronifed  by  the  prineefs  dowager  and.  the  king,  Mr 
Chambers  had  much  of  the  fafhionable  btilinefs  of  the 
day.  Under  Burke’s  reform,  lie  was  appointed  furvey- 
or  general  of  the  board  of  works.  Somerfet-houfe  was 
worth  to  him  at  lead  L.  2000  a-year.  His  Chef  d’auvres 
are  his  ftaircafes,  particularly  thofe  at  Lord  Befborough’s, 
Lord  Gower’s,  and  the  Royal  and  Antiquarian  Socie¬ 
ties.  The  terrace  behind  Somerfet-houfe  is  a  bold  ef¬ 
fort  of  conception.  His  defigns  for  interior  arrange¬ 
ments  were  excellent.  His  Treatife  on  Civil  Archi¬ 
tecture  alone  will  immortalize  his  name.  In  piivate  life, 
Sir  William  was  hofpitable,  kind,  and  amiable.  His  fon 
married  Mifs  Rodney;  Mr  Cotton,  Mr  Innis,  and  Mr 
Harward,  married  his  beautiful  daughters.  Having 
been  abliemious  in  his  youth,  Sir  William’3  conflitution 
did  not  begin  to  break  till  he  was  feventy  years  of  age. 
For  the  lait  three  years,  he  was  kept  alive  by  wine  and 
oxygenated  air;  and  died  on  the  5th  of  March  1  796. 
His  celebrity  will  be  lading  in  the  works  which  he  has 
left ;  and,  as  he  was  equally  fkilled  in  the  theory  and 
praftice  of  the  arts  which  he  profeffed,  his  precepts  are 
as  valuable  as  his  works.  At  his  death,  he  was  fejlow 
of  the  Royal  and  Antiquarian  Societies,*  treafurer  of 
the  Royal  Academy,  furveyor-general  ot  the  board  of 
works,  and  knight  of  the  Swedifh  order1  of  the  Polar 
Star. 

CHAMFER,  or  Chamferet,  an  ornament,  in  ar* 
chitedhire,  confiding  of  half  a  fcotia ;  being  a  kind  of 
imall  furrow  or  gutter  on  a  column. 

C  FLAP  PE  (jean  d’ Auteroche),  a  French  aftrono- 
mer,.  was  born  at  Mauriac,  in  Auvergne,  March  2.  1728. 
A  tade  for  drawing  and  mathematics  appeared  in  him 
at  a  very  tender  age  ;  and  he  owed  to  Dam  Germain 
a  knowledge  of  the  fird  elements  of  mathematics  and 
aflronomy.  M.  Caffini,  after  affuring  himfelf  of  the 
genius  of  this  young  man,  undertook  to  improve  it. 
He  employed  him  upon  the  map  of  France,  and  the 
tranflation  of  Halley’s  tables,  to  which  he  made  consi¬ 
derable  additions.  The  king  charged  him  in  1753 
with  drawing  the  plan  of  the  county  of  Bitche,  in  Lor¬ 
raine,  all  the  elements  of  which  he  determined  geogra¬ 
phically.  He  occupied  himleif  greatly  with  the  two 
comets  of  1760;  and  the  fruit  of  his  labour  was  his 


elementary  treatife  on  the  theory  of  thofe  comet?,  en-  Ci 
riched  with  obfervations  on  the  zodiacal  light,  and  on 
the  aurora  borealis.  He  foon  after  went  to  i  obolflt,  in 
Siberia,  to  obferve  the  tranfit  of  Venus  over  the  fun; 
a  journey  which  greatly  impaired  his  health.  Ait'er 
two  years  abfence  lie  returned  to  France  in  1762, 
where  he  occupied  himfelf  for  fome  time  in  putting 
in  order  the  great  quantity  of  obfervations  he  hack 
made.  M.  Chappe  alfo  went  to  obferve  the  next  tran- 
lit  of  Venus,  viz.  that  of  1 769,  at  California,  on  the 
weft  fide  of  North  America,  where  he  died  of  a  danger¬ 
ous  epidemic  'difeafe,  the  lit  of  Auguft  1769.  He  had 
been  named  adjundl  aftronomerto  the  academy  the  17th 
of  January  f  759- 

The  publifhed  work's  of  M.  Chappe,  are,  1.  The 
Aftronomical  Tables  of  Dr  Halley,  ‘with  Obfervations 
and  Additions,  in  8vo,  1754.  2.  Voyage  to  Califor¬ 

nia,  to  Obferve  the  Tranfit  of  Venus  over  the  Sun,'  the 
3d  of  June  1769;  in  4to,  1772.  3.  He  had  a  confi- 

derable  number  of  papers  inferted  in  the  Memoirs  of 
the  Academy,  for  the  years  1760,  1761,  1764,  1765, 
17(56,  1767,  and  1768  ;  chiefly  relating  to  aftronomical 
matters. 

Universal  CHARACTERS,  could  they  be  in¬ 
troduced,  would  contribute  fo  much  to  the  diffuiion  of 
ufeful  knowledge,  that  every  attempt  to  make  fuch  a 
feneme  fimple  and  pradlicable  is  at  leaft  entitled  to  no¬ 
tice.  Accordingly,  in  the  Encyclopedia  Britannica ,  un¬ 
der  the  word  Character,  a  fhort  account  is  given  of 
the  principal  plans  of  univerfal  chara&ers  which  had 
then  fallen  under  our  observation;  but  fince  that  article 
was  publifhed,  a  new  method  of  writing,  by  which  the 
various  nations  of  the  earth  may  communicate  their 
fentiments  to  each  other,  has  been  piopofed  by  Thoma x 
Northmore,  Efq;  of  Queen-ftreet,  Mayfair.  It  bears 
fome  refemblance  to  that  which  we  hsive  given  from  the 
Journal  Liter  air  e>  i  7  20,  but  it  is  nor  the  fame  ;  and  of 
the  two,  Mr  Northmore’s  is  perhaps  the  mod  ingenious. 
The  ground- work  of  the  fuperftru£lure  differs  not  in¬ 
deed  from  that  of- the  journalift,  being  this  in  both, 

“  That  if  the  fame  numerical  figure  be  made  to  repre* 
fent  th zfame  word  in  the  vaiious  languages  upon  earth, 
an  univerfal  charader  is  immediately  obtained.”  The 
only  objection  which  our  author  or  his  friends  faw  to 
fuch  a  plan,  originates- in  the  diverfity  of  idioms;  butj 
as  he  truly  obferves,  every  fchoolboy  has  this  difficulty 
to  encounter  as  often  as  he*conftrues  Terence. 

Such  then  was  Mr  Northmore’s  original  plan  :  but  he 
foon  perceived  that  ic  was  capable  of  confiderable  im¬ 
provement;  for,  infieadofufmg  a  figure  for  every  wordj 
it  will  be  neceffary  to  apply  one  only  to  every  ufeful 
word  ;  and  we  all  know  how  few  words  are  abfolutely 
nectflary  to  the  communication  of  our  thoughts.  Even 
thefc  may  be  much  abbreviated  by  the -adoption  of  cer- 
tain  uniform  fixed  figns  (not  amounting  to  above  20), 
for  the  various  cafes,  numbers,  genders,  degrees  of  com* 
parifon,  of  nouns,  tenfes,  and  moods,  of  verbs,  &c  All 
words  of  negation,  too,  may  be  expreffed  by  a  piefixed 
fign.  A  few  inftanccs  will  bell  explain  the  author’s 
meaning. 

Suppofe  the  number  5  to  reprefent  the  word  fee, 

6  — -  — .  a  man , 

7  —  — 

8‘  —  — -  never ? 


Characters, 
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I  would  then  (fays  he)  exprefs  the  tenfes,  genders, 
cafes,  &c.  in  all  languages ,  in  fome  fuch  uniform  manner 
as  following : 


(0 

5 

prefent  tenfe,  — - 

fee, 

(2) 

•5 

= 

perfect  tenfe,  — 

faw, 

(3) 

■5 

n 

perfeB  participle ,  — 

feen, 

(4) 

5- 

= 

prefent  participle ,  — 

feeing, 

(J) 

5- 

future,  —  — 

will  fee, 

(6) 

_5 

fuhjlantive ,  *— 

fight, 

<7) 

perfonal  fuhjlantive,  — — 

fpe&ator. 

(3) 

6 

— 

nominative  cafe,  — 

a  man, 

(9) 

6 

— 

genitive,  *—  — 

of  a  man, 

(10) 

*6 

= 

dative,  —  — 

to  a  man, 

(ir) 

6 

feminine ,  —  — 

a  woman, 

(12)4-6 

= . 

,  plural,  —  * — ■ 

men, 

( *3 ) 

7 

= 

pofitive,  —  — 

happy, 

(h) 

A 

7 

comparative,  — 

happier, 

Oj) 

fA 

7 

fupcrlative,  — 

bappieft, 

7_ 

as  above,  N°  6.  — 

happinefs, 

(16)- 

~7 

negation ,  —  — 

unhappy. 

“  From  the  above  fpecimen,  I  fiiould  find  no  difficul¬ 
ty  in  comprehending  the  following  fentence,  though 
it  were  written  in  the  language  of  the  Hottentots : 

A  /■ — . 

9,  8,  .5,  — 7,  6.  I  never  f aw  a  more  unhappy  woman, 

u  Thofe  languages  which  do  not  ufe  the  pronoun 
prefixed  to  the  verb,  as  the  Greek  and  Roman,  &c. 
may  apply  it,  in  afmSll  chara&er,  fnnply  to  denominate 
the  perfon;  thus,  inftead  of  9,  8,  .5,  I  never  faw  ; 
they  may  write,  8,  p.5,  which  will  fignify  that  the 
verb  is  in  the  firft  perfon,  and  will  {till  have  the  fame 
meaning.*' 

Our  author  feems  confident  that,  according  to  this 
fcheme  of  an  univerfal  character,  about  20  figns,  and 
lefs  than  10,000  chofen  words  (fynonyms  being  fet  a- 
tide),  would  aniwer  all  the  ends  propofed  ;  and  that  fo¬ 
reigners,  by  referring  to  their  numerical  dictionary, 
would  eafily  comprehend  each  other.  He  proceeds  next 
to  fhew  how  appropriate  founds  may  be  given  to  his 
iigns,  and  an  univerial  living  language  formed  from  the 
univerfal  characters. 

To  attain  this  end,  he  propofes  to  diflinguifh  the  ten 
numerals  by  ten  monofyllabic  names  of  eafy  pronuncia¬ 
tion,  and  fuch  as  may  run  without  difficulty  into  one 
another.  To  illuftrate  his  fcheme,  however,  he  calls 
them,  for  the  prefent,  by  their  common  Englifh  names ; 
but  would  pronounce  each  number  made  ufe  of  by  ut¬ 
tering  feparately  its  component  parts,  after  the  manner 
of  accountants.  Thus  let  the  number  6943  reprefent 
the  word  horfe,  he  would  not,  in  the  univerfal  language, 
call  a  horfe  fix  thoufand  nine  hundred  and  forty-three ,  but 
fx,  nine,  four ,  three ,  and  fo  on  for  all  the  words  of  a 
fentence,  making  the  proper  flop  at  the  end  of  each. 
In  the  fame  manner,  a  diftin&  appellation  muff  be  ap 
propriated  to  each  of  the  prefixed  figns,  to  be  pronoun¬ 
ced  immediately  after  the  numeral  to  which  it  is  an  ap¬ 


pendage,  Thus  if  pin  be  the  appellation  or  the  fign  of  Chanfo 
the  plural  number,  ft x,  nine,  four,  three,  plu  will  be^waeti 
horfes. 

“  Thus  (fays  our  author),  I  hope,  it  is  evident  that 
about  30  or  40  diftindt  fyllables  are  fufficient  for  the 
above  purpofe ;  but  I  am  much  miflaken  if  eleven  only 
will  not  anfwer  the  fame  end.  This  is  to  be  done  by 
fubftituting  the  firft  20  or  30  numerals  for  the  figns, 
and  faying,  as  in  algebra,  that  a  term  is  in  the  power  of 
fuch  a  number,  which  may  be  expreffed  by  the  fimple 
word  under .  Ex.  gr.  Ret  6943  reprefent  the  word 
‘horfe  ;  and  fuppofe  4  to  be  the  fign  of  the  plural  num- 
ber,  I  would  write  the  word  thus,  ;  and  pronounce 
it,  fix,  nine, -four,  three,  in  the  power  of  or  under  four. 

By  thefe  means  eleven  diftinCl  appellations  would  be  fuf¬ 
ficient,  and  time  and  ufe  would  much  abbreviate  the 
pronunciation.  ” 

To  ref  ufe  the  praife  of  ingenuity  to  this  contrivance 
for  an  univerfal  language  would  be  very  unjuft;  but  elo¬ 
cution  in  this  manner  would  be  fo  very  tedious,  that 
furely  the  author  himfelf,  when  he  thinks  more  coolly 
on  the  fubjedt,  will  perceive,  that  in  the  living  fpeech 
its  defe&s  would  more  than  balance  its  advantages.  A 
pangraph ,  as  he  calls  his  univerfal  chara&er,  would  in¬ 
deed  be  ufefnl,  and  is  certainly  pradficable  ;  a  panleg  (if 
we  may  form  fuch  a  word)  would  not  be  very  uicful, 
unlefs  it  were  much  more  perfect  than  it  could  be  made 
according  to  the  plan  before  us. 

CHAUMETTE  (Pierre  Gafparine),  though  a  man 
of  talents  and  an  author,  would  hardly  have  deferved  a 
place  in  this  work,  did  not  his  life  and  the  manner  of 
his  death  hold  out  an  awful  warning  againft  thofe  prin¬ 
ciples  which  produced  the  overthrow  of  focial  order  in 
France. 

Fie  was  a  native  of  the  town  of  Nevers,  in  the  Orlea- 
nois ;  and  as  he  rofe  to  the  office  of  recorder  in  Paris, 
few  men  excited  more  attention  in  France  for  a  time,  or 
had  a  more  hateful  tafk  to  perform,  during  the  moil 
tragical  part  of  the  revolution,  than  Chaumette.  Fie 
had  been  bred  to  the  fea;  but  not  relifiilng  that  life,  and 
failing  to  obtain  expe&ed  preferment  therein,  he  quit¬ 
ted  it,  and  lived  by  the  ufe  of  his  pen,  which  he  cer¬ 
tainly  knew  how  to  manage  more  to  his  profit  than  the 
compafs.  He  could,  however,  fpeak  better,  and  more 
fluently,  than  he  could  write.  He  had  alfo  been  em¬ 
ployed  as  a  librarian  and  amanuenfis  to  a  dignitary  of 
the  church,  in  the  diocefe  of  Nivernois;  but  at  the  com¬ 
mencement  of  the  troubles  in  France,  he  was  actually  a 
clerk  to  an  attorney,  and  occafionally  wrote  for  the 
newfpapers,  as  well  as  trifles  for  the  ftage.  He  was 
one  of  the  chief  difciples  of  Camille  Delmoulins,  and 
among  the  firft  who  put  the  tri-coloured  cockade  in  his 
hat  juft  before  the  taking  of  the  Baftille.  He  greatly 
out-ran  that  apoftle  in  zeal  for  the  new  faith;  for  when 
Camille  was  compofing  the  firft  number  of  his  Vieux 
Cordelier,  with  the  hope  of  tranquilifing  the  overheated 
imaginations  of  the  leaders  of  that  great  event,  and  tem¬ 
pering  the  public  rage  againft  the  real  or  fuppofed  ene¬ 
mies  of  the  new  order  of  things,  Chaumette  was  Hid 
farther  inflaming  it,  and  directing  it  in  vengeance  a- 
gainlt  particular  individuals.  It  was  Chaumette  that 
inftigated  the  commune  of  Paris  to  demand  the  trial  of 
the  queen,  and  he  was  of  the  committee  which  prepa¬ 
red  the  charges  and  regulated  the  evidence  againft  that 
ill-fated  woman.  He  was  himfelf  a  witnefs  too  againft 


!hau  rte.her  at  the  revolutionary  tribunal,  and  undertook  to  re- 
primand  M.  la  Tour  Dupin,  lately  war  minifter  to 
Louis  XVI.  for  not  expofing  thofe  parts  of  Antoi¬ 
nette^  conduct,  which,  it  was  infilled  on,  he  was  privy 
to  or  acquainted  with. 

The  rnofl  infamous  part  of  Chaumette’s  condu6t  on 
that  occafion  was  his  accufing  the  queen  of  an  incefiu- 
ous  connexion  with  her  fon.  Even  the  horrid  tribunal 
was  (hocked  at  this  infinuation,  of  which  the  author 
became  inftantly  the  obje&  of  almoft  univerfal  abhor¬ 
rence  ;  and  Robefpierre  himfelf,  under  whole  aufpices 
Chaumette  was  believed  to  a6l,  grew  outrageous  when 
he  was  told  of  a  charge  fo  fcandaloufly  abfurd.  “  The 
fool  (exclaimed  he)  I  was  it  not  enough  that  he  had 
proved  her  a  Meflalina,  but  he  mull  make  her  an  A- 
gnppina  too!”  Of  proof  indeed  there  was  not  much; 
and  the  fevered:  enemy  of  the  beautiful  Antoinette,  if 
his  mind  be  not  wholly  warped  by  prejudice,  will  ad¬ 
mit,  that  by  thefe  brethren  in  iniquity  fhe  was  murder¬ 
ed  under  the  form  of  a  revolutionary  trial. 

Robefpierre  had  fer.fe  enough  to  fee  that  this  abomi¬ 
nable  coridudl  of  Chaumette  would  hurt  the  caufe  in 
which  they  were  both  embarked  ;  and  for  that  reafon 
he  never  forgave  him,  though  he  allowed  the  zeal  to 
continue  to  operate  on  infeiior  obje&s,  till  it  whelmed 
the  zealot  himfelf  in  ruin.  Chaumette  had  credit  now 
with  none  but  the  very  /cum  of  the  revolution  ;  and  fuch 
recrementitious  matter  will  always  be  thrown  off  in  na¬ 
tional  ebullitions  of  this  kind. 

Robefpierre  was  at  this  time  in  the  very  zenith  of  his 
power,  yet  Chaumette  moved  fuch  a  proportion  in  the 
full  commune,  as  gave  realon  to  many  to  believe  that 
he  would  fet  up  as  his  rival  in  the  city.  This  daring 
motion  was  for  uniting  all  the  heads  of  the, 48  fe&ions 
of  Paris  in  one  council ;  a  meafure  that  would  have  fu- 
perfeded  the  force  of  the  legiflature  itfelf,  if  not  its  au¬ 
thority.  This  was  a  project,  conceived  in  common 
with  the  famous  Hebert,  Momora,  and  Mazuel,  and 
would  have  been  aid'ed  in  its  execution  by  the  daring 
Roufin,  who  at  that  time  commanded  a  body  of  the 
arme  revofutionaire. 

How  far  Robefpierre  was  apprifed  of  or  approved 
the  fcheme,  does  not  appear;  many  fhrewd  obfervers  of 
what  was  palling,  feemed  fatisfied  that  it  was  to  have 
been  only  a  prelude  “  to  the  fwclling  a6P*  that  was  to 
follow,  when  the  hero  of  the  piece  was  to  have  been  in 
full  play.  The  majority  of  the  convention  faw  through 


the  veil  which  covered  the  workings  of  the  plot,  and  an- Chaumette 
ticipated  their  own  danger,  fhould  it  be  carried  into  ef-  U  . 
fed.  They,  therefore,  without  lofs  of  time,  annulled  Che"Kn*  r 
the  proceedings  already  had  in  it,  and  declared  all  to  be  ~  V 
rebels  who  fhould  perfift  therein.  Chaumette  appeared 
to  put  a  good  face  on  the  correction.  He  told  the  com¬ 
mune,  011  its  next  meeting,  that  his  proportion  mud  be 
relinquiflied  ;  for  that  the  convention,  with  a  voice  pa¬ 
ternal,  though  fevere,  had  damped  with  nullity  their 
former  refolution,  and  that  it  became  them,  like  dutiful 
children,  to  fubmit.  Hebert,  Momora,  and  Mazuel, 
were  foon  after  accufed  as  traitors,  imprifoned,  tried, 
and  executed;  but  Chaumette  furvived  a  fhort  time 
longer,  as  his  enemies  thought  it  fafer  to  wear  away  by 
degrees  the  remaining  popular  partiality  for  him,  be¬ 
fore  he  fhould  be  druck  at.  He  was  taken  up,  how¬ 
ever,  on  the  26th  of  March  1794,  under  a  charge  of 
confpiiing,  with  the  foregoing  men,  againlt  the  govern¬ 
ment,  and  guillotined  on  the  13th  of  April  following, 
without  the  fmalled  effort,  on  the  part  of  Robefpierre, 
to  fave  him.  Such  is  the  gratitude  and  fuch  the  friend- 
fhip  of  minds  filled  with  univerfal  philanthropy  and  the 
rights  of  man  {  That  Chaumette  and  Robeipitne  were 
dofely  linked  together,  is  known  to  all  who  are  not 
ftrangers  to  the  tranfa&ions  of  that  time  ;  but  when  the 
latter  had  rifen  to  di&atoiial  power  on  the  fhoulders  of 
the  former,  he  kicked  him,  like  a  ufelefs  fcaffold,  *rom 
under  his  feet. 

Chaumette  faid  at  the  place  of  execution,  that  the  re¬ 
volution  had  inflamed  his  imagination,  and  at  times  in¬ 
toxicated  hi*3  brain,  from  the  too  free  gratification  of  his 
vengeance  for  the  perfonal  injuries  he  had  received  He 
faid  alfo,^  that  three  in  fiances  had  come  to  light  of  his 
ariftocratic  and  inveterate  enemies  attempting  his  life; 
and  that  a  defire  of  reprifal,  in  which  he  conceived  the 
fafety  of  the  comm  11  wealth  in  a  meaiure  involved, 
made  him  leek  all  occafions  for  arrogating  power  ;  but 
that  he  never  cherifhed  an  idea  of  poflefling  any  perma¬ 
nent  authority,  not  even  of  a  fccondary  or  fubordinate 
nature.  That  the  revolution  intoxicated  his  brain,  is 
doubtlefs  true  ;  but  that  he  never  afpired  to  permanent 
authority,  is  an  infamous  falfthood. 

CHAUSETRAPPES.  See  Crow's  Feet,  En- 

cy  cl. 

CHEMIN  des  Ronds,  in  fortification,  the  way  of 
the  rounds,  or  a  fpace  between  the  rampart  and  the  low 
parapet  under  it,  for  the  rounds  to  go  about  it. 
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Definition.  T  S  a  fcience,  the  objed  of  which  is  to  afcertain  the 
Jt  ingredients  that  enter  into  the  compofition  of  bodies, 
to  examine  the  nature  of  thefe  ingredients,  the  manner 
in  which  they  combine,  and  the  properties  refulting 
from  their  combination. 

As  an  art,  it  has  been  in  feme  meafurc  coeval  with 
the  human  race  ;  for  many  of  the  moft  important 
branches  of  manufa&ures  could  not  have  been  conduc¬ 
ed  without  at  lead  fome  knowledge  of  chemical  combi¬ 
nations  As  a  fcience,  it  can  hardly  be  dated  farther 
back  than  the  middle  of  the  17th  century;  but  fince 
that  time  it  has  advanced  with  a  rapidity  altogether  un¬ 
precedented  in  the  annals  of  philofophy.  Newton  laid 
its  foundation  ;  and  fince  his  days  an  aim  oft  incredible 
number  of  the  moft  diflinguifhed  names  in  Europe  have 
enlifted  under  its  banners.  So  rapid  has  this  progrefs 
been,  that  though  the  article  Chemistry  in  the  Ency¬ 
clopedia  Britannica  was  written  only  about  ten  years 
ago,  the  language  and  reafoning  of  chemiftry  have  been 
fo  greatly  impioved,  and  the  number  of  iaCs  have  ac¬ 
cumulated  fo  much,  that  we  find  ourfelves  under  the 
necefiity  of  tracing  over  again  the  very  elements  of  the 
a  fcience. 

Importance  Indeed,  if  we  confider  the  importance  of  chemiftry, 

of  chemif-  we  {hall  not  be  fo  much  furprifed  at  the  ardour  with 
which  it  has  been  cultivated.  Asa  fcience,  it  is  inti¬ 
mately  connedfed  with  all  the  phenomena  of  nature; 
the  caufes  of  rain,  fnow,  hail,  dew,  wind,  earthquakes  ; 
even  the  changes  of  the  feafons  can  never  be  explored 
with  any  chance  of  fuccefs  while  we  are  ignorant  of 
chemiftry  :  and  the  vegetation  of  plants,  and  fome  of 
the  moft  important  furi&ions  of  animals,  have  received 
all  their  illuftration  from  the  fame  fource.  No  ftudy 
can  give  us  more  exalted  ideas  of  the  wifdom  and  good- 
nefs  of  the  Great  Firft  Caufe  than  this,  which  fhews  us 
everywhere  the  moft  aftonifhing  effedls  produced  by 
the  moft  fimple  though  adequate  means,  and  dis¬ 
plays  to  our  view  the  gieat  care  which  has  everywhere 
been  taken  to  fecure  the  comfort  and  happinefs  of  every 
living  creature.  As  an  art,  it  is  intimately  connected 
with  all  our  manufactures :  The  glafs-blower,  the  pot¬ 
ter,  the  fmith,  and  every  other  worker  in  metals,  the 
tanner,  the  foap-maker,  the  dyer,  the  bleacher,  are  real¬ 


ly  pra&ical  cliemifts ; -and  the  moft  efiential  improve¬ 
ments  have  been  introduced  into  all  tlicfe  arts  by  the 
progrefs  which  chemiftry  has  made  as  a  fcience.  Agri¬ 
culture  can  only  be  improved  rationally,  and  certainly 
by  calling  in  the  afliftance  of  chemiftry  ;  and  the  ad¬ 
vantages  which  medicine  has  derived  from  the  fame 
fource  are  too  obvious  to  be  pointed  out.  "" 

It  is  evident  from  the  definition  of  chemiftry  that  itAfr 
muft  con f: ft  in  a  hiftory  of  the  fimple  fubftances  which  men 
enter  into  the  compofition  of  bodies,  in  an  inveftigation 
of  the  manner  in  which  thefe  fubftances  combine,  and 
in  a  defeription  of  the  properties  of  the  compounds 
which  they  form.  And  this  is  the  arrangement  which 
we  mean  to  purfue;  referving  to  ourfelves,  however,  the 
liberty  of  deviating  a  little  from  it,  whenever  it  may 
appear  necefiary  for  the  fake  of  perfpicuity.  All  our 
elaffifications  are  in  fadl  artificial;  nature  does  not  know 
them,  and  will  not  fubmit  to  them.  They  are  ufeful, 
however,  as  they  enable  us  to  learn  a  fcience  fooner,  and 
to  remember  it  better ;  but  if  we  mean  to  derive  thefe 
advantages  from  them,  we  muft  renounce  a  rigid  adhe¬ 
rence  to  arbitrary  definitions,  which  nature  difclaims. 

We  {hall  begin  by  an  account  of  the  fimpleft  bodies, 
and  proceed  gradually  to  thofe  which  are  more  com¬ 
pound.  By  fimple  bodies ,  we  do  not  mean  what  the  an¬ 
cient  philofophers  called  the  elements  of  bodies ,  but  mere¬ 
ly  fubftances,  which  have  not  yet  been  decompounded. 
Very  pofiibly  the  bodies  which  we  reckon  fimple  may 
be  real  compounds  ;  but  till  this  has  actually  been  pro¬ 
ved,  we  have  no  right  to  fuppofe  it.  Were  we  acquaint¬ 
ed  with  all  the  elements  of  bodies,  and  with  all  the 
combinations  of  which  thefe  elements  are  capable,  the 
fcience  of  chemiftry  would  be  asperfed  as  pofiible;  but 
at  prefent  this  is  very  far  from  being  the  cafe. 

We  {hall  divide  this  article  into  four  parts.  The  frfl 
part  {hall  treat  of  thofe  bodies  which  are  at  prefent  con¬ 
sidered  as  fimple  ;  the  fecond ,  of  thofe  bodies  which  are 
formed  by  the  union  of  two  fimple  bodies,  and  which 
for  want  of  a  better  word  we  (hall  call  compound  bodies; 
the  third ,  of  thofe  bodies  which  are  formed  by  the  union 
of  two  compound  bodies;  and  the  fourth ,  of  bodies  fuch 
as  they  are  prefented  to  us  by  nature  in  the  mineral,  ve¬ 
getable,  and  animal  kingdoms. 


Part  I.  Of  SIMPLE  BODIES, 


Clafies  of  A  t^ie  bodies  which  are  at  prefent  reckoned  finv 
fimple  bo-  ^  ^  becaufe  they  have  never  been  decompounded, 
dies.  may  be  reduced  into  fix  clafles. 

1.  Oxygen,  4.  Earths, 

2.  Simple  combuftibles,  5.  Caloric, 

3.  Metals,  6.  Light. 

Thefe  {hall  form  the  fubje&s  of  the  fix  following 

chapters. 

Chap.  I.  Of  Oxygen. 

Plate  Take  a  quantity  of  nitre,  or  faltpetre  as  it  is  alfo 
XVUI,  called,  and  put  it  into  a  gun  barrel  A  (fig.  1.),  the 


touch-hole  of  which  has  been  previoufly  clofed  up  with  ^ J 
metal,  this  barrel  is  to  be  bent  in  fuch  a  manner, proco 
that  while  the  clofe  end,  in  which  the  nitre  lies,  is  putcX)£ 
into  the  fire  E,  the  open  end  may  be  plunged  below  the 
furface  of  the  water,  with  which  the  veflel  B  is  filled. 

At  the  fame  time,  the  glafs  jar  D,  previously  filler!  with 
water,  is  placed  on  the  fupport  C,  lying  at  the  bottom 
of  the  veffel  of  water  B,  fo  as  to  be  exadtly  over  the 
open  end  of  the  gun  barrel  A.  As  foon  as  the  nitie 
becomes  hot,  it  emits  a  quantity  of  air,  which  iiTuing 
from  the  end  of  the  gun  barrel,  afeends  to  the  top  of 
the  glafs  jar  D,  and  gradually  difplaces  all  the  water. 
The  glafs  jar  D  then  appears  to  be  empty,  but  is  in  fad 
filled  with  air.  It  may  then  be  removed  in  the  follow- 
2  mg 
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ing  manner :  Slide  it  away  a  little  from  the  gun  barrel 
and  the  fupport,  and  then  dipping  any  fiat  difti  into^  the 
water  below  it,  raife  it  on  it,  and  bear  it  away.  .  The 
ailh  mud  be  allowed  to  retain  a  quantity  of  water  in  it, 

(fee  fig.  2.)  Another  jar  may  then  be  filled  with  air 
in  the  fame  manner;  and  this  proceis  may  be  continued 
either  till  the  nitre  ceafes  to  give  out  air,  or  till  as  ma¬ 
ny  jarfuls  have  been  obtained  as  are  required.  .  This 
method  of  obtaining  and  confining  air  was  firft  invent¬ 
ed  by  Dr  Mayow,  and  afterwards  much  improved  by 
Dr  Hales.  All  the  airs  obtained  by  this  or  any  other 
procefs,  or,  to  fpeak  more  properly,  all  the  airs  differ¬ 
ing  from  the  air  of  the  atmofphere,  have,  in  order  to  di- 
flinguifh  them  from  it,  been  called  gafes,  and  this  name 
we  (hall  afterwards  employ. 

The  gas  which  we  have  obtained  by  the  above  pro¬ 
cefs  was  difeovered  by  Dr  Prieflley  on  the  iff  of  Au- 
guft  i774>  and  called  by  him  dephlogijlicated  air .  Mr 
Scheele  of  Sweden  difeovered  it  in  1775,  without  any 
previous  knowledge  of  what  Dr  Prieftley  had  done  :  he 
gave  it  the  name  of  empyreal  air .  Condorcet,  fo  con- 
fpicuous  during  the  French  revolution,  gave  it  fir  (I  the 
name  of  vital  air;  and  Mr  Lavoifier  afterwards  called  it 
oxygen  gas;  a  name  which  is  now  generally  received,  and 
which  we  fhall  adopt. 

Oxygen  gas  may  be  obtained  likewife  by  the  follow¬ 
ing  procefs  ; 

D  (in  fig.  3.)  reprefents  a  wooden  trough,  the  mfide 
of  which  is  lined  with  lead  or  tinned  copper.  AB  is  a 
fhelf  running  along  the  infide  of  it,  about  three  inches 
from  the  top.  C  is  the  cavity  of  the  trough,  which 
ought  to  be  a  foot  deep.  It  is  to  be  filled  with  water 
at  lead  an  inch  above  the  fhelf  AB.  In  the  body  of 
the  trough,  which  may  be  called  the  ciilcrn,  the  jars 
deftined  to  hold  gas  are  to  be  filled  with  water,  and  then 
to  be  lifted,  and  placed  inverted  upon  the  fhelf  at  B, 
with  their  edges  a  little  over  it.  This  trough,  which  was 
invented  by  Dr  Prieftley,  has  been  called  by  the  French 
chemifts  the  pneumato- chemical,  or  {imply  pneumatic  appa¬ 
ratus,  and  is  extremely  ufcful  in  all  experiments  in  which 
gafes  are  concerned.  Into  the  glafs  veffel  E  put  a  quantity 
of  the  black  oxyd  (a)  of  manganefe  in  powder,  and  pour 
over  it  as  much  of  that  liquid  which  in  commerce  is 
called  oil  of  vitriol ,  and  in  chemiftry  fulphuric  acid ,  as 
will  fomewhat  more  than  cover  it.  T.  hen  infert  into 
the  mouth  of  the  veffel  the  glafs  tube  F,  fo  clofely  that 
no  air  can  efcape  except  through  the  tube.  This  may 
be  done  by  covering  the  joining  with  a  pafte  made  of 
wheat  Hour  and  water,  or  any  other  lute ,  as  fubftances 
ufed  for  fimilar  purpofes  are  called.  fIhe  end.  of  the 
tube  C  is  then  to  be  plunged  into  the  pneumatic  appa¬ 
ratus  D  and  the  jar  G,  previoufly  filled  with  water,  to 
be  placed  over  it  on  the  fhelf.  I  he  whole  apparatus  be¬ 
ing  fixed  in  that  fituation,  the  glafs  veffel  E  is  to  be 
heated  by  means  of  a  lamp  or  a  candle.  A  great  quan¬ 
tity  of  oxygen  gas  ruflies  along  the  tube  F,  and  fills  the 
jar  G.  As  foon  as  the  jar  is  filled,  it  may  be  flid  to  an¬ 
other  part  of  the  fhelf,  and  other  jars  fubftituted  in  its 
place,  till  as  much  gas  has  been  obtained  as  is  wanted. 

1.  Oxygen  gas  is  colourlefs,  and  invifible  like  com- 
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mon  air.  Like  it  too,  it  is  daltic,  and  capable  of  in-  Oxygen, 
definite  expanfjon  and  compreflion 

2.  If  a  lighted  taper  be  let  down  into  a  jar  of  oxygen  supports 
gas,  it  burns  with  inch  fplendor  that  the  eye  can  fcaicely  fume, 
bear  the  glare  of  light,  and  at  the  fame  time  produces 
a  much  greater  heat  than  when  burning  in  common  air. 

It  is  well  known  that  a  candle  put  into  a  well  doled  jir 
filled  with  common  air  is  extinguifhed  in  a  few  feconds. 

This  is  the  cafe  alfo  with  a  candle  inclofed  in  oxygen 
pas ;  but  it  burns  much  longer  in  an  equal  quantity  of 
that  gas  than  of  common  air.  J(J 

3  It  was  proved  long  ago  by  Boyle,  that  animals  can-  And  life* 
not  live  without  air,  and  by  Mayow  that  they  cannot 
breath  the  fame  air  for  any  length  of  time  without  luf- 
focation.  Dr  Prieftley  and  feveral  other  philofophers 
have  fhewn  us,  that  animals  live  much  longer  in  the 
fame  quantity  of  oxygen  gas  than  of  common  air. 

Count  Morozzo  placed  a  number  of  fparrows,  one  after 
another,  in  a  glafs  bell  filled  with  common  air,  and  in¬ 
verted  over  water,  H.  M. 

The  firft  fparrow  lived  -  -  30 

The  fecond  -  -  -  -  0  3 

The  third  ----01 
He  filled  the  fame  glafs  with  oxygen 
peated  the  experiment. 

The  firft  fparrow  lived 
The  fecond 
The  third 
The  fourth 
The  fifth 
The  fixth 
The  feventh 
The  eighth 
The  ninth 
The  tenth 

He  then  put  in  two  together  ;  the  one  died  in  20  mi¬ 
nutes,  but  the  other  lived  an  hour  longer.  IX 

4.  Atmofpherical  air  contains  about  27  parts  in  theExifls  in 
hundred  of  oxygen  gas.  This  was  firft  difeovered  by  atmo" 
Scheele.  It  has  been  proved  by  a  great  number  of  ex-  p^ere' 
periments,  that  no  fubftance  will  burn  in  common  air 
previoufly  deprived  of  all  the  oxygen  gas  which  it  con¬ 
tained  ;  but  combuftibles  burn  with  great  fplendor  m 
oxygen  gas,  or  in  other  gales  to  which  oxygen  gas  has 

been  added.  Oxygen  gas,  then,  is  abfolutely  neceflary 
for  combultion. 

5.  It  has  been  proved  alfo,  by  many  experiments,  that 
no  breathing  animal  can  five  for  a  moment  in  any  air  or 
gas  which  does  not  contain  oxygen  mixed  with  it.  Oxy¬ 
gen  gas  then  is  abfolutely  neceflary  for  refpiration. 

6.  When  fubftances  are  burnt  in  oxygen  gas,  or  in 
any  other  ga3  containing  oxygen,  if  the  air  be  examined 
alter  the  combuftion,  a  great  part  of  the  oxygen  will  be 
found  to  have  difappeared.  If  charcoal,  for  iiiltance, 
be  burnt  in  oxygen  gas,  there  will  be  found,  infttad  of 
part  of  the  oxygen,  another  very  different  gas  known  by 
the  name  of  carbonic  acid  gas.  Exaftly  the  fame  thing 
takes  place  when  air  is  reipired  by  animals  ;  pa  *  l  of  the 
oxygen  gas  diiappears,  and  its  place  is  occupied  by  fub- 
flances  poffeffed  of  very  different  properties.  Oxygen 
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(a)  This  fubftance  fhall  be  afterwards  described, 
ufe  with  bleachers  and  feveral  other  manufacturers. 


It  is  now  very  well  known  in  Britain,  as  it  is  in  common 
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gas  then  undergoes  fome  change  during  combuftion,  as 
well  as  the  bodies  which  have  been  burnt;  and  the  fame 
obfervation  applies  alfo  to  refpiration  (b). 

7.  The  fpecific  gravity  of  oxygen  gas,  as  determined 
by  Mr  Kirwan*,  is  0,00135,  that  of  water  being 
1,0000,  as  is  always  the  cafe  when  fpecific  gravity  is 

'mentioned  abfolutely.  It  is  therefore  740  times  lighter 
than  the  fame  bulk  of  water.  Its  weight  to  atrnoiphe- 
rical  air  is  as  1103  to  1000  :  1  *6  cubic  inches  of  oxy¬ 
gen  gas  weigh  39,03  grains  troy,  116  cubic  inches  of 
common  air,  35,38  grains. 

8.  Oxygen  is  capable  of  combining  with  a  great  num- 
.  her  of  bodies,  and  forming  compounds.  As  the  com¬ 
bination  of  bodies  is  of  the  utmoft  importance  in  che- 
miftry,  before  proceeding  farther  we  {hall  attempt  to 
explain  it.  When  common  fait  is  thrown  into  a  veffel 
of  pure  water,  it  melts,  and  very  foon  fpreads  itfelf 
through  the  whole  of  the  liquid,  as  any  one  may  con¬ 
vince  himfelf  by  the  tafte.  In  this  cafe  die  fait  is  com¬ 
bined  with  the  water,  and  cannot  afterwards  be  fepara- 
ted  by  filtration  or  any  other  method  merely  mechani¬ 
cal.  It  may,  however,  by  a  very  fimpie  procefs:  Pour 
into  the  folution  a  quantity  of  fpirit  of  wine,  and  the 
whole  of  the  fait  inftantly  falls  to  the  bottom. 

Why  did  the  fait  diffolve  in  water,  and  why  did  it 
fall  to  the  bottom  on  pouring  in  fpirit  of  wine  ?  Thefe 
qneflions  were  firft  anfwered  by  Sir  Ifaac  Newton. 
There  is  a  certain  attra&ion  between  the  particles  of 
common  fait  and  thofe  of  water,  which  caufes  them  to 
unite  together  whenever  they  are  prefented  to  one  ano¬ 
ther.  There  is  an  attraffion  alfo  between  the  particles 
of  water  and  of  fpirit  o^  wine,  which  equally  difpofes 
them  to  unite,  and  this  attra&ion  is  greater  than  that 
between  the  water  and  fait  ;  the  water  therefore  leaves 
the  fait  to  unite  with  the  fpirit  of  wine,  and  the  fait,  be¬ 
ing  now  unfupported,  falls  to  the  ground  by  its  gravi¬ 
ty.  Ihis  power,  which  difpofes  the  particles  of  diffe¬ 
rent  bodies  to  unite,  was  called  by  Newton  attraaiony 
by  Bergman,  elcSive  attraaion,  and  by  many  of  the  Ger¬ 
man  and  French  chemiils,  affinity;  and  this  laft  term  we 
fhall  employ,  becaufe  the  other  two  are  rather  general. 
All  fubftances  which  are  capable  of  combining  together 
are  faid  to  have  an  affinity  for[  c)  each  other:  thofe 
fubftances,  on  the  contrary,  which  do  not  unite,  are 
faid  to  have  no  affinity  for  each  other.  Thus  there  is 
no  affinity  between  water  and  oil.  It  appears  from  the 
infiance  of  the  common  fait  and  fpirit  of  wine,  that  fub¬ 
ftances  differ  in  the  degree  of  their  affinity  for  other 
fubftances,  fince  the  fpirit  of  wine  difplaced  the  fait  and 
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united  with  the  water.  Spirit  of  wine  therefore  has  a 
fironger  affinity  for  water  than  common  fak  has. 

In  1719  Geoftroi  invented  a  method  of  reprefenting 
the  different  degrees  of  affinities  in  tables,  which  he 
called  tables  of  affinity .  His  method  confifled  in  pla¬ 
cing  the  fubftances  whofe  affinities  were  to  be  afcertain- 
td  at  the  top  of  a  column,  and  the  fubftances  with  which 
it  united  below  it,  each  in  the  order  of  its  affinity  ;  the 
fubftance  which  had  the  ftrongeft  affinity  next  it,’  and 
that  which  had  the  weakeft  fartheft  diftant,  and  fo  of 
the  reft.  According  to  this  method,  the  affinity  of 
water  for  fpirit  of  wine  and  common  fait  would  be 
marked  as  follow's : 

Water, 

Spirit  of  wine, 

Common  fait. 

This  method  has  been  univerfally  adopted,  and  has  con¬ 
tributed  very  much  to  the  rapid  progrtfs  of  che- 
miftty. 

We  fhall  proceed  therefo.e  to  give  a  table  of  the  af-  Affinities 
Unities  of  oxygen.  oxygen. 

Oxygen, 

Carbon, 

Zinc, 

Iron, 

Manganefe, 

Hydrogen, 

Azot, 

Sulphur, 

Phofphorus, 

Cobalt, 

Nickel, 

Lead, 

Tin, 

Phofphorous  acid. 

Copper, 

Bifmuth, 

Antimony, 

Mercury, 

Silver, 

Arfenic, 

Sulphuious  acid. 

Oil, 

Nitrous  gas, 

Gold, 

White  ox  yd  of  arfenic, 

Muriatic  acid 
Oxyd  of  tin, 


White 

(b)  Mayow  had  in  the  M  century  made  confiderable  progrefs  towards  the  difeovery  of  oxygen  gas.  He  knew 

Co"  LfnS  in°„£ee-a«  7*  hc 5^  He'lnef d.auhii 

s  c  ned  in  nitre  .  Pars  nitn  aerea  nihil  aliud  quam  particuke  ejus  igneo-aerea:  eft .”  He  adds  “  At  non  eft 

W  P  wm  lgne0  aereUm  ‘Pfum  aerem  efIe>  fed  tantum  partem  ejus  majus  aftivam  lubtilem’que.  Quippe 

fcrtTtSr  wWPr  "T  Cf  P  1  ae"S  in  continetur.”  He  knew  ZthatTK 

“  Ex  diftis  certo  eonfttf  refPlratlon*  After  mentioning  feveral  experiments  to  prove  this,  he  adds, 

rrnRni rffir*  refPirando  P^ticulas  quafdam  Vitales  eafque  elafticas  ah  aere  haurire.”  See  his 

r  1 I0-6  ~He  kntW  3,10  that  this  Part  of  the  *  neceffary  t  o  com’ 
ceftareas  efTe.”  Ibid,  p  *6  ’  Part,culas  “‘tro-aereas  non  minus  quam  fulphureas  ad  ignem  confiandum  ne- 

holeLi'ATo  nfe;,0tKCertafin  thlt  **  warranted  by  claflical  authority;  we  have  ventured, 

be  more’perfoicuo’us  as,the.word  this  article  fignilies  a  fpecies  of  attraaion,  we  thought  it  would 

which  come  L.  ^^tj*^*^**  thc  '™“i  th“  “  “  *"“• 


White  oxyd  of  lead  ? 

Nitrous  acid, 

White  oxyd  of  manganefe, 

Water. 

The  reafon  of  this  order  will  appear  when  we  treat 
of  thefe  various  fubftances. 

Chap,  II.  Of  Simple  Combustible  Bodies. 

I  ;  fimple  By  combuflibles ,  we  mean  fubftances  capable  of  com* 
c  butti-  buftion  ;  and  by  fimple  combujliblesy  bodies  of  that  na- 
w*  tnre  which  have  not  yet  been  decompounded.  Thefe 
are  only  five  in  number,  .Sulphur,  Phosphorus, 
Carbon,  Hydrogen,  and  Azot.  Were  we  to  adhere 
ftri&ly  to  our  definition  indeed,  we  fhould  add  all  the 
metals  ;  for  they  are  alfo  combuftfble,  and  have  not  yet 
been  decompounded  :  But  for  the  reafons  formerly 
given,  we  fhall  venture  to  deviate  a  little  from  ftri6l  lo¬ 
gic,  and  confider  them  afterwards  as  a  diftin£l  clafs  of 
fubftances. 

Sect.  I.  Of  Sulphur . 

Sulphur,  diftinguifhed  alfo  in  Englifh  by  the  name 
of  brimJloney  was  known  in  the  earliefi  ages.  As  it  is 
found  native  in  many  parts  of  the  world,  it  could  not 
fail  very  foon  to  attract  the  attention  of  mankind.  It 
was  ufed  by  the  ancients  in  medicine,  and  its  fumes  were 
employed  in  bleaching  wool*. 

Sulphur  is  a  hard  brittle  fubftance,  commonly  of  a 
Jl6  yellow  colour,  without  any  fmell,  and  of  a  weak  though 
nperties  perceptible  tafte. 

fulphur  it  Js  a  non-condu6tor  of  ele&ricity,  and  of  courfe 
becomes  ele&ric  by  fri&ion. 

If  a  conftderable  piece  of  fulphur  be  expofed  to  a 
fudden  though  gentle  heat,  by  holding  it  in  the  hand, 
ourcroy.  for  inftance,  it  breaks  to  pieces  with  a  crackling  noifef . 

Its  fpecific  gravity  is  1,990. 

When  heated  to  the  temperature  of  185°  of  Fahren¬ 
heit,  it  melts  and  becomes  very  fluid.  If  the  tempera¬ 
ture  be  ftill  farther  increafed,  the  fluidity  diminifhes;  bat 
when  the  fulphur  is  then  carried  from  the  fire  and  al¬ 
lowed  to  cool,  it  becomes  as  fluid  as  ever  before  it  con* 
b  Black.  gealst- 

When  fulphur  is  heated  to  the  temperature  of  1 70°, 
it  rifes  up  in  the  form  of  a  fine  powder,  which  may  be 
eafily  colle&ed  in  a  proper  veffd.  This  powder  is  call- 
owersef  flowers  of  fulphur .  When  fubftances  fly  off  in  this 

pfur.  manner  on  the  application  of  a  moderate  heat,  they  are 
called  volatile;  and  the  procefs  itfelf,  by  which  they  are 
raifed,  is  called  volatilization . 

Sulphur  undergoes  no  change  by  being  allowed  to 
remain  expofed  to  the  open  air. 

When  thrown  into  water,  it  does  not  melt,  as  com¬ 
mon  fait  docs,  but  falls  to  the  bottom,  and  remains 
there  unchanged  ;  it  is  therefore  infoluble  in  water.  If, 
however,  it  be  poured,  while  in  a  ftate  of  fufion,  into 
water,  it  affumes  a  red  colour,  and  retains  fuch  a  degree 
of  foftnefs,  that  it  may  be  kneaded  between  the  fingers; 
Fourcrcy,  but  it  lofes  this  property  in  a  few  days*, 
dphur  ca  There  arc  a  gr^at  many  bodies  which,  after  being  dif¬ 
able  of  fclved  in  water  or  melted  by  heat,  are  capable  of  affu- 
'yftalli-  ming  certain  regular  figures.  If  a  quantity  of  common 
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fait,  for  inftance,  be  diffolved  in  water,  and  that  fluid,  Sulphur, 
by  the  application  of  a  moderate  heat,  Le  made  to  fly 
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Le  made  to 

off  in  the  form  of  fleam  ;  or,  in  other  words,  if  the  wa¬ 
ter  be  (lowly  evaporated ,  the  fait  will  fall  to  the  bottom 
of  the  vcffel  in  cubes.  Thefe  regular  figures  are  called 
cryflals.  Now  fulphur  is  capable  of  cryftallizing.  If  it 
be  melted,  and  as  foon  as  its  furface  begins  to  congeal, 
the  liquid  fulphur  beneath  be  poured  out,  the  internal 
cavity  will  exhibit  long  needledhaped  cryflals  of  an  oc¬ 
tahedral  figure.  This  method  of  cryftailizuig  fulphur 
was  contrived  by  Rouelle. 

When  fulphur  is  heated  to  the  temperature  of  30 2°  Converted 
in  the  open  air,  it  takes  fire  fpontaneoufly,  and  burns  by  combufc* 
with  a  pale  blue  flame,  and  at  the  fame  time  emits  a^°.ail*toaa 
great  quantity  of  fumes  of  a  very  ftrong  fuffocating 
odour.  When  heated  to  the  temperature  of  570°,  or 
a  little  higher,  it  burns  with  a  bright  white  flame,  and 
at  the  fame  time  emits  a  vaft  quantity  of  fumes.  If  the 
heat  be  continued  long  enough,  the  fulphur  burns  all 
away  without  leaving  any  allies  or  rtfduum .  If  the 
fumes  be  colle&ed,  they  are  iound  to  confift  entirely  of 
fdphuric  acid.  By  combuftion,  then,  fulphur  is  con¬ 
verted  into  an  acid.  I  his  fa&  was  known  feveral  cen¬ 
turies  ago,  but  no  intelligible  explanation  was  given  of  it 
till  the  time  of  Stahl.  That  chemift  undeitook  the  talk; 
and  founded  on  his  experiments  a  theory  fo  exceeding¬ 
ly  ingenious,  and  fupported  by  fuch  a  vaft  number  of 
fa£fs,  that  it  was  in  a  very  fhort  time  adopted  with  ad¬ 
miration  by  all  the  philofophic  world,  and  contributed 
not  a  little  to  raife  chemiftry  to  that  rank  among  the 
fciences  from  which  the  ridiculous  pretenfio^is  of  the 
early  chemifts  had  excluded  it.  20 

According  to  Stahl,  there  is  only  one  fubftance  inStahl’s  ex¬ 
nature  capable  of  combuftion,  which  therefore  he  called 
Phlogiston  ;  and  all  tliofe  bodies  which  can  be  fet  1 
on  fire  contain  lefs  or  more  of  it.  Combuftion  is  mere¬ 
ly  the  feparation  of  this  fubftance.  Thofe  bodies  which 
contain  none  of  it  are  of  courfe  incombuftible.  All  com- 
buftibles,  except  thofe  which  confift  of  pure  phlogifton 
(if  there  be  any  fuch),  are  compofed  of  an  incombuftible 
body  and  phlogifton  united  together.  During  combuf¬ 
tion  the  phlogifton  flies  off,  and  the  incombuftible  body 
remains  behind.  Now  when  fulphur  is  burnt,  the  fub¬ 
ftance  which  remains  is  fulphuric  aeid,  an  incombuftible 
body.  Sulphur  therefore  is  compofed  of  fulphuric  acid 
and  phlogifton. 

To  eftablifh  this  theory  completely,  it  was  neceffary 
to  (hew  that  fulphur  could  be  actually  made  by  combi¬ 
ning  fulphuric  acid  and  phlogifton  ;  and  this  alfo  Stahl 
undertook  to  perform  Sulphat  of  potafs  is  a  fubftance 
compofed  of  fulphuric  acid  and  potafs  (d),  and  charcoal 
is  a  combuftible  body,  and  therefore,  according  to  the 
theory  of  Stahl,  contains  phlogifton  :  when  burnt,  it 
leaves  a  very  inconfiderable  reiiduum,  and  confequently 
contains  hardly  any  thing  elfe  than  phlogifton.  He 
melted  together  in  a  crucible  a  mixture  of  potafs  and  ful - 
phat  of  potafsy  ftirred  into  it  one- fourth  part  by  weight 
of  pounded  charcoal,  covered  the  crucible  with  another 
inverted  over  it,  and  applied  a  ftrong  heat  to  it.  He 
then  allowed  it  to  cool,  and  examined  its  contents.  The 
charcoal  had  difappeared,  and  there  only  remained  in 
the  crucible  a  mixture  of  potafs  and  fulphur  combined 

together 


(d)  The  nature  of  potafs  fhall  afterwards  be  explained, 
purity. 


It  is  the  potafh  well  known  in  commerce  in  a  ftate  c£ 
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Sulphur,  together,  and  cf  a  darker  colour  than  ufuai,  from  the 
v— r~  refiduum  of  the  charcoal.  Now  there  were  only  three 
fubftances  in  the  crucible  at  firft,  potafs,  fulpliuric  acid, 
and  charcoal:  two  of  thefe  have  difappeared,  and ful¬ 
phur  has  been  found  in  their  place.  Sulphur  then  mull 
have  been  formed  by  the  combination  of  thefe  two. 
But  charcoal  confifts  of  phlogifton  and  a  very  fmall  re- 
fiduum,  which  is  {till  found  in  the  crucible.  The  ful- 
phur  then  mud  have  been  formed  by  the  combination 
„  of  fulphuric  acid  and  phlogifton.  1  his  fimple  and  lu¬ 
minous  explanation  appeared  fo  fatisfa&ory,  that  the 
compofition  of  fulpliur  was  long  confidered  as  one  of 
the  belt  demonftrated  truths  in  cheraiftry. 
tJnfatisfac-  There  are  two  fads,  however,  which  Stahl  either .did 
tory.  not  know  or  did  not  fufficiently  attend  to,  neither  of 
which  were  accounted  for  by  his  theory.  The  fir  ft  is, 
that  fulphur  will  not  burn  if  air  be  completely  exclu¬ 
ded  ;  the  fecond,  that  fulphuric  acid  is  heavier  than  the 
fulphur  from  which  it  was  produced. 

To  account  for  thefe,  or  fads  fimilar  to  thefe,  fuc- 
ceeding  chemifts  refined  upon  the  theory  of  Stahl,  de¬ 
prived  his  phlogifton  of  gravity,  and  even  afiigned  it  a 
principle  of  levity.  Still,  however,  the  neceflity  of  the 
contad  of  air  remained  unexplained.  At  laft  Mr  La- 
voifier,  who  had  already  diftinguifhed  himfelf  by  the  ex- 
tenfivenefs  of. his  views,  the  accuracy  of  his  experiments, 
and  the  precifiomof  his  reafoning,  undertook  the  exa¬ 
mination  of  this  fubjed,  and  his  experiments  were  pub- 
Hfhed  in  the  Memoirs  of  the  Academy  of  Sciences  for 
Real  expla-  1777-  He  put  a  quantity  of  fulphur  into  a  large  glafs 
nation  by  veflel  filled  with,  air,  which  he  inverted  into  another  vef- 
.Xavojfier.  fej  containing  mercury,  and  then  fet  fire  to  the  fulphur 
by  means  of  a  burning  glafs.  It  emitted  a  blue  flame, 
and  gave  out  thick  vapours,  but  was  very  foon  extin¬ 
guished,  and  could  not  be  again  kindled.  There  was, 
however,  a  little  fulphuric  acid  formed,  which  \vas  a 
good  deal  heavier  than  the  fulphur  which  had  difap- 
peared  ;  there  was  alfo  a  diminution  in  the  air  of  the 
veflel  proportional  to  this  increafe  of  weight.  The 
fulphur,  therefore,  during  its  converfion  into  an  acid, 
mull  have  abforbed  part  of  the  air.  He  then  put  a 
quantity  of  fulpliuret  of  iron,  which  confifts  of  fulphur 
and  iron  combined  together,  into  a  glafs  veflel  full  of  air, 
which  he  inverted  over  water  (e).  'Hie  quantity  of  air 
In  the  veflel  continued  diminifliing  for  eighteen  days,  as 
was  evident  from  the  afeent  of  the  water  to  occupy  the 
fpace  which  it  had  left ;  but  after  that  period  no  farther 
diminution  took  place.  On  examining  the  fulphuret,  it 
.was  found  fomewhat  heavier  than  when  firft  introduced 
into  the  veflel,  and  the  air  of  the  veflel  wanted  precifely 
the  fame  weight.  Now  this  ai'r  had  loft  all  its  oxygen; 
all  the  oxygen  of  the  air  in  the  veflel  muft  therefore 
have  entered  into  the  lulphuret.  .Part  of  the  fulphur 
was  converted  into  fulphuric  acid  ;  and  as  all  the  reft  of 
the  fulphuret  was  unchanged,  the  whole  of  the  increafe 
ot  weight  muft  have  been  owing  to  fomethlng.  which 
had  entered  into  that  part  of  the  fulphur  which  was 
converted  into  acid.  This  fo  me  thing  we  know  was 
exygen.  Sulphuric  acid  therefore  .muft  be  compo- 
fed  of  fulphur  and  oxygen  ;  for  as  the  original  weight 
jef  the  whole  contents,  of  the- veflel  remained  exa&ly  the 
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fame,  there  was  not  tlie.’finalleft  rcafon  to  fuppofe  that  Sulphur 
any  fubflance  had  left  the  fulphur.  Vj 

It  is  impofilble,  then,  that  fulphur  can  be  compofed 
of  fulphuric  acid  and  phlogifton,  as  Stahl  fuppoied  ; 
fince  fulphur  itfeif  enters  as  a  part  into  the  compofition 
of  that  acid.  There  muft  therefore  have  been  fome 
want  of  accuracy  in  the  experiment  by  which  Stahl 
proved  the  compofition  of  fulphur,  or  at  lep.il  iome  fal¬ 
lacy  in  his  reafonings  ;  for  it  is  impoflible  that  two  con- 
tradi&ory  fads  can  both  be  true.  Upon  examining  the 
potafs  and  fulphur  produced  by  Stahl’s  experiment,  we 
find  them  to  be  confiderably  lighter  than  the  charcoal, 
fulphuric  acid,  and  potafs  originally  employed.  Some¬ 
thing  therefore  has  made  its  efcape  during  the  applica¬ 
tion  of  the  heat.  And  if  the  experiment  be  conducted 
in  a  clofe  veffel,  with  a  pneumatic  apparatus  attached 
to  it,  a  quantity  of  gas  will  be  obtained  exactly  equal 
to  the  weight  which  the  fubftances  operated  on  have 
loft ;  and  this  weight  confiderably  exceeds  that  of  all 
the  charcoal  employed.  This  gas  is  carbonic  acid  gas, 
which  is  compofed  of  charcoal  and  oxygen,  as  will  af¬ 
terwards  appear.  We  now  perceive  what  pafies  in  this 
experiment:  Charcoal  has  a  ftronger  affinity  for  oxygen 
at  a  high  temperature  than  fulphur  has.  When  char¬ 
coal  therefore  is  prefented  to  fulphuric  acid  in  that 
temperature,'  the  oxygen  of  the  acid  combines  with  it, 
they  fly  off  in  the  form  of  carbonic  acid  gas,  and  the 
fulphur  is  left  behind. 

The  combuftion  of  fulphur,  then,  is  nothing  elfe  than 
the  ad  of  its  combination  with  oxygen  ;  and,  for  any 
thing  which  we  know  to  the  contrary,  it  is  a  fimple 
fubitance.  33 

The  affinities  of  fulphur,  according  to  Bergman,  arcAffiniti<| 
as  follows :  iulphur, 

Lead, 

Tin, 

Silver, 

Mercury, 

Arfenic, 

Antimony, 

Iron, 

Eixed  alkalies, 

Ammonia, 

Barytes, 

Lime, 

Magnefia, 

Phofphorus  ? 

Oils, 

Ether, 

Alcohol. 

Sect.  II.  Of  Phofphorus . 

Xet  a  quantity  of  bones  be  burnt,  or,  as  it  is  term-  pro  !u  l 
ed  in  chemiftry,  calcined,  till  they  ceafe  to  fmoke,  or  of  phoy1 
to  give  out  any  odour,  and  let  them  afterwards  be  re-nts. 
duced  to  a  line  powder.  Put  this  powder  into  a  glafs 
veffel,  and  pour  fulphuric  acid  on  it  by  little  at  a  time, 
till  farther  additions  do  not  caufe  any  extrication  of  air 
bubbles  (f).  Dilute  the  mixture  with  a  good  deal  of 
water,  agitate  it  well,  and  keep  it  hot  for-  fome  hours  ; 
then  pais  it  through  a  filtre.  Evaporate  the  liquid 

flowly 


(e)  This  experiment  was  firft  made  by  Scheele,  but  with  a  different  view. 

(f)  The.  copious  emiffion  of  air  bubbles  is  called  in.chemiltry  ejfervefccncc . 
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.  fiowly  till  a  quantity  of  white  powder  falls  to  the  bottom, 
;  This  powder  muft  be  feparated  by  filtration  and  thrown 

*  rr«.  .  •  •  .1  i.  .  L,»  mAi  «v»  arl  •  <in/1  nrllPtl  - 

away. 


The  evaporation  is  then  to  be  refumed;  and  when. 
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ever  any  white  powder  appears,  the  filtration  mud  be  re~ 
peattd  in  order  to  feparate  it.  During  the  whole  procefs, 
what  remains  on  the  filtre  mud  be  wafhed  with  pure 
water,  and  this  water  added  to  the  liquor.  The  evapo¬ 
ration  is  to  be  continued  till  all  the  rnoifture  difappears, 
and  nothing  but  a  dry  mafs  remains.  Put  this  mafs  in¬ 
to  a  crucible,  and  keep  it  melted  in  the  fire  till  it  ceafes 
to  exhale  fulphureous  odours  ;  then  pour  it  out.  When 
cold  it  affumes  the  appearance  of  a  brittle  glafs.  Pound 
this  o-lafs  in  a  mortar,  and  mix  it  with  one-third  by 
weight  of  charcoal  dud.  Put  this  mixture  into  an 
earthen  ware  retort,  and  apply  a  receiver  containing  a 
little  water.  Put  the  retort  into  a  fand  bath,  and  m- 
creafe  the  fire  till  it  becomes  red  hot.  A  fubdance 
then  pafies  into  the  receiver,  which  has  the  appearance 
oi  melted  wax,  and  which  congeals  as  it  falls  into  the 
water  of  the  receiver.  This  fubdance  is  phofphorus . 

It  was  difcovered  by  Brandt,  a  chemid  of  Hamburgh, 
about  the  year  1667*  while  he  was  employed  in  attempt¬ 
ing  to  extra df  from  human  urine  a  liquid  capable  of  con¬ 
verting  filver  into  gold*.  . 

Kunkel,  another  German  chemid,  hearing  of  the  dii- 
covery,  was  anxious  to  find  out  the  procefs,^  and  for 
that  purpofe  afiociated  himfelf  with  a  triend  01  his  na¬ 
med  Kraft.  But  the  latter  procured  the  fecret  from 
the  difcoverer;  and  expe&ing  by  means  of  it  to  acquire 
a  fortune,  refuted  to  give  any  information  to  Ins  ado* 
date.  Vexed  at  this  treachery,  Kunkel  refolved  to  at¬ 
tempt  the  difcovery  himfelf  \  and  though  he  knew  on¬ 
ly  that  phofphorus  was  obtained  from  urine,  profecuted 
the  inquiry  with  fo  much  zeal,  that  he  fucceeded,  and 
has  been  defervedly  confidered  as  one  of  the  difco- 

verersf.  . 

fhne  Hun -  Boyle  likewife  difcovered  phofphorus.  Leibnitz  m- 

nd  Expert.  c ieed  affirms  that  Kraft  taught  Boyle  tlie  whole  pro- 
**"•  refs,  and  Kraft  declared  the  fame  thing  to  Stahl.  But 
furely  the  affertion  of  a  dealer  in  fecrets,  and  one  who 
had  deceived  his  own  friend,  on  which  the  whole  .of  this 
ftory  is  founded,  cannot  be  put  in  competition  with  the 
affirmation  of  a  man  like  Boyle,  who  was  one  of  the 
honefteft  men,  as  well  as  greateft  philofophers,  of  his 
age ;  and  he  pofitively  affures  us,  that  lie  made  the  dif¬ 
covery  without  being  previoufly  acquainted  with  the 

procefsl.  , 

Gahn,  a  Swedifh  chemift,  difcovered,  in  1709,  that 
phofphorus  was  contained  in  bones  j|,  and.  Scheele  (g) 
B<r  .,very  foon  after  invented  a  procefs  for  obtaining  it  from 
Uu, ,,  them.  Phofphorus  is  now  generally  procured  in  that 
manner.  The  procefs  deferibed  in  the  beginning  ot 
this  fedion  is  that  of  the  Dijon  academicians  :  it  differs 
from  that  of  Scheele  only  in  a  fingle  particular. 

Phofphorus,  when  pure,  is  of  a  clear,  tranfparent, 
yellowifb  colour  ;  but  when  kept  feme  time  in  water,  it 
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becomes  opaque,  and  then  has  a  great  refemblance  to  Phoffihorut 
white  wax.  Its  confidence  is  nearly  that  of  wax  :  it 
may  be  cut  with  a  knife  or  twitted  to  pieces  with  the 
fingers.  It  is  infoluble  in  water.  Its  fptcific  gravity 

18  hmtits  at  the  temperature  of  99°*,  and  even  at  67° 
it  gives  out  a  white  fmoke,  and  is  luminous  in  the  dark,  j,,, 
that  is  to  fay,  it  differs  a  flow  combuftion  :  fo  that  !txxxv.  380^ 
can  only  be  prevented  from  taking  fire  by  keeping  it  in 
a  very  low  temperature,  or  by  allowing  it  to  remain  al¬ 
ways  plunged  in  water.  If  air  be  excluded,  it  evapo- 
rates  at  2190,  and  boils  at  554°+.  When  heated  tot 
122°  (h),  it  burns  with  a  very  bright  flame,  and  gives  converte(j 
out  a  great  quantity  of  white  fmoke,  which  is  luminous  by  combufc 
in  the ^ ark  ;  at  the  fame  time  it  emits  an  odour  which  don 
has  fome  refemblance  to  that  of  garlic.  It  leaves^  no 
refiduum  ;  but  when  the  white  fmoke  is  colle&ed,  it  is 
found  to  be  an  add.  Stahl  confidered  this  acid  as  the 
muriatic  ( i ).  According  to  him,  phofphorus  was  com- 
pofed  of  muriatic  acid  and  phlogifton,  and  the  combuf¬ 
tion  of  it  was  merely  the  reparation  of  phlogifton.  He 
even  declared,  that  to  make  phofphorus,  nothing  more 
was  neceffary  than  to  combine  muriatic  acid  and  phlo- 
giflon  ;  and  that  this  compofition  was  as  ealily  accom-  ,  TiwHj0J<_ 
pli died  as  that  of  fulphur  itfelfjjf.  _  deed  b.xperi* 

Thefe  aflertions  gained  implicit  credit  \  and  the  com  -  me,ts% 
pofition  and  nature  of  phofphorus  were  confidered  as 
completely  underftood,  till  Margraf  of  Berlin  publifhed 
his  experiments  in  the  year  1743*  Bhat  great  man, 
one  of  thofe  illuftrious  philofophers  who  have  contribu¬ 
ted  fo  much  to  the  rapid  increafe  of  the  fcience,  diftin- 
o-uifhed  equally  for  the  ingenuity  of  his  experiments  and 
the  clearnefs  ‘of  his  reafoning,  attempted  to  produce 
phofphorus  by  combining  together  phlogifton  and  mu-  - 
natic  acid  ;  but  though  he  varied  his  procefs  a  thou- 
fand  ways,  prefented  the  acid  in  many  different  dates, 
and  employed  a  variety  of  fubftances  to  furnifh  phlogif- 
ton,  all  his  attempts  failed,  and  he  was  obliged  to  give  jg 
uo  the  combination  as  ineradicable.  On  examining  Into  phof- 
the  acid  produced  during  the  combuftion  of  phofpho  i^.cacub 
rus,  he  found  that  its  properties  were  very  different  from 
thofe  of  muriatic  acid.  It  was  therefore  a  diftind  fub- 
ftance.  The  name  of  phofphoric  acid  was  given  to  it ; 
and  it  was  concluded  that  phofphorus  was  compofed  of 

this  acid  united  to  phlogifton.  *D -r. 

But  it  was  obferved  in  1 772  bY  Morveau  ’  ,hat 
phofphoric  acid  was  heavier  than  the  phofphorus  from  p  ^ 
which  it  was  produced  (k);  and  Boyle  had  long  before 
fliewn  that  phofphorus  would  not  burn  except  when  in 
contaft  with  air.  Thefe  fads  were  fufficient  to  prove 
the  inaccuracy  of  the  theory  concerning  the  compofi¬ 
tion  of  phofphorus  j  but  they  remained  themfelves  un¬ 
accounted  for,  till  Lavoifier  publiftied  thofe  ctlehrated 
experiments,  which  threw  fo  much  light  on  the  nature 
and  compofition  of  acids. 

lie  exbaufted  a  glafs  globe  of  air  by  means  of  an  air- 

pump  ; 


.  .  1.  •  ,  ■  |*r  c  Informs  us,  that  Scheele  was  himfelf  the  difcoverer  of  the  fad.  ffliis,  be  fays, 

clearly  Appears  from  a  printed  letter  of  Scheele  to  Gahn,  who  was  before  looked  upon  as  the  difcoverer.  See 

C,{1)  Morvfau 'chimier  art.  Jffiniti,— According  to  Nicholfon  at  1 60°  Sec  his  Trav/Luwn  of 
Chaptal. 

(1)  This  acid  (hall  be  afterwards  deferibed.  .,  . 

(K)  The  fame  obfervation  had  been  made  by  Margraf,  but  no  attention  was  paid  to  it. 
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Phofphorus  pump  .  and  after  weighing  It  accurately,  he  filled  It 
*  with  oxygen  gas,  and  introduced  into  it  100  grains  of 
phofphorus.  The  globe  was  furnifhed  with  a  Hop* 
cock,  by  which  oxygen  gas  could  be  admitted  at  plea- 
fure.  He  fet  fire  to  the  phofphorus  by  means  of  a 
burning  glafs.  The  combuftion  was  extremely  rapid, 
accompanied  by  a  bright  flame  and  much  heat.  Large 
quantities  of  white  flakes  attached  themfelves  to  the  in¬ 
ner  furface  of  the  globe,  and  rendered  it  opaque  ;  and 
thefe  at  laft  became  fo  abundant,  that  notwithftanding 
the  constant  fupply  of  oxygen  gas,  the  phofphorus  was 
extinguifhed.  The  globe,  after  being  allowed  to  cool, 
was  again  weighed  before  it  was  opened.  The  quantity 
of  oxygen  employed  during  the  experiment  was  ascer¬ 
tained,  and  the  phofphorus,  which  ftill  remained  un¬ 
changed,  accurately  weighed.  The  white  flakes,  which 
were  nothing  elfe  than  pure  phofphoric  acid,  were  found 
exa&ly  equal  to  the  weights  of  the  phofphorus  and 
-29  oxygen,  which  had  difappeared  during  the  procefs. 
Wh:ch  is  Phoip!  3ric  acid  therefore  mull  have  been  formed  by 
ca'  b^  T*  com^natl'°11  °f  thefe  two  bodies ;  for  the  abfolute 
C°n  xCy!.  weight  of  all  the  fubftances  together  was  the  fame  be¬ 
fore  and  after  the  procefs  *.  It  is  impofiible  then  that 
Lavoifiers  phofphorus  can  be  compofed  of  phofphoric  acid  and 
Cbc7n?ftry ,  phlogiflon,  as  phofphorus  ltfelf  enters  into  the  compo- 
chap.  v.  fit™  of  that  acid  (l). 

Thus  the  combuftion  of  phofphorus,  like  that  of  ful- 
phur,  is  nothing  elfe  than  its  combination  with  oxygen  : 
for  during  the  procefs.  no  new  fubftance  appears  except 
the  acid,  accompanied  indeed  with  much  heat  and 
30  light. 

Phof  horns  Phofphorus  combines  readily  with  fulphur,  as  Mar- 
con  bines  graf  discovered  during  his  experiments  on  phofphorus. 

This  combination  was  afterwards  examined  by  Mr  Pel¬ 
letier.  The  two  fubftances  are  capable  of  being  mixed 
in  different  proportions.  Seventy-two  grains  of  phof- 
phoius  and  nine  of  fulphur,  when  heated  in  about  four 
ounces  of  water,  melt  with  a  gentle  heat.  The  com¬ 
pound  remains  fluid  till  it  be  cooled  down  to  770,  and 
then  becomes  folid.  Thefe  fubftances  were  combined 
in  the  fame  manner  in  the  following  proportions  : 

72  Phofphor. 

18  Sulphur 
72  Phofphor. 

3 6  Sulphur 
72  Phofphor. 

72  Sulphur 
72  Phofphor.^ 


with  ful 
phur. 
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congeals  at 

59' 

at 

50' 

at 

41' 

at 

99' 

Phofphorus  and  fulphur  may  be  combined  alfo  by 
melting  them  together  without  any  water;  but  the  com¬ 
bination  takes  place  fo  rapidly,  that  they  are  apt  to 
rufh  out  of  the  veffel  if  the  heat  be  not  exceedingly  mo- 
f  ?elletier>  derate  f.  4 

?Tv7xxlv  Phofphorus  i*  capable  of  combining  alfo  with  many 
3S2.  V*  ot^er  bodies  ^  "l -  1  ’  1  **  '  * 


phnrets. 


the  compounds  produced  are  called  phof 
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The  affinities  of  phofphorus  have  not  yet  been  afcer-  CarU 
tained.  w-y*. 


(l)  ^Fhe  quantity  of  phofphorus  confumed  was 
The  quantity  of  oxygen  gas 


Sect.  III.  Of  Carbon , 

If  a  piece  of  wood  be  put  into  a  crucible,  well  co¬ 
vered  with  fand,  and  kept  red  hot  for  fome  time,  it  is 
converted  into  a  black  fhining  brittle  fubftance,  without 
either  tafte  or  fmell,  well  known  under  the  name  of 
charcoal .  This  fubftance  contains  always  mixed  with 
it  feveral  earthy  and  falinc  particles.  When  freed  from 
thefe  impurities  it  is  called  carbon .  *r 

#  Charcoal  is  infoluble  in  water.  It  is  not  affeded  (pro  Properti 
vided  that  all  air  be  excluded)  by  the  moft  violent  heatof  cartc 
which  can  be  applied,  excepting  only  that  it  is  rendered 
much  harder. 

New-made  charcoal  abforbs  moifture  with  avidity. 

When  heated  to  a  certain  temperature,  it  abforbs  air 
cop  10  it  fly.  La  Metherie  plunged  a  piece  of  burning 
charcoal  into  mercury,  in  order  to  extinguish  it,  and 
introduced  it  immediately  after  into  a  glafs  veffel  filed 
with  common  air.  The  charcoal  abforbed  rour  times 
its  bulk  of  air.  On  plunging  the  charcoal  in  water, 
one-fifth  of  this  air  was  difengaged.  This  air,  on  be¬ 
ing  examined,  was  found  to  contain  a  much  fmaller 
quantity  of  oxygen  than  atmofpherical  air  does.  He 
extinguifhed  another  piece  of  charcoal  in  the  fame  man¬ 
ner,  and  then  introduced  it  into  a  veffel  filled  with  oxy¬ 
gen  gas.  The  quantity  of  oxygen  gas  abforbed  amount¬ 
ed  to  eight  times  the  bulk  of  the  charcoal;  a  fourth 
part  of  it  was  difengagedon  plunging  the  charcoal  into 
water*.  It  appears  from  the  experiments  of  Sennebier,  *  Jwn 
that  charcoal  when  expofed  to  the  atmofphere  abforbs Ph^  xxl 
oxygen  gas  in  preference  to  azotf,  as  the  other  portion?0^ 
of  common  air  is  called.  Cblm  iv 

When  heated  to  the  temperature  of  370°^,  it  takes  261. 
fire,  and,  provided  it  has  been  previoufly  freed  from  the*  Morv\ 
earths  and  falts  which  it  generally  contains,  it  burns 
without  leaving  any  refiduum.  If  this  combuftion  be  %iJl\ 
performed  in  clofe  veffels  filled  with  oxygen  gas  inftead  31 
of  common  air,  part  of  the  charcoal  and  oxygen  difap- p°nvert 
pear,  and  in  their  room  is  found  a  particular  gas  exadly^  an 
equal  tothem  in  weight.  This  gas  has  the  properties  * 
of  an  acid,  and  is  therefore  called  carbonic  acid  gas.  Mr 
Lavoifier,  to  whom  we  are  indebted  for  this  difcovery, 
afcertained,  by  a  number  of  very  accurate  experiments, 
that  this  gas  was  compofed  of  about  28  parts  of  carbon 
and  72  of  oxygen  || . 

Carbon  is  fufceptibie  of. cry  ft  allization.  In  that  ftatelf^s 
it  is  called  diamond.  The  figure  of  the  diamond  varies  P-443, 
con  fide  rably;  but  moft  commonly  it  is  a  hexagonal  prifm  .33  i 
terminated  by  a  fix  Tided  pyramid  When  pure  it  is  co-^T1 
lourlefs  and  tranfparent.  Its  fpecific  gravity  is  from  ^tion. 
3*44  to  3,55.  It  is  one  of  the  hardeft  fubftances  in 
nature  ;  and  as  it  is  not  affeded  by  a  confiderable  heat, 
it  was  for  many  ages  corfidered  as  incombuftible.  Sir 
Ifaac  Newton,  obferving  that  combuftibles  refra&ed 
light  more  powerfully  than  other  bodies,  and  that  the 
diamond  poffeffed  this  property  in  great  perfedion,  fuf. 

_  peded, 


45  grains 
69>37  5 


Weight  of  the  phofphoric  acid  produced  114,375 

ho  p  one  acid  therefore  is  compofed  of  100  parts  phofphorus  and  154  oxygen. 
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petted,  from  that  circum fiance,  that  It  was  capable  of 
combuftion.  This  fingular  conje&ure  was  verified  m 
1694  by  the  Florentine  academicians,  in  the  prefence  of 
Cofroo  III.  grand  duke  of  Tufcany.  By  means  of  a 
burning-glafs,  they  deftroyed  feveral  diamonds.  Fran¬ 
cis  I.  emperor  of  Germany,  afterwards  witneffed  the  de- 
ftruaion  of  feveral  more  in  the  heat  of  a  furnace.  Thefe 
experiments  were  repeated  by  Rouelle,  Macquer,  and 
D’Arcet,  who  proved  that  the  diamond  was  not  merely 
evaporated,  but  actually  burnt,  and  that  if  air  was  ex¬ 
cluded  it  underwent  no  change. 

No  attempt,  however,  was  made  to  afcertain  the  pro- 
dua,  till  Lavoif.er  undertook  a  feries  of  experiments  for 
that  purpofe  in  1772.  He  obtained  carbonic  acid  gas. 

It  might  be  concluded  from  thefe  experiments,  that  the 
diamond  contains  carbon  ;  but  it  was  referved  for  Mr 
Tennant  to  (how  that  it  confided  entirely  of  that  fub- 
ftance. 

Into  a  tube  of  gold,  having  one  end  clofed  and  a 
glafs  tube  adapted  to  the  other  to  colled  the  prodna, 
that  gentleman  put  2 i  grains  of  diamonds  and  a  quar¬ 
ter  of  an  ounce  of  nitre (m).  This  tube  was  heated 
(lowly  ;  the  confequence  of  which  wa?,  that  great  part 
'  of  the  nitric  acid  paffed  off  before  the  diamond  took 
fire,  and  by  that  means  almoff  the  whole  of  the  carbonic 
acid  formed  during  the  combudion  of  the  diamond  re¬ 
mained  in  the  potafs,  for  which  it  has  a  diong  affinity. 
To  afcertain  the  quantity  of  this  carbonic  acid,  he  dif- 
folved  the  potafs  in  water,  and  added  to  the  folution  an¬ 
other  fait  compofed  of  muriatic  acid  and  lime.  Muria¬ 
tic  acid  has  a  dronger  affinity  for  potafs  than  for  lime  ; 
it  therefore  combines  with  the  potafs,  and  at  the  fame 
time  the  lime  and  carbonic  acid  unite  and  fall  to  the 
bottom  of  the  veffel,  becaufe  they  are  nearly  infoluble  in 
water.  He  decatfted  off  the  liquor,  and  put  the,  lime 
which  contained  the  carbonic  acid  gas  into  a  glafs  globe, 
having  a  tube  annexed  to  it.  This  globe  and  tube  he 
then  filled  with  mercury,  and  inverted  into  a  veffel  con¬ 
taining  the  fame  fluid.  The  lime  by  that  means  occu¬ 
pied  the  very  top  of  the  tube.  It  now  remained  to  fepa- 
rate  the  carbonic  acid  from  the  lime,  which  may  be  done 
by  mixing  it  with  any  acid,  as  almoff  every,  other  acid 
has  a  ftronger  affinity  for  lime  than  carbonic  acid  has. 
Accordingly  on  introducing  muriatic  acid,  10,3  ounce 
meafures  of  carbonic  acid  gas,  or  nearly  9,166  grains, 
were  feparated.  But,  according  to  the  experiments  of 
Lavoifier,  this  gas  is  compofed  of  72  parts  of  oxygen  and 
28  of  carbon;  9,166  grains  therefore  contain  2,56  grains 
of  carbon,  winch  is  almoff  precifely  the  weight  of  the 
diamond  confumed  It  follows,  therefore,  that,  it  was 
compofed  of  pure  carbon  *.  The  difficulty  of  burning 
the  diamond  is  owing  entirely  to  its  hardnefs.  Meffrs 
Morveau  and  Tennant  rendered  common,  charcoal  fo 
hard  by  expofing  it  for  fome  time  to  a  violent  fire  in 
clofe  veffel s,  that  it  loft  much  of  its  natural  tendency  to 
combuftion,  and  endured  even  a  red  heat  without  catch¬ 
ing  fire  f . 

Charcoal  poffcffes  a  number  of  fingular  properties, 
Suppl.  Vol.  I.  Part  I. 
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which  render  it  of  confiderable  importance.  It  is  in-  Hydr<^^* 
capable  of  putrifying  or  rotting  like  wood,,  and  is  not 
therefore  liable  to  decay  through  age.  This  property 
has  been  long  known.  It  was  cuftomary  among  the 
ancients  to  char  the  ontfide  of  thofe  (lakes  which  were 
to  be  driven  into  the  ground  or  placed  in  water,  in  or¬ 
der  to  preferve  the  wood  from  fpoiling. .  New  made 
charcoal,  by  being  rolled  up  in  cloths  which  have  con- 
traded  a  difagreeable  odour,  effe dually  deftroys  it.  It 
takes  away  the  bad  taint  from  meat  beginning  to  pu- 
trify,  by  being  boiled  along  with  it.  It  is  perhaps  the 
bed  teeth  powder  known.  Mr  Lowitz  of  Peterfburgli 
has  ffiown,  that  it  may  be  ufed  with  advantage  to  puri¬ 
fy  a  great  variety  of  lubftances.  35 

Carbon  unites  with  a  number  of  bodies,  and  forms  Carburets, 
with  them  compounds  known  by  the  name  of  carburets . 

Its  affinities  have  not  yet  been  afeertained. 


Sect.  IV.  Of  Hydrogen . 

Put  into  a  glafs  veffel  furniffied  with  two  mouths  a 
quantity  of  freffi  iron  filings,  quite  free  from  ruff.  Lute  3$ 
into  one  of  thefe  mouths  the  end  of  a  crooked  glafs 
tube.  Infert  the  other  end  of  this  tube  below  a.  glafs Imogen, 
jar  filled  with  water,  and  inverted  into  a  pneumatic  ap¬ 
paratus.  Then  pour  upon  the  iron  filings  a  quantity  of 
fulphuric  acid,  diluted  with  twice  its  own  weight  of 
water,  and  clofe  up  the  mouth  of  the  veffel.  Imme¬ 
diately  the  iron  filings  and  acid  effervefee  with  violence, 
a  vaft  quantity  of  gas  is  produced,  which  rufhes  through 
the  tube  and  fills  the  jar.  This  gas  is  called  hydrogen 
gas  (n). 

It  was  obtained  by  Dr  Mayovv  and  by  Dr  Hales 
from  various  fubffances,  and  had  been  known  long  be¬ 
fore  in  mines  under  the  name  of  the  fire  damp.  Mr  Ca- 
vendifh*  was  the  firft  who  examined  its  properties  with  * 
attention.  They  were  afterwards  more  fully  inveftiga-  Tranf.1^6. 
ted  by  Prieftley,  Scheele,  and  Fontana. 

Hydrogen,  like  air,  is  invifible  and  elaftic,  and  ca-  37  ^ 
pable  ©f  indefinite  compreffion  and  dilatation. 

Its  fpecific  gravity  differs  according  to  its  purity. 

Kirwan  found  it  0,000 10 f;  Lavoifier.  0,000094 f,  or  pn^ 
about  12  times  lighter  than  common  air.  . 

All  burning  fubffances  are  immediately  extinguifhed  j  iaimfter  s 
by  being  plunged  into  this  gas.  It  is  incapable  there-  Chemijlry, 
fore  of  fupporting  combuftion.  Appendix. 

Animals,  when  they  are  obliged  to  breathe  it,  die  ai¬ 
med  inftantaneoufly.  Scheele  indeed  found  that  he 
could  breath  it  for  fome  time  without  inconvenience  \  Scheele  on 
but  Fontana,  who  repeated  the  exper  iment,  difeovered  Fire. 
that  this  was  owing  to  the  quantity  of  common  air  con¬ 
tained  in  the  lungs  when  he  began  to  breathe  ;  for  on 
expiring  as  ftrongly  as  poffible  before  drawing  in  the 
hydrogen  gas,  he  could  only  make  three  refpirations, 
and  even  thefe  three  produced  extreme  feeblenefs  and 
oppreffion  about  the  bread  de 

If  a  phial  be  filled  with  hydrogen  gas,  and  a  lighted  xv.99 

v  candle  be  brought  to  its  mouth,  the  gas  will  take  fire, 
and  burn  gradually  till  it  is  all  conTumed.  If  hydro- 
E  e  gen 


f.  ,K)  Nitre  Is  compofed  of  potafs  and  nitric  acid  ;  and  nitric  acid  contains  a  great  quantity  of  oxygen,  which 
is  eaffly  feparated  byP  heat.  Diamond,  when  mixed  with  nitre,  burns  at  a  much  lower  heat  than  by  any  other 

Pr°(CN )  ft  was  formerly  called  inflammable  air ,  and  by  fome  chemifts  phlogifton. 


2l8 


Hy*>o<?en.  gen  and  oxygen  gas  be  mixed  together  and  kindled, 
they  burn  inftantaneoufly,  and  produce  an  explofion 
like  gunpowder.  The  fame  effeCt  follows  when  a  mix¬ 
ture  of  hydrogen  gas  and  atmofpherical  air  is  kindled, 
but  the  explofion  is  lefs  violent.  Hydrogen  gas  will 
not  burn  except  in  contact  with  oxygen  gas,  nor 
will  it  burn  even  in  contact  with  oxygen  gas,  unlefs  a 
red  heat  be  applied  to  it.  If  85  parts  by  weight  of 
oxygen  gas,  and  1  9  of  hydrogen  gas,  be  mixed  toge¬ 
ther,  and  fet  on  fire  in  a  clofe  veffel,  they  difappear, 
and  in  their  place  there  is  found  a  quantity  of  water 
exactly  equal  to  them  in  weight.  This  water  muff  be 
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part  of  the  remaining  fulphur,  for  which  it  has  a  con-  Hydroger 


fiderable  affinity. 

The  fpecific  gravity  of  fulphurated  hydrogen  gas  is 


0,00135*;  it  is  to  common  air  as  1  106  to  1000. 


'  Kir  wan 


It  has  a  very  fetid  odour,  precifely  fmilar  to  that^i^V# 


left.  Ift. 


38 

Competi¬ 


tion  of  wa-compofed  of  thefe  two  gafes  ;  for  it  did  not  previoufly 


ter. 


Encyct. 

Metlcd. 
Cbtm. 


exift  in  the  veffel,  and  no  other  fubftance  except  the 
gafes  was  introduced.  Water  then  is  compofed  of  oxy¬ 
gen  and  hydrogen  ;  and  the  combuftion  of  hydrogen  is 
nothing  elfe  but  the  a£t  of  its  combination  with  oxy- 
gen(o). 

It  had  been  fuppofed,  in  confequence  of  the  experi¬ 
ments  of  Dr  Prieitley  and  feveral  other  philofophers, 
that  when  hydrogen  gas  was  allowed  to  remain  in  con¬ 
tact  with  water,  it  was  gradually  decompofed,  and  con¬ 
verted  into  another  gas;  but  Mr  de  Morveau*,  Mr 
f  Ann'de*  Haflenfratzf,  and  Mr  LibesJ,  have  fhewn,  that  it  un- 
Cbim.i,  192.  dergoes  110  change,  provided  fufficient  care  be  taken  to 
t  Jour,  de  exclude  every  other  gas. 

fbyf.xxxv  1  Hydrogen  gas  diffolves  fulphur,  phofphorus,  and  car- 
41  ^  bon.  The  compounds  are  called  fulphurated ,  phofphora- 

Compoui;ds^>  and  carbonated  hydrogen  gas . 

of  hydro-  1.  Sulphurated  hydrogen  gas  was  firft  examined  with 
gen  gas.  attention  by  Scheele >  who,  together  with  Bergman,,  dis¬ 
covered  many  of  its  properties.  Mr  Kirwan  lfkewife 
publiftied  a  very  valuable  paper  on  the  fame  fubjeCt. 

4°  ff  equal  parts  of  fulphur  and  potafs  be  melted  together 
ted  hydro*  a  covered  crucible,  they  combine  together,  and  form 
gen  gas.  a  compound  known  by  the  name  of  fulphur  et  of  potafs , 
but  formerly  called,  from  its  red  colour,  hepar  fulphur  is, 
or  liver  of  fulphur.  When  this  fubftance  is  moiftened 
with  water,  it  gives  out  a  quantity  of  fulphurated  hy¬ 
drogen  ga3;  hence  this  gas  was  at  firft  called  hepatic  gas. 

Mr  Gengembie  enclofed  a  bit  of  fulphur  in  a  glafs 
veflel  filled  with  hydrogen  gas,  and  melted  the  fulphur 
by  means  of  a  burning  glafs.  A  quantity  of  it  difap- 
peared,  and  the  hydrogen  affumed  all  the  properties  of 
hepatic  gas.  Hence  it  follows  that  this  gas  is  merely 
fulphur  diffolved  in  hydrogen  gas. 

The  eafieft  method  of  obtaining  it  is  to  pour  an 
acid,  the  muriatic  for  inftance*  on  a  quantity  of  the 
fulphuret  reduced  to  powder.  An  effervefcence  takes 
place,  the  gas  is  extricated,  and  may  be  collected  by 
means  of  a  pneumatic  apparatus.  The  theory  of  this 
emiffion  is  obvious.  The  fulphur  is  gradually  convert¬ 
ed  into  fulphuric  acid,  by  decompofing  the  water,  which 
k  always  united  with  acids,  and  feizing  its  oxygen  ; 
the  hydrogen  of  the  water  is  thus  fet  at  liberty  ;  it  af- 
fumes  the  gafeom  form,  and  at  the  fame  time  diflolves 


emitted  by  rotten  eggs,  which  indeed  is  owing  to  the 
e million  of  the  very  fame  gas. 

It  is  not  more  refpirable  than  hydrogen  gas.  When 
fet  on  fire,  in  contact  with  oxygen  gas,  it  burns  with  a 
light  blue  flame,  without  exploding,  and  at  the  fame 
time  a  quantity  of  fulphur  is  depofited.  The  combuf¬ 
tion  of  this  gas,  then,  is  merely  the  union  of  its  hydro¬ 
gen,  and  perhaps  part  of  its  fulphur,  with  oxygen. 

This  gas  turns  fyrup<  of  violets  to  a  green  colour 
It  does  not  feem  capable  of  exift ing  in  atmofpherical 
air  without  decompofition  ;  for  the  moment  it  comes 
into  contact  with  oxygen  gas,  fulphur  is  depofttedf.  f  Bergman, 

2.  Phofphorated  hydrogen  gas  was  difeovered  by  Mr  4i 
Gengembre  in  1783,  and  by  Mr  Kirwan  fome  time  af« 
ter,  before  he  became  acquainted  with  the  experiments gen  gas,  ’ 
of  that  gentleman^  It  may  be  procured  by  mixing 
phofphorus  with  potafs  dilfolved  in  water,  and  applying 
a  boiling  heat  to  the  folution.  The  phofphorus  is  gra- 
dually  converted  into  an  acid  by  decompofing  the  wa¬ 
ter,  and  uniting  with  its  oxygen.  The  hydrogen  af- 
fumes  the  form  of  a  gas,  and  flies  off  after  diffolving  a 
little  of  the  phofphorus.  This  gas  may  be  collected  by 
means  of  a  pneumatic  apparatus. 

Phofphorated  hydrogen  gas  has  a  fmell  refembling 
that  of  putrid  fifh.  When  mixed  with  oxygen  gas  or 
common  air,  it  becomes  luminous;  and  on  the  applica¬ 
tion  of  the  fmalleft  heat,  it  burns  with  aftonifhing  rapi¬ 
dity.  J.  The  produ&s  are  water  and  phofphoric  acid. 4  Klrzvan> 
The  combuftion  of  this  gas  therefore  is  nothing  elfe 
than  the  union  of  its  phofphorus  and  hydrogen  with 
oxygen,  attended  by  an  emiffion  of  heat  and  light. 

Phofphorated  hydrogen  gas  may  alfo  be  formed  by 
introducing  a  bit  of  phofphorus  into  a  jar  containing 
hydrogen  ga3;  but  care  mult  be  taken  to  make  this  gas 
as  dry  as  poffible  ;  for  its  affinity  with  phofphorus  is 
weakened  in  proportion  to  its  moifture  ||,  j 

3.  Carbonated  hydrogen  gas  arifes  fpontaneoufly  inA  N'M-y 
hot  weather  from  marfhes,  but  always  mixed  with  feve--/*™  s.7ourf 
ral  other  gafes.  Several  fpecies  of  it  have  been  lately na  9 I 
difeovered  by  the  aftbeiated  Dutch  chemifts  Bondt, 

Dieman,  Van  Trooftwyck,  andLauwcrenberg$.  When  $  Ann.  ds 
75  parts  of  fulphuric  acid  and  25  of  fpirit  of  wine  are  CA/».xxi. 
mixed  together,  a  gas  is  extricated  which  fuffers  no  alli¬ 
teration  from  (landing  over  water.  Its  fpecific  gravity  4* 
is  0,001 11,  or  it  is  to  common  air  as  909  to  1000.  .ItF^on^e 
has  a  fetid  odour,  and  burns  with  a  ftrong  compaCigas.  S 
flame.  When  pafted  through  fulphur  it  is  converted  in¬ 
to  fulphurated  hydrogen  gas,  and  at  the  fame  time  a 
quantity  of  carbon  is  depofrted  in  the  form  of  a  fine 
powder  ;  it  muft  therefore  be  compofed  of  carbon  and 
hydrogen  gas.  When  burnt,  the  produCl  is  carbonic 
2  acid 


Brugnstel 


1 


(o)  The  hiftory  of  this  great  difeovery,  and  the  obje&ions  which  have  been  made  to  it,  we  referve  for  the 
chapter  which  tieats  of  Water,  where  they  will  be  better  underftood  than  they  could  be  at  prefent.  This  fub¬ 
ftance  was  called  hydrogen  by  the  French  chemifts.  becaufe  it  enters  into  the  compoiition  of  water,  from  wa- 
fet,  and  ?'lvo<uai  J  am  born .  Objections  have  been  made  to  the  propriety  of  the  name,  into  which  we  fhall  not 
enter.  It  ought  never  to  be  forgotten,  that  Newton  had  long  before,  with  a  fagacity  almoft  greater  than  human* 
conjectured,  from  its  great  refrafting  power,  that  water  contained  a  combuflible  fubflance 


h  t 

l^gen  acid  gas  and  water*. 


/, 

ft 
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ae,u  K«  .....  -..w.  .  By  making  cther(  p )  pafs  thro’ 
a  red  hot  glals  tube,  another  carbonated  hydrogen  gas 
was  formed,  the  fpecific  gravity  ot  which  was  0,00086. 
Spirit  of  wine,  palled  in  the  lame  manner,  afforded  a 
rr as,  the  fpecific  gravity  of  which  w^s  0,00053,  and 
which  burned  with  a  paler  flame  than  the  other  two. 
Thefe  gafes  were  found  to  contain  from  80  to  74  parts 
of  carbon,  and  from  20  to  26  of  hydrogen.  The  fir (l 
fpecies  was  found  to  contain  moft  carbon,  and  the  laff 

to  contain  leaftf.  r  ,  r  ,  .  r 

The  affinity  of  hydrogen  gas  for  thefe  three  combuf- 
ities oftibicg  is  as  follows: 

2af€S*  Sulphur, 

Caibon, 

Phofphorus(oJ. 

Dr  Auftin  found,  that  by  repeatedly  palling  ele&ric 
explofions  through  a  fmall  quantity  of  carbonated  hy¬ 
drogen  gas,  it  was  permanently  dilated  to  more  than 
twice  its  original  bulk.  He  rightly  concluded,  that 
this  remarkable  expanfion  could  only  be  owin.r  to  the 
evolution  of  hydrogen  gas.  On  burning  air  thus  ex¬ 
panded,  he  found  that  it  required  a  greater  quantity  of 
mofe°oxV£en  than  the  fame  quantity  of  gas  not  dilated  by 
ele&ricity  :  An  addition  therefore  had  been  made  to 
the  combuliible  matter  ;  for  the  quantity  of  oxygen 
neceffary  to  complete  the  combuftion  of  any  body,  is 
always  proportional  to  the  quantity  of  that  body.  He 
concluded  from  thefe  experiments,  that  he  had  decom- 
pofed  the  carbon  which  had  been  diffolved  in  the  hy¬ 
drogen  gas  ;  and  that  carbon  was  compofed  of  hydro¬ 
gen  and  azot(a),  fome  of  which  was  always  found  in 
the  vefftl  after  the  dilated  gas  had  been  burnt  by  means 
of  oxygen  If  this  conclufion  be  fairly  drawn,  we 
rnuil  expunge  carbon  from  the  lift  of  fimple  fubftances, 
;nf.  ixxx.and  henceforth  confider  it  as  a  compound. 

There  was  one  circumftance  which  ought  to  have 
45  prevented  Dr  Auffir  from  drawing  this  conclufion,  at 
unined,  ]eaft  till  warranted  by  more  decifive  experiments.  I  be 
quantity  of  combuftible  matter  had  been  increafed. 
Now,  if  the  expanfion  of  the  carbonated  hydrogen  gas 
was  owing  merely  to  the  decompofition  of  carbon,  no 
fuch  incieafe  ought  to  have  taken  place,  but  rather  the 
contrary  ;  for  the  carbon,  which  was  itfelf  a  combuftible 
fubftance,  was  refolved  into  two  ingredients,  hydrogen 
and  azot,  only  the  firft  of  which  burnt  on  the  addition 
uof  oxygen  and  the  application  of  heat.  Dr  Auftin  3 
experiments  have  been  lately  repeated  by  Mr  W  uliam 
Henry  with  a  great  deal  of  accuracy  *.  .  He  found, 
p  that  the  dilatation  which  Dr  Auftin  deferibes  a£tually 
«/.  1797  took  place,  but  that  it  could  not  be  carried  beyond  a 
t  2d. 


III, 
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certain  degree,  a  little  more  than  twice  the  ordinal 
bulk  of  the  gas.  Upon  burning  feparately  by  means  ot 
oxvgen,  two  equal  portions  of  carbonated  hydrogen  gas, 
one  of  which  had  been  expanded  by  eleftricity  to 
double  its  original  bulk,  the  other  not,  he  found  that 
each  of  them  produced  precifely  the  fame  quantity  or 
carbonic  acid  gas.  Both  therefore  contained  the  lame 
quantity  of  carbon  ;  confequently  no  carbon  had  been 
decompounded  by  the  ele&ric  (hocks.  .  *  * 

Mr  Henry  then  fufpe&ed  that  the  dilatation  was  ow.  And  found 
ing  to  the  water  which  every  gas  contains  in  a  l?.kgei  -  . UccwS" 
or  fmaller  quantity.  To  ai'certain  this,  he  endeavoure 
to  deprive  the  caibonated  hydrogen  ras  of  as  much  wa¬ 
ter  as  poffible,  by  making  it  pafs  over  very  dry  potafis, 
which  attra&s  water  with  avidity.  Gas  treated  i"  this 
manner  could  only  be  expanded  one  iixth  of  its  bulk  ; 
but  on  admitting  a  drop  or  two  of  water,  the  expanfion 
went  on  as  ufual.  The  fubftance  decompounded  by  the 
ele&ricity,  then,  was  not  the  carbon,  but  the  water  in 
the  carbonated  hydrogen  gas.  Nor  is  it  difficult  to  fee 
in  what  manner  this  decompofition  is  effected.  Carbon 
at  a  high  temperature  has  a  greater  affinity  for  oxygen 
than  hydrogen  has  ;  for  if  the  fteam  of  water  be  made 
to  pafs  over  red  hot  charcoal,  it  is  decomposed,  and  car¬ 
bonic  acid  and  hydrogen  gas  are  formed.  The  eledbic 
exoloiion  fupplies  the  proper  temperature  ;  the  carbon 
unites  with  the  oxygen  of  the  water,  and  forms  carbo¬ 
nic  acid  ;  and  the  hydrogen,  thus  fet  at  liberty,  occa- 
fions  the  dilation.  Carbonic  acid  gas  is  abforbed  with 
avidity  by  water :  and  when  water  was  admitted  into 
700  ir.eafures  of  gas  thus  dilated,  100  meafures  were  ab¬ 
forbed  ;  a  proof  that  carbonic  acid  gas  was  actually 
prefent.  As  to  the  azot  which  Dr  Auftin  found  in  his 
dilated  gas,  it  evidently  proceeded  from  the  admiffiou 
of  fome  atmofpheric  air,  about  73  parts  of  •which  in  the 
100  confift  of  this  gas  :  for  Dr  Auftin’s  gas  had  itood 
W  over  water  ;  and  Drs  Prieftley  and  Higgins  have 
(hewn  that  air  in  fuch  a  fituation  always  becomes  im¬ 
pregnated  with  azot. 

The  affinities  of  hydrogen  have  not  yet  been  a^cer'^^nit,es  0f 
tained,  but  peihaps  they  a^e  as  iollows:  hydrogen. 

Oxygen, 

Carbon, 

Azot. 

Sect.  V.  Of  Azot. 

If  a  quantity  of  iron  filings  and  fulphur,  mixed  toge-  4§ 
ther  and  moiftened  with  water,  be  put  into  a  glafs  vdielMcthod  of 
full  of  air,  it  will  abforb  all  the  oxygen  in  the  courfe  oiprocming 
a  few  days  :  but  a  coniiderable  refiduum  of  air  ft  ill  re-azut. 

£  e  2  ™ams 


It 


{  p)  Ether  is  a  very  volatile  and  fragrant  liquid,  obtained  by  mixing  fpirit  of  wine  and  acids,  and  dialing 

ft  all  be  afterwards  deferibed.  vas  •  therefore  its  affinity  is  greater  than  that  of  carbon.  The 

Ditch  SSgt  carbonated  hyd.Qgen  gas,  but  no  change  was  produced  ,  therefore  the 

hydrogen  gas  was  compofed  of  hydrogen  and  azot, 
i  k  r  j  v-nrKonated  hvdiogen  nas,  which  comes  nearly  to  the  fame  thing  with  legaid  to  the  ele- 

and  carbon  of  azot  and  “fat  though  Dr  Auftin  would  not  allow  the  prefence  of  carbon  in  car- 

merits  of  caibon.  I  ,  8  ,,  dgc’mpofed  it  by  melting  fulphur  in  it :  the  fulphur  combined  with  the  hy- 

drof/n  galfS  quantity  of  carbon  was  precipitated.  This  experiment  he  relates  without  malting  any  remarks 
upon  it,  and  feems Indeed  not  to  have  paid  any  attention  to  it. 
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mains  incapable  of  any  farther  diminution.  This  refi- 
dnum  has  obtained  the  appellation  of  azotic  gas. 

It  was  difcovered  in  1772  by  Dr  Rutherford,  now 
profefTor  of  botany  in  the  univerfity  of  Edinburgh  (  s). 
Scheele  procured  it  by  the  above  procefs  as  early  as 
1776,  and  proved  that  it  was  a  diftinCt  fluid.  Mr  La- 
voifier  afterwards  proved  the  fame  thing,  without  any 
previous  knowledge  of  Scheele’s  difcoveries. 

The  air  of  the  atmofphcre  contains  about  ,73  parts  of 
azotic  gas  :  almoft  all  the  reft  is  oxygen  gas.  The  ea- 
iiefl  method  of  procuring  azotic  gas  is  to  put  fome  ful- 
phnret  of  potals  into  a  glafs  veflel  filled  with  air,  and 
accurately  clofed,  and  then  to  apply  heat  to  the  fulphu- 
ret.  All  the  oxygen  is  abforbed  almoft  inftantly.  This 
method  was  firft  pointed  out  by  Morveau*. 

Mr  Kirwan  examined  the  fpecific  gravity  of  azotic 
gas  obtained  by  Scbeele’s  procefs;  it  was  0,001 20: 
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it  is  therefore  fomewhat  lighter  than  the  atmofpheric 
air,  it  is  to  atmofpheric  air  as  985  to  1000  ]|. 

It  tinges  delicate  blue  colours  flightly  with  green  t. 
It  is  exceedingly  noxious  to  animals  ;  if  they  are  obi i- 
ties^n  ' ei*  t0  refy‘re  they  drop  down  dead  almoft  inftant- 
4  Fourcroy ,  ly  (t).  No  combuflible  will  burn  in  it.  This  is  the 
sinn.  de  reafon  that  a  candle  is  extinguffhed  in  atmofpherical  air 
Cbim.  i.  45-?.s  foon  as  the  oxygen  near  it  is  confumed.  Mr  Goett- 
ling,  indeed,  published,  in  1794,  that  phofphotus  fhone, 
and  was  converted  into  phofphoric  acid,  in  pure  azotic 
gas.  W ere  this  the  cafe,  it  would  not  be  true  that  no 
combuftible  burns  in  this  gas;  for  the  conveifion  of  phof- 
phorus  into  an  acid,  and  even  its  (himng,  is  an  adlual 
though  flow  combuftion.  Mr  Goettling’s  expei iments 
were  foon  after  repeated  by  Drs  Scherer  and  Jaeger, 
who  found,  that  phofphorus  does  not  fhine  in  azotic  gas 
when  it  is  perfectly  pure  ;  and  that  therefore  the  gas 
on  which  Mr  Goettling’s  experiments  were  made  had 
contained  a  mixture  of  oxygen  gas,  owing  principally 
to  its  having  been  only  confined  by  water.  Thefe  re- 
fults  were  afterwards  confirmed  by  ProfefTor  Lampadius 
and  ProfefTor  Hildebrandt.  It  is  therefore  proved  be¬ 
yond  a  doubt,  that  phofphorus  does  not  burn  in  azotic 
gas,  and  that  whenever  it  appears  to  do  fo,  there  is 
| Kicholfons  always  fome  oxygen  gas  prefent  f . 

Journal)  ii.  Azotic  gas  is  capable  of  diffolving  phofphorus,  as 
has  been  proved  by  the  experiments  of  Fourcroy  and 
Vauquelin. 

It  difiblves  alfo  a  little  carbon  :  for  azotic  gas  ob¬ 
tained  from  animal  fubtlances,  which  contain  a  great 
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deal  of  azot,  when  confined  long  in  jars,  depofits  on  the  Azot.  jl 
Tides  of  them  a  black  matter  which  ha3  the  properties  M 

of  carbon  ||.  #  *  |j  Fourm 

rPhefe  two  folutions  the  properties  of  which  have  not  dnn.de 
yet  been  accurately  examined,  are  called  pbofphorated C!jim' 1 4 
and  carbonated  azotic  gas.  $  r 

Azotic  gas  is  capable  of  combuftion.  Take  a  glafs  Product’ll 
tube,  the  diameter  of  which  is  about  the  fixth  part  ofof.nit|,k 
an  inch  ;  fhut  one  of  its  ends  with  a  cork,  through  theacui*  a 
middle  of  which  pafles  a  fmall  wire  with  a  ball  of  metal 
at  each  end.  Fill  the  tube  with  mercury,  and  then 
plunge  its  open  end  into  a  bafon  of  that  fluid.  Throw 
up  into  the  tube  as  much  of  a  mixture,  compofed  of  13 
parts  of  azotic  and  87  parts  of  oxygen  gas,  as  will  fill 
3  inches.  Through  this  gas  make,  by  means  of  the 
wire  in  the  cork,  a  number  of  ele&ric  explofions  pafs.  | 
The  volume  of  gas  gradually  diminifhes,  and  in  its  place 
there  is  found  a  quantity  of  nitrous  acid.  This  acid, 
therefore,  is  compofed  of  azot  and  oxygen  :  and  thefe 
two  fubftances  are  capable  of  combining,  or,' which  is 
the  fame  thing,  azotic  gas  is  capable  of  combuftion  in 
the  temperature  produced  by  ele&ricity,  which  we  know 
to  be  pretty  high.  The  combuftihility  of  azotic  gas, 
and  the  nature  of  the  product,  was  firft  difeovered  by 
Mr  Cavendifh,  and  communicated  to  the  Royal  So¬ 
ciety  on  the  2d  of  June  1785  (u).  I 

The  affinities  of  azot  are  flil!  unknown.  It  has  never  Attemp  | 
yet  been  decompounded,  and  muft  therefore,  in  the  pre-  ro  deconj 
fent  ftate  of  our  knowledge,  be  confidered  as  a  (nnpleP0^cazo | 
fubftance.  Dr  Pneflley,  who  obtained. azotic  gas  at  a 
very  early  period  of  his  experiments,  confidered  it  as  a 
compound  of  oxygen  gas  and  phlogifton,  and  for  that 
reafon  gave  it  the  name  o f phlogjltcated  air  Accord¬ 

ing  to  the  theory  of  Stahl,  which  was  then  imivertally 
prevalent,  he  confidered  combuftion  as  merely  the  fe- 
paration  of  phlogifton  from  the  burning  body.  To 
this  theory  he  made  the  following  addition  :  Phlogif¬ 
ton  is  feparated  during  combuftion  by  means  of  chemi¬ 
cal  affinity  :  Air  (that  is,  oxygen  gas)  has  a  ftrong  af¬ 
finity  for  phlogifton  :  Its  prefence  is  neceffary  during 
combuftion,  becaufe  it  combines  with  the  phlogifton  as 
it  feparates  from  the  combuftible  ;  and  it  even  contri¬ 
butes  by  its  affinity  to  produce  that  feparation  :  The 
moment  the  air  has  combined  with  as  much  phlogif¬ 
ton  as  it  can  receive,  or,  to  ufe  a  chemical  term,  the 
moment  it  is  faiurated  with  phlogifton,  combuftion  ne- 
ceffariiy  flops,  becaufe  110  more  phlogifton  can  leave  the 
* _ _  combuL 


(s)  See  his  thefts  Be  Acre  Mephitic 0 ,  publifhed  in  1772.—“  Sed  aer  falubris  et  purus  refpiratione  animal i  non 

modo  ex  parte  fit  mephiticus  fed  et  aham  indolis  fua  mutationem  inde patitur.  Poftquam  enim  omnis  aer  mephiti- 
cus  (carbonic  acid  gas)  ex  eo,  ope  lixivii  cauftici  fecretus  et  abdudtus  fuerit,  qui  tamen  rejlat  nullo  modo  falubrior 
inde  evadit ;  n?m  quamvis  nullam  ex  aqua  calcis  praecipitationem  faciat  baud  minus  quam  antea  et  ftammam  et 
*vitam  extmguit .  Page  17.  J 

“  ^er  Per  carbones  ignitos  folle  adaftus  fuit,  atque  deinde  ab  omni  aere  mephitico  ( carbonic  acid  gas )  expur- 
gatus,  malignus  tamen  adhuc  reperitur  et  omnino  fimilis  eft  ei  qui  refpiratione  inquinatur.  Immo  ab  experimen- 
tis  patet,  hanc  fblam  efie  aeris  mutationem  qus  inflammationi  adferibi  poteft.  Si  enim  accenditur  materies  quse- 
libet  quae  ex  phlogifto  et  bafi  fixa  atque  fimplici  conftat,  aer  inde  natus  ne  minimam  aeris  mephitici  quantitatem  in  fe 
continere  'videtur.  Sic  aer  in  quo  fulphur  aut  phofphorus  urine  combuftus  fuit,  licet  maxime  malignus,  ealeem  ta¬ 
men  ex  aqua  mimme  praecipitat..  Interdum  quidem  fi  ex  phofphoro  natus  fuerit,  nubeculam  aquae  calcis  inducit 
fed  tenuiffimam,  nec  aeri  mephitico  attribuendam,  fed  potius  acido  illi  quod  in  phofphoro  inefl,  et  quod,  ut  ex- 
perimenta  docuerunt,  hoc  fingulari  dote  pollet  ”  Page  19. 

(t)  Hence  the  name  azot ,  given  it  by  the  French  chemifts,  which  fignifies  dejlruftive  to  life ,  from  «  and 

(u)  It  is  remarkable  enough,  that  the  acidity  of  nitric  acid  was  aferibed  by  Mayow,  in  1674,  t0  the  prefence 
oxygen.  Indoles  caujlica  fpiritus  nitri  (fays  he)  a  particulis  ejus  igneo-aereis  provenit.  Traft.  p.  19. 
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combuftible  (v)  :  Air  faturated  with  phlogifton  is  azo- 
tic  gas.  This  was  a  very  ingenious  theory,  and,  when 
Dr  Priettley  publiihed  it,  exceedingly  plaufible.  A 
„reat  number  of  the  mod  eminent  chemifts  accordingly 
embraced  it :  But  it  was  ioon  after  d hoovered,  that 
during  combuftion  the  quantity  of  air,  inftead  o.  in- 
creating,  as  it  ought  to  have  done,  had  phlogifton  been 
added  to  it,  actually  dimimfhed  both  in  volume  and 
weight.  There  was  no  proof,  therefore,  that  during 
'  combuftion  any  fubfhnce  whatever  combined  with  air, 
but  rather  the  contiary.  It  was  difeovered  alfo,  that 
a  quantity  of  air  combined  with  the  burning  fubftance 
during  combuftion,  as  we  have  feen  was  the  cafe  with 
fulphur,  phofphorus,  carbon,  and  hydrogen  ;  and  that 
this  air  had  the  properties  of  oxygen  gas.  i  bcie  dil- 
coveries  entirely  overthrew  the  evidence  on  which  Dr 
Priellley’s  theory  was  founded  :  accordingly,  as  no  at¬ 
tempt  to  decompound  azot  has  fuceeeded,  it  has.  been 
(riven  up  by  almoft  every  chemift  except  I)r  Prieftley 
himfelf.  Atmofpheric  air,  as  Scheele  fir  ft  proved,  is  com- 
poled  of  about  27  parts  of  oxygen,,  and  73  of  azotic  gas. 
During  combuftion,  the  oxygen  is  abftracted  and  the 
azotic  gas  remains  behind. 

La  Metherie  made  an  attempt  to  prove  that  azot 
was  compofed  of  oxygen  and  carbon  (w).  He  too*  a 
bit  of  burning  charcoal,  extinguilhed  it  in  mercury,  and 
then  plunged  it  while  hot  into  oxygen  gas.  On  being 
plunged  into  water,  one  fourtk.of  the  gas  was  dilcnga- 
ged,  and  part  of  it  was  found  to  cor.ftft  of  azotic  gas. 
From  this  he  concluded,  that  he  had  formed  azotic  gas 
by  combining  oxygen  and  carbon  :  But  it  was  proved 
by  Mr  Lavoifier,  beyond  the  pofiibihty  of  doubt,  that 
oxygen  and  carbon  form  carbonic  acid  gas.  They  can¬ 
not  then  certainly  foim  azot;  for  two  contradictory 
fads  cannot  both  be  true.  There  muft  then  have  been 
fomething  overlooked  in  the  experiment.  Indeed  the 
experiment  itfelf  does  not  warrant  the  conciufion  which 
De  La  Metherie  drew  from  it.  He  did  not.  ascertain 
whether  the  weight  of  the  charcoal  was  diminifhed  ; 
and,  btftdes,  there  was  azot  mixed  with  the  oxygen  gaa 
which  he  employed,  as  he  himfelf  has  informed  us  : 
And  how  was  it  oofilble  for  him  to  admit  the  charcoal 
into  water  without,  at  the  fame  time,  admitting  fome 
atmofpherical  air  ? 
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too,  that  during  thefe  combinations  a  quantity  of  heat  ^icfa^*  , 
and  light  efcaped.  Now  why  is  heat  neceftary  for  thefe 
combinations  ?  and  whence  come  the  heat  and  the  light 
which  we  perceive  during  the  combuftion  of  thefe  bo¬ 
dies  ?  Thefe  queftions  are  of  the  higheil  importance, 
and  can  only  be  anfwered  by  a  particular  inveftigation 
of  the  nature  and  properties  of  heat  and  light.  1  his 
inveftHation  we  fhall  attempt,  as  foon  as  we  have  de- 
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We  have  now  deferibed  all  the  combuftible3  which 
are  at  prefent  reckoned  Ample,  except  the  metals.  We 
have  found,  that  during  combuftion  all  of  them  com¬ 
bine  with  o xv gen  ;  that  no  part  of  them  is  difengaged, 
no  part  of  them  loft  :  we  have  therefore  concluded, 
that  the  combuftion  of  thefe  fubftances  is  nothing  die 
but  the  aft  of  their  uniting  with  oxygen.  We  have 
feen,  however,  that  none  of  them,  except  phofphorus, 
was  capable  of  uniting  with  oxygen  at  the  common 
temperature  of  the  atmofphere  ;  that,  in  order  to  pro¬ 
duce  the  union,  heat  was  neceftary,  and  that  the  degree 
of  this  heat  was  different  for  each.  Hydrogen  required 
a  red  heat,  and  azot  a  ftill  greater.  We  have  feen. 


feribeef  the  metals  and  earths,  which  form  the  UibjcCt  of 
the  two  following  chapters. 

Chap.  III.  Of  Metals. 

Metals  may  be  confidered  as  the  great  inftruments  Properties 
of  all  our  improvements:  Without  them,  many  of  theofmeta»$, 
arts  and  fciences  could  hardly  have  exifted.  bo  fenft- 
ble  were  the  ancients  of  their  great  importance,  that 
they  raifed  thofe  peifons  who  firft  difeovered  the  art  of 
working  them  to  the  rank  of  deities.  In  chemiftry, 
they  have  always  filled  a  confpicuous  ftation  :  at  one 
period  the  whole  fcience  was  confined  to  them  ;  and  it 
may  be  faid  to  have  owed  its  very  exiftence  to  a  rage 
for  making  and  tranfmuting  metals.  .  5? 

1.  One  of  the  inoll  confpicuous  properties  of  the 

metals  is  a  particular  brilliancy  which  they  poffefs,  and 
which  has  been  called  the  metallic  lujlre .  This  proceeds 
from  their  refle&ing  much  more  light  than  any  other 
body  ;  a  property  which  fcems  to  depend  partly  on  the 
clofenefs  of  their  texture.  This  renders  them  peculiar¬ 
ly  proper  for  mirrors,  of  which  they  always  form  the 
bafts.  , 

2.  They  are  abfolutelv  opaque,  or  impervious  to  0pacit7< 
light,  even  after  they  have  been  reduced  to  very  thin 

plates.  Silver  leaf,  for  instance,  -ryssTO  an  luc^} 
thick,  does  not  permit  the  fmalldi  ray  of  light  to  pafa 
through t  it.  Gold,  however,  may  be  rendered  tranf- 

parent ;  for  gold  leac,  t-jsW®  an  inc^  ^  ’  .tran*“ 

mits  light  of  a  lively  green  colour  *.  And  it  is  not  *  Nichl- 
improbable  that  all  the  other  metals,  as  Sir  Ifaac  Newton/™- <  Notes 
fuppofed,  would  become  tranfparent,  it  they  could  be1"1  i^rcroy. 
reduced  to  a  fufficicnt  degree  of  thinneis.  It  is  to  this 
opacity  that  a  part  of  the  excellence  of  the  metals,  as 
mirrors,  is  owing  ;  their  brilliancy  alone  would  not  qua- 

lify  them  for  that  purpofe.  .  57 

3.  They  may  be  melted  by  the  application  ol  heat,  Fufibility. 
and  even  then  ftill  retain  their  opacity.  This  property 
enables  us  to  call  them  in  molds,  and  then  to  give  them 

any  ftiapc  we  pleafe.  I11  this  manner  many  elegant  iron 

utcnlils  are  formed.  5s. 

4.  Their  fpecific  gravity  is  greater  than  that  of  any  Gravity. 

other  body  hitherto  difeovered. 

5.  They  are  better  condu&ors  of  electricity  than  any 

other  body.  .  S9 

6.  But  one  of  their  moil  important  properties  is  MaUeabili. 
malleability,  by  which  is  meant  the  capacity  of  being  ty. 
extended  and  flattened  when  ftruck  with  a  hammer. 

This  property  enables  us  to  give  the  metallic  body  any 
form  we  think  proper,  and  thus  renders  it  eafy  for  us 

to 


,  .  „a,  firq  conceived  by  Dr  Rutherford,  as  appears  from  the  following  paftage  of 

, .  W  Thl^;ngemousdieo|T  ^  ^  Jr  ffle  raalign}18  (azolic  gas)  componitur  tx  aere  atmo/fhenc » 

his  thefts.  r„turntn  Ataue  idem  confirmatur  eo,  quod  aer  qui  metallorum  calcmationi  jam  .a- 

SXSt&i  T&Z&  5L  *<  r-  “• 

(w)  Or  rather  of  hydrogen,  for  he  confidered  carbon  itfelf  as  a  compound. 
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to  convert  them  into  tie  various  In  liniments  for  which 
wc  have  occafion.  All  metals  do  not  poflfefs  this  pio- 
perty ;  but  it  is  remarkable  that  almofl  all  thofe  which 
were  known  to  the  ancients  have  it.  Heat  increafes 
this  property  confiderably. 

7.  Another  property  which  is  alfo  wanting-in  many 
Dudhlity.  of  the  metals,  is  dtiftility ;  by  which  we  mean  the  capa- 

city  of  being  drawn  out  into  wire  by  being  forced 
through  holes  of  various  diameters.  This  property  has 
by  fome  been  called  tenacity  ;  and  it  doubtleis  depends 
upon  the  tenacity  of  the  various  metals. 

8.  When  expofed  to  the  a&ion  of  heat  and  air,  mofl 
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Were  the  calcination  to  be  continued  long  enough  to  M< 
deprive  them  altogether  ot  phlogiflon,  they  would  be 
reduced  to  the  Hate  of  other  earths;  and  then  it  would 
be  equally  difficult  to  convert  them  into  metals,  or,  to 
ufe  a  chemical  term,  to  reduce  them.  Accordingly  we 
find,  that  the  more  completely  a  calx  has  been  calcined, 
the  more  difficult  is  its  reduftion.  This  explanation 
was  favourably  received.  But  after  the  chara&eriftic 
properties  of  the  various  earths  had  been  afeertained, 


6 

Fartf 
T  prove 


lia  of  the  metals  lofe  their  luflre,  and  are  converted  into 
earthy  like  powders  of  different  colours  and  properties, 
according  to  the  metal  and  the  degree  of  heat  employed. 
Several  of  the  metals  even  take  fire  when  expofed  to 
*  a  flrong  enough  heat;  and  after  combuftion  the  refi- 
duum  is  found  to  be  the  very  fame  earthy-like  fub- 
fiance.  If  any  of  thefe  cakes,  as  they  are-  called,  be 
mixed  with  charcoal- powder,  and  expofed  to  a  flrong 
heat  in  a  proper  veffel,  it  is  changed  again  to  the  metal 

Srahrs\he/[Qm  wklch  lt  was  Produced-  'From  thefe  phenomena 
ory  of  the  ^^ld  concluded,  that  metals  were  cornpofedof  earth 
eermpofitionan  &  phlogiflon.  He  was  of  opinion,  that  there  was  only 
of  metals  one  primitive  earth  which  not  only  formed  the  bafis  of 
all  thofe  fubflances  known  by  the  name  of  earths,  but 
the  bafis  alfo  of  all  the  metals.  He  found,  however, 
that  it  was  impofiible  to  combine  any  mere  earth  with 
phlogiflon ;  and  concluded,  therefore,  with  Beecher,  that 
there  was  another  principle  befides  earth  and  phlogif- 
ton  which  entered  into  the  compofition  of  the  metals. 
To  this  principle  Beecher  gave  the  name  of  mercurial 
earth,  becaufe,  according  to  him,  it  exiiled  mofl  abun¬ 
dantly  in  mercury .  This  principle  was  fuopofed  to  be 
*  very  volatile,  and  therefore  to  fly  off  during  calcination: 
and  fome  chemifls  even  affirmed  that  it  mi^ht  be  ob¬ 
tained  in  the  foot  of  thofe  chimneys  under  which  metals 
have  been  calcined. 

JsjDefetftivc  ^king  d<^fedl  was  foon  perceived  in  this  theory. 

The  original  metal  may  be  again  produced  by  heating 
rits  calx  along  with  fome  other  fubftance  which  contains 
-phlogiflon  :  now,  if  the  mercurial  earth  flies  off  during 
•eombuflion,  it  cannot  be  necefiary  for  the  formation  of 
complete  metals,  for  they  may  be  produced  without  it : 
if,  on  the  contrary,  it  adheres  always  to  the  calx,  there 
is  no  proof  of  its  exiflence  at  all.  ‘  Chemifls,  in  confe- 
quence  of  thefe  obfer  vat  ions,  found  themfelves  obliged 
to  difeard  the  mercurial  principle  altogether,  and  to 
conclude,  that  metals  were  compofed  of  earth  only, 
united  to  phlogiflon.  But  if  this  be  really  the  cafe 
how  comes  it  that  thefe  two  fubftances  cannot  be  uni- 
64  *e.d  art  \kIenkel  was  the  firll  who  attempted  to 
Improved  ^he  this  difficulty.  According  to  him,  earth  and 
*y  Henkel,  phlogiflon  are  fubflances  of  fo  oppofite  a  nature,  that 
it  is  exceedingly  difficult,  or  rather  it  has 'been  hitherto 
impofiible,  for  us  to  commence  their  union  ;  but  after 
it  has  been  once  begun  by  nature,  it  is  an  eafy  matter 
to  complete  it.  No  calcination  has  hitherto  deprived 
the  metals  of  all  their  phlogiflon  ;  forr.e  ft  ill  adheres  to 
the  calces.  It  is  this  remainder  of  phlogiflon  which 
rendeis  itio  eafy  to  reflore  them  to  their  metallic  flate. 


ar.d  the  calces  of  metals  were  accurately  examined,  it 
v/as  perceived  that  the  calces  differed  in  many  particu¬ 
lars  from  all  the  earths,  and  from  one  another.  To  call 
them  all  the  fame  fubflance,  then,  was  to  go  much  far¬ 
ther  than  either  experiment  or  obfer  vat  ion  would  war. 
rant,  or,  rather,  it  was  to  declare  open  war  againfl  both 
experiment  and  obfervation.  It  was  concluded,  there¬ 
fore,  that  each  of  the  metals  was  compofed  of  a  pecu¬ 
liar  earthy  fubflance  combined  with  phlogiflon.  *  For 
this  great  improvement  in  accuracy,  chemiilry  is  chiefly 
indebted  to  Bergman. 

But  there  were  feveral  phenomena  of  calcination  $4/ 
which  had  all  this  time  been  unaccountably  overlooked, 

The  calces  are  all  confiderably  heavier  than  the  metals 
from  which  they  are  obtained.  Boyle  had  obferved 
this  circumflance,  and  had  aferibed  it  to  a  quantity  of 
Jire  which,  according  to  him,  became  fixed  in  the  me¬ 
tal  during  the  procefs  f.  But  fucceeding  chemifls  paid  + 
httle  attention  to  it,  or  to  the  adion  of  air,  till  MrLa-&m«J 
voifier  pubhfhed  his  celebrated  experiments  on  calcina-^ 
trnn,  in  the  Memoirs  of  the  Paris  Academy  for  1774. 

He  put  eight  ounces  of  tin  into  a  large  glafs  retort,  the 
point  of  which  was  drawn  out  into  a  very  (lender  tube 
to  admit  of  eafy  fufion.  This  retort  was  heated  flowly 
till  the  tin  began  to  melt,  and  then  fealeff  hermetically. 

I  his  heat  was  applied  to  expel  fome  of  the  air  from 
the  retort ;  without  which  precaution  it  would  have  ex¬ 
panded  and  burfl  the  veffel.  The  retort,  which  was 
capable  of  containing  250  cubic  inches,  was  then  weigh¬ 
ed  accurately,  and  placed  again  upon  the  fire.  The  tin  67 
foon  melted,  and  a  pellicle,  formed  on  its  top,  which Refu?ec 
was  gradually  converted  into  a  grey  powder,  that  funkUv^ 
by  a  little  agitation  to  the  bottom  of  the  liquid  metal  : 
m  fhort,  the  tin  was  partly  converted  into  a  calx .  This 
proccfs  went  on  for  three  hours ;  after  which  the  cal¬ 
cination  flopped,  and  no  farther,  change  could  be  pro- 
duced  on  the  metal.  The  retort  was  then  taken  from 
the  h re,  and  found  to  be  precifely  of  the  fame  weight 
as  before  the  operation.  It  i3  evident,  then,  that  no 
new.  fubitance  had  been  introduced,  and  that  therefore 
the  increased  weight  of  calces  cannot,  as  Boyle  fuppu- 
ied,  be  owing  to  the  fixation  of  fire  (r). 

When  the  point  of  the  retort  was  broken,  the  air 
rulhed  in  with  a  hilling  noife,  and  the  weight  of  the 
retort  was  mcreafed  by  ten  grains.  Ten  grains  of 
am,  therefore,  mull  have  entered,  and,  confequently, 
ptecifely  that  quantity  muft  have  difappeared  during- 
the  calcination.  The  metal  and  its  calx  being -weigh¬ 
ed,  were  found  juft  ten  grains  heavier  than  befoVe: 
there, ore,  the  air  which  difappeared  was  abforbed  bli¬ 
the  metal  :  and  as  that  part  of  the  tin  which  remained 
in  a  metallic  ftate  was  unchanged,  it  is  evident  that  this 


(0  This  experiment  had  been  performed  by  Bov!e  with  the  xj  i  .  j 

rom  fi0t  lending  to  the  ftate  of  the  a  r  of  the  veffel.  Sha  Js  Boy  f  lhjf  ad  dmVn  3  Wr°nS  conduflon 
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air  tnuft  have  united  with  the  calx.  The .  increafe  of 
—  weight,  then,,  which  metals  experience  during  calcina¬ 
tion,  is  owing  to  their  uniting  with  air  (v).  But  all 
the  nir  in  the  vefTel  was  not  abforbed,  and  yet  the  cal¬ 
cination  would  not  go  on.  It  is  not  the  whole,  then, 
but  fomc  particular  part  of  the  air  which  unites  with 
the  calces  of  metals.  By  the  fubfequent  difcoveries  of 
Jprieitley,  Scheele,  and  Lavoifier  himfeU,  it  was.  afcer- 
tained,  that  the  reiiduum  of  the  air,  after  calcination 
has  been  performed  in  it,  is  always  pure  azotic  gas  r  It 
follows,  therefore,  that  it  is  only  the  oxygen  which  com¬ 
bines  with  calces  ;  and  that  a  metallic  calx  is  not  a  fimple 
jubilance,  but  a  compound.  Mr  Lavoifier  obferved, 
that  the  weight  of  the  calx  was  always  equal  to  that 
of  the  metal  employed,  together  with  that  of  the  oxy¬ 
gen  abforbed.  It  became  a  queftion,  then,  Whether 
metals,  during  calcination,  loll  any  fubftance,  and,  con- 
fequently,  whether  they  contained  any  phlogifton  ?  Mr 
Lavoifier  accordingly  propoled  this  queftion  ;  and  he 
anfwered  it  himfelf  by  a  number  of  accurate  experi¬ 
ments  and  ingenious  obfcrvations.  Metals  cannot  be  cal¬ 
cined,  excepting  in  contaft  with  oxygen,  and  in  propor¬ 
tion  as  they  combine  with  it.  Confequently  they  not  only 
abforb  oxygen  during  their  calcination,  but  that  abforp- 
tion  is  abfolutely  neceffary  to  their  affuming  the  form 
of  a  calx.  If  the  calx  of  mercury  be  heated  in  a  re¬ 
tort  to  which  a  pneumatic  apparatus  is  attached,  to 
the  temperature  of  1200°,  it  is  converted  into  pure  mer¬ 
cury  ;  and,  at  the  fame  time,  a  quantity  of  oxygen  fe- 
paratcs  from  it  in  a  gafeous  form.  As  this  procefs  was 
performed  in  a  clofe  vejfel,  no  new  fubftance  could  en¬ 
ter  :  The  calx  of  mercury,  then,  was  reduced  to  a  me¬ 
tallic  date  without  phlogifton.  The  weights  of  the 
metal,  and  the  oxygen  gas,  are  together  juft  equal  to 
that  of  the  calx  ;  the  calx  of  mercury,  therefore,  mult 
be  compofed  of  mercury  and  oxygen  ;  confequently, 
there  is  no  reafon  whatever  to  fuppofe  that  mercury 
contains  phlogifton.  Its  calcination  is  merely  the  aft 
of  uniting  it  with  oxygen  (z).  The  calces  of  lead, 
filver,  and  gold,  may  be  decompofed  exactly  in  the  fame 
manner;  and  Mr  Van  Marum,  by  means  of  his  great 
electrical  machine,  decompofed  alfo  thof®  of  tin,  zinc, 
and  antimony,  and  refolved  them  into  their  refpeftive 
de  metals  and  oxygen  ||-  The  fame  cenclufiona,  therefore, 
17 85. mult  be  drawn  with  refpeft  to  thefe  metals.  All  the 
metallic  calces  may  be  decompofed  by  prefentmg  to 
them  fubftances  which  have  a  greater  affinity  for  oxy- 
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gen  than  they  have.  Tins  is  the  reafon  that  charcoal- 
powder  is  fo  efficacious  5tt  reducing  them :  and  if  they  - 

are  mixed  with  it,  and  heated  in  a  proper  vefTel,  fur- 
niflied  with  a  pneumatic  apparatus,  it  will  be  eafy  to 
difeover  what  paiTes.  During  the  reduction,  a  great 
deal  of  carbonic  acid  gas  comes  over,  which,  together 
with  the  metal,  is  equal  to  the  weight  of  the  calx  and 
the  charcoal:  it  mu  ft  therefore  contain  all  the  ingre¬ 
dients ;  and  we  know  that  carbonic  add  gas  is  compo¬ 
fed  of  carbon  and  oxygen.  During  the  procefs,  then, 
the  oxgen  of  the  calx  combined  with  the  charcoal  and* 
the  metal  remained  behind.  It  cannot  be  doubted, 
therefore,  that  all  the  metallic  calces  are  compofed  of 
the  entire  metals  combined  with  oxygen  ;  and  that  cal¬ 
cination,  like  combuition,  is  merely  the  ad  of  this  com¬ 
bination.  All  metals,  then,  in  the  prefent  ftate  of  che- 
miftry,  muft  be  confidered  as  fimple  fubftances;  for* 
they  have  never  yet  been  decompounded.  #  68 

The  words  calx  and  calcination  are  evidently  impro*  Oxyd  and 
per,  as  they  convey  falfe  ideas  ;  we  ffi all  therefore  af- 
terwards  employ,  in  Head  of  them,  the  words  oxyd  andw 
oxydatlon ,  which  were  invented  by  the  French  chemifts. 

A  metallic  oxyd  fignifies  a  metal  united  with  oxygen  ; 
and  oxydatlon  implies  the  ad  of  that  union. 

Metals  are  capable  of  uniting  with  oxygen  in  diffe¬ 
rent  proportions,  and,  confequently,  of  forming  each 
of  them  different  oxyds.  Tilde  are  diftinguifhed  from 
one  another  by  their  colour.  One  of  the  oxyds  of  iron, 
for  inftance,  is  of  a  green  colour  ;  it  is  therefore  called  * 
the  green  oxyd  j  the  other,  which  is  brown,  is  called  the 
brown  oxyd .  5^ 

The  metals  at  prefent  amount  to  21  5  only  n  of  Number  0f 
which  were  known  before  the  year  1730.  Their  names  metals, 
are  gold,  filver,  platinum,  mercury,  copper,  iron,  tin, 
lead,  zinc,  antimony,  bifmuth,  arfenic,  cobalt,  nickel, 
manganefe,  tungften,  molybdenum,  uranium,  tellurium, 
titanium,  chromum. 

The  fir  ft  eight  of  thefe  were  formerly  called  metals 
by  way  of  eminence,  becaufe  they  are  poffeffed  either 
of  malleability  or  dudility,  or  of  both  properties  toge¬ 
ther  ;  the  reft  were  called  jemlrnetals  y  becaufe  they  are 
brittle.  But  this  diftindion  is  row  pretty  generally' 
laid  afide  ;  and,  as  Bergman  obferves,  it  ought  to  be  fo* 
altogether,  as  it  is  founded  on  a  falfe  hypothecs,  and 
conveys  very  erroneous  ideas  to  the  mind.  The  firft 
four  metals  were  formerly  called  noble  or  perfect  metals , 
becaufe  their  oxyds  are  reducible  by  the  mere  appli-- 

cation* 


M  It  Is  remarkable  that  John  Key,  a  phylician  of  Perigord,  had  aferibed  It  to  this  very  caufe  as  far  back  as 

\  /  ... .  .  .  <  1  ■  1  _ _ * j  KnJ  Amt  mtn  AKlnriAii  1 1 11  h  i  a  ftm  n  inn  huh 


the  vear  i6?o  :  Bift  Kis  writings  had  excited  little  attention,  and  had  funk  into  oblivion,  till  after  his  opinion  had 
been  iuconteitibly  proved  by  Lavoifier.  Mayow  alfo,  in  the  year  1674*  aferibed  the  mcreafe  of  weight  to  the- 
combination  of  metals  with  oxygen,  Quippe  vix  cone, pi  potejl  (fays  he),  unde  augmentum  tllud  anlimonn  (calcinau)  ■ 
iifi  a  part'iculis  nitro-aereis  igneifque  inter  calcinandum  «x»  proeedat.  Traft  p.  2§.  Plane  man,—  — 

tom  a  fulphurts  ejus  extern,  ajumptione,  quam  particu/is  nitro-aereis ,  qmbus  jiamma  mtn  alundat, 


Plane  ut  antlmonll  fixatlo  non 

fu/phuris  ejus  externi  ajumptione,  quam  partialis  nitro-aereis,  quwus  jiamma.  ndri  alundat,  ei  iNnxis  prove. 

mr\ zT  Thb'exoeriment  was  performed  by  Mir  Dayen  in  1774.  This  philofooher  perceived,  earlier  than  La¬ 
voifier,  that  all  metals  did  not  contain  phlogifion.  “  Ces  experiences  (fays  he)  vont  nous  detrompei.  Je 
ne  tiendrai  plus  lc  langage  des  difciples  de  Stahl,  qui  feront  forces  de  reftreindre  la  doftrine  fur  le  phlogiftiquty 
on  d’avouer  que  les  precipitcs  mercurials,  dont  je  parle,  ne  font  pas  des  chanx  metalhques,  0.1  enfin  qi.  il  y  a 
des  chaux  qui  peuvent  c~ — u  rfii  nhlmriftioue.  Les  experiences  que  \  ai  faites  me  torce  de 

conclure  que  dans  la 

cure  eft  la,  feconde  caufe  de  1’augmentation  de  pefanteur  qu’on  obiei  ve  dans  les  precipites  que  j  a.  fournis.  a 
l’examen.”  Jour,  de  Phyf.  1774,  pages  288,  295.  It  was  in  confequence  oi  hearing  Bayen  &  paper  read  that. 
Lavoifier  was  induced  to  turn  his  attention  to  the  fubjedt. 
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cation  of  heat  ;  the  next  four  were  imperfeft  metals,  be- 
caufe  their  pxyds  were  thought  not  reducible  without 
the  addition  of  fome  ccmbuftible  fubftance  ;  but  this 
diflindtion  alfo  is  now  very  properly  exploded. 

Sect.  I.  Of  Gold. 

Gold  feems  to  have  been  known  from  the  very  be¬ 
ginning  of  the  world 


0 - 0  --  -  Its  properties  and  its  fcarcity 

have  rendered  it  more  valuable  than  any  other  metal. 

It  is  of  an  orange  red,  or  reddifh  yellow  colour,  and 
has  no  perceptible  tafte  or  fmell. 

No  other  fubftance  can  be  compared  with  it  in  duc¬ 
tility  and  malleability.  It  may  be  beaten  out  into  leaves 
fo  thin,  that  one  grain  of  gold  will  cover  56^  fquare 
inches.  Thefe  leaves  arc  only  T-rrWra  of  an  inch  thick. 
But  the  gold  leaf  with  which  filver  wire  is  covered  has 
only  of  that  thicknefs.  An  ounce  of  gold,  upon 
filver  wire,  is  capable  of  being  extended  more  than  1300 
miles  in  length. 

Its  tenacity  is  filch,  that  a  gold  wire  -rV  of  an  inch 
in  diameter,  is  capable  of  fupporting  a  weight  of  500 
$  Macquers pounds  without  breaking 

Its  hardnefs  is  6  (a)  ;  its  fpecific  gravity  19.3.  It 
melts  at  320  of  Wedgewood’s  pyrometer  (b).  When 
melted,  it  aflumes  a  bright  bluifh  green  colour.  It  ex¬ 
pands  in  the  a&  of  fulion,  and  confequently  contra&s 
while  becoming  folid  more  than  moft  metals  ;  a  cir- 
cumfUnce  which  renders  it  lefs  proper  for  calling  into 
moulds. 

It  requires  a  very  violent  heat  to  volatilize  it ;  it  Is 
therefore,  to  ufe  a  chemical  term,  exceedingly  fixed. 
Boyle  and  Kunkel  kept  it  for  fome  months  in  a  glafs- 
houfe  furnace,  and  yet  it  underwent  no  change  ;  nor 
did  it  lole  any  perceptible  weight,  after  being  expofed 
KKirncn's  for  fome  hours  to  the  utmoft  heat  of  Mr  Parker’s  lens*. 

Mr  Lavoifter,  however,  obferved,  that  a  piece  of  filver, 
held  over  gold  melted  by  a  fire  blown  by  oxygen  gas, 
which  produces  a  much  greater  heat  than  common  air, 
was  fenfibly  gilt :  Part  of  the  metal,  then,  muft  have 
been  volatilized. 

After  fufion,  it  is  capable  of  affuming  a  cryflaliine 
form.  Tillet  and  Mongez  obtained  it  in  fhort  qua¬ 
drangular  pyramidal  cryftals. 

It  is  capable  of  combining  with  oxygen,  and  form¬ 
ing  an  oxyd  of  gold.  There  are  two  methods  of  produ¬ 
cing  this  combination,  the  application  of  heat ,  and  folu- 
tion  in  acids.  When  it  is  expofed  to  a  very  violent  heat 
in  contad  with  air,  gold  abforbs  oxygen.  But  the 
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temperature  mull  be  very  high  ;  fo  high,  indeed,  that  Go! ' 
hardly  any  certain  method  of  oxydating  gold  by  heat1 — r 
is  known,  except  by  eleftricity.  When  the  eleftric  ex- 
ploGon  is  tranfmitted  through  gold  leaf  placed  between 
two  plates  of  glafs,  or  when  a  ftrong  charge  is  made  to 
fall  on  a  gilded  furface— in  both  cafes  the  metal  is  oxy- 
dated,  and  aflumes  a  purple  colour.  It  has  been  faid 
alfo,  that  the  fame  e  fifed  has  been  produced  by  a  very 
violent  fire  ;  but  few  of  the  inftances  which  have  been 
adduced  are  well  authenticated. 

The  other  method  of  oxydating  gold  is  much  eafier. 

For  this  purpofe,  equal  parts  of  nitric  and  muriatic 
acids  are  mixed  together  (c),  and  poured  upon  gold  ; 
an  elfervefcence  takes  place,  the  gold  is  gradually  difl 
folved,  and  the  liquid  affumes  a  yellow  colour.  It  is 
eafy  to  fee  in  what  manner  this  folution  is  produced. 

No  metal  is  foluble  in  acids  till  it  has  been  reduced  to 
the  Hate  of  an  oxyd.  There  is  a  ftrong  affinity  be¬ 
tween  the  oxyd  of  gold  and  muriatic  acid.  The  ni¬ 
tric  acid  furnilhes  oxygen  to  the  gold,  and  the  mutia. 
tic  acid  diffolves  the  oxyd  as  it  forms.  When  nitric 
acid  is  deprived  of  the  greater  part  of  its  oxygen,  it  af- 
fumes  a  gafeous  form,  and  is  then  called  nitrous  gas. 

It  is  the  emiffion  of  this  gas  which  caufes  the  effervef- 
cence.  The  oxyd  of  gold  may  be  precipitated  from 
the  nitro-muriatic  acid,  by  pouring  in  a  little  potafs 
diffolved  in  water,  or,  which  is  much  better,  a  little 
lime,  both  of  which  have  a  ftionger  affinity  for  muriatic 
acid  than  the  oxyd  has.  This  oxyd  is  of  a  yellow 

It  is  probable  that  gold  is  capable  of  two  different 
degrees  .of  oxydation,  and  of  forming  two  different 
oxyds,  the  yellow  and  the  purple  ;  But  neither  the  quan¬ 
tity  of  oxygen  contained  in  thefe  oxyds,  nor  the  dif¬ 
ferences  between  them,  have  been  accurately  afeertained. 

The  oxyds  of  gold  may  be  decompofed  in  clofe  veffels 
by  the  application  of  heat.  The  gold  remains  fixed, 
and  the  oxygen  affumes  the  gafeous  form.  They  may 
be  decompofed,  too,  by  all  the  fubftances  which  have  a 
ftronger  affinity  with  oxygen  than  gold  has.  The  af¬ 
finities  of  the  oxyds  of  gold,  according  to  Bergman  +  t  Btr? 
are  as  follows ;  °  9  on  Eld 

Muriatic  acid, 

Nitro-muriatic,  H\ 

Nitric, 

Sulphuric, 

Arfenic, 

Fluoric, 

Tartarous, 


3,  Denotes  the  hardnefs  of  chalk. 

4,  A  fuperior  hardnefs,  but  yet  what  yields  to  the  nail 

5,  What  will  not  yield  to  the  nail  but  eafily,  and  without  grittinefs,  to  the  knife 

6,  That  which  yields  more  difficultly  to  the  knife. 

7,  That  which  fcarcely  yields  to  the  knife. 

8,  That  which  cannot  be  feraped  by  a  knife,  but  does  not  give  fire  with  fleel. 

9,  That  which  gives  a  few  feeble  Iparks  with  ileel.  6 


l°\  J,hat  "!hichfve,3  !ively /Parks.  Kir  wan’s  Mineralogy,  I.  38. 
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Tartarou®, 

Phofphoric, 

*  Sehacic, 

Prufiic, 

Fixed  alkali  (d), 

.Ammonia. 

Gold  is  not  changed  either  by  air  or  water.  It  does 
rot  Teem  capable  of  combining  either  with  fulohur  or 
carbon.  Mr  Pelletier  combined  it  with  phofphorus, 
by  melting  together  in  a  crucible  half  an  ounce  of  gold 
and  an  ounce  of  phofphoric  glafs  (e),  furrounded  with 
charcoal.  The  phofphuret  of  gold  thus  produced  was 
brittle,  whiter  than  gold,  and  had  a  cryftallized  appear¬ 
ance.  It  was  compofed  of  23  parts  of  geld  and  one 
of  phofphorus  f.  He  formed  the  fame  compound  by 
dropping  fmall  pieces  of  phofphorus  into  gold  in  fu- 
fion  p  '** 

Gold  is  alfo  capable  of  combining  with  molt  of  the 
metals  Its  affinities  are  placed,  by  Bergman,  in  the 
following  order  : 

Mercury, 

Copper, 

Silver, 

Lead, 

Bismuth, 

Tin, 

Antimony, 

Iron, 

Platinum, 

Zinc, 

Nickel, 

Arfenic, 

Cobalt, 

Manganefe, 

Phofphorus  ? 

Sulphurets  of  alkalies. 

Sect.  II.  Of  Silver. 

Silver  appears  to  have  been  known  almofl  as  early 
as  gold.  It  is  a  metal  of  a  fhining  white  colour,  with¬ 
out  either  talle  or  fmell. 

It  is  the  molt  malleable  and  du&ile  of  all  metals  ex¬ 
cept  gold,  and  perhaps  platinum.  It  can  be  reduced  to 
leaves  about  -rg-sVsiy  an  inch  thick,  and  drawn  into 
wire  much  finer  than  a  human  hair. 

Its  tenacity  is  fuch,  that  a  wire  of  filver,  TV  of  an 
inch  in  diameter,  is  capable  of  fuftaining  270  pounds 
’'without  breaking  ||. 

Its  hardnefs  is  6,9  *.  Tts  fpecific  gravity,  before 
*  hammering,  is  10,474  ;  after  hammering,  10, 5 10  J  :  for 
it  is  remarkable  that  the  fpecific  gravity  of  almofl  all 
the  metals  is  increafed  by  hammering. 

It  continues  melted  at  28°  Wedge  wood  (f),  but  re- 
,  quires  a  greater  heat  to  bring  it  to  fufion  f . . 

.  The  exDeriments  of  the  French  academicians  have 
Suppl.  Vol.  I.  Part  I. 
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proved  that  it  may  be  volatilized,  but  that  It  requires  a 
very  violent  heat. 

When  cooled  flowly,  it  afiumes  a  cryftalline  form. 

Tillet  and  Mongez  obtained  it  in  quadrangular  pyra¬ 
midal  cryflals,  both  infulated  and  in  groups. 

Silver  may  be  combined  with  oxygen,  and  converted  Oxyds  of 
into  an  oxyd  by  expofure  to  a  very  violent  heat.  By  this Hiver- 
method  Junker  partly  converted  it  into  a.  glafs  ;  and  Mac- 
quer,  by  expoling  it  20  times  fuccefiively  to  the  heat 
of  a  porcelain  furnace,  obtained  a  glafs  (g)  of  an  olive 
green  colour  J.  The  oxyd  of  filver  may  alfo  be  formed  +  A  lacquer  t 
by  diffolving  the  metal  in  an  acid,  and  precipitating  it^* 
from  its  fblutiou  by  potafs,  lime,  See.  i'for,  during  its 
folution,  the  metal  becomes  oxydated.  Little  is  known 
at  prefent  concerning  the  oxyds  of  filver,  nor  whether 
there  be  more  than  two,  the  black  and  the  blue,  from 
the  experiments  of  Wenzel  and  Bergman,  it  follows, 
that  one  oxyd  of  filver  is  compofed  of  about  90  parts 
of  metal  and  10  of  oxygen  ||.  The  affinities  of  the !!  Kevin's 
oxyds,  according  to  Bergman,  are  as  follows  : 

Muriatic  acid, 

Sebacic, 

Oxalic, 

Sulphuric, 

Sacchola&ic, 

Phofphoric, 

Sulphurous, 

Nitric, 

Arfenic, 

Fluoric, 

Tartaric, 

Citric, 

Formic, 

La&ic, 

Acetous, 

Succinic, 

Profile, . 

Carbonic, 

Ammonia. 

When  filver  is  melted  with  fulphur  in  a  low  red  heat,  Sulphurs 
it  combines  with  it  and  forms  fulphur et  of  filver .  It  is  of  filver, 
very  difficult  to  determine  the  proportion  of  the  ingre¬ 
dients  which  enter  into  the  compoiition  of  this  fub- 
flance,  becaufe  there  is  an  affinity  between  filver  and 
its  fulphuret,  which  difpoies  them  to  combine  together. 

The  greateft  quantity  of  fulphur  which  a  given  quan¬ 
tity  of  filver  is  capable  of  taking  up  is,  according  to 
Wenzel,  T~-V  *.  Sulphuret  of  iilver  is  of  a  black  or  *  Ilid.  49*, 
very  deep  violet  colour,  brittle,  and  much  more  fuilble 
than  filver.  If  fufficient  heat  be  applied,  the  fulphur  is 
volatilized,  and  the  metal  remains  behind  in  a  liate  of 
purity.  .  76 

If  one  ounce  of  filver,  one  ounce  of  phofphoric  glafs, Phofj  huret 
and  two  diams  of  charcoal,  be  mixed  together,  and  of  Iilver. 
heated  in  a  crucible,  phofphuret  of  filver  13  formed.  It 
F  f  is 
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(d)  Have  the  alkalis  any  affinity  for  the  yellow  oxyd  ?  Is  not  their  affinity  confined  to  the  purple  oxyd 
alone  ?  And  does  not  this  oxyd  ad  as  an  acid  ? 

(e)  Phofphoric  acid  evaporated  to  drynefs,  and  then  fufed.  p  Q 

(f)  According  to  the  Dijon  academicians,  it  melts  at  1044°  Fahr.  ;  according  to  Bergman,  at  1-00  . 

(G)  Metallic  oxyds,  after  fufion,  are  called^,  becaufe  they  acquire  a  good  deal  of  refemblance,  in  fome 
particulars,  to  common  glafs. 
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is  of  a  white  colour,  and  appears  granulated,  or  as  it 
were  cryftallized.  It  breaks  under  the  hammer,  but 
may  be  cut  with  a  knife.  It  is  compofed  of  tour  parts 
of  fiver  and  one  of  phofphorus.  Heat  decompofes  it 
by  feparating  the  phofpliorus  f.  Pelletier  has  obRtved, 
that  {fiver  in  full  on  is  capable  of  combining  with  more 
ohofphorns  than  folid  filver:  for  when  phofphuret  of 
iilver  is  formed  by  projecting  photphorus  into  melted 
filver,  after  the  crucible  is  taken  from  the  fire  a  quan¬ 
tity  of  phofphorus  is  emitted  the  moment  the  metal  con¬ 
geals  J. 

Silver  does  not  feem  capable  of  combining  with  car¬ 
bon. 

Silver  is  capable  of  combining  with  gold,  and  form¬ 
ing  an  alloy  (  h)  compofed  of  one  part  of  filver  and  five 
of  gold.  That  this  is  the  proportion  of  the  ingredients, 
v/as  difcovered  by  Homberg.  He  kept  equal  parts  of 
gold  and  filver  in  gentle  fufion  for  a  quarter  of  an  hour, 
and  found,  on  breaking  the  crucible,  two  mafles  the 
uppermoft  of  which  was  pure  filver,  the  undermoft  the 
whole  gold  combined  with  £  of  filver.  Silver,  however, 
may  be  mixed  with  gold  in  almoft  any  proportion.  But 
there  is  a  great  difference  between  the  mixture  of  two 
fubftances  and  their  chemical  combination.  Metals 
which  melt  nearly  at  the  fame  temperature,  may  be 
mixed  from  that  very  circumftance  in  any  proportion  ; 
but  fubllances  can  combine  chemically  only  in  one  pro¬ 
portion.  This  obfervation,  which  is  certainly  of  im¬ 
portance,  was  fine  made,  as  far  as  we  know,  by  Mr 
Keir  || .  'The  alloy  of  filver  and  gold  is  of  a  green ifh 
colour  ;  but  its  properties  have  not  yet  been  accurately 
examined. 

Silver  is  not, affected  by  water,  nor  by  expofure  to 
the  air  ;  but  Mr  Prouft  has  remarked,  that  when  long 
expofed  in  places  frequented  by  men,  as  in  churches, 
theatres,  &c.  it  acquires  a  covering  of  a  violet  colour, 
which  deprives  it  of  its  luftre  and  malleability.  This 
covering,  which  forms  a  thin  layer,  can  only  be  detach¬ 
ed  from  the  filver  by  bending  it,  or  breaking  it  in  pieces 
with  a  hammer.  It  was  examined  by  Mr  Proufl,  and 
found  to  be  fulphuret  of  filver.  Pie  accounts  for  this 
tranfition  of  the  filver  into  a  fulphuret ,  by  fnppofmg 


S  T  it  Y, 

that  a  quantity  of  fulohur  is  conftantly  formed  and 

haled  by  living  bodies  *« 

The  affinities -of  filver,  according  to  Bergraan, 
as  follows : 

Lead, 

Copper, 

Mercury, 

Bifmuth, 

Tin, 

Gold, 

Antimony, 

Iron, 

Manganefe, 

Zinc, 

Arfenic, 

Nickel, 

Platinum, 

Sulphurets  of  alkalies, 
Sulphur, 

Phofphorus. 
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Sect.  III.  Of  Platinum. 


The  metals  hitherto  deferibed  have  been  known  to 
mankind  from  the  earlieft  ages,  and  have  been  always 
in  high  eflimation  on  account  of  their  beauty,  fcarcity, 
dii&ility,  and  indeftru&ibility.  But  platinum,  though 
perhaps  inferior  to  them  in  none  of  thefe  qualities,  and 
certainly  far  fuperior  in  others,  was  unknown,  as  a  dif- 
tinCl  metal,  before  the  year  1752  (1). 

It  has  been  found  only  in  America,  in  Choco  inDifcj 
Peru,  and  in  the  mine  of  Santa  Fe,  near  Carthagena.  ch\ 
The  workmen  of  thefe  mines  mull  no  doubt  have  beennun 
early  acquainted  with  it ;  but  they  feem  to  have  paid 
very  little  attention  to  it.  It  was  unknown  in  Europe 
till  Mr  Wood  brought  fome  of  it  from  Jamaica  in  1741. 
Soon  after  it  was  noticed  by  Don  Antonio  de  Ulloa, 
a  Spanifh  mathematician,  who  had  accompanied  the 
French  academicians  to  Peru  in  their  voyage  to  mea- 
fare  a  degree  of  the  meridian.  In  the  year  1752,  it 
was  examined  by  Scheffer  of  Sweden,  and  difcovered 
by  him  to  be  a  new  metal,  approaching  very  much  to 
the  nature  of  gold,  and  therefore  called  by  him  aurum 

alburn^ 


(h)  Metals  combined  together  are  called  alloys  or  allays. 

(1)  Father  Cortinovis,  indeed,  has  attempted  to  prove,  that  this  metal  was  the  ele&rum  of  the  ancients.  See 
the  Chemical  Annals  of  Brugnatelli ,  1790.  That  the  ele&rum  of  the  ancients  was  a  metal,  and  a  very  valuable 
one,  is  evident  from  many  of  the  ancient  writers,  particularly  Plomer.  The  following  lines  of  Claudian  are 
alone  fufficient  to  prove  it : 


Atria  cinxit  ehur ,  tralibus  folidatur  ahetiis 
Culmen  et  in  celfas  furgunt  eledlra  columnas. 


L.  I.  v.  164. 


Pliny  gives  us  an  account  of  it  in  his  Natural  Hiftory.  He  informs  us  that  it  was  a  compofition  of  filver  and 
gold  \  and  that^by  candle-light  it  {hone  with  more  fplendor  than  fiver.  The  ancients  made  cups,  flatues,  and 


columns  of  it.  Now,  had  it  been  our  platinum,  is  it  not  rather  extraordinary  that  no  traces  of  a  metal,  which  mull 
have  been  pretty  abundant,  fhould  be  perceptible  in  any  part  of  the  old  continent  ? 

.  Pa^*a?e  Pliny  contains  the  fulleft  account  of  eleCtrum  to  be  found  in  any  ancient  author,  we  fhall 

give  it  in  his  own  words,  that  every  one  may  have  it  in  his  power  to  judge  whether  or  not  the  defeription  will 
apply  to  the  platinum  of  the  moderns. 

“  Omni  auro  inefl  argentum  vario  pondere. — Ubicunque  quinta  argenti  portio  eft,  eleftrum  vocatur.  Scrobes 
ess  reperiuntur  in  Canalienfi.  Fit  et  cura  eleClrum  argento  addito.  Quod  fi  quintam  portionem  exceflit,  iucudr- 
bus  non  reftitit.  Et  ele&ro  au&oritas,  Homero  tefte,  qui  Menelai  regiam  auro,  eleCtro,  argento,  ebore  fulgere 
tradit.  Minervae  templum  habet  Lindos  infulae  Rhodiorum  in  quo  Helena  facravit  calicem  ex  eleCtro.— Ele&ri  na- 
tura  eft  ad  lucernarum  lumina  clarius  argento  fplendere.  Quod  eft  nativum,  et  venena  deprehendit.  Namque 
ciicurrunt  in  calicibus  arcus  cceleftibus  fimiles  cum  igneo  ftridore,  et  gemina  ratione  prcedicunt.”— Lib.  xxxiii.V#/.  iv* 


CHEMISTRY.  227 

|  album,  white  gold.  Soon  after  it  was  examined  by  ing  them  for  fome  time  in  the  ftate  of  fufion  ;  the  pia-  -Mercury.^ 

L  wis,  Margraf,  Macquer  and  Beaume,  Morveau,  tiuum  finking  to  the  bottom  from  its  weight.  This  y 

Benrman,  and  many  other  illuftrious  chemifts.  circumftance  would  induce  one  to  fuppofe  that  there  is 

Plaunum,  when  pure,  is  of  a  white  coloui  like  filver,  veiy  little  affinity  between  them. 

but  not  fo  bright  (  k  .  It  has  no  talk  r.or  fmell.  Sect.  IV.  Of  Mercury. 

It  is  both  du&ile  and  malleable ;  but  the  precile  de¬ 
cree  has  not  yet  been  afeertained.  It  has  been  drawn  Mercury,  called  alfo  quickflver ,  was  known  to  the 
into  a  wire  of  of  an  inch  in  diameter.  This  wire  ancients,  and  feems  to  have  been  employed  by  them  lit 

admitted  of  being  flattened,  and  had  more  itrength  than  gilding.  ,  84 

•  a  wire  of  filver  or  gold  of  the  fame  fize  j.  It  is  of  a  white  colour,  exattly  like  that  of  polifhed  Properties 

It  is  exceedingly  difficult  to  fufe  it.  Macquer  and  filver.  It  has  no  tafle,  but  acquires  a  flight  odour  when  <>f  mercury. 

Beaume  fucceeded  by  means  of  a  powerful  burning-  rubbed  between  the  hands. 

rrlafs.  It  melts  more  eafily  when  mixed  with  other  Its  fpecitic  gravity  is  1 3,568  %.  _  %  Brijfm. 

fubftai  ces.  Its  fixity  is  ftill  greater  than  its  infulibili-  It  differs  from  all  other  metals  in  always  exifting,  at 
ty.  If  the  ftrongeft  fires  cannot  melt  it,  much  lefs  can  the  common  temperature  of  the  atmofphere,  in  a  flate 
they  volatilize  it.  of  fluidity.  It  freezes  at  -390  *  ;  or,  which  is  the  fame  *  See  Mae- 

,  Its  hardnefs  is  7,9  || .  Its  fpecific  gravity,  after  being  thing,  it  ceafes  to  be  a  folid,  and  melts  whenever  it  is  neb's  Exp>- 
hammered,  is  23,000;  fo  that  it  is  by  far  the  heavieft  placed  in  a  temperature  above  -39°.  It  boils  at  the 
body  known.  '  temperature  of  6oo°_.  .  "J* 

Some  of  the  experiments  which  have  been  made  on  From  the  experiments  made  on  frozen  mercury  m 
platinum  feem  to  prove  that  it  may  be  oxydated  by  the  Ruffia,  Hudfon's  Bay,  and  Britain,  we  know  that  this 
application  of  a  violent  heat.  The  oxyd  of  this  metal  metal,  when  folid,  is  malleable  ;  but  the  extreme  dif- 
may  be  eafily  formed  by  diffolving  platinum  in  nitro-  ficulty  of  examining  it  in  that  ftate,  on  account  of  the 
muiiatic  acid,  and  precipitating  it  by  means  of  an  earth  lownefsof  the  temperature,  has  rendered  it  hitherto  im- 
or  potafs.  The  various  oxyds  of  platinum  have  never  pofiible  to  afeertain  the  preeife  degree  either  of  its  mal- 
yct  been  examined  with  accuracy.  The  one  at  prefent  leability,  ductility,  or  hardnefs. 

beft  known  poflcffes,  as  Mr  Berthollet  has  proved,  the  Mercury  is  capable  of  combining  with  oxygen,  and  [t  forms 
properties  of  an  acid.  of  forming  oxyds,  differing  from  each  other  in  the  quan-  three  ox- 

The  fulphuret  of  platinum  is  unknown.  tity  of  oxygen  which  they  contain.  The  oxyds  of  mtrcu-  ds: 

t  By  mixing  together  an  ounce  of  platinum,  an  ounce  ry,  at  prefent  known,  are  the  black,  the  yellow,  and  themf.  6 
'  of  phofphoric  glafs,  and  a  dram  of  powdered  charcoal,  1.  When  mercury  is  agitated  for  fome  time  in  con- The  black 
and  applying  a  heat  of  about  3 2°  Wedgewood,  Mr  taft  with  oxygen  pas,  or  atmofpheric  air,  it  is  partly o*yd. 
Pelletier  formed  a  phofpburet  of  platinum  weighing  more  converted  into  a  greyifh-black  powder,  and  at  the  fame 
than  an  ounce.  It  was  partly  in  the  form  of  a  button,  time  pait  of  the  oxygen  difappeats.  Tiiis  is  the  black 
and  partly  in  cubic  crvftals.  It  was  covered  above  by  oxyd  of  mercury.  It  is  not  known  how  much  oxygen 
a  blackfill  glafs.  It  was  of  a  filver  white  colour,  very  it  contains,  nor  even  whether  the  whole  or  the  mercury 
brittle,  and  hard  enough  to  ftrike  fire  with  fteel  When  which  compofe3  it  be  adluaily  combined  with  oxygen. 
expofed  to  a  fire  ftrong  enough  to  melt  it,  the  phof-  2.  The  belt  way  of  forming  the  yellow  oxyd  is  to  Yellow 
phonis  was  difengaged,  and  burnt  on  the  furfacef.  diffolve  mercury,  either  in  boiling  iulphuric  acid  or  in  oxyd, 

i.  He  found  alfo,  that  when  phofphorus  was  projefted  cold  nitric  acid.  During  its  folution,  it  deprives  thefe 

on  red  hot  platinum,  the  metal  inftantly  fufed  and  acids  of  juft  as  much  oxygen  as  is  neeeffary  to  convert 
formed  a  phofphuret.  As  heat  expels  the  phofphorus,  it  into  a  yellow  oxyd  ;  and  if  potafs  or  lime  be  a:ter- 
Mr  Pelletier  has  propofed  this  as  an  eafy  method  of  pu-  ward3  added  to  the  folution,  it  precipitates,  and  may 

ii.  rifying  platinum  *.  be  obtained  pure  by  waftring  it  with  water.  It  is  a 

Platinum  does  not  feem  capable  of  combining  with  bright  yellow-coloured  powder,  which  ads  very  power- 
carbon.  fully  as  an  emetic.  From  the  obfervations  of  Bergman, 

Jt  is  not  in  the  lead  affeded  by  the  adion  of  water  it  appears,  that  it  is  compofed  ot  about  9  5, 8  parts  of 
or  air.  mercury,  and  3,2  of  oxygen  *.  *  xirwan's 

1.  When  gold  and  platinum  are  expofed  to  a  ftrong  3-  The  red  oxyd  of  mercury  may  be  prepared,  either  MW.ii. 

•  heat,  they  combine,  and  form  an  alloy  of  a  much  whi-  by  diftilling  nitric  acid  off  the  metal  repeatedly,  or  by  4*9 

ter  colour,  but  nearly  as  dudilc  as  gold.  The  propor-  keeping  mercury  for  a  long  time  expoted  to  a  heat  fuffi-  A  4  red 
tions  of  the  ingredients  are  not  known.  When  T’T  on-  eient  to  evaporate  it  while  it  is  in  contad  with  air.  oxyd. 

ly  of  the  alloy  is  platinum,  the  gold  is  fcarcely  altered  When  formed  by  the  fir  ft  procels,  it  was  formerly  call- 

in  colour.  ed  m ^ prec'ipita  e  ;  when  by  the  laft,  precipitate  per  fe . 

2.  Whether  filver  and  platinum  combine  chemically  It  is  a  beautiful  red  powder,  or  rather  imall  red  cryftals, 
has  not  yet  been  properly  ascertained.  When  filled  which  have  iome  elcharotic  qualities.  When  prepared 
together  (for  which  a  very  ftrong  heat  is  neeeffary),  by  the  fecond  procefs,  the  heat  mult  not  be  much  be- 
they  form  a  mixture,  not  fo  du&ile  as  ftlver,  but  harder  low  6oo°,  nor  much  above  8ocr,  otherwife  no  union 
and  lefs  white.  The  two  metals  are  feparated  .by  keep-  would  take  place ;  and  it  muft  be  continued  for  fome 

T  f  2  weeks. 


(k)  To  this  colour  it  owes  its  name.  Plata,  in  S  parti  fh,  h fiver  ;  and  platina ,  little  filver,  was  the  name  fir  ft 
given  to  the  metal  Bergman  changed  that  name  into  platinum,  that  the  Latin  names  of  all  the  metms  might  have 
the  lame  termination  and  gender.  Jt  was,  however,  firil  called  platinum  by  Linuaeu*. 
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Mercury,  weeks.  From  the  experiments  of  Mr  Kirwan,  it  ap- 
pears  to  contain  92,6  parts  of  mercury  and  7,4  of  oxy- 
f  Kirwan  s  gen  *f. 

Thefe  oxyds  may  be  decompofed  by  the  application 
of  a  heat  amounting  to  1200°.  The  oxygen  flies  off 
in  the  form  of  gas,  and  running  mercury  remains  be¬ 
hind. 

The  affinities  of  the  oxyds  of  mercury,  according  to 
Bergman,  are  as  follows : 

Sebacic  acid, 

Muriatic, 

Oxalic, 

Succinic, 

Arfenic, 

Phofphoricf 
Sulphuric, 

Benzoic  (l)  ? 

Saccholadic, 

Tartarous, 

Citric, 

Sulphurous, 

Nitric, 

Fluoric, 

Zoonic  (m)  ? 

Acetous, 

Boracic, 

Pruffic, 

Caibonic. 

When  two  parts  of  mercury  and  three  parts  of  flowers 
of  fulphur  are  triturated  for  fome  time  together,  or 
when  equal  parts  of  mercury  and  melted  fulphur  are 
mixed  together — they  combine,  and  form  a  black  pow¬ 
der.  formerly  called  ethiops  mineral ,  and  now  black  ful¬ 
phuret  of  mercury . 

When  300  grains  of  mercury  and  68  of  fulphur, 
with  a  few  drops  of  folution  of  potafs  to  moiflen  them, 
are  triturated  for  fome  time  in  a  porcelain  cup  by 
means  of  a  glafs  peftle,  black  oxyd  of  mercury  is  pro¬ 
duced.  Add  to  this  160  grains  of  potafs,  difl'olved  in 
as  much  water.  Heat  the  veffel  containing  the  ingre¬ 
dients  over  the  flame  of  a  candle,  and  continue  the  tri¬ 
turation  without  interruption  during  the  heating.  In 
proportion  as  the  liquid  evaporates,  add  clear  water  from 
time  to  time,  fo  that  the  oxyd  may  be  conilantly  co¬ 
vered  to  the  depth  of  near  an  inch.  The  trituration 
mull  be  continued  about  two  hours ;  at  the  end  of 
which  time  the  mixture  begins  to  change  from  its  ori¬ 
ginal  black  colour  to  a  brown,  which  ufually  happens 
when  a  large  part  of  the  fluid  is  evaporated.  It  then 
pafies  very  rapidly  to  a  red.  No  more  water  is  to  be 
added  5  but  the  trituration  is  to  be  continued  without 
interruption.  When  the  mals  has  acquired  the  con¬ 
fidence  of  a  geily,  the  red  colour  becomes  more  and 
more,  bright,  with  an  incredible  degree  of  quicknefs. 
The  inflant  the  colour  has  acquired  its  utmoil  beauty, 
the  heat  mull  be  withdrawn,  otherwife  the  red  pafies 
to  a  dirty  brown.  This  red  powder  is  the  red  fulphu- 
ret  of  mercury,  called  formerly  cinnabar ,  and,  when  re¬ 
duced  to  a  hne  powder,  vermilion  (n).  The  procefs 
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above  deferibed  has  been  lately  difeovered  by  Mr  Kir-  Mei 
choff,  and  is  by  far  the  fimpleil  and  cheapeft  mode  of1 —  ' 
forming  red  fulphuret  with  which  we  are  acquainted*.*^ 
Count  De  Mouffin  Poufchin  has  difeovered,  that  its  paf.jWi 
ling  to  a  brown  colour  may  be  prevented  by  taking  it 
from  the  fire  as  foon  as  it  has  acquired  a  red  colour,  and 
placing  it  for  two  or  three  days  in  a  gentle  heat,  taking 
care  to  add  a  few  drops  of  water,  and  to  agitate  the 
mixture  from  time  to  time.  During  this  expofure,  the 
red  colour  gradually  improves,  and  at  laft  becomes  ex¬ 
cellent.  He  diicovered  alfo,  that  when  this  fulphuret 
is  expofed  to  a  flrong  heat,  it  becomes  inftantly  brown, 
and  then  pafies  into  a  dark  violet  ;  when  taken  from 
the  fire  it  pafies  inftantly  to  a  beautiful  carmine  red  f .  f  ft. 

The  difference  between  thefe  two  iulphurets  has  never 
yet  been  afeertained.  One  would  be  apt  to  fnfpeft  at 
firft:  that  the  black  fulphuret  confifts  of  the  real  fulphu¬ 
ret  of  mercury  combined  with  fulphur  ;  the  red,  of  the 
fulphuret  of  mercury  combined  with  mercury,  and  that 
the  real  fulphuret  of  mercury  was  not  yet  accurately 
known.  But  it  cannot  be  doubted  that,  during  the 
formation  of  the  red  fulphuret ,  according  to  KirchofPs 
procefs,  there  is  an  abiorption  of  oxygen.  The  phe¬ 
nomena  above  deferibed  point  out  that  almoft  incon-  | 
teftibly  ;  and  we  obferved,  on  attempting  to  repeat  the 
experiment,  that  the  black  fulphuret,  during  its  tritu¬ 
ration,  emitted  fulphurated  hydrogen  gas.  Perhaps, 
then,  the  mercury  may  be  oxydated.  We  fufpt&ed  at 
firft  that  part  of  the  iulphur  might  be  converted  into 
an  acid ;  but  on  attemping  an  alteration  of  the  procefs 
in  confequence  of  that  fuppofition,  we  could  not  fucceed. 

The  red  fulphuret  of  mercury  is  found  naturally  in 
feveral  parts  of  the  world.  It  ufed  to  be  prepared  by 
forming  a  black  fulphuret  with  three  parts  of  fulphur 
and  one  of  mercury,  and  then  fettmg  fire  to  it.  Part 
of  the  fulphur  is  burnt,  and  there  remains  behind  a  vio- 
let-coloured  body,  which  is  powdered  and  put  into  a  glafs 
veffel,  to  the  bottom  of  which  a  red  heat  is  applied. 

A  reddifii  brown  fubftance  fublimes,  which  is  red  ful¬ 
phuret  of  mercury  ;  but  its  colour  is  not  nearly  equal  to 
that  which  is  prepared  by  KerchofPs  procefs. 

Mr  Pelletier,  after  feveral  unfuceelVful  attempts  tophi 
form  phofphuret  of  mercury,  at  laft  iucceeded  by  dif- oi mb 
tilling  a  mixture  of  red  oxyd  of  mercury  and  phofpho- 
rus.  Part  of  the  phoiphorus  combined  with  the  oxy¬ 
gen  of  the  oxyd,  and  was  converted  into  an  acid  ;  the 
reft  combined  with  the  mercury. 

Phofphuret  of  meicury  is  of  a  black  colour,  of  a 
pretty  folid  confidence,  and  capable  of  being  cut  with 
a  knife.  When  expoled  to  the  air,  it  exhaled  vapours 
of  pholphorus  || .  || 

Mercur  y  does  not  feem  capable  of  combining  with  a/* 
carbon.  in- 

The  combinations  of  mercury  with  the  other  metals 
are  called  amalgams. 

1.  The  amalgam  of  gold  forms  very  readily,  becaufe 
there  is  a  very  flrong  affinity  between  the  two  metals. 

If  a  bit  of  gold  be  dipped  into  mercury,  its  furface,  by 
combining  with  mercury,  becomes  as  white  as  lilver. 

The 


Its  aj 

,  gan!! 


(iA  Benzoat  of  mercury  is  decompofed  by  fnlphuric  acid.  Trommfdorf  Ann .  de  Chim .  xi.  316. 

(m  Zoonic  acid  decomposes  the  acetite  of  mercury.  Berthollet. 

(  N  i  .  WOrcJ  is  derived  from  the  French  word  vermeil ,  which  comes  from  vermiculus  or  vermiculum , 

names  g!ven  in  the  middle  ages  to  the  kermes  or  ilicis,  well  known  as  a  red  dye.  Vermilion  originally  fig. 

xuned  the  red  dye  ot  the  kermes.  See  Beckmann’ t  Hijl.  of  Difcoveries>  II.  180.  °  *  & 
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The  eafieft  way  of  forming  this  amalgam  is  to  throw 
fmall  pieces  of  red  hot  gold  into  mercury.  The  pro¬ 
portions  of  the  ingredients  are  not  eafily  determined, 
becaufe  the  amalgam  ha*  an  affinity  both  tor  the  gold 
and  the  mercury  ;  in  confequence  of  which  they  appear 
to  combine  in  any  proportion.  Moft  probably  it  is 
compofed  of  two  parts  of  gold  and  one  of  mercury. 
The  combination  is  formed  moll  readily  in  thefe  pro 
portions  ;  and  if  too  much  mercury  be  added,  it  may  be 
feparated  by  filtration.  The  amalgam  is  of  a  white 
colour,  and  of  the  confidence  of  butter  '}'.  This  amal¬ 
gam  cryftallizes  in  quadrangular  prifms  ;  which  cry- 
Hals,  according  to  the  Dijon  academicians,  are  compo¬ 
fed  of  fix  parts  of  mercury  and  one  of  gold.  It  is 
much  11  fed  in  gilding. 

2.  The  amalgam  of  filver  is  made  in  the  fame  man¬ 
ner.*  It  forms  dendriticai  cry  dais,  which,  according  to 
the  Dijon  academicians,  contain  eight  parts  of  mercury 
and  one  of  filver.  Gellert  was  the  fir  ft  who  remarked 
that  its  fpecific  gravity  was  greater  than  that  of  mer¬ 
cury,  though  that  of  filver  be  lefs. 

3.  Dr  Lewis  attempted  to  form  an  amalgam  or  pla¬ 
tinum,  but  hardly  fucceeded,  after  a  labour  which  laded 
for  fevcral  weeks.  Mr  Morveau  lucceeded  by  means  of 
heat  f*  But  a  much  more  expeditious  method  has 
been  lately  difeovered  by  Count  Mouffin  Poulchin.  He 
took  a  dram  of  the  orange-coloured  fait,  compofed  of 
oxyd  of  platinum  and  ammonia  (o),  and  triturated  it 
with  an  equal  weight  of  mercury  in  a  mortar  of  chal¬ 
cedony.  In  a  few  minutes  the  iait  became  brown,  and 
afterwards  p.cquired  a  green ilh  (hade.  I  he  matter  was 
reduced  to  a  very  fine  powder.  Another  dram  of  mer¬ 
cury  was  added,  and  the  trituration  continued :  The 
matter  became  grey.  A  third  dram  of  mercury  began 
to  form  an  amalgam  ;  and  fix  drams  made  the  amalgam 
perfect.  The  whole  operation  fcarce  lalled  20  minutes. 
Mercury  was  added  till  it  amounted  to  nine  times  the 
weight  of  the  fait,  and  yet  the  amalgam  continued  very 
tenacious.  It  was  eafily  fpread  out  under  the  peflle ; 
it  received  the  impreffion  of  the  moft,  delicate  leals,  and 
had  a  very  dole  and  brilliant  grain.  Ihis  amalgam  is 
decompofed,  and  the  mercury  paffes  to  the  Hate  of 
black  oxyd  by  the  fimple  conta&  of  feveral  or  the  me¬ 
tals  and  a  great  number  ©t  animal  matters  f  his  effedt 
even  takes  place  on  rubbing  it  between  the  fingers*. 

The  affinities  of  mercury,  as  afeertained  by  the  expe¬ 
riments  of  Morveau  (p),  arc  as  follows : 

Gold, 

Silver, 

Tin, 

Lead, 

Bifmuth, 

Zinc, 

Copper, 

Antimony, 

Arfenic  (.oj* 

Iron. 

Sect.  V.  Of  Copper . 

Except  gold  and  filver,  copper  feems  to  have  been 
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more  early  kno.vn  than  any  other  metal.  In  the  firil 
a.re8  of  the  world,  before  the  method  of  working  iron 
was  dilcovered,  copper  was  a  principal  ingredient  in  . all 
domeftic  utenfilsand  inftruments  of  war.  Even  during 
the  Trojan  war,  as  we  learn  from  Homer,  the  comba¬ 
tants  had  no  other  armour  but  what  was  made  of 
bronze,  which  is  a  mixture  of  copper  and  tin.  The 
word  copper  is  derived  from  the  lfland  of  Cyprus,  where 
it  was  hrfl  difeovered,  or  at  leal!  wrought  to  any  ex¬ 
tent,  by  the  Greeks.  9!  . 

Copper  is  of  a  pale  red  colour  with  a  made  ot  yel-  Proi  erties 
low.  Its  take  is  ftyptic  and  naufeous  ;  and  when  rub- of  copper, 
bed' it  emits  a  difagreeable  fmell.  It  poffcffes  a  confi- 
derable  degree  of  malleability,  though  lets  than. filver. 

Its  tenacity  is  Inch,  that  a  wire  of  of  an  inch  in  dia* 
meter  can  fullain  a  weight  of  299J  pounds  without 

breaking  f.  ,  n.V9  J 

Its  hardnefs  is  8 +.  Its  fpecihc  gravity,  when  not }  A-, 
hammered,  is  7,788  ;  when  wire-drawn,  8,878  || .  i  he  M_„er. 
fpecific  gravity  of  Japan  copper  is  9,000  *;  that  ofr*7. 

Swedifh  copper,  9,3243  f.  X^Ket't 

It  melts  at  270  Wedgcwood ;  according  to  the  cal-  ^  m 
eolation  of  the  Dijon  academicians,  at  14491  Fahrenheit.  MacqU!r', 
When  allowed  to  cool  flowly,  it  afl'umes  a  cryftalline  oai. 
foim.  Tlie  Abbe  Mongez,  to  whom  we  owe  many  f  Bergman,. 
valuable  experiments  on  the  cryilallization  of  metals,  “•  l63- 
informs  us,  that  thefe  cryflals  are  quadrangular  pyra¬ 
mids,  freotiently  inleited  into  one  another.  _  96 

When  copper  is  heated  red  hot  in  contact  with  air,  Brown 
it  is  foon  covered  with  a  brown  earthy  cruft,  which  may  “ 
be  eafily  feparated  by  hammering  or  by  plunging  the  me-  ^ 
tal  into  water.  If  the  heat  be  continued,  another  fcale 
of  the  fame  kind  foon  forms  ;  and  by  continuing  the 
procefs  the  whole  metal  may  be  converted  into  an  ear¬ 
thy-like  cruft,  which  is  merely  a  combination  ot  copper 
and  oxygen,  and  is  therefore  called  brown  oxyd  of  copper. 

It  is  compofed  of  about  84  parts  of  copper  and  16  of 
oxygen  1.  .  f  Klrwan  t 

W  hen  cooper  is  diffolvcd  in  fnlphuric  acid,  and  pre-  fner'  u* 
cipitated  by  means  of  lime,  it  falls  in  the  form  of  a  blue-  4  "  ^ 
coloured  powder,  which  is  the  blue  oxyd  of  copper.  If  B!ue 
this  oxyd  of  copper  be  dried  in  the  open  air,  it  aflumes,>ieen 
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<rreen  colour,  and  is  then  called  the  green  oxyd  oj  cop-  oxyas. 
per.  This  laft  oxyd  may  alfo  be  produced  by  diftilluig 
a  fufficient  quantity  of  nitric  acid  off  copper.  Little 
iatisfa&ory  is  yet  known  with  reipedt  to  thefe  oxyds  ; 
it  has  not  even  been  afeertained  whether  the  blue  and 
green  be  really  two  different  oxyds,  or  whether  the  dif- 
ference  in  colour  be  owing  to  tome  other  caufe.  It  is 
probable,  however,  that  the  green  oxyd  contains  mote 
oxygen  than  the  blue ;  becaufe  the  blue  oxyd  aflumes 
a  green  colour  when  expofed  for  tome  time  to  the  open 
air,  during  which  it  may  be  fuppofed  to  abforb  oxygen. 

An  experiment  of  Fourcroy  proves  inconteftibly,  that 
the  brown  oxyd  contains  lefs  oxygen  than  the  green. 

He  converted  the  green  oxyd  into  the  brown  by  applying 
heat ;  and  during  the  diftillation  obtained  oxygen  gas  (].  |l. 

The  affinities  of  the  oxyds  of  copper,  according  to 
Bergman,  are  as  follows  :  # 

Pyro-mucous  acid  *, 

Oxalic, 
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*  Scbriekclt 


Tartarous, 


(o)  Ammonia  is  an  alkali  hereafter  to  be  defenbed.  It  is  often  called,  in  Engl.fh,  hartfhorn. 

(  p  We  (hall  have  occafion  to  confider  thefe  celebrated  experiments  afterwards.  . 

(0.)  Thefe  two  are  added  from  Bergman.  Bergman  places  lead  before  tin,  and  zme  beiore  bifmuth. 
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Tartarous, 

Muriatic, 

Sulphuric, 

Sacchola&ic, 

Nitric, 

Sebacic, 

Arfenic, 

Phofphorfc, 

Succinic, 

Fluoric, 

Citric, 

Formic, 

La&ic, 

Acetous, 

Boracic, 

Pruffic, 

Carbonic, 

Fixed  alkalies, 

Ammonia, 

Fixed  oils. 

When  copper  is  long  expofed  to  the  air,  its  furface 
oecomes  covered  over  with  a  preen  cruft,  which  is  green 
oxyd  of  copper .  This  oxydation  never  penetrates  be¬ 
yond  the  furface. 

Copper  is  not  attacked  by  water  at  the  boiling  tem¬ 
perature  ;  but  if  cold  water  be  allowed  to  remain  long 
on  its  furface,  the  metal  becomes  partly  oxydated 
Sulphur  mixes  readily  with  copper.  The  combina¬ 
tion  may  be  formed  by  mixing  the  ingredients  together 
and  applying  a  pretty  ftrong  heat.  Sulphuret  of  copper 
is  brittle,  fofter  than  copper,  of  a  black  colour  exter¬ 
nally,  and  within  of  a  leaden  grey.  It  is  compofcd,  ac¬ 
cording  to  Kir  wan’s  experiments,  of  81  parts  of  copper 
*  Kirwan'sand  19  of  fulphur 

Mr  Pelletier  formed  phofphuret  of  copper  by  melting 
roo  together  one  ounce  of  copper,  one  ounce  of  phofphoric 
Phofphuret  gkfs,  and  one  dram  of  charcoal.  It  was  of  a  white 
©f  copper,  colour.  On  expofure  to  the  air,  it  loft  its  luftre  and 
%  f  nn.  dc  became  blackiffi  %.  Margraf  was'  the  firft  perfon  that 
Cbtm.i,  74.  formed  this  phofphuret.  His  method  was  to  diftil 
phofphorus  and  brown  oxyd  of  copper  together.  It 
is  formed  moft  eafily  by  projecting  phofphorus  into  red 
...  hot  copper.  According  to  Pelletier,  it  contains  20 
ibtd.xm.  parts  Qf  phofphorus  and  80  of  copper  *.  This  phof¬ 
phuret  is  harder  than  iron  ;  It  is  not  ductile,  and  yet  can¬ 
not  eafily  be  pulverifed.  Its  fpecific  gravity  is  7,1  220. 
Joufn'de  II  Cr?ftallizes  ln  tetl*ahedral  prifms 
/ >hyC.  1.  Copper  combines  readily  with  gold  when  the  two 

3cxxviii.468.met.s  are  mehed  together.  The  compound  is  of  a 
'OI  r  m?dlih  colour>  raore  fuflble  than  gold,  but  lefs  du&ile. 
cower  ,  pr°p0rr°nS  of  'the  "'^edlents  which  form  this  al- 
PP  ■  Ioy  are  not  known  ;  nor  would  it  be  eafy  to  afeertain 
them,  as  the  two  metals  are  almoft  equally  fuftble.  The 
current  gold  of  this  country  is  compoied  of  1 1  parts  of 
gold  and  one  part  of  copper. 

2.  The  alloy  of  copper  and  filver  is  made  as  eafily  as 
that  of  gold,  and  the  properties  are  equally  unknown. 
It  is.  harder  and  more  fonorous  than  filver.  The  cur¬ 
rent  filver  com  of  Britain  is  compofcd -of  15  parts  of 
‘Zilver  and  one  of  copper. 
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3.  Platinum  combines  readily  with  copper. 


Part  I, 

The  al-  Iron, 
loy  is  much  more  fulible  than  platinum  ;  it  is  duddile, 
hard,  takes  a  fine  polilh,  and  is  not  liable  to  tarnifh. 

This  alloy  has  been  employed  with  advantage  for  com- 
poiing  the  mirrors  of  reflecting  telefcopes. 

4.  The  amalgam  of  copper  cannot  be  formed  by  Am¬ 
ply  mixing  that  metal  with  mercury,  nor  even  by  the 
application  of  heat ;  becaufe  the  heat  neceflary  to  melt 
copper  fublimes  mercury.  Dr  Lewis  has  given  us  le- 
veral  proceffes  for  forming  this  amalgam.  One  of  the 
fimpleft  is  to  triturate  mercury  with  a  quantity  of  com¬ 
mon  fait  and  verdigrile  ;  a  iubftance  compofed  of  oxyd 
of  copper  and  vinegar.  The  theory  of  "this  proceis  is 
not  very  obvious. 


The  affinities  of  copper  are,  according  to  Bergman,  Itsaffiaitk; 
as  follows : 


Gold, 

Silver, 

Arfenic, 

Iron, 

Manganefe, 

Zinc, 

Antimony, 

Platinum, 

Tin, 

Lead, 

Nickel, 

Bifmuth, 

Cobalt, 

Mercury, 

Sulphuret  of  alkali. 

Sulphur, 

Phofphorus. 


Sect  VI.  Of  Iron . 

Iron,  the  moll  abundant  and  moft  ufeful  of  all  theDifcovery 
■metals,  was  neither  known  fo  early,  nor  wrought  fo  °f  iron, 
eafily,  as  gold,  filver,  and  copper.  For  its  difeovery 
we  muft  have  recourie  to  the  nations  of  the  eaft,  among 
whom,  indeed,  almoft  all  the  arts  and  fciences  firft 
fprung  up.  The  writings  of  Mofes  (who  was  bora 
about  1635  ye^rs  before  Chrift)  furnifh  us  with  the 
ampleft  proof  at  how  early  a  period  it  was  known  in 
Egypt  and  Phoenicia.  He  mentions  furnaces  for  work¬ 
ing  iron  ores  from  which  it  was  extracted  *  ;  and  *  Deut* 1V* 
tells  uv  that  fwords  |),  knives  f,  axes  f,  and  tools  for  Vnid.  »Uf. 
cutting  ltones  §,  were  then  made  of  that  metal.  How  9. 
many  ages  betore  the  birth  of  Mofes  iron  muft  have  II  Numb, 
been  difeoveted  in  tliefe  countries,  we  may  perhaps  con-X!£XV*  1 
ceive,  if  we  reft  eft,  that  the  knowledge  of  iron  wasP'"’*'  " 
brought  over  from  Phrygia  to  Greece  by  the  Daftyli  *,f  Deut. 
who  fettled  in  Crete  during  the  reign  of  Minos  I.  about XVlii-  i* 
M31  years  before  Chrift  ;  yet  during  the  i'rojan  war,  §-KW-«’™< 
which  happened  200  years  after  that  period,  iron  was  *  Her,0j  „ 
hi  fuch  high  eftimation,  that  Achilles  propofed  a  ball  quoted  by 
of  it  as  one  of  his  prizes  during  the  games  which  he 
celebrated  in  honour  of  Patroclus  (r).  At  that  period lib‘  v,i* 
none  of  their  weapons  were  formed  of  iron.  Now  ifC‘i7* 
the  Greeks  in  200  years  had  made  fo  little  progrefs  in 
an  art  which  they  learned  from  others,  how  long  muft 
- _ _  it 


To» 


(r)  Avrcig  Tly}\&$ng  S'hxev  aoXov  avTQ^oa vcvt 
*  Ov  ‘crptv  piTTTKcry.t  fjuyx  cr^fvoc  H triuvcf 
AKK  wot  70V  Sl9f 


104 

]  proper- 

b 


t  Masquer  s 

Ya. 


I*°5 

?orms  two 
f jxyds. 

Ann.  de 
j .him  xxin. 
m.  and  N7- 
|  bolfen  s 
Journaly  i. 

1*53* 

\  Mem.  A- 
:ad.  Par 
j  7  Si. 


iq6 

Their  affi¬ 
nities. 


^LaC  range, 


|  Schrtclel , 


CHEMI 

Jt  have  taken  the  Egyptians,  Phrygians,  Chalybes,  or 
whatever  nation  firft  dilcovered  the  art  of  working  iron, 
to  have  made  that  progrefs  in  it  which  we  find  they  had 
done  in  the  days  of  Mofes  ? 

Iron,  when  frefh  broken,  is  of  a  bluifh  grey  colour. 

It  has  'a  Ilyotic  tafte,  and  emits  a  fmell  when  rubbed. 

It  is  malleable  and  du&ile  in  every  temperature ;  and 
its  malleability  is  increafed  in  proportion  as  the  tempe¬ 
rature  augments.  Its  tenacity  is  fuch,  that  an  iron 
wire  to  of  an  inch  in  diameter  fuftains  a  weight  of  450 
pounds  without  breaking  *. 

Its  hardnefs  is  fuch,  that  it  may  be  eafily  reduced  to 
powder  by  the  application  of  a  file.  Its  fpecific  gra¬ 
vity  is  7,788.  It  is  infufible  in  the  ftrongeft  heats  hi¬ 
therto  produced.  .  . 

It  is  attra&ed  by  the  magnet  or  loadftone,  and  is  lt- 
felf  capable  of  becoming  magnetic  ;  but  it  retains  this 
property  only  for  a  very  fhort  time.  #  .  , 

It  is  not  hardened  by  being  plunged  into  liquids 
while  hot,  ncr  foftened  by  being  cooled  (lowly. 

Iron  combines  with  oxygen  very  readily.  When 
kindled  in  oxygen  gas,  it  burns  with  great  rapidity  and 
fpiendor,  and  is  in  this  manner  converted  into  an  oxyd. 
It  is  converted  into  an  oxyd  alfo  when  fur  rounded  by 
mold  air,  or  when  plunged  in  water  ;  becaufe  it  has  a 
ftronger  affinity  for  oxygen  than  hydrogen  has,  and  is 
therefore  capable  of  decompofing  water. 

Mr  Proud  has  lately  proved,  that  there  are  only  two 
oxyds  of  iron,  the  green  and  the  brown  or  red ,  and  that 
all  the  other  fuppofed  oxyds  are  merely  mixtures  of  thefe 
two  in  various  proportions  f.  ... 

The  green  oxyd  may  be  obtained  by  diffolving  iron  in 
fulphuric  acid,  and  then  precipitating  it  by  potafs.  It 
is  a  light,  green-coloured,  carthy-like  fubdance,  com- 
pofed,  as  Mr  Lavoifier  has  fhev/n,  of  27  parts  of  oxy¬ 
gen,  and  73  of  iront  When  this  oxyd  is  expofed 
to  the  air,  it  quickly  abforbs  more  oxygen,  and  is  con¬ 
verted  into  a  brown  powder,  which  is  the  brown  oxyd . 
Mr  Proud  has  proved  that  it  contains  52  parts  of 
iron  and  48  of  oxygen.  This  oxyd  is  well  known 
under  the  name  of  rujl  of  iron,  which  is  generally,  how¬ 
ever,  or  perhaps  always,  combined  with  carbonic  acid 
gas. 

The  affinities  of  thefe  oxyds,  according  to  Bergman, 
are  as  follows : 

Gallic  acid  ? 

Oxalic  acid, 

Tartarous, 

Camphoric 
Sulphuric, 

SaccholaCtic, 
v  Muriatic, 

Pyromucous  £, 

Nitric, 

Sebacic, 

Phofphoric, 

Arfenic, 
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Fluoric,  ^ 

Succinic, 

Citric, 

Formic, 

La&ic, 

Acetous, 

Boracic, 

P  ruffle, 

Carbonic.  #  107 

Iron  unites  readily  with  fulphur.  Sulphuret  of  iron,  Sulphured 
formerly  called  pyrites ,  is  found  ready  formed  in  many 
parts  of  the  world.  It  is  not  eafy  to  determine  the 
proportions  of  its  ingredients,  becauie  it  is  capable  of 
combining  both  with  iron  and  fulphur,  and  confequent- 
ly,  if  there  happens  to  be  any  excefs  of  either  du  ring  it3 
formation,  it  takes  it  up.  Perhaps  the  proportion  are 
not  far  from  equal  parts  of  fulphur  and  of  iron.  It  is 
of  a  pale  yellow  or  brownifh  colour,  and  is  capable  ofr 
affuming  a  crydalline  form  Its  fpecific  gravity  is  a- 
bout  4,000.  When  placed  upon  the  fire,  it  precipi¬ 
tates  ;  and  at  a  red  heat  lofts  its  yellow  colour,  and  be¬ 
comes  of  an  iron  grey,  excepting  its  furface,  which  is 
of  a  bright  red.  It  melts  at  102°  Wedgewood  m  a 
covered  crucible  into  a  bluifh  flag,  fomewhat  porous 
internally  £ .  When  expofed  to  air  and  moifture,  the+_*,'w?V 


internally  4.  wnen  expoitu  i  n  ur  ua  Miner.*.  - 

fulphur,  as  happens  in  all  fulphurets,  gradually  ablorbs  ;0 

oxygen,  and  is  converted  into  an  acid. 

If  iron  filings  and  fulphur  be  mixed  together,  and 
formed  into  a  pafte  with  water,  the  fulphur  decomposes 
the  water,  and  abforbs  oxygen  fo  rapidly  that  the  mix¬ 
ture  takes  fire,  even  though  it  be  buried  under  ground. 

This  phenomenon  was  firft  difeovered  by  Homberg  ; 
and  it  is  confidered  as  affording  an  explanation  of  the 
origin  of  volcanoes.  Fhe  native  fulphuret  of  iron  has 
been  obferved  more  than  once  to  take  fire  on  being  fud- 
denly  moiftened  with  water.  10S 

Iron  combines  readily  with  phofphorus,  and  forms  Phofphu- 
phofphuret  of  iron  to  which  Bergman,  who  firft  difco-«t, 
vered  it,  gave  the  name  of  fiderunu 

There  is  a  particular  kind  of  iron,,  known  by  the 
name  of  cold fhort  iron ,  becaufe  it  is  brittle  when  cold, 
though  it  be  malleable  when  hot.  Bergman  was  em¬ 
ployed  at  Upfal  in  examining  the  caufe  of  this  proper¬ 
ty,  while  Meyer  was  occupied  at  Stetin  with  the  fame 
invefligation  ;  and  both  of  them  dilcovered,  nearly  at 
the  fame  time,  that,  by  means  of  fulphuric  acid,  a  white 
powder  could  be  feparated  from  this  kind  of  iron,  which 
by  the  ufual  procefs  they  converted  into  a  metal  oi  a 
dark  fleel  grey,  exceedingly  brittle,  and  riot  very  fo- 
luble  in  acids.  Its  fpecific  gravity  was  6,700  ;  it  was 
not  fo  fufible  as  copper ;  and  when  combined  with  iron 
rendered  it  cold  fhort .  Both  of  them  concluded  that 

this  fub fiance  was  a  new  metal ;  and  Bergman  gave  It 
the  name  of ft  derum.  But  Klaproth  foon  after  recol¬ 
lecting  that  the  fait  compofed  of  phofphoric  acid  and 
iron  bore  a  great  refemblance  to  the  white  powder  ob¬ 
tained  from  cold  fhort  iron,  fufpeded  the  prefence  of 
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pliofoliorlc  acid  hi  this  new  metal.  To  decide  the 
point,  he  combined  phofphoric  acid  and  iron,  and  ob» 
tained,  by  heating  It  in  a  crucible  along  with  charcoal 
powder  (s\  a  fubftance  exa&ly  refembling  the  new 
metal.  Meyer,  when  Klaproth  communicated  to  him 
this  difeovery,  informed  him  that  he  had  already  fatis- 
fied  himfelf,  by  a  more  accurate  examination,  that  fide- 
rum  contained  phofphoric  acid.  Soon  after  this,  Scheele 
adlually  decompofed  the  white  powder  obtained  from 
cold  fhort  iron,  and  thereby  demon ftrated,  that  it  was 
compofed  of  phofphoric  acid  and  iron.  The  liderum 
of  Bergman,  however,  is  compofed  of  phofphorus  and 
iron,  the  phofphoric  acid  being  deprived  of  its  oxygen 
during  the  reduction  ;  or  it  is  pliofphuret  of  iron.  It 
may  be  formed  by  fufing  in  a  crucible  an  ounce  of  phof¬ 
phoric  glafs,  an  ounce  of  iron,  and  half  a  dram  of  char¬ 
coal  powder.  It  is  very  brittle,  and  appears  white  when 
broken.  When  exoofed  to  a  ftrong  heat,  it  melts,  and 
the  phofphorus  is  difiipated  *.  It  may  be  formed  alfo 
by  melting  together  equal  parts  of  phofphoric  glafs  and 
iron-filings.  Part  of  the  iron  combines  with  the  oxy¬ 
gen  of  the  phofphoric  plafj,  and  is  vitrified  ;  the  reft 
forms  the  phofphuret,  which  finks  to  the  bottom  of  the 
crucible.  It  may  be  formed  alfo  by  dropping  final! 
bits  of  phofohorus  into  iron-filings  heated  red  hot  J. 
The  proportions  of  the  ingredients  of  this  phofphuret 
have  uot  yet  been  determined. 

Iron  like  wife  combines  with  carbon,  and  forms  a 
carburet.  Carburet  of  iron  has  been  long  known  and 
ufed  in  the  arts  under  the  names  of  plumbago  and  black 
had.  It  is  of  a  dark  iron  grey  or  blue  colour,  and  has 
fomething  of  a  metallic  luftre.  It  has  a  greafy  feel,  and 
blackens  the  fingers,  or  any  other  fubftance  to  which  it 
is  applied*  It  is  found  in  many  parts  of  the  world,  ef- 
pecially  in  England,  where  it  is  manufactured  into  pen¬ 
cils.  It  is  not  affeCted  by  the  moft  violent  heat  as  long 
as  air  is  excluded,  nor  is  it  in  the  lead  altered  by  fimple 
expofure  to  the  air,  or  to  water.  Its  nature  was  firft 
inveftigated  by  Scheele ;  who  proved,  by  a  very  inge¬ 
nious  analyfts,  that  it  could  be  converted  almoft  wholly 
into  carbonic  acid  gas,  and  that  the  fmall  refiduum  was 
iron.  It  follows  from  this  analyfis,  that  it  is  compofed 
of  carbon  and  iron  ;  for  the  carbon  during  its  combuf- 
tion  had  been  converted  into  carbonic  acid  gas.  By 
the  fubfequent  experiments  of  Pelletier  and  other  French 
chemifts,  it  has  been  fhewn  to  confift  nearly  of  nine 
parts  of  carbon  to  one  of  iron. 

There  are  a  great  many  varieties  of  iron,  which  ar- 
lifts  "hftinguifh  by  particular  names  ;  but  all  of  them 
may  be  reduced  under  one  or  other  of  the  three  follow¬ 
ing  dates:  Wrought  iron  (or  fimply  iron),  fled,  and  cajl 
or  raw  iron. 

Wrought  Iron  is  the  fubftance  whtca  we  have  been 
hitherto  defeibing.  As  it  has  never  yet  been  decom¬ 
pounded,  we  coniider  it  when  pure  as  a  limple  body  ; 
but  it  has  fddom  or  never  been  found  without  fome 
fmall  mixture  of  foreign  fubftances.  Thefe  fubftances 
are  either  fome  of  the  other  metals,  or  oxygen,  carbon, 
or  phofphorus. 

Steel  is  diflinguifhed  from  iron  by  the  following 
properties.  G 

It  is  fo  hard  as  to  be  unmalleable  while  cold,  or  at 
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leaft  it  acquires  this  property  by  being  immerfed  while  iron, 
ignited  into  a  cold  liquid :  for  this  immerfion,  though 
it  has  no  effeCl  upon  iron ,  adds  greatly  to  the  hardntfs 
of Jlcel. 

It  is  brittle,  refills  the  file,  cuts  glafs,  affords  fparks 
with  flint,  and  retains  the  magnetic  virtue  for  any  length 
of  time. 

It  lofes  this  hardnefs  by  being  ignited  and  cooled  very 
flowly. 

It  melts  at  above  130°  Wedgewood.  It  is  malleable 
when  red  hot,  but  fcarcely  fo  when  railed  to  a  white  heat. 

It  may  be  hammered  out  into  much  thinner  plates 
than  iron.  It  is  more  fonorous  ;  and  its  fpecific  gra¬ 
vity,  when  hammered,  is  greater  than  that  of  iron. 

By  being  repeatedly  ignited  in  an  open  veffel,  and 
hammered,  it  becomes  wrought  iron  f.  f  £>r  peaf4 

Cast  Iron  is  diftinguilhed  by  the  following  pro-/0 
perties  : 

It  is  fcarcely  malleable  at  any  temperature.  It 
nerally  fo  hard  as  to  refill  the  file.  It  can  neither  ~be  Caft  iron, 
hardened  nor  foftened  as  fled  can  by  ignition  and  cool¬ 
ing.  It  is  exceedingly  brittle.  It  melts  at  1  30°  Wedge- 
wood.  It  is  more  fonorous  than  fteel  *.  *  Ibid. 

Caft  iron  is  converted  into  wrought  iron  by  expofmg  it 
for  a  c  mfiderable  time  in  a  turnace  to  a  heat  fnfticier.tly 
ftroiig  to  melt  it.  During  the  procefs  it  is  confantly 
ftirred  by  a  workman,  that  every  part  o*  it  may  be 
equally  expoied  to  the  air.  In  about  an  hour  the  hot- 
teft  part  of  the  mafs  begins  to  heave  and  (well,  and  to 
emit  a  lambent  blue  flame.  This  continues  nearly  an 
hour ;  and  by  that  time  the  converfion  is  completed. 

The  heaving  is  evidently  produced  by  the  emiflion  of  an 
elaftlc  fluid  t  Beddocs, 

Wrought  iron  may  be  converted  into  fteel  by  being^*7,  Trar^ 
kept  for  fome  hours  in  a  ftrong  red  heat,  furrounded*7^1* 
with  charcoal  powder  in  a  covered  crucible.  By  thi3 
procefs,  which  is  called  cementation ,  the  iron  gains  fome 

we*ght-  ...  IT, 

Thefe  different  kinds  of  iron  have  been  long  known,  c.zuie  of 
and  the  converting  of  them  into  each  other  has  heenduf  va- 
pra&ifed  in  very  remote  ages.  Many  attempts  havericties- 
been  made  to  explain  the  manner  in  which  this  conver¬ 
fion  is  accomplifhed.  According  to  Pliny,  fteel  owes 
its  peculiar  properties  chiefly  to  the  water  into  which  it 
is  plunged  in  order  to  be  cooled^.  Beecher  fuppofed  § 
that  fire  was  the  only  agent  ;  that  it  entered  into  the1* xxjav*  *4* 
iron,  and  converted  it  into  fteel.  Reaumur  was  the  firft 
who  attended  accurately  to  the  procefs  ;  and  his  nume¬ 
rous  experiments  have  certainly  contributed  to  elucidate 
the  fubjedl.  He  fuppofed  that  iron  was  converted  in¬ 
to  fteel  by  combining  with  faline  and  oily  or  fulphure- 
ous  particles,  and  that  thefe  were  introduced  by  the 
fire  But  it  was  the  analyfis  of  Bergman,  published  in 
1781,  that  firft  paved  the  way  to  the  explanation  of 
the  nature  of  thefe  different  fpecies  of  iron. 

By  diffolving  in  diluted  fulphuric  acid  100  parts  of  caft 
iroji,  he  obtained  40  ounce  meafures  of  hydrogen  ;  from 
1 00  parts  of  fteel  he  obtained  48  ounce  meafures;  and  from 
100  parts  of  wrought  iron,  50  ounce  meafures.  Now  as 
the  hydrogen  is  produced  by  t  he  property  which  iron  has 
of  decompofmg  water  and  uniting  with  its  oxygen,  it  is 
evident  that  the  greater  the  quantity  of  hydrogen  ob¬ 


tained, 


(s)  This  procefs  in  chemiflry  is  called  reduction. 
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on,  tained,  with  the -more  oxygen  does  the  iron  combine. 
But  the  quantities  of  iron  were  equal  ;  they  ought 
therefore  to  have  combined  with  equal  quantities  of  oxy¬ 
gen.  But  it  is  evident,  from  the  quantities  of  hydro¬ 
gen  obtained,  that  the  call  iron  received  lefs  oxygen 
than  either  of  the  other  two  :  caft  iron  therefore  muft 
contain  already  fome  oxygen,  fince  it  requires  lefs  than 
the  other  two  fpecies  in  order  to  be  faturated.  Here 
then  is  one  difference  between  caft  iron  and  the  other 
two  kinds  ;  it  contains  oxygen.  Steel,  on  the  contrary 


does  not  appear  to  contain  any  oxygen. 


The  difference 


between  the  quantity  of  hydiogen  produced  during  its 
folution  and  that  of  wrought  iron,  which  contains  no 
oxygen,  is  exceedingly  fmall,  and  it  has  been  found  to 
diminifh  in  proportion  to  the  purity  of  the  fteel. 

From  ioo  parts  of  caft  iron  Bergman  obtained  2,2 
of  plumbago,  or  Vr ;  from  ico  parts  of  fteel,  0,5,  or 
and  from  100  parts  of  wrought  iron,  0,1 2,  or 
Now-plumbago  is  compofed  of  T^thsof  carbon; 
caft  iron  therefore  contains  a  confiderable  quantity  of 
carbon,  fteel  a  fmaller  quantity,  and  wrought  iron  a  ve- 
«  ry  minute  portion,  which  diminifhes  according  to  its  pu¬ 
rity,  and  would  vanifh  altogether  if  iron  could  be  ob- 
'  tained  perfe&ly  pure.  Mr  Grignon,  in  his  notes  on  this 
analyfis,  endeavoured  to  prove,  that  plumbago  was  not 
effen daily  a  part  of  caft  iron  and  fteel,  but  that  it  was 
merely  accidentally  prefent.  But  Bergman,  after  confi- 
dering  his  objeft ions,  wrote  to  Morveau  on  the  18th  No¬ 
vember  1783.  “  I  will  acknowledge  my  miftake  when¬ 

ever  Mr  Grignon  fends  me  a  fingle  bit  of  caft  iron  or  fteel 
which  does  not  contain  plumbago;  and  I  beg  of  you,  my 
dear  friend,  to  endeavour  to  difeover  fome  fuch,  and  to 
fend  them  to  me  ;  for  if  I  am  wrong,  I  wifh  to  be  unde- 
*  f<>rTw/,ceived  as  foon  as  poffible  This  was  almoft  the  laft 
J ycl.  Me-  ion  of  the  illuftrious  Bergman.  He  died  a  few  months 
*■:  after  at  the  age  of  49,  leaving  behind  him  a  mod  bril- 

H L  44 8‘  Hant  reputation,  which  no  man  ever  more  defervedly 
acquired.  His  induftry,  his  indefatigable,  his  aftonifh- 
ing  induftry,  would  alone  have  contributed  much  to  ef- 
tablifh  his  name  ;  his  extenfive  knowledge  would  alone 
have  attra&ed  the  attention  of  philofophers  ;  his  inge¬ 
nuity,  penetration,  and  accurate  judgment,  would  alone 
have  fecured  the  applaufe  ;  and  his  candour  and  love  of 
truth  procured  him  the  confidence  and  the  efteem  of 
the  world— But  all  thefe  qualities  were  united  in  Berg¬ 
man,  and  confpired  to  form  one  of  the  greateft  men  and 
nobleft  chara&ers  that  ever  adorned  human  nature. 

The  experiments  of  Bergman  were  fully  confirmed 
by  thofe  of  Morveau,  Vandermonde,  Monge,  and  Ber- 
thollet,  who  have  likewife  thrown  a  great  deal  of  addi¬ 
tional  light  on  the  fubjed.  From  all  thefe  experiments 
the  following  dedu&ions  may  be  made. 

Wrought  iron  is  a  fimple  fubftance,  and  if  perfe&ly 
pure  would  contain  nothing  but  iron. 

Steel  is  iron  combined  with  carbon.  The  proportion 
of  this  laft  ingredient  has  not  yet  been  afeertained;  Dr 
Pearfon  fixes  it  at  T£^th  part  at  a  medium.  Steel,  in 
confequence  of  its  compofition,  has  been  called  by  fome 
chemifts  carburet  of  iron  ;  but  before  aligning,  it  that 
name,  which  has  been  alfo  given  to  plumbago,  it  ought 
to  be  determined  what  are  the  proportions  of  carbon 
and  iron  which  faturate  each  other.  Is  it  the  propor- 
S.UPPL*  Vol.  I.  Part  I. 
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tion  in  which  thefe  two  fubftances  exift  in  fteel,  or  that 
which  forms  plumbago  ?  In  the  firft  cafe,  plumbago  is 
carburet  of  iron  combined  with  carbon  ;  in  the  lecond, 
fteel  is  carburet  combined  with  iron.  Or  is  it  fome  in* 
termediate  proportion  ?  Till  thefe  points  be  determined, 
perhaps  it  would  be  better  to  continue  the  old  names 
than  to  rifle  the  impofing  of  falfe  ones. 

Cajl  iron  is  iron  contaminated  with  various  foreign 
fubftances,  the  .proportions  of  which  vary  according  to 
circumftances.  Thefe  fubftances  are  chiefly  oxyd  o£ 
iron  and  carbon,  and  fometimes  filica(T). 

Bergman  found  a  quantity  of  manganefe  in  the  iron 
and  fteel  which  he  examined ;  but  it  appears  from  the 
experiments  of  Vauquelin,  that  his  method  of  determi¬ 
ning  the  prefence  of  that  metal  was  not  accurate. 

Mr  Vauquelin  *  has  lately  analyfed  four  kinds  of  fteel  *  jour.  de 
with  great  care,  and  contrived  his  proceflcs  with  much  Mints.  See 
ingenuity.  The  refult  of  his  analyfis  is  as  follows  :  - 
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It  cannot  be  concluded  from  thefe  experiments,  that 
all  fteel  contains  phofphorus  and  filica  ;  far  lefs  that 
thefe  fubftances  enter  neceftarily  into  the  compofition 
of  fteel.  This  may  be  the  cafe,  and  former  analyfes  may 
not  have  been  nice  enough  to  detect  it ;  but  before  it 
can  be  admitted,  it  muft  be  fliewn  that  thefe  fubftances 
are  always  prefent  in  fteel,  and  that  it  lofes  its  efiential 
properties  when  deprived  of  them. 

Iron  combines  with  moil  metals. 

1 .  The  alloy  of  gold  and  iron  is  very  hard,  and  might,  1 16 
acording  to  Dr  Lewis  who  examined  it,  be  employed  ^h°ys  of 
with  advantage  in  forming  cutting  inftruments. 

2.  That  iron  combines  with  filver  is  certain,  but 
hardly  any  thing  is  known  about  the  nature  of  the 
compound. 

3.  Platinum  is  ufually  found  alloyed  with  iron.  Dr 
Lewis  did  not  fucceed  in  his  attempts  to  unite  thefe 

G  g  metals 
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metals  by  fufion,  but  he  melted  together  call  iron  and 
platinum.  The  alloy  was  exceflively  hard,  and  poffefled 
ductility. 

4.  There  is  very  little  affinity  between  iron  and  mer¬ 
cury  ;  they  cannot  therefore  be  amalgamated  by  fimple 
mixture,  even  with  the  affiftance  of  heat.  Vogel  affirms 
that  he  has  produced  an  amalgam  of  iron  by  the  follow¬ 
ing  procefs :  Pound  one  part  of  iron  filings  and  two 
parts  of  alum  in  a  mortar  to  a  fine  powder ;  then  pour 
in  two  or  three  parts  of  mercury,  and  triturate  till  the 
fubftances  be  thoroughly  mixed.  Pour  on  a  little  wa¬ 
ter,  and  continue  the  trituration  for  about  an  hour.  If 
then  no  particles  of  iron  can  be  diftinguidied,  pour  on 
a  little  more  water  to  wafh  out  the  alum,  and  then  dry 
the  amalgam.  If  particles  of  iron  be  perceptible,  the 
trituration  mud  be  continued  till  they  difappear*. 

5.  Iron  may  be  united  to  copper  by  fufion,  but  not 
without  confiderable  difficulty.  The  alloy  has  been  ap¬ 
plied  to  no  ufe. 

The  affinities  of  iron,  according  to  Bergman,  are  as 
follows ; 

Nickel, 
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Bifmuth, 

Lead, 

Mercury, 

Sulphuret  of  alkali, 

Carbon  ? 

Phofphorus  ? 

#  Sulphur? 

Sect.  VII.  Of  Tin . 

The  Phenicians  were  the  firft  of  thofe  nations  which 
make  a  figure  in  ancient  htftory  that  were  acquainted 
with  tin.  They  procured  it  from  Spain*  and  from  Bri- 
tain,  with  which  nations  they  carried  on  a  very  lucra- 
'  tive  commerce.  At  how  early  a  period  they  imported 
this  metal  we  may  eafily  conceive,  if  we  recoiled  that 
it  was  in  common  ufe  in  the  time  of  Mofesf. 

Tin  is  of  a  greyilh  white  colour  :  it  has  a  firong  dif- 
agreeable  tafte,  and  emits  a  peculiar  fmell  when  rub¬ 
bed. 

.  Tt  >s  very  malleable  :  tin  leaf,  or  tinfoil  as  it  is  called, 
is  about  r-rfW'h  part  of  an  inch  thick,  and  it  might  be 
beat  out  into  leaves  as  thin  again  if  fuch  were  wanted 
for  the  purpofes  of  art.  Its  duality,  however,  is  ex¬ 
ceedingly  imperfed  ;  for  a  tin  wire  -^th  of  an  inch  in 
diameter,  is  capable  of  fupporting  only  49  pounds  with¬ 
out  breaking} .  It  is  very  flexible,  and  produces  a  crack¬ 
ling  noife  when  bended. 

Its  hardnefs  is  6f.  Its  fpecific  gravity  is  7,291  • 
after  hammering,  7,299  |j.  J  * 

It.  melts  at  the  temperature  410°,  according  to  Dr 
Lewis;  according  to  the  Dijon  academicians,  at  4190 
When  heated  red  hot  in  clofe  veiTels  it  fublimes.  It 
cryftalhzes  in  the  form  of  a  rhomboidal  prifm*. 
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Tin  unites  very  readily  with  oxygen.  When  heated 
in  contact  with  air,  its  furface  foon  becomes  covered 
with  a  grey  pellicle ;  when  this  is  taken  off,  another 
appears  foon  after ;  and  in  this  manner  the  whole  metal 
may  be  converted  into  a  dirty  grey  powder,  which  is 
the  grey  oxyd  of  tin.  It  is  compofed,  according  to 
Fourcroy,  of  90  parts  of  tin  and  10  of  oxygen. 

When  tin  is  heated  led  hot  in  contact  with  air,  it 
takes  href,  and  burns  with  a  very  lively  white  flame,  andf  Geojro 
is  ‘gradually  fublimed.  If  the  fublimate  be  examined, 
it  is  found  to  confift  of  a  white  powder;  it  is  the  white 
oxyd  of  tin.  The  white  oxyd  is  perhaps  never  obtained 
quite  pure  by  this  prdeefs  ;  it  feems  always  to  contain  a 
mixture  o Igrty  oxyd  ;  but  it  may  be  obtained  pure  by 
pouring  nitric  acid  upon  tin,  and  then  drying  it.  That 
metal  having  a  much  ftronger  attraction  for  oxygen 
than  azot  has,  decompofes  the  acid  with  the  greateft 
rapidity,  and  affumes  the  appearance  of  a  white  powder, 
which  is  the  white  oxyd.  t  his  oxyd  pofTefies  many  of 
the  properties  of  an  acid,  and  is  therefore  often  called 
Jlannic  acid.  It  feems  to  confift  of  about  77  parts  of  tin 
an<^3  of  oxygen  J.  }  Kirnvan 

The  affinities  of  the  grey  oxyd  of  tin,  according  to  “• 
Bergman,  are  as  follows  :  438. 

Pyromueons  acid  *,  *  Schrich 

Sebacic  acid. 

Tartaric, 

Muriatic, 

Sulphuric, 

Oxalic, 

Arfenic, 

Phofphonc, 

Nitric, 

Succinic, 

Fluoric, 

Saccholactic,. 

Citric, 

Formic, 

Lactic, 

Acetous, 

Boracic, 

Pruffic.  f 

Tin  combines  readily  with  fufohur.  This  fulphuret  na 
may  be  formed  by  fufing  the  two  ingredients  together.  Sulphurd 
It  is  brittle,  heavier  than  tin,  and  not  fo  fufible.  It  is 
of  a  bluifh  colour  and  lamellated  ftructure,  and  is  ca¬ 
pable  of  cry  ft  alii  zing.  According  to  Bergman,  it  is 
compofed  of  80  parts  of  tin  and  20  of  fulpliur  ;  accord¬ 
ing  to  Pelletier,  of  85  parts  of  tin  and  15  of  fulphur  *m*Ann.& 
Sulphur  likewife  combines  with  the  white  oxyd  Qf  x^* 
tin,  by  mixing  them  together,  and  applying  a  gentle *87’ 
heat  'J'.  This  compound  lias  been  called  aurum  mujivum.  f  Pelletier 
It  is  a  mafs  confifting  of  beautiful  gold  coloured  flakes,  P-  »9 
and  is  ufed  as  a  paint.  It  is  compofed  of  about  40  parts 
of  fulphur  and  6c  of  white  oxyd  of  tin  %.  The  procefs  f  Ibid  293 
for  making  this  fubftanee  was  formerly  very  complica¬ 
ted.  Pelletier  firft  demonftrated  its  real  composition, 
and  was  hence  enabled  to  make  many  important  im- 
provemements  in  the  manner  of  manufacturing  it  (f  A  Seehb 
Phofphorui  is  eafily  combined  with  tin,  by  melting  in  f„7°P 
a  crucible  equal  parts  of  filings  of  tin  and  phofphoric  Cto-iiu 
glafs.  Tin  has  a  greater  affinity  for  oxygen  than  phof- 18°- 
phorus  has.  Part  of  the  metal  therefore  combines  with  phofX. 
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the  oxygen  of  the  glaft  during  the  fufion,  and  flies  off 
in  the  date  of  an  oxyd,  and  the  reft  of  the  tin  combines 
with  the  phofphorus.  T^ie  phofphuret  of  tin  may  be 
cut  with  a  knife  ;  it  extends  under  the  hammer,  but  fe» 
parates  in  laminae.  When  newly  cut  it  has  the  colour 
of  fllver  ;  its  filings  refemble  thofe  of  lead.  When  thefe 
filings  are  thrown  on  burning  coals,  the  phofphorus 
takes  fire.  This  phofphuret  may  likewife  be  formed  by 
dropping  phofphorus  gradually  into  melted  tin.  Ac¬ 
cording  to  Pelletier,  to  whofe  experiments  we  are  in¬ 
debted  for  the  knowledge  of  all  the  phofphurets,  it  is 
compofed  of  about  85  parts  of  tin  and  15  of  phofpho¬ 
rus  *.  Margraf  alfo  formed  this  phofphuret,  but  he 
was  ignorant  of  its  compofition. 

Tin  does  not  feem  capable  of  combining  with  car¬ 
bon.  It  is  capable  of  combining  with  molt  of  the  me¬ 
tals. 

1.  It  mixes  readily  until  gold  by  fufion  ;  but  the 
proportions  in  which  thefe  metals  combine  chemically 
are  kill  unknown.  When  one  part  of  tin  and  twelve 
of  gold  are  melted  together,  the  alloy  is  brittle,  hard, 
and  bad  coloured.  Twenty- four  parts  o*  gold  and  one 
or  tin  produce  a  pale  coloured  alloy,  harder  than  gold, 
but  poke  fled  of  confiderable  du&ility.  Gold  alloyed 
with  no  more  than  T*Tth  of  tin  is  fcarcely  altered  in  its 

Alchorv.e ,  properties,  according  to  Mr  Alchornef ;  but  Mr  Tillet, 
Tru»/.wh o  has  lately  examined  this  alloy,  found,  that  when¬ 
ever  it  was  heated  it  broke  into  a  number  of  pieces. 

2.  The  alloy  of  filver  and  tin  is  hardly  known.  Ac¬ 
cording  to  Gellert  and  fucceeding  chemifts,  it  is  exceed¬ 
ingly  brittle. 

3.  The  alloy  of  platinum  and  tin  is  very  fufible  and 
brittle,  at  lead  when  thefe  metals  are  mixed  in  equal 

Dr  Lewi, proportions  J. 

4.  Mercury  diffolves  tin  very  readily,  by  being  pour¬ 
ed  on  it  when  melted.  T  his  amalgam  cryftallizes  in  the 
form  of  cubes,  according  to  Daubenton  ;  but,  accord¬ 
ing  to  Sage,  in  grey  brilliant  fquare  plates,  thin  ^  to¬ 
wards  the  edges,  and  attached  to  each  other  fo  that  the 
cavities  between  them  are  polygonal.  It  is  compofed  of 
three  parts  of  mercury  and  one  of  tin.  The  amalgam 
of  tin  is  ufed  to  filver  the  backs  of  glafs  mirrors. 

5.  Tin  unites  very  readily  with  copper,  and  forms  al¬ 
loys  known  by  the  names  of  bronze  and  bell-metal.  The 
proportions  of  the  ingredients  cannot  eafily  be  affigned, 
perhaps  becaufe  the  alloy  has  an  affinity  both  for  copper 
and  tin.  The  fpecific  gravity  of  the  alloy  in  all  propor¬ 
tions  is  greater  than  the  mean  fpecific  gravity  of  the  two 
metals  feparately.  When  the  quantity  of  tin  is  fmall  com¬ 
pared  to  that  of  the  copper,  A>th  for  ffiftance,  the  alloy 
is  called  bronze  :  it  is-brittle,  yellow,  and  much  heavier 
than  copper;  much  more  fufible,  and  lefs  liable  to  be  al¬ 
tered  by  expofure  to  the  air.  It  was  this  alloy  which  the 
ancients  ufed  for  fharp  edged  inftruments  before  the  me¬ 
thod  of  working  iron  was  brought  to  perfection.  The 

of  the  Greeks,  and  perhaps  the  as  of  the  Ro¬ 
mans,  was  nothing  elfe.  Even  their  copper  coins  con¬ 
tain  a  mixture  of  tin  *. 

6.  Tin  feems  capable  of  being  united  to  iron  by  fu¬ 
fion.  That  there  is  an  affinity  between  thefe  metals  i3 

lJbyf.  1790. evident  from  their  adhefion  when  iron  is  dipt  into  melt- 
ed  tin.  i  his  is  the  method  of  making  tinplate . 

And  affini-  The  affinities  of  tin,  according  to  Bergman,  are  as 

ties  of  tin.  follows  : 
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Lead  appears  to  have  been  very  early  known.  It  is 
mentioned  feveral  times  by  Mofes.  The  ancients  feem 
to  have  confidered  it  as  nearly  related  to  tin.  I24 

Lead  is  of  a  bluifh  white  colour,  fomewhat  darker  Properties 
than  tin.  When  newly  melted  it  is  very  bright,  but  lead, 
foon  becomes  tarnifhed  by  expofure  to  the  air.  It  has 
fcarcely  any  tafte,  but  emits  on  fridtion  a  peculiar  fmell. 

It  is  very  malleable,  and  may  be  reduced  to  thin 
plates  by  the  hammer  ;  but  its  duCtility  is  very  im- 
perfedl  :  a  wire  of  lead  V^th  of  an  inch  in  diameter  is 
only  capable  of  fuppoiting  a  weight  of  29*  pounds  *.  *  Macqucfs 
Its  hardnefs  is  5  + ;  its  fpecific  gravity  is  1 1,35*3 1 :\tiZ?n:e 
Its  fpecific  gravity  is  not  increafed  by  hammering,  nei*  Miner,  ii. 
ther  does  it  become  harder,  as  is  the  cafe  with  other  me-  2,02. 
tals  :  a  proof  that  the  hardnefs  which  metals  aflume  un-  \ 
dcr  the  hammer  is  in  confequence  of  an  increafe  of  denfity. 

It  melts,  according  to  Dr  Lewis,  at  540°  Fahrenheit; 
according  to  the  Dijon  academicians,  at  5490.  When 
expofed  to  a  violent  heat  it  evaporates  completely. 

When  cooled  fiowly,  after  being  fufed,  it  cryftallizes.- 
The  Abbe  Mongez  obtained  it  in  quadrangular  pyra¬ 
mids,  lying  on  one  of  their  fides.  Each  pyramid  was 
compofed  as  it  were  of  three  layers.  Pajot  obtained  it 
in  the  form  of  a  polyhedron  with  32  fides,  formed  by 
the  concourfe  of  fix  quadrangular  pyramids  f.  f  Jcur.de 

Lead  ftains  paper  or  the  fingers  of  a  bluifh  black  co-  pbf- 
lour.  ^  #  xxxviii.5> 

There  is  a  ftrong  affinity  between  this  metal  and  oxy-  ils  o^yds, 
gen.  When  nitric  acid  is  poured'upon  it,  an  effervef- 
cence  enfues,  owing  to  the  decompofition  of  the  acid  ; 
the  lead  feizes  oxygen  from  it,  and  is  converted  into  a 
white  powder,  which  may  be  obtained  pure  by  evapora¬ 
ting  it  to  drynefs,  and  then  walking  it  in  pure  water. 

This  is  the  white  oxyd  of  lead.  It  is  compofed  of  about 
95  parts  of  lead  and  five  of  oxygen  The  affinities  {  Kirivani 
of  this  oxyd  are,  according  to  Bergman,  as  follows  :  Miner,  ii. 
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Fixed  alkali. 

When  lead  is  expofed  to  heat  in  contad  with  air,  its 
furface  is  foon  covered  with  a  grey  pellicle ;  when  this 
is  taken  off,  another  foon  forms:  and  in  this  manner 
the  whole  lead  may  foon  be  converted  into  a  dirty  grey 
powder,  which  feems  to  be  the  white  oxyd  mixed  with 
a  little  lead.  When  this  powder  is  heated  red  hot,  itaf- 
fumes  a  deep  yellow  colour.  This  is  the  yellow  oxyd  ot 
lead,  formerly  called  mafficot .  If  the  heat  be  continued* 
the  colour  is  gradually  changed  to  a  beautiful  red.  This 
is  the  red  oxyd  of  lead ,  formerly  called  minium.  Jt  1V 
compofed,  as  Lavoifier  has  fhewn,  of  88  parts  of  lead 
and  1 2  of  oxygen  *. 

The  manner  in  which  thefe  changes  are  brought 
about  is  evident ;  the  metal  gradually  abforbs  oxygen 
from  the  atmofphere.  This  has  been  adually  proved 
by  experiment.  Thefe  oxyds  (if  they  really  differ  in 
the  proportion  of  oxygen)  refemble  acids  in  feveral  of 
their  properties.  They  are  very  eafily  converted  into 
glafs  by  fufion.  Scheele  has  fhewn  that  there  is  alfo  a 
brown  oxyd  of  lead7  which  contains  more  oxygen  than 
any  of  the  others. 

Sulphur  unites  eafily  to  lead  by  fufion.  The  fulphu- 
ret  of  lead  is  brittle,  of  a  deep  grey  colour,  and  much 
lefs  fufible  than  lead.  T-hefe  two  fubflances  are  often 
found  naturally  combined  ;  the  compound  is  then  called 
galena.  Sulphuret  of  lead  is  compofed,  according  to  the 
experiments  of  Wenzel,  of  868  parts  of  lead  and  122  of 
fulpliur  f . 

Phofphuret  of  lead  may  be  formed  by  mixing  toge¬ 
ther  equal  parts  of  filings  of  lead  and  phofphoric  glafs, 
and  fuling  them  in  a  crucible.  It  may  be  cut  with  a 
knife,  but  feparates  into  plates  when  hammered.  It  is 
of  a  filver  white  colour  with  a  fhade  of  blue,  but  it  foon 
tarnifhes  when  expofed  to  the  air.  This  phofphuret 
may  alfo  be  formed  by  dropping  phofphorus  into  melt¬ 
ed  lead.  It  is  compofed  of  about  12  pans  of  phof¬ 
phorus  and  88  of  lead  r 

Lead  combines  with  m®ft  of  the  other  metals. 

1.  Little  is  known  concerning  the  alloy  of  lead  and 
gold.  It  is  faid  to  be  brittle. 
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2.  The  alloy  of  fiber  and  lead  is  very  fufible,  and  bead. 


neither  elaftic  nor  fonorous. 

3.  Platinum,  and  lead  unite  in  a  ftrong  heat :  the  al¬ 

loy  is  brittle,  of  a  purplffh  colour,  and  foon  changes  on 
expofure  to  the  air  § .  §  Fourcrt 

4.  Mercury,  when  poured  upon  melted  lead,  diffolves 
it  readily.  The  amalgam  is  white  and  brilliant,  and 
affumes  a  folid  form.  It  is  capable  of  cryftallizing. 

The  cryftals  are  compofed  of  one  part  of  lead  and  one 

and  a  half  of  mercury  (|.  jj  Dijon/ 

5.  Copper  and  lead  combine  eafily  by  fufion  ;  but  the  cadttnlc‘la* 
alloy  has  not  been  applied  to  any  ufe. 

6.  Iron  does  not  unite  with  lead. 

7.  Lead  and  tin  may  be  combined  by  fufion.  The 
alloy  in  the  proportion  of  two  parts  of  lead  and  one  of 
tin  is  more  foluble  than  either  of  the  metals  feparately. 

It  is  accordingly  ufed  by  plumbers  as  a  folder.  n 

Lead,  when  taken  internally,  ads  as  a  poifon.  Its  Affinities 
affinities,  according  to  Bergman,  are  as  follows  ; 

Gold, 

Silver, 

Copper, 

Mercury, 

Bifmuth, 

Tin, 

Antimony, 

Platinum, 

Arfenic, 

Zinc, 

Nickel) 

Iron, 

Sulphuret  of  alkalr, 

Sulphur, 

Phofphorus  ? 

The  ancients  gave  to  the  feven  metals  laft  deferibed  NamTan 
(omitting platinum,  which  they  did  not  know)  the  names  marks 
of  the  planets,  and  denoted  each  of  them  by  particular  given  t0, 
marks,  which  reprefented  both  the  planet  and  the  metal, 

Gold  was  the  Sun,  and  reprefented  by  ©.  cients. 
Silver  the  Moon, 


Mercury 
Copper 
Iron 
Tin 
Lead 


Mercury, 

Venus, 

Mars, 

Jupiter, 

Saturn, 


5. 

?• 

cf. 

V- 


#  It  feems  moff  probable  that  thefe  names  were  firft 
given  to  the  planets  ;  and  that  the  feven  metals,  the 
only  ones  then  known,  were  fuppofed  to  have  fome  re¬ 
lation  to  the  planets  or  to  the  gods  that  inhabited  them, 
as  the  number  of  both  happened  to  be  the  fame.  It 
appears  from  a  paffage  in  Origen,  that  thefe  names  firft 
arofe  among  the  Perfians(w).  Why  each  particular 
metal  was  denominated  by  a  particular  planet  it  is  not 
eafy  to  fee.  Many  conjedures  have  been  made,  but 
fcarcely  any  of  them  are  fatisfadory. 

- - -  As 


W  ”[,lc,ad  is  dec°mpofed  by  muriatic  acid.  Trommfdorf,  Ann.  de  Chim.  xi.  3 1 7. 

fame  effeft,  as  BerthoUet'has  obferved.  °  “  '  ^  3amef0n's  MineraloSy>  P-  >66.  Zoonic  acid  produces  the 

(v)  Schrickel  places  it  after  the  three  mineral  acids. 

quit  aliauod^renentT*  22,  “  ^/us  d£  9uibufdam  Perfarummyfteriis  fermonem  facit.  Harum  rerum,  in. 

SeSnes  XSlaJum  fi  “  €0rum  ve<Hgium.  In  iUIs  enim  du*  crekftes 

quod  hujufmodi  eft  <?cala  -AtlT™'  .erra,nt‘Um  a  la>  et  an,m*  Per  eas  tranfitus  qtiodam  fymbolo  repraefentantur, 
q  nujuunocj  eit.  Scala  alias  portas  habeas,  m  fumma  autem  oftava  porta.  Prima  portarum  plumbea,  altera 

ftannea. 
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[i(  .  As  to  the  chara&ers  by  which  thefe  metals  were  ex- 
-  — J  preiled,  aftiologers  feem  to  have  confidered  them  as  the 
1  r  attributes  of  the  deities  of  the  fame  name.  The  circle 
|  rf5,in  the  earlieft  periods  among  the  Egyptians  was  the 
w  !g  fvmbol  of  divinity  and  perfection;  and  feems  with  great 
|h  -  propriety  to  have  been  chofen  by  them  as  the  character 
rs  1  of  the  fun,  efpecially  as,  when  furrounded  by  fmall  flrokes 
projecting  from  its. circumference,  it  may  form  fome  re* 
preientation  of  the  emjffion  of  rays#  T.  he  femicircle  is, 
in  like  manner,  the  image  of  the  moon;  the  only  one  of 
the  heavenly  bodies  that  appears  under  that  form  to  the 
naked  eye.  The  character  is  fuppofed  to  reprefent 
the  fey  the  of  Saturn  ;  V-  the  thunderbolts  of  Jupiter  ; 
c?  the  lance  of  Mars,  together  with  his  fhield  ;  5  the 
looking-glafs  of  Venus ;  and  $  the  caduceus  or  wand  of 
Mercui  y . 

hfing  The  alchemifts,  however,  give  a  very  different  ac- 
i  i  al-  count  of  thefe  fymbols.  Gold  was  the  mofl  perfect  me* 

K  ls*  tal,  and  was  therefore  denoted  by  a  circle. .  Silver  ap¬ 
proached  neareft  it  ;  but  as  it  was  inferior,  it  was  deno¬ 
ted  only  by  a  femicircle.  In  the  charafter  £  the  adepts 
difeovered  gold  with  a  filver  colour.  The  crofs  at  the 
bottom  expreffed  the  prefence  of  a  myfterious  fome- 
thing,  without  which  mercury  would  be  filver  or  gold. 

'  This  fomething  is  combined  alfo  with  copper;  the  pof- 
fible  change  of  which  into  gold  is  expreffed  by  the  cha¬ 
racter  $>.  The  character  d*  declares  the.  like  honour¬ 
able  affinity  alfo  ;  though  the  femicircle  is  applied  in  a 
more  concealed  manner  :  for,  according  to  the  propereft 
mode  of  writing,  the  point  is  wanting  at  the  top,  or  the 
upright  line  ought  only  to  touch  the  horizontal,  and 
not  to  interfect  it.  Philofophical  gold  is  concealed  in 
fleel ;  and  on  this  account  it  produces  fueh  valuable 
medicines.  Of  tin,  one  half  is  filver,  and  the  other  con- 
fills  of  the  unknown  fomething  ;  for  this  reafon  the 
crofs  with  the  half  moon  appears  in  2L  In  lead  this 
fomething  is  predominant,  and  a  fimilitude  is  obferved 
in  it  to  filver.  Hence  in  its  character  the  crofs  Hands 
at  the  top,  and  the  filver  character  is  only  fufpended  on 
*  j  the  right  hand  behind  it. 

V  real  The  fad,  however,  according  to  Profeffor  Beckmann, 
from  whom  moft  of  the  above  remarks  have  been  taken, 
feems  to  be,  that  thefe  charaders  are  mere  abbreviations 
of  the  old  names  of  the  planets.  “  The  charader  of 
oryo/Mars  (he  obferves*),  according  to  the  oldeft  mode  of 
*\ionsy  reprefenting  it,  is  evidently  an  abbreviation  of  the  word 
nn  '.  eovcoc,  under  which  the  Greek  mathematicians  under- 
.  ,  _ _ _ 
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flood  that  deity  ;  or,  in  other  words,  the  fir ft  letter  ©.  Zinc.  ^ 
with  the  laft  letter  placed  above  it.  The  charader 
Jupiter  was  originally  the  initial  letter  of  and  151 
the  oldefl  manuferipts  of  the  mathematical  and  aftrolo- 
gical  works  of  Julius  Firmicus,  the  capital  Z  only  is  ufed, 
to  which  the  laft  letter  f  was  afterwards  added  at  the 
bottom,  to  render  the  abbreviation  more  diitind.  The 
fuppofed  looking-glafs  of  Venus  is  nothing  elfe  than  the 
initial  letter  diftorted  a  little  of  the  word  which 

was  the  name  of  that  goddefs.  The  imaginary  feythe 
of  Saturn  has  been  gradually  formed  from  the  two  firft: 
letters  of  his  name  Kpovot,  which  tranferibers,  for  the 
fake  of  difpatch,  made  always  more  convenient  for  ufe, 
but  at  the  fame  time  lefs  perceptible.  To  difeover  in 
the  pretended  caduceus  of  Mercury  the  initial  letter  of 
his  Greek  name  one  needs  only  look  at  the  ate* 

breviations  in  the  oldefl  manuferipts,  where  they  will 
find  that  the  X  was  once  written  as  C ;  they  will  remark 
alfo  that  tranferibers,  to  diftingnifh  this  abbreviation 
from  the  reft  ftill  more,  placed  the  C  thus  O  ,  and  add¬ 
ed  under  it  the  next  letter  r.  If  thofe  to  whom  this 
deduction  appears  improbable  will  only  take  the  trouble 
to  look  at  other  Greek  abbreviations,  they  will  find 
many  that  differ  ftill  farther  from  the  original  letters 
they  exprefs  than  the  prefent  charader  $  from  the  C 
and  r  united.  It  is  poffible  alfo  that  later  tranferibers, 
to  whom  the-origin  of  this  abbreviation  was  not  known, 
may  have  endeavoured  to  give  it  a  greater  refemblance 
to  the  caduceus  of  Mercury.  In  fhort,  it  cannot  be  de¬ 
nied  that  many  other  aftronomical  charaders  are  real 
fymbols,  or  a  kind  of  proper  hieroglyphics,  that  repre-  < 
fent  certain  attributes  or  circumftances,  like  the  charac* 
ters  of  Aries,  Leo,  and  others  quoted  by  Saumaife.” 

Sect.  IX.  Of  Zinc . 

The  ancients  were  acquainted  with 'a  mineral  to  which  * 
they  gave  the  name  of  Ctudnicci^  from  Cadmus,  who  firft 
taught  the  Greeks -to  ufe  it.  They  knew  that  when 
melted  with  copper  it  formed  brafs ;  and  that  when 
burnt,  a  white  fpongy  kind  of  aihes  was-  volatftifed,  which  of  ZI*n(V 1 
they  ufed  in  medicine*.  This  mineral  contained  a  good  *  J7/>v,  I. 
deal  of  zinc  ;  and  yet  there  is  no  proof  remaining  that  34-  c.z.  and 
,  the  ancients  were  acquainted  with  that  metal  (x).  It10* 

is  firft  mentioned  in  the  writings  of  Albertus  Magnus, 
who  died  in  1280  ;  but  whether  he  hadfeen  it  is  not  fo 
clear,  as  he  gives  it  the  name  of  marcafite  of  golf  which 
implies,  one  would  think,  that  it  had  a  yellow colour(  y). 

The 


ftannea,  tertia  ex  xre,  quarta  fema,  quinta 

Primum  affignant  Saturno  tarditatem  illius  fidens  plambo  indicates: 
alteram  Veneri,  quam  referunt,  ut  ipfi  quidem  putant,  ftanni  fpkndor  et  molbt.es;  tertian.  Jovi,  aheneam  illam 
quidem  et  folidam  :  quartam  Mercuric,  quia  Mercuriuset  ferraaa,  uterque  operum  omnium  tolerant*,  ad 1  rntrea- 
Lam  utiles,  laborum  patiemiffimi.  Maid  quintam,  inxqualem  illam  et  vawam  propter  m.xturam.  Sextam, 
qux  argentea  eft,  lunx  feptimam  auream  foil  tribuunt,  quia  fobs  et  lunx  colores  hxe  duo  metalla  referunt. 

Borricb  us  fufpeds,  with  a  good  deal  of  probability,  that  the  names  of  the  gods  in  th.s  paffage  have  been  tranf- 
pokd  by  tranferibers,  either  through  ignorance  or  defign.  He  arranges  them  as  follows  : .  becundam  portam 
Liunt  Tovis,  comparantes  ei  ftanni'  fplendorem  et  mollitiem  ;  tert.am  Veneris  xratam  et  folidam  ,  quartam  Mar- 

£3?  SUbonL  p.ti.n.,  tc,u.  .=  famm,  cclcbt.tu,  tori*. 1,-™  -JUgJ 

lem  ac  variam,  et  quia  negotiator  eft  ;  fextam  Lunx  argenteam  ;  iept.mam  Sobs  auream.  01.  hornebuu  de 

Ch.rop.gne;  but  the  lubii.net  which  b.  took  for  it  was  not  eratnineJ  wrth  any  “iJ,.”,?”1’, 

therefore  to  draw  any  inference  whatever  from  his  affertion.  uemesfomes  «  MarchaP.ta  five 

(y)  The  paffages  in  which  he  mentions  it  are  as  fallows  :—De  Mineral,  lib.  u.  cap.  i.  march; (i da 


M 
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The  word  zit*s  occurs  firft  iu  the  wiitings^of  Paracel- 
fus,  who  died  in  1541.  He  informs  us  very  gravely, 
that  it  is  a  metal,  and  not  a  metal,  and  that  it  confifts 
•chiefly  of  the  afhes  of  copper  f.  This  metal  has  alfo 


4to. 


f  See  Kol. 

1 wihin  been  called  fpelter. 

Zinc  has  never  been  found  in  Europe  in  a  ftate  of 
purity,  and  it  was  long  before  a  method  was  dffcovered 
of  extrading  it  from  its  o-e  (z).  Henkel  pointed  out 
one  in  1721,  and  Von  Swab  obtained  it  by  dillillation 
in  1742,  and  Margraf  publifhed  a  procefs  in  the  Ber¬ 
lin  Memoirs  in  1746J. 

It  is  of  a  bluifli  white  colour,  fomewhat  lighter  than 
lead.  It  lias  neither  tafle  nor  fmell. 

It  lias  fome  degree  of  malleability  ;  for  by  cornpref- 
fion  it  may  be  reduced  into  thin  plates  $  ;  but  it  cannot 
be  drawn  out  into  wire.  It  is  more  brittle  when  hot 
than  when  cold. 

^  Kirtvant  Its  hardnefs  is  6  *.  Its  fpecific  gravity,  when  com- 
Mincr.n.  puffed,  is  7, 1908  f;  in  its*  ufual  ftate,  6,862  It 
melts  at  about  699°  Fahrenheit  §. 

When  allowed  to  cool  flowly,  it  cryftallizes  in  fmall 
bundles  of  quadrangular  prifms,  difpofed  in  all  direc¬ 
tions.  If  they  are  expofed  to  the  air  while  hot,  they* 


$  "Bergman, 
ii  309. 

^  135  • 
Properties 

of  zinc. 

§  Sage. 


23*. 

•f  BrfJJon . 
f  Kir  iv an , 
ibid. 

§  Bergman. 


*  Mcngez.  affume  a  blue  changeable  colour  *. 


136 

Its  oxyds, 


When  zinc  is  kept  melted  in  contad  with  air,  it 
becomes  covered  with  a  grey  pellicle,  which  gradually 
affumes  a  yellovvifh  tint.  By  removing  this  pellicle 
from  time  to  time,  the  whole  of  the  metal  may  be  redu¬ 
ced  into  a  grey  powder.  This  is  the  grey  oxyd  of  zinc' 
This  oxyd  is  probably  compofed  of  about  8*,'  parts  of 
7fvc  and  1  5  oxygen  f .  When  zinc  is  violently  heated, 
it  burns  with  a  bright  white  flame,  and  at  the  fame  time 
a  quantity  of  very  light  white  flakes  are  fublimed.  Thefe 
flakes  are  the  white  oxyd  of  zinc,  which  contains  a  good 
deal  more  oxygen  than  the  grey  oxyd(A). 

Zinc  may  alfo  be  oxydated  by  folution  in  acids  par¬ 
ticularly  the  nitric  acid.  Whether  the  oxyd  obtained 
by  precipitating  zinc  from  its  folution  in  that  acid,  or 
by  di flilling  that  acid  off  zinc,  be  really  different  from 
the  white  oxyd,  has  not  yet  been  properly  afcertained; 


Kirivan's 
JMiner.  ii, 
489. 
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but  one  would  be  apt  to  fufped,  from  the  experiments  2 
mentioned  by  Mr  Kirwan,  that  it  contained  a  good  deal  — 
more  oxygen  )].  ||  M 

The  affinities  of  the  oxyds,  or  rather  of  the  white 
oxyd  of  zinc,  are,  according  to  Bergman,  as  follows ; 
Oxalic  acid, 

Sulphuric, 

Pyromucous  *,  *  So 

Muriatic,  , 

Saccholadtic, 

•Nitric, 
iSebacic, 

Tartaric, 

Phofphoric, 

Citric, 

Succinic, 

Fluoric, 

Arfenic, 

Formic, 

La<£lic, 

Acetous, 

Boracic, 

-  Pruflic, 

Carbonic, \ 
r  Ammonia. 

There  is  an  affinity  between  fulphur  and  zinc,  „„  . 
evident  from  thefe  two  fubftances  being  often  found  uni¬ 
ted  ;  but  it  is  very  difficult  to  form  the  fulphuret  of 
zinc  artificially,  on  account  of  the  rapid  oxydation  and 
confequent  volatilization  of  the  zinc.  Morveau,  how¬ 
ever,  fucceeded  in  forming  it.  , 

Zinc  may  be  combined  with  pliofphorus,  by  dropping  Phelj 
fmall  bits  of  pliofphorus  into  it  while  in  a  ftate  of  fu«rets» 
flon.  Pelletier,  to  whom  we  are  indebted  for  the  expe¬ 
riment,  added  alfo  a  little  refin,  to  prevent  the  oxyda¬ 
tion  of  the  zinc.  Phofphuret  of  zinc  is  of  a  white  co¬ 
lour,  a  metallic  fplendor,  but  refembles  lead  more  than 
zinc.  .  It  is  fomewhat  malleable.  When  hammered  or 
filed,  it  emits  the  odour  of  pliofphorus.  When  expo- 
fed  to  a  ftrong  heat,  it  burns  likezinc  *.  *  a\ 

_ _ _ _ Phofphorus 


as  is  Sul'.  1 


rnarchafida  ut  quidam  dicunt,  eft  lapis  in  fubftantia,  et  habet  roultas  fpecies,  quare^colorem  accipit  cujuflibet  me- 
S’ ei h.Cr  ™  "a'Ch\f!tH  ?rgenlCa  etr  aur“’  e!  f’c  dfeitur  aliis.  MeUlImn  tamen  quod  color*  earn  non  di- 
^  *  f'C  wlmqu,tur  CmlS  inUtilis’  et  hic  laP's  notua  eft  apiid  alchimlcos,  et  in 

Lib.  111.  cap.  10.  “.Lsautem  lnvenitur  in  venis  lapidis,  et  quod  eft  apud  locum  qui  dici'tur  Goftlaria  eft  purif- 

"“i’0™”'  "*  «-  '*p»  -  ««  —a.  ««, « p,o. 

Lib.  v.  cap.  5  “  Dicimusieiturquod  marcbafita  duplicem  habet  in  fui  creatione  fubftantiam,  argenti  vivi  fcili- 
cet  mortificati,  et  ad  fixionem  approximantis,  et  fulphuris  adurenti's.  Ipfam  habere  iulphureitatem  compen'mus 

Nam/Um  "blimaUlr’  ex  illa  emanat  fubftantia  fulphurea  manifefta  comburens.  Et  fine 
luDlimatione  iimiliter  perpenditur  illxus  lulph ureitas. 

T  r‘  Nam  Ponatl!r  a<J  ‘KU'tionem,  non  fulripft  illam  priufquam  inflammatione  fulphuris  inflammetur,  et  ardeat. 
Ipfam  vero  argent,  v.v.  fubftantiam  manifeftathr  habere  fenfibiliter.  Nam  albedinem  prxftat  Veneri meri  areend 
qneir.ad.  'odum  el  ipfum  argentum  vivum,  et  colorem  m  ipfius  fublimatione  cseleftium  prxftave,  et  luciditatem 
radice' W>  Cam  "  VUlemU8’  qU$  CCrtUm  artifieem  Alchimix,  illam  has  fubftantS  eonSneret 

ot,t”  b““  *  L”f»-  *•  •*«.  rn.  « a.d 

»4.  wh,'ch  il  **•  ob'’“ed  ’  *ni  Mr  Borl'  “ 

Ihis  oxyd  ofzmc  was  well  known  to  the  ancients.  Diofcorides  deferibes  the  method  of  preparing  it.  The 

4!  pe  ";!y  chemifts  save  Jt  the  nam«  of  lanci pbilofophica.  Diofcorides  compares  it  to  wool. 


i»9* 


I 


(jj  Phofphorus  combines  alfo  with  the  oxyd  of  zinc,  a 
v  compound  which  Margraf  had  obtained  during  his  ex¬ 
periments  on  phofphorus.  When  1 2  parts  of  oxyd  of 
zinc,  12  parts  of  pholphoric  glafs,  and  two  parts  of 
charcoal  powder,  are  diftilled  in  an  earthen  ware  retort, 
and  a  ftrong  heat  applied,  a  metallic  fubftance  fublimes 
of  a  (river- white  colour,  which  when  broken  has  a  vi¬ 
treous  appearance.  This,  according  to  Pelletier,  is 
phofphurct  of  oxyd  of  zinc.  When  heated  by  the  blow¬ 
pipe^  the  phofphorus  burns,  and  leaves  behind  a  glafs 
■  r,  tranfparent  while  in  fufion,  but  opaque  after  cooling  f. 

,  r*  Zinc  alfo  combines  with  carbon,  and  forms  carburet 
s  et  of  zinc.  The  French  chemilts  have  (hewn  that  zinc  ge¬ 
nerally  contains  home  carbon. 

Zinc  combines  with  mod  of  the  metals  : 

1.  It  mixes  with  gold  in  any  proportion.  The 
[f*»  alloy  is  the  whiter  and  the  more  brittle  the  greater 

quantity  of  zinc  it  contains.  An  alloy,  confiding  of 
equal  parts  of  thefe  metals,  is  very  hard  and  white,  re¬ 
ceives  a  fine  polifh,  and  does  not  tarnifh  readily  It  has 
,  A-  therefore  been  propofed  by  Mr  Malouin  £  as  very  pro- 
r.  per  for  the  fpecula  of  telefcopes.  One  part  of  zinc  is 
laid  to  dedroy  the  du&ilility  of  100  parts  of  gold 

2.  The  alloy  of  diver  and  zinc  is  eafily  produced  by 
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indead  of  tin  to  cover  iron  plates';  2  proof  that  there  is  Antimony.^ 
an  affinity  between  the  two  metals  J. 


ury, 


fufion.  It  is  brittle. 
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3.  Platinum  combines  very  readily  with  zinc.  the 
alloy  is  brittle,  pretty  hard,  very  fufible,  of  a  bluiftx 

ifwf.  white  colour,  not  fo  clear  as  that  of  zinc  *• 

4.  Zinc  may  be  combined  with  mercury  by  fufion. 
The  amalgam  is  folid.  It  cryflallizes  when  melted  and 
cooled  flowly  into  lamellated  hexagonal  figures,  with 
cavities  between  therm  They  are  compofed  of  one  part 

zinc  and  two  and  a  half  of  mercury  f.  It  is  ufed  ta 

rub  on  electrical  machines,  in  order  to  excite  eleCtri- 

3*  C*lY*  .  rpi  • 

5.  Zinc  combines  very  readily  with  copper,  i  his 
alloy,  which  is  called  brafsy  was  known  to  the  ancients. 
They  ufed  an  ore  of  zinc  to  form  it,  which  they  called 
cachnia .  This  alloy  was  very  much  valued  by  the  an¬ 
cients.  Dr  Watfon  has  proved  that  it  was  .to  brafs 

inche-  which  they  gave  the  name  of  orichalcum* .  Their  as  was 
\anf.  copper  or  rather  bronze  (b)-  Brais  is  compofed  of 
u  about  three  parts  of  copper  and  one  of  zinc.  It  is  of  a 
beautiful  yellow  colour,  more  fufible  than  copper,  and 
not  fo  apt  to  tarnifh.  It  is  malleable,  and  fo  du&ile  that 
it  may  be  drawn  out  into  wire.  When  the  alloy  con¬ 
tains  three  parts  of  zinc  and  four  of  copper,  it  affumea 
a  colour  nearly  the  fame  with  gold,  but  it  is  not  fo  mal¬ 
leable  as  brafs.  It  is  then  called  pinchbeck ,  prince  s  me¬ 
tal ,  or  Prince  Rupert’s  metal. 

6.  The  alloy  of  iron  and  zinc  has  fcarcely  been  exa* 
mined  :  but  Malouin  has  (hewn  that  zinc  may  be  ufed 


a  trinity  between  tne  two  metais  4.  .  j  Mem% 

7.  Tin  and  zinc  combine  ealily.  The  alloy  is  harder  yar^  I74it 
than  tin.  This  alloy  is  often  the  principal  ingredient  in 

the  compound  called  pe<zvter . 

8.  Mr  Gmelin  has  fucceeded  in  forming  an  alloy  of 
zinc  and  lead  by  fufion.  He  put  foine  fuel  into  the 
mixture,  and  covered  the  crucible,  in  order  to  prevent 
the  evaporation  of  the  zinc.  When  the  zinc  exceeded 
the  lead  very  much,  the  alloy  was  malleable,  and  much 
harder  than  lead-  A  mixture  of  two  parts  of  zinc  and 
one  of  lead  formed  an  alloy  more  duCfile  and  harder 
than  the  lad.  A  mixture  of  equal  parts  of  zinc  and 
lead  formed  an  alloy  differing  little  in  du&ility  and  co¬ 
lour  from  lead  ;  but  it  was  harder,  and  more  fufceptible 
of  polifh,  and  much  more  fonorous.  When  the  mixture 
contained  a  fmaller  quantity  of  zinc,  it  ftill  approached 
nearer  the  du&ility  and  colour  of  lead,  but  it  continued 
harder,  more  fonorous,  and  fufceptible  of  polifh,  till 
the  proportions  approached  to  one  of  zinc  and  16  of 
lead,  when  the  alloy  differed  from  the  laft  metal  only  in 

being  fomewhat  harder*.  *  Ann.  dir 

The  affinities  of  zinc,  according  to  Bergman,  arc  as  1X* 

follows :  1 41 

Copper,  And  affinU 

Antimony, 

Tin, 

Mercury, 

Silver, 

Gold, 

Cobalt. 

Arfenic, 

Platinum,. 

Bifmuth, 

Lead, 

N’ckel, 

Iron. 


Sect.  X.  Of  Antimony. 

The  ancients  were  acquainted  with  an  oxyd  of  anti¬ 
mony  to  which  they  gave  the  names  ©f  *hi*t*-i  an djlibium. 

Pliny*  informs  us,  that  it  was  found  in  filver  ore ;  and*  P/fy,  h 
we  know  that  at  prefent  there  are  filver  ores  +  in  which  f Scad's 
it  is  contained.  It  was  ufed  as  an  external  application  Minert 
to  fore  eyes;  and  Pliny  gives  us  the  method  of  preparing  no 
it  %.  Galen  fuppofes  that  the  r<  Wwvoy  of  Hippocrates  j  pjirtyj 
was  a  preparation  of  antimony;  but  this  wants  proof.  14* 

It  does  not  appear,  however,  that  the  ancients  eonfider.  D»cov«y 
ed  this  fubftance  as  a  metal,  or  that  they  knew  antimo-ny<  * 
ny  in  a  ftatc  of  purity  (c).  Who  firft  extracted  it  from 
its  ore  we  do  not  know ;  but  Bafii  Valentine,  a  che- 
mift  of  the  16th  century,  is  the  firft  who  deferibes  the 

procefs* 


The  ancients  do  not  feem  to  have  know.,  accurately  the  difference  between  copper,  brafs,  and  bronze. 

(b)  I  he  ancie  e&  They  confidered  brafs  as  only  a  more  valuable  kind  of  copper, 

Hence  the  confufion  obfervable  in  their !0  ]enote  either.  It  Was  not  till  a  late  period  that  mineralo- 
and  therefore  often  ufed  ^  '  *S  *Th  llej  coppcr  M  cyprium ,  and  afterwards  only  cyfrium,  which  in  pro- 

g.fts  began  to  make  the  place  is  not  known  accurately.  Pliny  ufea 

Z&2  M  5  Spartian,  .ho  IWd  >bo«.  «h«  _  *0.  Ho  ,ay, 

“  ‘H^Zkc  a?,te  "iToiCom,  Caylus  analyfed  an  aoemot  minor,  found  ir  compofed 1  of 

(c)  r  oux.  m  »  .  pi  _0  far  t0  convince  us  that  the  ancients  knew  this  metal,  provided  it 

o- ,  but  this  point  appears  to  be  estremely  doubtful. 
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S'wlphuret?, 


procefs.  To  him  indeed  we  are  Indebted  for  our  ac¬ 
quaintance  with  many  of  the  properties  of  tills  metal. 

Antimony  is  of  a  white  colour,  with  a  fhade  of  grey, 
it  has  a  fenfible  tafte,  but  no  fmell  [j. 

It  is  neither  malleable  nor  du&ile,  but  exceedingly 
brittle.  Its  fpecific  gravity,  according  to  BrifTon,  is 
6,702  ;  according  to  Bergman,  6,860.  Its  hardnefs  is 
6,5  §.  It  melts  at  809°  Fahrenheit f .  If  after  this  the 
heat  be  increafed,  the  metal  evaporates.  On  cooling  it 
aflumes  the  form  of  oblong  cryftals,  perpendicular  to 
the  internal  furface  of  the  vefTel  in  which  it  cools.  It 
is  to  this  cryftallization  that  the  laminated  flru&ure 
which  antimony  always  afiumes  is  owing. 

Neither  air  nor  water  have  much  effe&  on  this  metal. 

When  antimony  is  beat  to  powder,  and  expofed  for 
fome  time  to  a  gentle  heat,  it  abforbs  oxygen,  and  is 
converted  into  a  grey  powder.  This  is  the  grey  oxydof 
antimony.  When  this  metal  is  kept  for  fome  time  melt- 
-cd  in  conta&  with  air,  it  fublimes  in  the  form  of  a  white 
powder,  formerly  called  /now  or  white  fowers  of  anti¬ 
mony.  This  is  the  white  oxyd  of  antimony.  This  oxyd 
may  be  procured  alfo  by  pouring  nitric  acid  on  antimo¬ 
ny,  and  then  evaporating  to  drynefs.  Antimony  at¬ 
tracts  the  oxygen  from  the  acid,  and  thus  paffes  very 
rapidly  into  the  ftate  of  an  oxyd.  This  oxyd  feems  to 
confift  of  about  77  parts  ©f  antimony  and  23  of  oxy¬ 
gen  *.  The  nature  of  thefe  oxyds  has  never  yet  been 
accurately  inquired  into.  *.I.t  is  not  even  known  at  pre- 
fent  whether  the  white  oxyd  obtained  by  heat  and  that 
obtained  by  nitric  acid  contain  the  fame  quantity  of 
oxygen.  The  experiments  mentioned  by  Mr  Kirwan 
make  the  contrary  probable  f  ;  and  yet  thefe  oxyds 
have  too  many  qualities  ir.  common  to  render  thefe  ex¬ 
periments  conclufive.  The  white  oxyd  of  antimony  is 
foluble  in  water  £  ;  and  when  fufed,  is  converted  into  a 
tranfparent  glafs.  The  white  oxyd  obtained  by  nitric 
acid  feems  to  poffefs  many  of  the  properties  of  an  acid. 

The  affinities  of  the  grey  oxyd  of  antimony  are,  ac¬ 
cording  to  Bergman,  as  follows : 

Sebacic  acid, 

Muriatic, 

Benzoic  (d)  ? 

Oxalic, 

-  Sulphuric, 

Pyromucous 

Nitric, 

Tartarous, 

Sacchola&ic, 

Phofphoric, 

Citric, 

Succinic, 

Fluoric, 

Arfenic, 

Formic, 

-  La&ic, 

Acetous, 

B  oracic, 

Pruffic, 

'•  Carbonic. 

Sulphur  combines  readily  with  antimony.  This  com¬ 
pound  is  often  found  native  :  it  was  formerly  called  an¬ 
timony,  and  the  pure  metal  ,  was  then  called  regulus  of 
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antimony.  Sulohuret  of  antimony  is  eafily  melted  by  a  Antin’ 
moderate  heat;  if  the  heat  be  continued,  the  fulphur  ' — V 
fublimes,  and  at  die  fame  time  the  antimony  abforbs 
oxygen,,  and  fs  converted  into  a  grey  oxyd.  This  ful- 
phuret  is  compofed  of  74  parts  of  antimony  and  26  of 
fulohur  *. 

.  The  grey  oxyd  of  antimony  is  alfo  capable  of  combf-'iii.  li¬ 
ning  with  about  of  fulphur.  This  compound,  by 
fufion,  may  be  converted  into  glafs.  It  was  formerly 
tifed  in  medicine  under  the  name  of  glafs  of  antimony.  u 
When  equal  parts  of  antimony  and  phofphoric  glafs  Phofpl 
are  mixed  together  with  a  little  charcoal  powder,  and ret» 
melted  in  a  crucible,  phofphuret  of  antimony  is  produ¬ 
ced.  It  is  of  a  white  colour,  brittle,  appears  laminated 
when  broken,  and  at  the  fra&ure  there  appear  a  number 
of  fmall  cubic  facettes.  When  melted  it  emits  a  green 
flame,  and  then  fublimes  in  the  form  of  a  white  powder. 
Phofphuret  of  antimony  may  likewife  be  prepared  by 
fufing  equal  parts  of  antimony  and  phofphoric  glafs,  or 
by  dropping  phofphorus  into  melted  antimony  f .  t  pe!k 

Antimony  is  capable  of  combining  with  molt  of  the 
metals.  Cbm.  i 

1.  Gold  may  be  alloyed  with  antimony  by  filling X3*’  \ 
them  together.  The  antimony  is  afterwards  feparable  Alloj 
by  an  intenfe  heat.  This  alloy  is  little  known,  and  has 
never  been  applied  to  any  ufe. 

2.  The  afloy  of  filver  and  antimony  is  brittle,  and  its 
fpecific  gravity,  as  Gellert  has  obferved,  is  greater  than 
intermediate  between  the  fpecific  gravities  of  the  two 
metals  which  enter  into  it. 


3.  Platinum  eafily  combines  with  antimony.  The 
alloy  is  brittle,  and  much  lighter  than  platinum*.  The 
antimony  cannot  afterwards  be  completely  feparated  by 


4;MerCU,y  not  eafily  combine  with  antimony. 

Mr  Gellert  iucceeded  in  amalgamating  this  metal  by 
putting  It  Into  hot  mercury,  and  covering  the  whole 
with  water. 

5.  Copper  combines  readily  with  antimony  by  fufion. 

The  alloy  is  of  a  beautiful  violet  colour,  and  its  fpeci¬ 
fic  gravity  is  greater  than  intermediate  f.  fGelh 

6.  Iron  combines,  with  antimony,  and  forms  a  brittle 

hard  alloy,  the  fpecific  gravity  of  which  is  lefs  than  tn- 
termediate.  The  magnetic  quality  of  iron  is  much  more 
dimimlhed  by  being  alloyed  with  antimony  than  with 
any  other  metal  J.  j  ^ 

■  7;  The  alI<T  of  tin  and  antimony  is  white  and  brittle ; 
its  fpecific  gravity  is  lefs  than  intermediate  §.  §  U. 

r  A  ^hn"  equal  quantities  of  lead  and  antimony  are  fil¬ 
led,  the  alloy  is  porous  and  brittle :  three  parts  of  lead 
and  one  of  antimony  form  a  compadt  alloy,  malleable, 
and  much  harder  than  lead  :  1 2  parts  of  lead  and  one 
ot  antimony  form  an  alloy  very  malleable,  and  a  good 
deal  harder  than  lead  :  16  parts  of  lead  and  one  of  an¬ 
timony  form  an  alloy  which  does  not  differ  from -lead 
except  in  hardnefs^].  This  alloy  forms  printers  types.  1  GW 

9.  Zinc  and  antimony  form  a  brittle  alloy,  the  fpeci-  A'm- dc 
fic  gravity  of  which  is  lefs  than  intermediate*.  The  Ch,m' ' 
alloys  of  antimony  are  little  known.  Gellert  is  almoft3**^, 
the  only  perfon  who  has  examined  them.  It  would  re¬ 
quire  a  great  number  of  experiments  to  be  able  to  fix 
the  proportions  of  their  ingredients. 

- _  The 


<d)  Muriatic  acid  decompofes  benzoat  ofantimony.  TrommfJorf,  Ann.  dc  Chim.  xi.  3r7. 
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Bifmuth.  The  affinities  of  antimony  are,  according  to  Berg- 

man,  as  follows : 

Iron, 

Copper, 

Tin, 

Lead, 

Nickel, 

Silver, 

Bifmuth, 

Zinc, 

Gold, 

Platinum, 

Mercury, 

Arfenic, 

Cobalt, 

Sulphuret  of  arfenic, 

Sulphur, 

Phofphorus  ? 

Sect.  XI.  Of  Bifmuth . 

The  ancients  appear  to  have  known  nothing  of  bif- 
muth,  nor  do  we  know  who  difcovered  it;  but  it  is  firlt 
meutioned  by  George  Agricola,  who  was  born  about 
the  end  of  the  i  5th  century, 

Bifmuth  is  of  a  yellowiffi  or  reddifh  white  colour,  and 
almofl  deftitute  both  of  tafle  and  fmell. 

It  is  brittle.  Its  hardnefs  is  6  *.  Its  fpeciflc  gra¬ 
vity  is  9,8227  f.  It  melts  at  460°  Fahrenheit  J. 

When  heated  in  clofe  veflels,  it  fublimes.  When  al¬ 
lowed  to  cool  flowly  after  fufion,  it  cryftallizes. 

Bifmuth  is  not  altered  by  water.  When  expofed  to 
the  air  it  fuon  tarniffies. 

Wfien  bifmuth  is  kept  fufed  in  conta&  with  air,  it  is 
gradually  oxydated.  When  heated  red  hot,  it  emits  a 
very  faint  blue  flame,  and  its  oxyd  evaporates  in  the 
form  of  a  yellowiffi  fmoke.  When  this  lmoke  is  collect¬ 
ed,  it  is  found  to  confift  of  a  brown-coloured  powder. 

This  is  the  brown  oxyd  of  bifmuth  It  is  compofed  of 
about  94  parts  of  bifmuth  and  6  of  oxygen  *.  Bifmuth 
decompofes  nitric  acid  with  great  rapidity,  by  attradl- 
ing  its  oxygen.  If  the  quantity  of  acid  be  confider- 

able,  it  difl’olves  the  oxyd  as  it  forms  ;  bqt  the  greater 
part  of  it  may  be  precipitated  by  diluting  the  acid  with 
water.  This  precipitate,  which  is  a  white  powder,  is 
white  oxyd  of  bifmuth .  It  is  compofed  of  about  84.  parts 
bifmuth  and  16  of  oxygen  f . 

The  affinities  of  the  oxyds  of  bifmuth  are,  according 
to  Bergman,  as  follows  : 

Oxalic  acid, 

Arfenic, 

Tartarous, 

Phofphoric, 

Sulphuric, 

Sebacic, 

Muriatic, 

Benzoic  (e)  ? 

Nitric, 

Fluoric, 

SaccholaCtic, 

Succinic, 

Citric, 
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Formic, 

Ladtic, 

Acetous, 

pruffic, 

Carbonic, 

Ammonia. 


<&4T 

Bifmuth. 


Sulphur  combines  readily  with  bifmuth  by  fufion.  Sulphuret, 
The  fulphuret  of  bifmuth  is  of  a  bluifh  grey  colour,  and 
cryftallizes  into  beautiful  tetrahedral  needles.  It  i3 
compofed  of  85  parts  of  bifmuth  and  1 5  of  fulphur};.  \Wen*e1t 

There  appeals  to  be  little  affinity  between  bifmuth  ami 
phofphorus.  Mr  Pelletier  attempted  to  produce  the  phof-^'”tfr’  u* 
phuret  of  bifmuth  by  various  methods  without  fuccefs.  i5r 
When  lie  dropped  phofphorus,  however,  into  bifmuth  Phcfyhu- 
in  fufioii,  he  obtained  a  fubftance  which  did  not  appa-ret* 
rently  differ  from  bifmuth,  but  which,  when  expofed  to 
the  blow-pipe,  gave  evident  ftgns  of  containing  phof¬ 
phorus.  Phofphuret  of  bifmuth,  according  to  Pelle¬ 
tier,  is  compofed  of  about  96  parts  of  bifmuth  and  four 
of  phofphorus  *. 

Bifmuth  combines  readily  with  mod  of  the  metals.  ^'Qm ’ 

1.  Equal  parts  of  bifmuth  and  gold  form  a  brittle  al-  15- 

loy,  nearly  of  the  fame  colour  with  bifmuth  f .  Alloys, 

2.  Equal  parts  of  bifmuth  and  filver  form  alio  a  brittle! Jfetr'  , 

alloy,  but  lefs  fo  than  the  laft.  The  fpecific  gravity  *& '&{&**** 
both  thele  is  greater  than  intermediate  +  .  4  Ibid, 

3.  The  alloy  of  bifmuth  and  platinum  13  affo  very 
brittle.  When  expofed  to  the  air  it  aflumes  a  purple, 
violet,  or  blue  colour.  The  bifmuth  may  be  feparated 

by  heat  §.  ^  {DrU™,. 

4.  Mercury  diffolves  bifmuth  very  ea&ly.  The  amal¬ 
gam  is  more  fluid  than  pure  mercury,  and  has  the  pro¬ 
perty  of  diffolving  lead  and  rendering  it  alfo  fluid  ||.  It  II  Cramr* 
ia  capable,  however,  of  cryitallizing.  The  cry flals  are 

either  o&ahedrons,  lamellated  triangles,  or  hexagons. 

They  are  compofed  of  one  part  of  bifmuth  and  two  of 
mercury  ^[.  ?  CUm.  D:» 

5.  The  alloy  of  copper  and  bifmuth  is  not  fo  red  as^®”* l*  3* 
copper. 

6.  Nothing  13  known  concerning  the  alloy  of  iron 
and  bifmuth. 

7.  Biimutli  and  tin  unite  readily.  A  fmall  portion 
of  bifmuth  increafes  the  brightnels,  hardnefs,  and  fono- 
roufnefs  of  tin  :  it  often  therefore  enters  into  the  com- 
pohtion  of  the  compound  called  pewter.  Equal  parts 
of  tin  and  bifmuth  form  an  alloy  that  melts  at  280-*  : 
eight  parts  of  tin  and  one  of  bifmuth,  melt  at  390°: 

two  parts  of  tin  and  one  of  bifmuth,  at  330" f.  f  Dr  Lewis* 

8.  The  alloy  of  lead  and  bifmuth  is  of  a  dark  grey 
colour,  a  clofe  grain,  but  very  brittle. 

9.  Bifmuth  does  not  combine  with  zinc 

10.  The  alloy  of  antimony  and  bifmuth  is  unknown. 

Bifmuth  likewife  enters  into  triple  compounds  with 

metals :  Two  parts  of  lead,  three  of  tin,  and  five  of 
bifmuth,  form  an  alloy  which  melts  at  the  heat  of  boil¬ 
ing  water,  which  is  21 20.  153 

The  affinities  of  bifmuth,  according  to  Bergman,  are  And  affini- 
as  follows :  ties- 

Lead, 

Silver, 

Gold, 

H  li  Mercury, 
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(e)  Muriatic  acid  decompofes  benzoat  of  bifmuth, —Trommfdorf  Ann .  de  Chim.  xi.  317. 
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Mercury, 
Antimony, 
Tin, 
Copper, 
Platinum, 
Nickel, 
Iron, 


Snlpburet  of  alkali, 
Sulphur, 
Phofphorus  ? 


Sect.  XII.  Of  Arfenic, 
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The  word  arfenic  (**<««*«)  occurs  firft  in  the  works 
of  Diofcorides,  and  of  feme  other  authors  who  wrote 
about  the  beginnir.gof  the  Chriftian  era.  It  denotes  in 
their  works  the  lame  fub dance  which  Ariftotle  had 
called  (f),  and  his  difciple  Theophraitus 

uppiviy.'iv.  which  is- a  reddifh  coloured  mineral,  compoled 
of  arfenic  and  fulphur,  ufed  by  the  ancients  in  painting, 
and  as  a  medicine. 

The  white  oxyd  of  arfenic ,  or  what  is  known  in  com¬ 
merce  by  the  name  of  arfenic,  is  mentioned  by  Avicen¬ 
na  in  the  11th  century;  but  at  what  period  the  metal 
called  arfenic  was  iirft  extrafred  from  that  oxyd  is  un¬ 
known.  Paracelfus  feems  to  have  known  it.  It  is 
mentioned  by  Schroeder  in  his  Pharmacopoeia  publifhed 
in  1 649*. 

Arfenic,  when  pure,  is  of  ahlnifh  white  colour.  It  is 
exceedingly  brittle.  Its  hardnefs  is  7f.  Its  fpecific 
gravity  8,^iof. 


When  exoofed  to  the  temperature  of  3540  in  clofe 


^  Kirn.vnn  s 
jVlineral.  ii. 
49O. 


§  Bergman. 
ii.  278. 
f  Brandt . 
AB.  Upfal 
>733- 


|  Bergman^ 

ii.  278. 


Part  I, 

Afeuic. 


veffels  it  fublimes  $,  and  cryltallizes  in  regular  tetrahe¬ 
drons. 

[t  is  not  much  altered  by  water.  Boiling  water, 
however,  is  capable  of  diffolving,  and  retaining  Toi-soth 
of  arfenic  ;  but  that  part  of  the  metal  is  no  doubt  re¬ 
duced  to  the  ftate  of  an  oxyd||. 

When  arfenic  is  expofed  to  the  open  air,  it  very  foon 
lofes  ijs  luftre,  and  is  pradually  converted  into  a  greyifh. 
black  fubftance  by  combining  with  oxygen.  This  is 
called  the  grey  oxyd  of  arfenic. 

When  expofed  to  a  moderate  heat  in  conta&  with 
air,  it  fublimes  in  the  form  of  a  white  powder,  and  at 
the  fame  time  emits  a  fmell  refembling  garlic.  It  the 
heat  be  increafed,  it  burns  with  an  obfeure  bluifh  flame. 
This  fublimate  is  white  oxyd  of  arfenic ,  which  is  compo- 
fed  of  93  parts  of  arfenic  and  7  of  oxygen 

It  is  of  a  fharp  acrid  tafte,  which  at  laft  leaves  an  im- 
preflion  of  fweetnefs,  and  is  one  of  the  mofl  virulent 
poifons  known.  It  has  an  alliacious  fmell.  It  is  fo- 
luble  in  80  parts  of  water  at  the  temperature  of  60 
and  in  1  5  parts  of  boiling  water  §.  When  this  folution 
is  evaporated,  the  oxyd  cryftallizes  f .  When  heated  to 
283°,  it  fublimes  :  if  heat  be  applied  in  clofe  veffels,  it 
becomes  pellucid  like  glafs,  but  when  expofed  to  the 
air  it  foon  recovers  its  former  appearance.  The  fpeci- 
fjc  gravity  of  this  glafs  is  5,000  ;  that  of  the  white 
oxyd,  3,706  J.  This  oxyd  is  capable  of  combining 
with  moft  of  the  metals,  and  in  general  renders  them 
brittle.  Its  affinities,  according  to  Bergman,  are  as 
follows : 


S  T  R  Y. 

Muriatic  acid, 

Oxalic, 

Sulphuric, 

Nitric, 

Sebacic, 

Tartarous, 

Phofphoric, 

Fluoric, 

Saccholadfic, 

/  Succinic, 

Citric, 

Formic, 

La£lic, 

Arfenic, 

Acetous, 

Pruffic, 

Ammonia, 

Water, 

Alcohol  ? 

Arfenic,  or  rather  the  white  oxyd  of  arfenic,  is  capa¬ 
ble  of  combining  with  an  additional  dofe  of  oxygen. 

The  compound  produced  is  arfenic  acid ,  firft  difeovered 
by  Scheele,  which  contains  91  parts  of  arfenic  and  9  of 
oxygen  *. 

Arfenic  combines  readily  with  fulphur, 
is  applied  to  a  mixture  of  white  oxyd  of  arfenic  and  Miner,  ii, 
fulphur,  the  oxyd  is  decompofed,  part  of  the  fulphur  ^°' 
combines  with  its  oxygen,  and  the  remainder  unites  with  Suiphuret, 
the  reduced  metal.  The  fulpliuret  of  arfenic  produced 
by  this  procefs  is  of  a  yellow  colour,  and  was  formerly- 
called  orpiment.  It  is  compofed,  according  to  Weftrum, 
of  20  parts  of  arfenic  and  80  of  fulphur  f.  It  is  often  t  K>rv>af$ 
found  native.  If  a  ftronger  heat  be  applied,  fo  as  to  Mner*lu 
melt  the  fulphuret,  it  affumes  a  fcarlct  colour,  and  13 
much  lefs  volatile  than  formerly.  This  new  compound 
was  formerly  called  realgar.  It  is  compofed,  according 
to  Weftrum,  of  80  parts  of  arfenic  and  20  of  fulphur  J.  j  yyl{ft 
The  difference  therefore  between  it  and  orpiment  i3 
evident.  During  the  fufion  part  of  the  fulphur  with¬ 
out  doubt  fublimes.  It  might  be  called  red  fulphuret  of 
arfenic.  ,  #  #  .  156 

Arfenic  combines  readily  with  phofphorus.  The  Phofphu- 
phofphuret  of  arfenic  may  be  formed  by  diftilling  equal  rcti 
parts  of  its  ingredients  over  a  moderate  fire.  It  is  black 


*  Bert  belle?) 

When  heat  Kir  wans 


155  I 


and  brilliant,  and  ought  to  be  preferved  in  water.  It 


maybe  formed  likewife  by  putting-equal  parts  of  phof¬ 
phorus  and  arfenic  into  a  fufficient  quantity  of  water, 
and  keeping  the  mixture  moderately  hot  for  fome 
time  $.  §  Pelletier , 

Arfenic  unites  with  moft  metals,  and  in  general  ren- 
ders  them  more  brittle  and  more  fuiible.  Clim.  xiii. 

1.  Melted  gold  takes  up  ^th  of  arfenic  ||.  The  al-  ^Bergma, 

loy  is  brittle  and  pale.  ibid. 

2.  Melted  filver  takes  up  rT3thof  arfenic  «[.  The  al-  %  Hid. 
loy  is  brittle. 

3.  The  alloy  of  platinum  and  arfenic  is  brittle  and  *  *  } 

very  fufible.  It  was  firft  formed  by  Scheffer.  The 
arfenic  may  be  feparated  by  heat. 

4.  The  amalgam  of  arfenic  is  compofed  of  five  parts 

of  mercury  and  one  of  arfenic  §.  §  Hi l. 

5.  Copper  takes  up  |ths  of  arfenic  f .  This  alloy  is  f  lli& 

_ _  white ; 


(f)  Pliny  feems  to  make  a  diftin&ion  between  fandaraeha  and  arfenic. 

2 


See  Lib.  xxxiv.  c.  18. 


Gellcrt . 


Bergtmnt 

inn.  de 
him.  xiii. 
39- 

Kirnt'an  s 
[liner,  li. 
36- 

Bergman , 

)id. 


Ibid. 

IS* 

(\nd  affini- 
,ies. 


|  Up- 
fa*-  173  3* 
159  . 
Properties 
of  cobalt, 

|  Leorthardi 
§  Kir xv.  ns 
Miner  ii. 

S'  8 

|j  Bergman , 
iv. 


G  H  E  M  I 

white  {  and  when  the  quantity  of  arfenic  contained  In 
It  is  fmall,  both  duftile  and  malleable  f.  It  is  called 

white  tombac,  .  I 

6.  Iron  13  capable  of  combining  with  more  than  its 
own  weipht  of  arfenic  §,  This  alloy  is  white,  brittle, 
and  capable  of  cryllallizing.  It  is  found  native  ||. 

7.  The  alloy  of  tin  and  arfenic  is  harder  and  more  fo- 
norous  than  tin,  and  has  much  refemblance  externally 
to  zinc.  Tin  often  contains  a  fmall  quantity  of  ar¬ 
fenic. 

8.  Lead  takes  up  £th  of  arfenic  f .  The  alloy  is  brittle 
and  dark  coloured. 

9.  Zinc  takes  up  fth  of  arfenic,  antimony  -*th,  and 
hilmuth  Tyth  *. 

The  affinities  of  arfenic,  according  to  Bergman,  are 
as  follows ; 

Nickel, 

Cobalt, 

Copper, 

Iron, 

Silver, 

Tin, 

Gold, 

Platinum, 

Zinc, 

Antimony, 

Sulphuret  of  alkali. 

Sulphur, 

Phofphorus. 

Sect.  XHL  Of  Cobalt, 

A  mineral  called  cobalt  (g),  of  a  grey  colour,  and 
very  heavy,  has  been  ufed  in  different  parts  of  Europe 
fince  the  15th  century  to  tinge  glafs  of  a  bine  colour. 
From  this  mineral  Brandt  obtained  in  1733  a  liev,r  me" 
tal,  to  which  he  gave  the  name  of  cobalt  f. 

Cobalt  is  of  a  white  colour,  inclining  to  a  bluifh  or 
Heel  grey.  When  pure,  it  is  fomewhat  malleable  while 
red  hot  p  Its  hardnefs  is  8  §.  Its  fpecifk  gravity  is 
8,1  5(h).  It  require-sfor  fufion  a  heat  at  lealt  as  great 
as  call  iron,  which  melts  at  1 30°  Wedge  wood. .  No 
heat  has  been  produced  great  enough  to  volatilize  it  }| . 

Cobalt,  when  pure,  does  not  feem  to  be  affected  by 
air  or  water. 

It  is  attra&ed  by  the  magnet. 
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It  is  not  oxydated  by  heat  without  very  great  diffi¬ 
culty  ;  but  it  has  the  property  of  dtcompofing  nitric 
acid,  and  of  attrafting  oxygen  by  that  means  with 
great  rapidity. 

The  oxyd  of  cobalt  is  of  fo  deep  a  blue  as  to  appear 
black.  The  oxyd  procured  by  heat  is  compoftd  of  88 
parts  of  cobalt  and  12  of  oxygen  ;  that  by  nitric  acid 
contains  about  77  parts  of  cobalt  and  23  of  oxygen  . 
Its  affinities,  according  to  Bergman,  are  as  follows : 
Oxalic  acid, 

Muriatic, 

Sulphuric, 

Tartarous, 

Nitric, 

Sebac'c, 

Phofphoric, 

Fluoric, 

Sacchola&ic, 

Succinic, 

Citric, 

Formic, 

La&ic, 

Acetous, 

Arfenic, 

Boracic, 

Pruffic, 

Carbonic, 

Ammonia. 

The  fulphuret  of  cobalt  is  not  formed  without  difficul¬ 
ty.  It  is  fcarcely  known 

Phofphnret  of  cobalt  may  be  formed  by  heating  the 
metal  red  hot,  and  then  gradually  dropping  in  fmall  bits 
of  phofphorus.  It  contains  about  °f  phofphorus. 
It  is  white  and  brittle,  and  when  expofed  to  the  air 
foon  lofes  its  metallic  luftre.  The  phofphorus  is  fepa- 
rated  by  heat,  and  the  cobalt  is  at  the  fame  time  oxyda¬ 
ted.  This  phofphuret  is  much  more  fufible  than  pure 
cobalt  +. 

1  he  combinations  of  cobalt  with  other  metals  have 
been  very  little  examined  into. 

x.  The  alloy  of  gold  and  cobalt  is  not  known. 

2.  Cobalt  does  not  combine  with  iilver  by  fufion 
but,  according  to  Gellert,  the  alloy  of  filver  and  cobalt 
may  be  formed  :  it  is  brittle  and  of  a  grey  colour  §, 
The  alloy  of  platinum  and  cobalt  is  unknown. 

H  h  2  4*  Mer- 
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(c\  'rt.e  w0,d  cobalt  feems  to  be  derived  from  cobalus,  which  was  the  name  of  a  fpirit  that,  according- to  th 
fnperftitious  notions  of  the  times,  haunted  mines,  deftroyed  the  labours  of  the  miners,  and  often  Sav,e * 
SL,  tol  of  umieceiTary  .rouble.  The  miner.  probably  g. 

hr."”' ""‘Sf  geS7  “d7t,e,ino.l!°r,pSofcpiL,  bare  foppolH  >h»  /»•"  (»>f  of  »!»'* 

.0  ring.  gUf.  bln,  ly  Ch.iil.pher  SoLur.r,  a  glaWkc,  a. 

Piattcn,  about  the  year  154C. 

Berg.  II.  23  x.  According  to  Briffon,  7>o  11 9* 
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4*  Mercury  does  not  appear  to  amalgamate  with  co¬ 

balt. 

5.  The  alloy  of  copper  and  cobalt  is  fcarcely  known. 

6.  The  alloy  of  iron  and  cobalt  is  very  hard,  and  not 
eafily  broken.  Cobalt  generally  contains  fome  iron, 
from  which  it  is  with  great  difficulty  feparated. 

7.  The  alloy  of  tin  and  cobalt  is  of  a  light  violet 
colour. 

8.  Cobalt  does  not  combine  with  lead  by  fufion. 

9.  The  alloy  of  zinc  and  cobalt  is  not  formed  with¬ 
out  difficulty. 

10..  The  alloy  of  antimony  and  cobalt  is  unknown. 
it.  Cobalt  does  not  combine  with  bifmuth  by  fu¬ 
fion  *. 

12.  Arfer.ic  combines  very  readily  with  cobalt.  The 
alloy  is  brittle,  much  more  fufible,  and  more  eafily  oxy- 
dated  than  pure  cobalt  f . 

The  affinities  of  cobalt  are  as  follows  : 

Iron, 

Nickel, 

Arfenic, 

Copper, 

Gold, 

Platinum, 

riv 

1  m, 

Antimony, 

Zinc, 

Sulphuret  of  alkali, 

Sulphur, 

Phofphorus  ? 

Sect.  XIV.  Of  Nickel 

A  heavy  mineral  of  a  red  colour  is  met  with  in  fe- 
veral  parts,  of  Germany,  which  bears  a  flrong  refem- 
blance  to  an  ore  of  copper  ;  but  none  of  that  metal  can 
be  extracted  from  it  :  for  this  reafon  the  Germans  call- 
165  ed  it  kupfer  nickel  (deviPs  copper).  Hierne  mentioned 
XhfcovtTy  [t  {n  j6c>4.  Cronftedt  was  the  firfl  chemift  who  exa- 
0  nic  c »  mined  it  with  accuracy.  He  concluded  from  his  expe¬ 
riments,  which  were  publifhed  in  the  Stockholm  Tranf- 
aCtions  for  1751  and  1754,  that  it  contained  anew 
metal,  to  which  he  gave  the  name  of  nickel. 

Some  chemifts,  particularly  Mr  Sage,  affirmed,  that 
it  contained  no  new  metal,  but  merely  a  compound  of 
various  known  metals,  which  could  be  feparated  from 
each  other  by  the  ufual  proceffes.  Thefe  affeitions  in¬ 
duced  Bergman  to  undertake  a  very  laborious  conrfe  of 
experiments,  in  order  if  pollikie  to  obtain  nickel  in  a 
ft  ate  of  purity:  for  Cronftedt  had  not  been  able  to  fe* 
parate  a  quantity  of  arfenic,  cobalt,  and  iron,  which 
adhered  to  it  with  much  obftinacy.  Thefe  experiments 
have  been  very  fully  detailed  in  the  article  Chemistry 
in  the  Encycl.  to  which  wc  beg  leave  to  refer.  Berg¬ 
man  has  fhewn,  that  nickel  poffefles  peculiar  properties, 
and  that  it  can  neither  be  reduced  to  any  other  metal, 
nor  formed  artificially  by  any  combination  of  metah. 
It  mnfl  therefore  be  confldered  as  a  peculiar  metal.  It 
rnay  poffibly  be  a  compound,  and  fo  may  likewife  manv 
other  metals  ;  but  we  rmift  admit  every  thing  to  be  a 
peculiar  body  which  has  peculiar  properties,  and  we 
mult  admit  every  body  to  be  fimple  till  fome  proof  be 
actually  produced  that  it  is  a  compound  ;  otherwife  we 
forfake  the  road  of  fcience,  and  get  into  the  regions  of 
fancy  and  romance. 
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Nickel  is  of  a  greyifh  white  eolour,  and  when  lefs  Nickel, 
pure  inclines  a  little  to  red.  — 

It  is  both  duCtile  and  malleable.  Its  hardftefs  A  8  *•  I,,  p6* 

Its  fpecific  gravity  9,000  f.  It  requires  for  fufion  aties, 
temperature  at  leaft  equal  to  150°  WedgewoodJ.  *  Kirovan  9 
It  is  powerfully  attra&ed  by  the  magnet,  and  is  even  Miner.  ii. 
poffefTed  of  the  propeity  of  attracting  iron.  This 
d need  Bergman  to  fuppofe  that  nickel,  when  pureft,;,.  2\t 
was  ftill  contaminated  with  about  one  third  of  iron  :  f  Uni. 
but  as  this  is  the  only  proof  of  its  containing  iron, 

Klaproth,  with  reafon,  deems  it  an  infafficient  one,  and 
confiders  attraction  by  the  magnet  as  a  properly  of 
nickel  J.  §  Am.  de 

When  expofed  to  a  flrong  heat,  nickel  is  oxydated  *• 
flowlv.  Its  oxyd  is  of  a  Iro^n  colour  ;  if  impure,  it*7^ 
is  greenlfh.  The  oxyd  of  nickel,  according  to  Klaproth,  Oxyds, 
is  compofed  of  77  parts  of  nickel  and  33  of  oxygen  ff.1  Kinvan't 
Its  affinities,  according  to  Bergman,  are  as  iollows ;  Miner,  ii. 
Oxalic  acid, 

Muriatic, 

Sulphuric, 

Tartarous, 

Nitric, 

Sehacic, 

Phofphoric,  v 

Fluoric, 

SaccholaCtic, 

Succinic, 

Citric, 

Formic, 

Lactic, 

Acetous, 

/irfenic, 

Boracic, 

Fruffic, 

Carbonic, 

Ammonia, 

Potafs  ? 

S°da?  .  16* 

Cronftedt  found  that  nickel  combined  readily  with  SalpJmret 

fulphur  by  fufion.  The  fulphuret  which  he  obtained 
was  yellow  and  hard,  with  [mail  fparkling'  facets  ;  but 
the  nickel  which  he  employed  was  impure. 

Nickel  combines  very  readily  with  phofphorus,  either  Phofphu- 
by  fufing  it  along  with  phofphoric  glafs,  or  by  drcp-«*> 
ping  phofphorus  into  it  while  red  hot.  The  pliofplm- 
ret  of  nickel  is  of  a  white  colour,  and  when  broke  ex¬ 
hibits  the  appearance  of  very  (lender  prifms  collected 
together.  When  heated,  the  phofphorus  burns,  and  the 
metal  is  oxydated.  It  is  compofed  of  83  parts  of  nick¬ 
el  and  17  of  phofphorus  *.  The  nickel,  however,  011*  Pelletier, 
which  this  expeiiment  was  made,  was  not  pure.  Ann.  de 

Little  is  known  concerning  the  alloys  of  nickel  with  xiii. 
other  metals.  Equal  parts  of  filver  and  nickel  form  aI55(h0 
white  duCtile  alloy.  Equal  parts  of  copper  and  nickel  Alloys, 
form  a  red  duCtile  alloy.  The  compounds  which  this 
metal  forms  with  tin  and  zinc  are  brittle.  It  does  not 
combine  with  mercury  f .  .  It  has  a  very  flrong  affinity  f  Bergman, 
for  iron,  cobalt,  and  arfenic,  and  is  fcarcely  ever  foundh.  231. 
except  combined  with  fome  of  them.  *  •  I7I 

Its  affinities,  according  to  Bergman,  are  as  follows :  And  affini- 
Iron,  ties. 

Cobalt, 

Arfenic, 


Copper, 
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ti  fo  Copper, 

/  ^  Gold, 

Tin, 

Antimony, 

Platinum* 

Bifmuth, 

Lead, 

Silver, 

Zinc, 

Sulphurct  of  alkali, 

Sulphur, 

Phofphorus  ? 

Sect.  XV.  Of  Manganefe. 

EL  The  dark  grey  mineral  called  manganefe ,  in  Latin 
M.-  mgnefta  (according  to  Boyle,  from  its  relemblance  to 
>  the  magnet )9  has  been  long  known  and  ufed  in  making 
d?fs.  A  mine  of  it  was  discovered  in  England  by  Mr 
Foyle.  It  was  long  fuppofed  to  be  an  oie  of  iion  ;  but 
Pott  and  Cronftedt  having  demonftrated  that  it  cor  tain- 
ed  very  little  of  that  metal,  the  latter- referred  it  in  his 
Mineralogy  to  a  diftinft  order  of  earths,  which  he  call¬ 
ed  teme  magnefia.  Bergman,  from  its  Ipecihc  gravity, 
and  feveral  other  qualities,  fufpefted  that  it  was  a  me¬ 
tallic  oxyd  :  he  accordingly  made  feveral  attempts  to 
reduce  it,  but  without  fuccefs  ;  the  whole  mafs  either 
aftuming  the  form  of  fcorise,  or  yielding  only  fmall  fe* 
parate  globules  attracted  by  the  magnet-  This  difficul¬ 
ty  of  fufion  led  him  to  fufpeft  that  the  metal  he  was  in 
queft  of  bore  a  ftrong  analogy  to  platinum.  In  the 
mean  time,  Dr  Gahn,  who  was  making  experiments  on 
the  fame  mineral,  aftually  fucceeded  in  reducing  it  by 
the  following  proceis :  He  lined  a  crucible  with  char¬ 
coal  powder  moiftened  with  water,  put  into  it  force  of 
the  mineral  formed  into  a  ball  by  means  of  oil,  then 
filled  up  the  crucible  with  charcoal  powder,  luted  ano¬ 
ther  crucible  over  it,  and  expofed  the  whole  for  about 
an  hour  to  a  very  intenfe  heat.  At  the  bottom  of  the 
crucible  was  found  a  metallic  button,  or  rather  a  num¬ 
ber  of  [mail  metallic  globules,  equal  in  weight  to  one- 
h<w»i  third  of  the  mineral  employed*.  It  is  eaty  to  fee  by 
what  means  this  redu&ion  was  2Ccomplifned.  The  char¬ 
coal  attrafted  the  oxygen  from  the  oxyd,  and  the  me- 
,  tal  remained  behind.  'Phis  metal  is  called  manganefe, 

*r.  Manganefe  is  of  a  greyifh  white  colour.  It  is  not 
malleable,  and  yet  not  fo  brittle  as  to  be  eafily  broken. 

'•”*  Its  hardnefs  is  8f.  Its  fpecific  gravity  is  7,000  J. 

L  Its  fufion  requires  fo  great  a  heat,  that  it  has  been  very 
feldom  accomplifhed. 

When  reduced  to  powder,  it  is  attrafted  by  the 
magnet. 

When  expofed  to  the  air,  it  very  foon  tarnifhes,  and 
affumes  a  darker  colour,  till  at  iafl  it  becomes  black  and 
friable.  This  change  is  produced  by  the  abforption  of 
oxygen.  It  takes  place  much  more  rapidly  it  heat  be 
applied  to  the  metal.  The  i'ubftance  thus  obtained  is 
the  black  oxyd  of  manganefe.  This  oxyd  is  found  in 
great  abundance  in  nature,  though  fcarcely  ever  in  a 
hate  of  purity.  It  is  compofed  of  75  parts  of  manga- 
jlj  r.efe  and  25  of  oxygen  *. 
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If  a  quantity  of  muriatic  acid  be  poured  upon  this  Manganefe. 
oxyd,  and  heat  applied,  part  of  the  acid  combines  with  \r~~~4 
feme  of  the  oxygen  of  the  oxyd,  and  flies  off  in  yellow 
fumes.  The  oxyd  is  diffiolved  in  the  reft.  If  potah  be 
added  to  this  folution,  a  white  powder  is  precipitated. 

This  is  the  white  oxyd  of  manganefe.  It  contains,  ac¬ 
cording  to  Bergman,  about  8o  parts  of  manganefe  and 
20  of  oxygen.  It  foon  alt  rafts  more  oxygen  when  ex¬ 
pofed  to  the  air,  and  is  converted  into  black  oxyd. 

The  affinities  of  the  white  oxyd,  according  to  Berg¬ 
man,  are  as  follows : 

Oxalic  acid, 

Citric, 

Phofphoric, 

Tartarous, 

Fluoric, 

Muriatic, 

Sulphuric, 

Nitric, 

Saccholaftic, 

Succinic, 

Sebacic, 

Tartaric,  . 

Formic, 

Lactic, 

Acetous, 

Pruffic, 

Carbonic. 

The  fulphuret  of  manganefe  is  unknown. 

Phofphorus  may  be  combined  with  manganefe  byphofphu- 
melting  together  equal  parts  of  the  metal  and  of  phof-iet, 
phoitc  glai's ;  or  by  dropping  phofphorus  upon  red  hot 
manganefe.  The  phofphuret  of  manganefe  is  of  a  white 
colour,  brittle,  granulated,  difpofed  to  cryflallize,  not 
altered  by  expofure  to  the  air,  and  more  fuiible  than 
manganefe.  When  heated,  the  phofphorus  burns  and 
the  metal  becomes  oxydated  f .  f  PeBetie*, 

Manganefe  combines  readily  with  carbon  by  fu-  ^nn‘  de .. 
r  /  \  J  Chim.  xiu. 

fionj1)-.  .  i,7. 

Little  is  known  concerning  the  alloys  of  manganefe,  '175 
It  combines  readily  with  copper.  The  compound,  ac-  Carburet, 
cording  to  Bergman,  is  very  malleable,  its  colour  is  red,  *7° 
and  it  fometimes  becomes  green  by  age.  Gmelin  made  °^S> 
a  number  of  experiments  to  fee  whether  this  alloy  could 
be  formed  by  fufmg  the  black  oxyd  of  manganefe  along 
with  copper.  He  partly  fucceeded,  and  propofed  to 
fubftitute  this  alloy  inftead  of  the  alloy  of  copper  and 
arfenic,  which  is  ufed  in  the  arts  J.  We  believe,  liow-j  jn„m  fo 
ever,  that  upon  trial  the  new  alloy  has  been  found  notClim.  i. 
to  anfwer.  3°3« 

Manganefe  combines  readily  with  iron  ;  indeed  it 
lias  fcarcely  ever  been  found  quite  free  from  fome  mix¬ 
ture  of  that  metal.  It  combines  alfo  very  eafily  with 
arfenic  and  tin,  not  eafily  with  zinc,  and  not  at  all  with 
mercury  §, 

The  affinities  of  manganefe,  according  to  Bergman,  >77 
are  as  follows  ;  Av.d  aflini* 

Copper,  •  tics. 

Iron, 

Gold, 

_ Silver, 


Bergman  , 
11.  21 1. 


(1)  Bergman ,  III.  379. —  Sometimes  manganefe  is  very  fpeedily  oxydated  by  expofure  to  the  air  ;  fometimes 
fcarcely  altered  by  it,  as  Klaproth  and  Pelletier  have  obferved.  Mr  Kirwan  fuppofes,  that  the  managanefe 
which  is  foon  altered  contains  carbon,  and  that  this  is  the  caufe  cf  the  difference.  See  Miner,  II.  288.  . 
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Silver, 

Tin, 

Sulphuret  of  alkali, 

Phofphorus  ? 

Carbon  ? 

The  three  metals,  cobalt ,  nickel \  and  manganefe ,  refem- 
Ble  iron  in  ft  veral  particular?  :  Like  it,  they  are  mag¬ 
netic,  very  hard,  and  very  difficult  to  hife  :  but  they 
differ  from  it  in  fpecific  gravity,  malleability,  and  in 
the  oropei.ties  of  all  their  combinations  with  other  fub 
fiances  ;  the  oxyds.  for  inftance  of  iron,  cobalt,  nickel, 
and  manganefe,  poflefs  ver y  different  qualities. 

Sect.  XVI.  Of  Tungfen. 

There  is  a  mineral  found  in  Sweden  of  an  opaque 
white  colour  and  great  weight ;  from  which  laft  cir* 
cumflance  it  got  the  nameo*  tungfen,  or  ponderous  f  one. 
Some  mineralogifls  confidered  it  as  an  ore  of  tin,  others 
fuppofed  that  it  contained  iron.  Scheele  analyfed  it  in 
1781,  and  found  that  it  was  compofed  of  lime  and  a 
peculiar  earthy-like  fubftar.ee,  which  he  called  from 
its  properties  tungfic  acid.  .Bergman  conje&ured  that 
the  balls  of  this  acid  was  a  metal;  and  this  conjefilure 
was  foon  after  fully  confirmed  by  the  experiments  of 
Meffrs  D’Elhuyart,  who  obtained  the  fame  fubftance 
from  a  mineral  of  a  brownifh  black  colour,  called  by 
the  Germans  wolfram ,  which  is  fometimes  found  in  tin 
mines.  This  mineral  they  found  to  contain  TVo 
tungflic  acid  ;  the  reft:  of  it  confifted  of  manganefe, 
iron,  and  tin.  This  acid  fubftance  they  mixed  with 
charcoal  powder,  and  heated  violently  in  a  crucible. 
On  opening  the  crucible  after  it  had  cooled,  they  found 
in  it  a  button  of  metal,  of  a  daik  brown  colour,  which 
crumbled  to  powder  between  the  fingers.  On  viewing 
it  with  a  glafs,  they  found  it  to  confift  of  -a  congeries 
of  metallic  globules,  fome  of  which  were  as  large  as  a 
pin  head.  i’he  metal  thus  obtained  is  called  tungfen. 
The  manner  in  which  it  was  produced  is  evident ;  tung- 
ftic  acid  is  compofed  of  oxygen  and  tungften  :  the  oxy¬ 
gen  combined  with  the  carbon,  and  left  the  metal  in  a 
ftate  of  purity. 

Tungften  is  externally  of  a  brown  colour,  internally 
of  a  fled  grey  *. 

Its  fpecific  gravity  is  17,600+.  It  is  more  infufible 
than  manganefe  ||. 

When  heat  is  applied  to  tungften  it  is  converted  in¬ 
to  a  yellow  powder,  compofed  of  8b  parts  of  tungften 
and  20  of  oxygen*)*.  This  is  the  yellow  oxyd  of  tungfen 
or  tungfic  acid . 

The  iulphuret  of  tungften  is  of  a  bluifh  black  colour, 
hard,  and  capable  of  cry ftalli zing. 

Phofphorus  is  capable  of  combining  with  tungften  §. 

Of  the  alloys  of  tungften  we  know  nothing,  except 
from  the  experiments  of  Elhuyarts,  which  have  been 
tranicribed  into  the  article  chemillry  in  the  Encyclo¬ 
pedia  i  to  which,  therefore,  we  beg  lerve  to  refer. 

Sect.  XVII. 


denum. 


idled  of 


ntim.  T 
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foft,  of  a  dark  colour  and  greafy  feel,  and  which  leave  MolyfcM 
a  ftain  upon  the  fingers.  Scheele  firfl  examined  thefc 
minerals  with  attention.  He  found,  that  two  very  dif-  s 
ferent  iub fiances  had  been  confounded  together.  To 
one  of  thefe,  which  is  compoltd  of  carbon  and  iron, 
and  which  has  been  already  deferibed,  he  appropriated 
the  word  plumbago  ;  the  other  he  called  molybdena . 

Molybdena  is  compofed  ot  lcaly  particles  adhering 
flightly  to  each  other,  its  colour  is  bluifh,  very  much 
reie moling  that  of  lead.  Scheele  analyfed  it,  and  ob¬ 
tained  iulphur  and  a  whitifh  powder^  which  pofiefTed 
the  properties  of  an  ac  d,  and  which,  therefore,  he  call¬ 
ed  acid  of  molybdena.  Bergman  firfl  fufpedled  that  the 
bafis  of  this  acid  was  a  metal.  It  was  at  the  requeftof 
Bergman  and  bcheele  that  Mr  Iiielm  began  the  labo¬ 
rious  courle  of  exueriments  by  which  he  iucceeded  in 
obtaining  a  metal  from  this  acid.  His  method  was  to 
form  it  into  a  pafle  with  linfeed  oil,  and  then  to  apply 
a  very  flrong  heat.  This  procels  he  repeated  fe veral 
times  fucceflively.  Klaproth  and  Pelletier  alio  attempt¬ 
ed  to  reduce  it,  and  with  equal  fuccels.  The  metal  is 
molybdenum  (  k  ) . 

Molybdenum  is  externally  of  a  whitifh  yellow  colour,  ft? proj. 
but  its  i rati ure  is  a  whitifh  grey. 

Hitherto  it  has  only  been  procured  in  fmall  grains, 
agglutinated  together  ii.  brittle  maffes. 

Its  fpecific  gravity  is  7,500.  It  is  almofl  infufible 
in  our  fires. 

When  expefed  to  a  ftrong  heat,  it  is  gradually  con¬ 
verted  into  a  whitifh  coloured  oxyd  j.  When  nitric 
acid  is  poured  upon  it,  molybdenum  attracts  oxygen,  and-j^™‘ 
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is  converted  into  a  while  oxyd ,  which  poffefles  the  pro-  _ 
perties  of  an  acid  f .  This  is  the  tnolybdic  acid . 

Molybdenum  combines  readily  with  fulphur;  and  the 
compound  has  exadtly  the  properties  of  molybdena,  the 
fubftance  which  Scheele  decompounded  §.  Molybdena 
is  therefore  fulphurct  of  molybdenum.  The  reafon  that 
Scheele  obtained  from  it  molydic  acid  was,  that  the 
metal  combined  with  oxygen  during  his  procefs. 

Molybdenum  is  alio  capable  ot  combining  with  phof¬ 
phorus  *.  J 

Few  of  the  alloys  of  this  metal  have  been  hitherto^ 
examined.  137, 

It  feems  capable  of  uniting  with  gold.  The  alloy  is 
probably  of  a  white  colour  J.  I  ^ 

It  combines  readily  with  platinum  while  in  the  ftate  ^ 
of  an  oxyd.  The  compound  is  fufible.  It's  fpecific 
gravity  is  20,00$.  j 

The  alloys  of  molybdenum  with  filver,  iron,  and  cop-  ^nn 
are  metallic  and  friable;  thofe  with  lead  and  tin  ^ ' 


per. 


JoHf* 

phfi 
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Of  Molybdenum. 

The  Greek  word  molybdena ,  and  its  Latin  tranflation 
plumbago ,  feetn  to  have  been  -employed  by  the  ancients 
to  denote  various  oxyds  of  lead  ;  but  by  the  moderns 
they  were  applied  indiferiminately  to  all  fubilances  pof- 
e  following  properties:  Light,  friable,  and 


are  powders  which  cannot  be  fuied  * 

Sect.  XVIII.  Of  Uranium, 

There  is  a  mineral  found  in  the  George  Wagsfort  ^ 
mine  at  Johann  Georgenftadt  in  Saxony,  partly  in  a  Dif° 
pure  or  unmixed  ftate,  and  partly  ftratified  with  other  c  f 
kinds  of  ftones  and  eaiths  ri'he  firfl  variety  is  of  aun1, 
biackifh  colour  inclining  to  a  dark  iron  grey,  of  a  mo¬ 
derate  fplendcr,  a.chrfe  texture,  and  when  broken  pre- 
fent  a  fomewhat  uneven,  and,  in  the.  fmnile-fl  particles, 
a  conchoidal  furiace.  It  is  quite  opaque,  tolerably 
hard,  and  on  being  pounded  yields  a  black  powder.  Its 
fpecific  gravity  is  about  7,500.  The  fecond  fort  is 


ditlingiufhed 


(k)  This  name  was  given  it  by  Hielm. 
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dlitln^ullKed  by  a  finer  black  colour,  with  here  and  there 
a  reddifh  cad  ;  by  a  dronger  ludre,  not  unlike  that  of 
pitcoal;  by  an  inferior  hardnefs;  and  by  a  (hade  of  green, 
which  tinges  its  black  colour  when  it  is  reduced  to 
powder  *. 

This  foffile  was  called  pechhlende  ;  and  mineralogids, 
milled  by  the  name  (l),  had  taken  it.  for  an  ore  of 
zinc,  till  the  celebrated  Werner,  convinced  from  its 
texture,  hardnefs,  and  fpecific  gravity,  that  it  .was  not 
a  blende,  placed  it  among  the  ores  of  iron.  Afterwards 
he  fulpeded  that  it  contained  tungjlen  ;  and  this  con¬ 
jecture  was  feemingly  confirmed  by  the  experiments  of 
fome  German  mineralogids,  publilhed  in  the  Miners 
journal  But  Klaproth,  whofe  analyfes  always  dif- 
play  the  mod  confummate  flcill,  joined  with  the  mod 
Her  id  accuracy,'  examined  this  mineral  about  the  year 
1789,  and  found  that  it  confided  chiefly  of  fulphur 
combined  with  a  peculiar  metal,  to  which  he  gave  the 
name  of  uranium  (m). 

Uranium  is  of  a  dark  grey  colour  ;  internally  it  is 
fomewhat  inclined  to  brown 

Its  malleability  is*  unknown.  Its  hardnefs  is  about 
6.  It  requires  a  dronger  heat  for  fufion  than  manga- 
nefe.  Indeed  Klaproth  only  obtained  it  in  very  fmall 
eonglutinated  metallic  grains,  forming  altogether  a  po¬ 
rous  and  fpongy  mafs  — Its  fpecific  gravity  is  6,4^0  ||. 

When  expofed  for  fome  time  to  a  red  heat,  it  differs 
no  change.  *  By  means  of  nitric  acid,  however,  it  may 
be  converted  into  a  yellow’  pow’der.  This  is  the  yellow 
oxyd  of  uranium .  This  oxyd  is  found  native  mixed 
with  the  mineral  above  deferibed.  Its  affinities  have 
not  yet  been  determined. 

Uranium  is  capable  of  combining  with  fulphur.  The 
mineral  from  which  Mr  Klaproth  firft  obtained  it  is  a 
native  fulohuret  of  uranium. 

Nothing  is  known  concerning  the  alloys  or  affinities 
of  uranium. 

Sect.  XIX.  Of  Titanium. 

There  is  a  mineral  found  in  Hungary  wdiich,  from 
its  external  appearance,  has  been  cajled  redfhorl;  but 
Klaproth,  who  examined  it  about  the  year  1795’,  did 
covered  that  it  confided  chiefly  of  a  peculiar  metal,  to 
which  he  gave  the  name  of  titanium. 

Titanium  is  of  a  brownifh  red  colour,  and  confider- 
able  ludre.  It  is  brittle.  Its  hardnefs  is  9  ;  its  fpecific 
gravity  4,18. 

When  expofed  to  a  drong  heat  in  a  clay  crucible,  it 
differed  no  alteration,  except  that  its  colour  became 
browner;  but  in  a  coal  crucible  it  lod  its  luflre  and 
broke  to  pieces. 

It  is  found  naturally  cry ftallized  in  right-angled  qua¬ 
drangular  prifms,  longitudinally  furrowed,  and  about  y 
ii  ch  in  length. 

No  acid  had  any  effe&  in  oxydating  it  ;  but  when 
mixed  with  five  times  its  weight  of  potafs,  and  heated 
in  a  porcelain  furnace,  it  melted,  and  formed  when  cold 
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a  denfe  greyifh  mad,  the  furface  of  which  was  cry  dal-  Te  I  a  up 

lized.  When  diff  dved  in  boiling  water,  it  loon  let  fall 
a  white  powder,  weighing  about  one  third  more  than 
the  titanium  employed.  This  is  the  oxyd  of  titanium . 

Fifty  grains  of  it  were  reduced  by  ignition  to  38. 

While  hot  it  was  yellowifh,  but,  like  oxyd  of  zinc,  be¬ 
came  white  as  it  cooled.  When  heated  on  charcoal, 
it  affumes  firft  a  rofy  red ,  and  afterwards  a  flute  blue  co¬ 
lour,  and  at  lad  melts  into  an  imperfect  bead  with  a 
finely  driated  furface.  Mr  Klaproth  did  not  fucceed 
in  reducing  it  to  the  metallic  itate. 

Titanium  does  not  feem  to  have  any  affinity  for 
fulphur  f.  . 

There  was  a  fubdance  difeovered  by  Mr  M‘Gregor  in  lVjeniCha* 
the  valley  of  Menachan  in  Cornwall,  and  hence  called  njte> 
menach unite.  Upon  this  fubdance  Mr  M‘ Gregor  made 
a  very  intereding  fet  of  experiments,  which  were  pub- 
lifhed  in  the  Journal  de  Phyfique  for  1791.  He  fuf- 
pe&ed  it  to  contain  a  new  metal.  From  its  properties, 

Mr  Kirwan  conje&Ured  that  it  was  the  fame  with  tita¬ 
nium  *  ;  and  this  conje&ure  has  been  very'  lately  con-  *  Mineral 
firmed  by  Mr  Klaproth,  who  analysed  menachanite,  andii.  331. 
found  it  to  be  an  ore  of  that  metal. 


Sect.  XX.  Of  Tellurium.  I§7 

Tn  the  mountains  of  Fatzbay,  near  Zalethna  in  Tran-  Bfcovery 
fylvania,  there  is  a  mine  called  Mariahilf ;  the  ore  ^ 

which  is  wrought  for  the  gold  that  it  contains.  Mr 
Muller  of  Reichendein  examined  it  in  1782,  and  fufpec- 
ted  that  it  contained  a  new’  metal  ;  and  Bergman,  to 
whom  he  had  fent  fome  of  the  ore,  was  of  the  fame  opi¬ 
nion  :  but  the  quantity  of  the  mineral  which  thefe  clie- 
mids  had  examined  w’as  too  inconfiderable  to  enable 
them  to  decide  wdth  certainty.  Klaproth  analyfed  a 
larger  quantity  of  it  about  the  year  1797,  and  found 
that  IOOO  parts  of  it  confided  ol  72  parts  of  iron, 

2r5  of  gold,  and  925,7  of  a  new’  metal,  to  which  he  has 
given  the  name  of  tellurium  (n).  .  188 

Tellurium  is  of  a  wffiite  colour  like  tin,  approachinglts  proper* 
fomewhat  to  the  grey  colour  of  lead  *.  . 

It  is  very  brittle  and  friable.  Its  fracture  is  laminated.  pbu0f0pbical 
Its  fpecific  gravity  is  6.1 15*  Ma^azine^ 

It  is  as  cafily  melted  as  lead.  When  differed  to  cooli.  78. 
quietly  and  gradually,  it  readily  affumes  a  cry  ftallized 

forfait-  . 

When  heated  by  the  blowpipe  upon  charcoal,  it  burns 
with  a  very  lively  flame  of  a  blue  colour,  inclining  at  the 
edges  to  green.  It  is  fo  volatile  as  to  rife  entirely  in  a 
whitifh  grey  fmoke  ;  at  the  fame  time  it  exhales  a  dis¬ 
agreeable  odour  like  that  of  radifhes.  This  fmoke  is 
the  while  oxyd  of  tellurium,  w’hich  may  be  formed  alfo 
by  diffolving  the  metal  in  nitro- muriatic  acid,  and  pour¬ 
ing  into  the  faturated  folution  a  Quantity  of  water  :  a 
white  pow’der  precipitates,  which' is  the  oxyd  J.  }  Klprotf* 

When  this  oxyd  is  heated  for  fome  time  in  a  retort, 
it  melts,  and  appears,  after  cooling,,  of  a  yellow  draw 
colour,  having  acquired  a  fort  of  radiated  texture.  When 

formed 


(l)  Blende  is  the  name  given  to  ores  of  z-nc.  j  ,  tt  r  t  1  y  -l 

m)  From  Uranus  the  name  given  by  Mr  Bode  to  the  new  planet  d.fcovered  by  Hofchel  ;  which 

name  the  German  aftror.omers  have  adopted.  Mr  Klaproth  called  the  metal  at  firft  urantte  ;  but  he  afterwards 

changed  that  name  for  uranium.  Tri  .  , 

(NJ  Mr  Kirwan,  in  the  new  edition  of  his  Mineralogy,  which  was  publifhed  before  Mr  Klaproth  s  experi¬ 
ments  were  known,  gives  this  metal  the  name  of  Syhanite.- Tellurium  exids  in  ieveial  other  mines  in  the  fame 
mountains. 
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Tellurium,  formed  into  a'pafte  with  any  fat  oil,  and  dillilled  in  a  When  placed  on  red  hot  charcoal,  the  metal  burns  asTellur  ^ 

Shit-.  y— re(j  heat,  brilliant  metallic  drops  are  obferved  to  cover  well  as  the  fulphur  with  a  bine  flame.  ^ 

the  upper  part  of  the  retort,  which  at  intervals  fall  to  Tellurium  amalgamates  with  mercury  by  Ample  tritu- 
the  bottom  of  the  vefFel,  and  are  immediately  replaced  ration  §. — Theother  propertiesot  this  metal  are  unknown.  §  Af«  j 
by  others.  After  cooling,  metallic  fixed  drops  are  1  j 

found  adhering  to  the  iides  and  at  the  bottom  of  the  A  new  metal  has  lately  been  difeovered  by  VauquelmChroc 
veffel ;  the  remainder  of  the  metal  is  reduced.  Its  fur-  in  the  red  lead  ore  of  Siberia.  It  is  grey,  very  hard, 
face  is  brilliant  and  al mod  always  cryftaliized.  When  brittle,  and  eafiiy  crydallizes  in  fmall  needles  f.  Het  v'^ 

this  oxyd  is  expefed  to  heat  on  charcoal,  it  is  reduced  has  given  it  the  name  of  chromum  (o).  f 

#  JT/gf ro/£.  with  a  rapidity  that  refembles  detonation  *•  We  have  now  described  all  the  metals  at  prefent 

Tellurium  combines  with  fulphur.  The  fulphuret  of  known.  The  following  table  will  exhibit  in  one  view 

this  metal  is  of  a  grey  colour  and  radiated  firudlure.  their  principal  properties. 


Metals. 

Colour. 

Hard* 

ntfs. 

•  Specific 
Gravity. 

Filling 

Point. 

Maliea-  «... 

bility.  jUua,Ilt> 

Gold. 

Yellow. 

6 

19,300 

3  2  W.  (  P ) 
1298  F. 

1 282000 

500 

Silver. 

White. 

64 

i  o?5  io 

28  w. 

1044  F. 

i6coco 

270 

Platinum. 

White. 

7i 

23,000 

1 50  w.  ? 

above 

500 

Mercury. 

White* 

'3>568 

—39  F. 

Copper. 

Red. 

8 

8,870 

27  w. 

1449  F. 

299i 

Iron. 

Blue-grey. 

9 

7,788 

150  W. 
20577  F. 

450 

Magnetic. 

Tin. 

White. 

6 

7.299 

410  F. 

2000 

49 

- — 

Lead. 

Blue-white. 

5 

ll>352 

540  F. 

294 

Zinc. 

White. 

6 

7,190 

700  F. 

0 

Antimony. 

Grey. 

6,860 

700  F. 

0 

0 

Bifmuth. 

Yellow-white. 

6 

_ 

9,822 

460  F. 

0 

0 

Arfenic. 

White. 

7 

8,310 

400  F. ! 

0 

0 

Cobalt. 

White. 

8 

.  0 

1  >-< 

00 

130  w. 
17977  F. 

Magnetic. 

Nickel. 

White. 

8 

9,000 

150  W. 
20577  F. 

Magnetic. 

Manganefe. 

White. 

8 

7,000 

1 50  W. 
20577  F. 

0 

0 

Magnetic. 

Tungften. 

Brown. 

6 

17,600 

0 

0 

Molybdenum. 

Grey. 

* 

7,500 

0 

0 

Uranium. 

Grey. 

6 

6,440 

Titanium. 

Red. 

9 

4,180 

0  0 

Tellurium. 

White. 

— 

6,115 

540  F. 

0  0 

Chromum. 

Grey. 

0  j  o 

Genei 
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ro)  From i  xea,ua,  becaufe  it  poffcfies  the  property  of  giving  colour  to  other  bodies  in  a  remarkable  degree. 
(y)  W.  Wedgewood’s  pyrometer.  F.  Fahrenheit’s  thermometer.  We 
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We  have  feea  that  all  the  metals  are  capable  of  com. 
billing  with  oxygen  ;  that  almoft  every  one  forms  va¬ 
rious  oxyds,  containing  different  quantities  of  oxygen, 
and  varying  in  colour  and  other  properties  according  to 
the  proportion  of  oxygen  which  they  contain.  No  part 
of  chemiftry  has  more  engaged  the  attention  of  philo- 
fophers  than  the  metallic  oxyds  ;  and  yet  fuch  is  the 
difficulty  of  the  fubje&,  that  fca^cely  any  part  of  che¬ 
mistry  is  more  imperfectly  underftood. 

We  neither  know  how  many  oxyds  every  particular 
metal  is  capable  of  forming,  nor  the  manner  in  uhich 
they  are  formed  :  neither  have  the  differences  between 
oxyds  of  the  fame  metallic  bafe  been  enquired  into ; 
though  there  cannot  be  a  doubt  that  they  difler,  not 
only  in  their  affinities,  but  in  many  of  their  other  pro¬ 
perties.  The  white  oxyd  of  manganefe,  for  infiance, 
combines  readily  with  acids,  but  the  black  is  incapable 
of  uniting  with  any. 

Mr  Prouft,  in  a  very  valuable  paper  which  he  lately 
publifhed  concerning  the  oxyds  of  iron  *,  hints  that 
metals  are  only  capable  ot  two  degrees  of  oxydation,  or, 
which  is  the  fame  thing,  that  only  two  different  oxyds 
can  be  produced  from  the  fame  metal  We  think  he 
has  proved  this  completely  as  far  as  iron  is  concerned  ; 
and  probably  the .  obfervation  holds  good  with  refpeCl 
to  many  other  metals.  Arfenic,  copper,  tin,  molybde¬ 
num,  and  perhaps  even  mercury,  feem  to  be  capable  of 
only  two  degrees  of  oxydation  ;  but  it  would  require  a 
very  numerous  and  accurate  fet  of  experiments  to  be 
able  to  determine  the  matter,  or  even  to  form  a  pro¬ 
bable  conje&ure.  Analogy  is  certainly  againfi  the  fup- 
pofition  ;  for  it  has  been  demonftrated  that  fome  fub- 
fiances  at  Icaft  are  capable  of  combining  with  three  dif¬ 
ferent  dofes  of  oxygen  (q^),  and  why  may  not  this  be 
the  cafe  alfo  with  the  metals  ? 

There  is  one  obfervation,  however,  which  we  owe  to 
Mr  Prouft,  the  truth  of  which  cannot  be  doubted,  and 
which  is  certainly  of  the  higheft  importance — that  me¬ 
tals  are  not  capable  of  indefinite  degrees  of  oxydation, 
but  only  of  a  certain  number;  and  that  every  particular 
oxyd  confifts  of  a  determinate  quantity  of  the  metal 
and  of  oxygen  chemically  combined.  Iron,  for  inftance, 
is  not  capable,  as  has  been  fuppofed,  of  uniting  with 
oxygen  in  all  the  intermediate  degrees  between  VpW  an(^ 
T4^,  and  confequently  of  forming  20  or  30  different 
oxyds  ;  it  can  only  combine  with  precifely  tVo  parts, 
or  parts,  and  with  no  other  proportions;  and  there¬ 
fore  is  only  capable  of  forming  two  oxyds,  the  green 
and  the  brown.  In  like  manner,  every  other  metal  com¬ 
bines  with  certain  proportions  of  oxygen,  and  forms 
either  two  oxyds  or  more  according  to  its  nature.  To 
talk  therefore  of  oxydating  a  metal  indefinitely  is  not 
accurate,  except  it  be  intended  to  fignify  the  combi* 
ning  of  part  of  it  with  oxygen,  while  the  reft  remains  in 
its  natural  ftate.  If  iron  be  oxydated  at  all,  it  muft  be 
combined  with  xVW  of  oxy  gen  ;  if  it  be  oxydated  more 
than  this,  it  muft  be  combined  with  of  oxygen. 

We  beg  leave  to  add  another  obfervation,  which  we 
confider  as  of  no  lefs  importance,  and  which  will  ferve 
in  fome  meafure  to  modify  and  explain  what  has  been 
juft  now  faid.  Oxygen  is  capable  of  uniting  with  me- 
Suppl.  Vol.  I.  Part  I. 
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tals,  or  with  any  other  fubftancc  for  which  it  has  an  Tellurium^ 
affinity,  only  in  one  determinate  proportion.  Iron,  for  in¬ 
ftance,  and  oxygen  can  only  combine  in  the  proportion 
of  73  parts  of  iron  and  27  of  oxygen.  Thefe  two  quan¬ 
tities  faturate  each  other,  and  form  a  compound  which 
is  incapable  of  receiving  into  it  any  more  oxygen  or 
iron:  this  compound  is  th  t  green  oxyd  oj' iron.  How 
comes  it  then,  it  will  be  afked,  that  there  is  another 
oxyd  of  iron,  the  brown  oxyd ,  which  contains  52  parts 
of  iron  and  48  of  oxygen,  proportions  certainly  very 
different  from  73  and  27  ?  We  anfwer,  there  is  an  af¬ 
finity  between  the  green  oxyd  of  iron  and  oxygen;  they 
are  capable  of  combining  together,  and  of  faturating 
each  other  in  the  proportion  of  about  71,5  parts  of 
green  oxyd  and  28,5  of  oxygen  ;  and  the  compound 
which  they  form  is  the  brown  oxyd ,  which  of  courfe 
contains  52  parts  of  iron  and  48  of  oxygen  :  But  then 
it  is  not  formed  by  the  combination  of  thefe  two  tub- 
ftances  direftly,  but  by  the  combination  of  the  green 
oxyd  and  oxygen.  In  like  manner,  the  arfenic  acid  is 
not  compofed  of  arfenic  and  oxygen  combined  dire&ly, 
but  of  white  oxyd  of  arfenic  combined  with  oxygen. 

The  very  fame  thing  takes  place  in  all  the  other  metals. 

We  cannot  at  prefent  prove  the  truth  of  this  obferva¬ 
tion  in  a  fatisfadtory  manner,  becaufe  it  would  be  ne- 
ceffary  to  draw  our  proofs  from  combinations  which  are 
yet  undiferibed ;  but  we  will  have  occafion  to  confider 
it  afterwards. 

We  have  feen,  that  all  the  metals  hitherto  tried  are 
capable  of  combining  with  fulphur,  except  gold  and 
titanium  ;  that  all  of  them  on  which  the  experiments 
have  been  made  can  be  united  with  phofphorus ;  and 
that  three  of  them,  iron,  zinc,  and  manganefe,  united 
with  carbon  ;  and  perhaps  many  more  of  them  may 
hereafter  be  found  capable  of  affuming  the  form  of  car¬ 
burets. 

We  have  feen,  too,  that  they  are  capab  le  of  uniting 
with  one  another  and  forming  alloys.  This  was  long  rec¬ 
koned  peculiar  to  metals,  and  it  is  at  prefent  one  of  the 
beft  criterions  for  determining  the  metallic  nature  of 
any  fubftance.  Much  is  wanting  to  render  the  che- 
miftiy  of  alloys  complete.  Many  of  them  have  never 
been  examined  ;  and  the  proportions  of  almoft  all  of 
them  are  unknown.  Neither  has  any  accurate  method 
been  yet  difeovered  of  determining  the  affinities  of  me¬ 
tals  for  each  other.  The  order  of  affinities  which  we 
have  given  for  each  metal  was  determined  by  Bergman  ; 
but  he  acknowledged  himfelf  that  he  wanted  the  pro¬ 
per  data  to  enfure  accuracy. 

Chap.  IV.  ^Earths. 

The  word  earthy  in  common  language,  has  two  mean¬ 
ings  ;  it  fometimes  fignifies  the  globe  which  we  inhabit, 
and  fometimes  the  mould  on  which  vegetables  grow. 
Chemifts  have  examined  this  mould,  and  have  found 
that  it  confifts  of  a  variety  of  fubftances  mixed  together 
without  order  or  regularity.  The  greateit  part  of  it, 
however,  as  well  as  of  the  ftones,  which  foi  m  apparently 
fo  large  a  proportion  of  the  globe,  confifts  of  a  fmall 
number  of  bodies,  which  have  a  variety  of  common  pro- 
I  i  perries. 


(<^)  We  {hall  fee  afterwards  that  azot  is  one  of  thefe. 
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perties,  Thefe  bodies  chemifts  have  agreed  to  clafs  to* 
gether,  and  to  denominate  earths . 

Every  body  which  poffeftes  the  following  properties 
is  an  earth  : 

1 .  Infoluble  in  water,  or  nearly  fo  ;  or  at  lead  be¬ 
coming  infoluble  when  combined  with  carbonic  acid. 

2.  Little  or  no  tafte  or  fmell ;  at  lead  when  com¬ 
bined  with  carbonic  acid. 

3.  Incornbuftible,  and  incapable  v/hile  pure  of  being 
altered  by  the  fire. 

4.  A  fpeciftc  gravity  not  exceeding  4,9. 

5.  When  pure,  capable  of  aftuming  the  form  of  a 
white  powder. 

I  he  earths  at  prefent  known  amount  to  nine  ;  the 
names  of  which  art,  lime,  magnefia,  barytes,  ftrontites, 
alumina,  filica,  jargonia,  adamantn,  glucina. 

Every  one  of  the  above  chara&eriftics  is  not  perhaps 
rigoroufly  applicable  to  each  of  thefe  bodies  ;  but  all  of 
them  poffefs  a  fufficient  number  of  common  properties 
to  render  it  ufeful  to  arrange  them  under  one  clafs. 


Sect.  I.  Of  Lime. 
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Lime  has  been  known  from  the  earlieft  ages.  The 
ancients  employed  it  in  medicine  ;  it  was  the  chief  in¬ 
gredient  in  their  mortar  ;  and  they  ufed  it  as  a  manure 
to  fertilize  their  Helds. 


Method  of  ^  ak°unds  in  many  parts  of  the  world,  or  perhaps 
procuring  we  Should  rather  fay,  that  there  is  no  part  of  the  world 
lime.  where  it  does  not  exid.  It  is  found  pured  in  lime- 
ftones,  and  marbles  and  chalk.  None  of  thefe  fubftances, 
however,  is,  ftriftly  fpeaking,  lime  ;  but  they  are  all 
capable  of  becoming  lime  by  a  well-known  procefs,  by 
keeping  them  for  fome  time  in  a  white  heat :  this  procefs 
is  called  the  burning  of  lime  ;  the  produdt  is  denominated 
194  quicklime.  This  lad  fubdance  is  what  we  call  lime . 
Properties  Pure  lime  is  of  a  white  colour,  moderately  hard,  but 
of  lime.  eafily  reduced  to  a  powder. 

It  has  a  hot  burning  tade,  and  in  fome  meafure  cor¬ 
rodes  and  dedroys  the  texture  of  thofe  animal  bodies  to 
which  it  is  applied.  It  has  no  fmell.  Its  fpecific  gra- 
*Kirivan's  vity  is  2,3 

JYLner.  i.  5.  jf  w?ter  ke  ponred  on  newly  burnt  lime,  it  fwells 
and  falls  to  pieces,  and  is  foon  reduced  to  a  very  fine 
powder.  In  the  mean  time,  fo  much  heat  is  produced, 
that  part  of  the  water  flies  off  in  vapour.  If  the  quan¬ 
tity  of  lime  flacked  (as  this  procefs  is  termed)  be  great, 
the  heat  produced  is  fufficient  to  fet  fire  to  combufiibles. 
In  this  manner,  veffels  loaded  with  lime  have  fometimes 
been  burnt.  When  great  quantities  of  lime  are  flacked 
in  a  dark  place,  not  only  heat,  but  light  alfo  is  emitted, 

§  Jaur.  de  as  Mr  Pelletier  has  obferved  §.  When  flacked  lime  is 
Fbyf.  t.  az,  weighed,  it  is  found  to  be  heavier  than  it  was  before. 

This  additional  weight  is  owing  to  the  combination  of 
part  of  the  water  with  the  lime  ;  which  water  may  be 
Separated  again  by  the  application  of  a  red  heat ;  and 
by  this  procefs  the  lime  becomes  juft  what  it  was  before 
j|  Dr  Black.  bejng  flacked  |] . 

JJme-wa *  Six  hundred  parts  of  water,  at  the  temperature  of 
ter.  6o°,  diffolve  about  one  part  of  lime  ;  boiling  hot  water 

*  Kirwans  diffolves  about  double  that  quantity  *.  This  folution 
Miner.  1.  < .  ;s  caUecl  Ume-water.  It  is  limpid,  has  an  acrid  tafte, 
and  changes  vegetable  blue  colours  to  green.  One 
ounce  troy  of  lime-water  contains  about  one  grain  of 
lime. 
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One  thoufand  parts  of  lime  arc  capable  of  abforbing,  time, 
and  retaining,  at  a  heat  of  6oo°,  228  parts  of  water  §■  ~ 

Lime  has  never  yet  been  obtained  in  the  itate  oF  avo^ 
cry  ft  ala.  * 

It  is  incapable  of  being  fufed  by  the  moft  violent 
heat  that  can  be  produced  in  furnaces,  or  even  by  the 
moft  po  werful  burning;  glaffes.  ^ 

Lime  unites  readily  with  fulphur,  and  forms  fulphureb .Sulphurel 
of  lime.  This  compound  may  he  obtained  by  mixing  and 
unflacked  lime  and  flowers  o^  fulphur  together,  and 
adding  a  little  water.  The  heat  produced  by  the  flack¬ 
ing  of  the  lime  is  fufficient  to  make  the  fulphur  and 
the  lime  unite.  This  fulphuret  is  of  a  red  colour. 

When  water  is  poured  on  it,  fulphurated  hydrogen  gas 
is  emitted.  The  fulphur  is  gradually  converted  into 
fulphur ic  acid  by  uniting  with  the  oxygen  of  the  water, 
the  hydrogen  of  which  flies-ofF  in  the  form  of  gas,  diflbl- 
v-ing  at  the  fame  time  a  part  of  the  fulphur.  ' 

It  is  capable  alfo  of  combining  with  phofphorus. —  Phof^hi® 
The  phofphuret  of  lime  decompofes  water  by  the  aflift-of  lime, 
anee  of  a  moderate  heat,  and  gives  out  phofphurated 
hydrogen  gas. 

Limeftone  and  chalk,  though  they  are  capable  of  be-ca^0p 
ing  converted  into  lime  by  burning ,  poffefs  hardly  any  the  diffe- 1 
of  the  properties  of  that  a&ive  fubftance.  They  arerencebe- 
taftelefs,  fcarcely  foluble  in  water,  and  do  not  percep- 
tibly  adl  on  animal  bodies.  Now,  to  what  are  the  newjjme  ’l 
properties  oflfme  owing?  What  alteration  does  it  un¬ 
dergo  in  the  fire  ? 

It  had  been  long  known,  that  limeftone  Iofes  a  good 
deal  of  weight  by  being  burned  or  calcined.  It  was  na¬ 
tural  to  fuppofe,  therefore,  that  fomething  was  fepara* 
ted  from  it  during  calcination.  Accordingly,  Van  Hel- 
mont,  Ludovicas,  and  Macquer,  made  experiments  in 
fucceffion,  in  order  to  difeover  what  that  fomething  was  ; 
and  they  concluded  from  them  that  it  was  pure  water , 
which  the  lime  recovered  again  when  expofed  to  the 
atrnofphere.  As  the  new  properties  of  lime  could 
hardly  be  aferibed  to  this  lofs,  but  to  fome  other  caufe,  According 
Stahl’s  opinion,  like  all  the  other  chemical  theories  oftoStahi; 
that  wonderful  man,  was  generally  acceded  to.  He 
fnppofed  that  the  new  properties  which  lime  acquired 
by  calcination,  were  owing  entirely  to  the  more  minute 
divifion  at  its  particles  by  the  aftion  of  the  fire.  Eoyle 
indeed  had  endeavoured  to  prove,  that  thefe  properties 
were  owing  to  the  fixation  of fire  in  the  lime  :  a  theory 
which  was  embraced  by  Newton  and  illuflrated  by 
Hales,  and  which  Meyer  new  modelled,  and  explained 
with  fo  much  ingenuity  and  acutenefs  as  to  draw  the 
attention  of  the  moft  diftinguiftied  chemifts.  But  while 
Meyer  was  thus  employed  in  Germany,  Dr  Black  of 
Edinburgh  published  thofe  celebrated  experiments  which 
form  fo  brilliant  an  era  in  the  hiftory  of  chemiftry. 

He  firft  afeertained  that  the  quantity  of  water  fepa- Explained  ■] 
rated  from  limeftone  during  its  calcination  was  not  near-byDrtfWl 
ly  equal  to  the  weight  which  it  loft.  He  concluded  in 
confequence,  that  it  mud  have  loft  fomething  elfe  than 
mere  water.  What  this  could  be,  he  was  at  firft  at  a 
lofs  to  conceive  ;  but  recolle&ing  that  Dr  Hales  had 
proved,  that  limeftone,  during  its  folution  in  acids, 
emitted  a  great  quantity  of  air ,  he  conje&ured  that  this 
might  probably  be  what  it  loft  duting  calcination.  He 
calcined  it  accordingly,  and  applied  a  pneumatic  appa¬ 
ratus  to  receive  the  product.  He  found  his  conje&ure 

verified ; 
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verified  ;  and  that  the  air  and  the  water  which  fepara- 
ted  from  the  lime,  were  together  precifely  equal  to  the 
lofs  of  weight  which  it  had  fuffained. .  Lime  therefore 
owes  its  new  properties  to  the  lofs  of  air  ;  and  limeitone 
differs  from  lime  merely  in  being  combined  with  a  certain 
quantity  of  air  :  for  Ire  found  that,  by  reftoring  again 
the  fame  quantity  of  air  to  lime,  it  was  converted  into 
lime  Hone.  This  air,  becaufe  it  exdted  in  hme  in  a  fix- 
H  (late,  he  called  fixed  air .  it  was  afterwards  exami¬ 
ned  by  Dr  Prieilley  and  other  philofophers,  found  to 
po fiefs  peculiar  properties,  and  to  be  that  fpecres  of  gas 
now  known  by  the  name  of  carbonic  acid  gas.  Dime 
then  is  a  Ample  fubftance,  that  is  to  fay,  it  has  never 
vet  been  decompounded  ;  and  limeftone  is  competed  or 
carbonic  acid  and  lime.  Heat  feparates.  the  carbonic 
acid,  and  leaves  the  lime  in  a  ffate  of  purity. 

The  affinities  of  lime,  according  to  Bergman,  are  as 

follows : 

Oxalic  acid, 

Suberic  (r)? 

Sulphuric, 

Tartarous, 

Succinic, 

Phofphoric, 

Saccholadfic, 

Nitric, 

Muriatic, 

Sebacic, 

Fluoric, 

Arfenic, 

Formic, 

Laftic, 

Citric, 

Benzoic, 

Sulphurous, 

Acetous, 

Boracic, 

Nitrous, 

Carbonic, 

Pruffic, 

Sulphur, 

Phofphorus, 

Water, 

Fixed  oil. 

Sect.  II.  Of  Magnefa. 

■oa  About  the  beginning  of  the  eighteenth  century,  a 

covery  Roman  canon  expofed  a  white  powder  to  tale  at  Rome 
naEne'  as  a  cure  for  all  difeafes.  This  powder  he  called  mag- 
nefla  alba.  He  kept  the  manner  of  preparing  it  a  pro¬ 
found  fecret ;  but  in  1707  Valentim  informed  the  pub- 
lie  that  it  might  be  obtained  by  calcining  the  lixivium 
which  remains  after  the  preparation  of  nitre  ;  and  two 
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years  after,  Slevogt  difeovered  that  it  tnight  he  preci-  Magnelm. 
pita  led  by  potafs  from  the  mother  ley  (s)  01  con.mon 
fait.  This  powder  was  generally  fuppofec  to  be  me. 
till  Frederic  Hoffman  obferved  that  it  formed  very  dif¬ 
ferent  combinations  with  other  bodies*.  But  hule  was  * 
known  concerning  its  nature  till  Dr  Black  pujlilhed  b  3 
celebrated  experiments  in  1755-  Margraf  published  a 
differtation  on  it  in  i7J9>  and  Bergman  another  in 
177  c  in  which  he  colkded  the  oblervations  of  thefe 
two  philofophers,  and  which  he  enriched  alio  with  many 

additions  of  his  own.  .  .  “3  - 

As  magnefia  has  never  yet  been  found  native  mMeWf 
flate  of  purity,  it  may  be  prepared  ,n  the  following Focnrmg 
manner  :  Sulphat  of  magvefa,  a  fait  competed  of  this 
earth  and  fulphuric  acid,  exitts  in  fea water  and  in  ma¬ 
ny  fprings,  particularly  loir.e  about  P.p/om,  f.om  which 
circuroftance  it  was  formerly  called  Kpjom  falt  _  I  his 
fait  is  to  be  difTolved  in  water,  and  half  its  weight  of 
potafs  added.  The  magnefia  is  in  mediately  precipita¬ 
ted,  becaufe  potafs  has  a  ftronger  affinity  for  fulphuric 
acid.  It  is  then  to  be  waffied  with  a  efficient  quamty 

of  water,  and  dried.  . 

Mairr.efia  thus  obtained  is  a  very  foft  white  powder,  its  proper- 
which  has  very  little  tafle,  and  is  totally  deflitute  ofue- 
fmell.— Its  fpecific  gravity  is  about  2,3  $.  .  «  «.Wj 

It  is  foluble  in  about  7900  times  its  own  weight  of  ..  8. 

water  at  the  temperature  of  (>ow  ||.  _  11  ThJ. 

Even  when  combined  with  carbonic  acid  (for  which 
it  has  a  ftrong  affinity)  it  is  capable  of  abiorh.ng  and 
retaining  i*  times  its  own  weight  of  water,  without  let- 
ting  go  a  drop  ;  but  0.1  expofure  to  the  air,  this  water 
evaporates,  though  more  flowly  than  it  would  fiom  hme. 

Magnefia  has  never  yet  been  obtained  in  a  cryftallued 

f°™'  tinge3  vegetable  blues  of  an  exceedingly  flight 


STtnis  not  melted  by  the  flrongeft  heat  which  it  has 
been  poffible  to  apply  ;  but  Mr  D’Arcet  obferved  that, 
in  a  very  high  temperature,  it  became  iomewhat  agglu- 

When  magnefia  and  fulphur  are  put  into  a  veffel  of 
water,  and  kept  for  fome  time  expofed  to  a  moderate 
heat,  thev  combine,  and  form  fulphur*  of  ma  meha  ; 
which,  according  to  Fourcroy,  is  capable  of  cryftal- 

1,ZThe  phofphuret  of  magnefia  has  never  been  examined.  Effect  of 

Equal  parts  ot  lime  and  magnefia  mixed  together, 
and  expofed  by  Lavoifier  to  a  very  violent  heat,  did  not  ,f  llIpe  and 
melt-  neither  did  they  melt  when  Mr  Kirwan  placed magncfia. 
them  in  the  temperature  of  1 50°  Wedgewood.—  t  he 
following  table,  drawn  up  by  Mr  Ki.wan  from  his  own 
experiments,  (hews  the  effedt  of  heat  on  thefe  two  earths 
»“<*  together  1.  dile^roportton, 


(„,  The  .ffi.lt,  of  .1,1.  .old  foe  lime  1.  inferior  to  the  ott.lic,  which  dec.mp.fe.  the  f.ber.t  of  lime.  >- 

L„C,T,“i,)rf  fea  wateTa.  will  i  M  •  P««»"  <*  **  »“**  “  ** 

mother  ley. 


J 
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Proportions. 

Heat. 

Effi.it. 

80  Lime 
20  Mag, 

150°  Wedg. 

Went  through  the  crucible. 

i 

75  Lime 
25  Mag. 

160 

Went  through  the  crucible. 

66  Lime 

33  Mag- 

Went  through  the  crucible. 

20  Lime 
80  Mag. 

s65 

Did  not  melt. 

33  Lime 
66  Mag. 

138 

Did  not  melt. 

30  Lime 
10  Mag. 

136 

Melted  into  a  fine  greenifh 
yellow  glafs;  but  the  crucible 
was  corroded  throughout. 

Part 


*10  6  .  , 

Affinities  of  The  affinities  of  magnefia,  according  to  Bergman, 
magnefia.  are  as  follows ; 

Oxalic  acid,  « 

Pliofphon’c, 

Sulphuric, 

Fluoric, 

Sebacic, 

Arfenic, 

Saccholadlic, 

Succinic, 

Nitric, 

Muriatic, 

Tartarous, 

Citric, 

Formic, 

La&ic, 

Benzoic, 

Acetous, 

Boracic, 

Sulphurous, 

Nitrous, 

Carbonic, 

Pruffic, 

Sulphur, 

Phofphorus  ? 

Water. 

Sect.  III.  Of  Barytes. 

A  vert  heavy  mineral  is  found  in  Sweden,  Germa* 
ny,  and  Britain,  which  Margraf  confideied  as  a  com- 
pound  of  fulphuric  acid  and  lime.  But  Scheele  and 
Gahn  analyfed  it  in  1774,  and  found  that  it  confifted 
of  iulphuric  acid  combined  with  a  peculiar  fpecies  of 
earth.  This  analyfis  was  foon  after  confirmed  and  ex¬ 
tended  by  Bergman.  The  earth  was  at  firfl  called  terra 
ponder  of  a  y  heavy  earth ,  on  account  of  the  great  fpecific 
gravity  of  the  fubflance  from  which  it  was  obtained 
Morveau  called  it  barote  (from  &*/>«*,  heavy),  which 
Bergman  changed  into  barytes ;  and  this  laft  term  is  now 
umverfally  adopted. 


*07 

Difcovery 
of  barytes. 


Barytes  is  generally  found  combined  either  with  fuh  Barytes 

phuric  or  carbonic  acid.  From  the  firfl  of  thefe  com- - ^ 

pounds,  which  is  by  far  the  raofl  common,  it  may  be  v/?8 
obtained  by  the  following  procefs:  ob^ajnf 

Reduce  the  mineral  to  a  powder,  and  mix  it  with  2^,  it.  ^ 
its  weight  of  carbonat  of  foda  (t),  orevioufly  deprived 
of  all  its  water.  Expofe  the  mixture  to  a  red  heat  for 
an  hour  and  a  half,  avoiding  fufion,  and  a  double  decom- 
pofition  takes  place  ;  the  fulphuric  acid  unites  with  the 
foda,  while  the  carbonic  acid  combines  with  the  barytes. 

Wafh  it  in  a  fufficient  quantity  of  water  to  diffolve  the 
compound  of  fulphuric  acid  and  foda,  the  carbonat  of 
barytes,  which  is  almofl  infoluble,  remains  behind.  Leafl 
it  fhould  be  mixed  with  fome  other  earths,  which  is  ge¬ 
nerally  the  cafe,  boil  it  for  three  hours  in  ten  times  it3 
weight  of  diflilled  vinegar,  the  fpecific  gravity  of  which 
is  1,033  ?  by  which  the  barytes  will  be  diffolved,  and 
like  wife  the  lime  and  magnefia,  if  there  haopen  to  be  any; 
but  every  other  earth  (u)  remains  untouched.  Pour 
off  the  lolution,  and  add  to  it  fulphuric  acid  as  long  as 
any  precipitate  is  formed.  This  precipitate  confifts  of 
the  whole  barytes  and  the  lime  (if  there  be  any)  combi¬ 
ned  with  fulphuric  acid.  Wafh  it  in  50  times  its  weight 
of  water,  and  all  the  lime  will  be  diffolved.  There  will 
now  remain  nothing  but  barytes  combined  with  fulphu¬ 
ric  acid,  which  may  be  decompofed  as  before  by  car¬ 
bonat  of  foda  $.  I  he  carbonic  acid  may  then  be  fepa-§  /fywl 
rated  by  applying  a  very  violent  heat  f ;  or,  what  is " 
better,  nitric  acid  may  be  poured  upon  it,  which  will  ? /f'*’" 
feparate  the  carbonic  acid  and  combine  with  the  ba-  FJiTir 
rytes;  and  then  the  nitric  acid  may  be  driven  off  by  aiv.S  " 
moderate  heat  §.  .  #  5  rourcm 

Barytes  thus  obtained  is  a  light,  fpongy,  porous,  bo*  a,ld  Vav\ 
dy,  which  may  be  very  eafily  reduced  to  powder. 
has  a  harfh  and  more  canftic  tafte  than  lime  ;  and  when 
taken  into  the  ftomacli,  proves  a  moll  violent  poifon.  209 
It  has  no  perceptible  fmell.  its  propel 

Its  fpecific  gravity  has  not  yet  been  afcertained.  ties* 

It  imbibes  water  with  a  biffing  noife,  but,  according 
to  Dr  Hope,  without  fuelling  or  fplitting  as  lime 
does  || .  However,  when  expoftd  to  the  air,  as  Four- n  gfo. 
ctoy  and  Vauquelin  inform  us,  it  efflorefces,  cracks,  T,,,nfil 
bursts,  fwells  up,  heats,  and  becomes  white,  by  abforb- 
mg  mo.ftnre  §.  j  A„„  * 

bold  water  diffolvea  about  ~T  part  of  its  weight  of chhn- ,l: 
barytes,  and  boiling  water  more  than  half  its  weight. ani? 

As  the  water  cools,  the  barytes  is  depofited  in  cryltals,' \ 
the  lhape  of  which  varies  according  to  the  rapidity  with  '  5 
which  they  have  been  formed.  When  molt  regular, 
they  are  flat  hexagonal  prifms,  having  two  broad  ildes, 
with  two  intervening  narrow  ones,  and  terminated  at 
each  end  by  a  four-fided  pyramid,  which  in  fome  in- 
nances  conftitutes  the  larger  part  of  the  cryftal.  When 
formed  flowly,  they  are  diftinft  and  large  ;  but  when 
the  water  is  faturated  with  barytes,  they  are  depofited 
rapidly,  and  are  generally  more  flender  and  delicate. 

I  hen,  too,  they  are  attached  to  one  another  in  luch  a 
manner  as  to  alTume  a  beautiful  foliacions  appearance, 
not  unlike  the  leaf  of  a  fern  «[.  <j 

.Thefe  cryltals  are  tranfparent  and  colourlefs,  and  ap¬ 
pear  to  be  compofed  of  about  53  parts  of  water  and  47 

- -  of 


—  “ foia  "i‘h  ‘“b°“ 
,  (  v)  Except  ftronutes,  which  Pelletier  has  detected  in  this  mineral. 
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of  barytes.  When  expofed  to  the  heat  of  boiling  wa¬ 
ter,  they  undergo  the  watery  fvfion,  or,  which  is  the 
fame  thing,  they  melt  without  loling  any  of  the  water 
which  they  contain.  A  ftronger  heat  makes  the  water 
flv  off.  When  expofed  to  the  air,  they  attract  caibo- 
nic  acid,  and  crumbie  into  duft.  T  hey  are  foluble  in 
I7^  parts  of  water  at  the  temperature  of  6o° ;  but  boil- 
in-r  water  diflblves  any  quantity  whatever:  the  leafen 
of  which  is  evident ;  at  that  temperature  their  own  wa¬ 
ter  of  cry  ft  alligation  is  fufficient  to  keep  them  in  iolu- 

ton •$.  .  . 

Water  faturated  with  barytes  is  called  barytic  water . 

It  has  the  property  of  converting  vegetable  blues  to  a 

gr  When  barytes  Is  expofed  to  the  blow-pipe  on  a  piece 
of  charcoal,  it  fufes,  bubbles  up,  and  runs  into  globules, 
which  quickly  penetrate  the  charcoal  J.  This  is  pro- 
r-bably  in  confequence  of  containing  water;  for  Kavoiher 
found  barytes  not  affe&ed  by  the  itrongeft  heat  winch 

lie  could  produce.  r  „ 

Barytes  combines  readily  with  fulphur.  The  eafielt 
.  way  of  forming  fulphuret  of  barytes  is  to  mix  eight 
parts  of  fulphuret  of  barytes  with  one  part  ol  pounded 
charcoal  and  to  apply  a  ftrong  heat.  The  charcoal 
combines  with  the  oxygen  of  the  fulphuric  acid,  and 
the  compound  flies  off  in  the  form  of  cai borne  acid  gas. 
There  remains  behind  fulphur  combined  with  barytes. 
Sulpliuret  of  baryte-s  is  foluble  in  water  :  It  is  of  a  yel¬ 
low  colour.  It  is  capable  of  cryllallizmg  ;  and  then 
a  flumes  a  yellowifh  white  colour  ||.  . 

The  phofplmret  of  barytes  has  not  been  examined. 

No  mixture  of  barytes  and  lime,  nor  of  barytes  and 
magnefia,  is  fufible  in  the  ftrongeft  heat  which  it  has 

been  poifible  to  apply  §•  , 

The  affinities  of  barytes,  according  to  Bergman,  are 

as  follows ; 

Sulphuric  acid, 

Oxalic, 

Succinic, 

Fluoric, 

Phofphoric, 

Sacchola&ic, 
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Strontites. 
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About  the  year  1787,  a  mineral  was  brought  toD;fcovery 
Edinburgh,  by  a  dealer  in  foffils,  from  the  lead  mine  of  of- ftron« 
Strontian  in  Argylefhire,  where  it  is  found  imbedded  tites. 


Suberic  (y)? 

Nitric, 

Muriatic, 

Stbacic, 

Citric, 

Tartarous, 

Arfenic, 

Fluoric, 

La&ic, 

Benzoic, 

Acetous, 

Boracic, 

Sulphurous, 

Nitrous, 

Carbonic, 

Pruffic, 

Sulphur, 

Phofphorus, 

Water, 

Fixed  oils* 


in  the  ore,  mixed  with  feveral  other  fubitances.  It  is 
fometimes  tranlparent  and  colourlefs.  but  generally  has 
a  tirge  of  yellow  or  green.  Its  hardness  is  5.  Its 
fpecific  gravity  varies  from  3.4  to  3,726  Its  texture 
is  generally  fibrous  ;  and  fometimes  it  is  found  cryltal- 
lized  in  Sender  prifmatic  columns  of  various  lengths  J.  i  a* 
This  mineral  was  generally  coniidered  as  a  c«bonat 
of  barytes;  but  Dr  Crawford  having  obferved  feme 
differences  between  its  folution  in  muriatic  acid  and  that 
of  barytes,  mentioned  in  his  treatife  on  muriat  of  bary¬ 
tes,  publiflied  in  1790,  that  it  probably  contained  a  new 
earth,  and  fent  a  fpecimen  to  Sir  Kirwan  that  he  might 
examine  its  properties.  Dr  Hope  had  alfo  fufpe&ed 
that  its  bafis  differed  from  barytes;  and  accordingly  he 
made  a  fet  of  experiments  on  it  in  1791,  which  were 
read  to  the  Royal  Society  of  Edinburgh  in  1792. 

Thefe  experiments  fully  proved  that  it  contained  a  pe¬ 
culiar  earth.  Mr  Kirwan  likewife  analyfed  the  {Iron- 
tian  mineral,  and  drew  precifely  the  fame  conclufums. 

It  has  {Teen  analyfed  alfo  by  Mr  Klaproth  of  Berlin, 
and  Mr  Pelletier  of  Paris.  It  confilts  of  carbonic  acid 
combined  with  a  peculiar  earth,  to  which  Dr  Hope  gave 
the  name  of  Jlrontites.  This  appellation  we  (hall  adopt. 

The  carbonic  acid  may  be  fepatated  by  a  heat  of 

iao°  Wedge  wood,  and  then  the  lirontites  remains  be- 
7  .  6  *  Kirwan  3 

hind  .  .  0  Miner,  i. 

Strontites  has  been  found  in  Argylefhire  m  Scot-  ^ 

land,  near  Briftol  in  England,  and  in  Pennfylvaniaf.  It  j.  Klaproth 
has  been  found  alfo  in  France  and  in  Sicily.  It  is  of  aii.  fed.  39. 
white  colour.  It  has  a  pungent  acrid  tafte.  When 
pounded  in  a  mortar,  the  powder  that  rifes  is  offenfive 
to  the  noflrils  and  lungs  J.  It  is  not  poifonous  |[*  |  Hope,  ibid* 

One  hundred  and  fixty  two  parts  of  water,  at  the  j  ftUakr. 
temperature  of  6o°,  diflolve  nearly  one  part  of  it.  I  he 
folution  is  clear  and  tranfparent,  and  converts  vegetable 
blues  to  a  green,  blot  water  difTolves  it  in.  much  ^lar¬ 
ger  {quantities  ;  and  as  it  cools  the  firontites  is  depoiited 
in  colourlefs  tranfparent  cryftals.  Thefe  are  in  the  form 
of  thin  quadrangular  plates,  generally  parallelograms, 
the  largcft  of  which  feldom  exceeds  one- fourth  of  an 
inch  in  length.  Sometimes  their  edges  are  plain,  but 
they  oftener  confifl  of  two  facets,  meeting  together  and 
forming  an  angle  like  the  roof  of  a  houie.  I  hefe  cry¬ 
ftals  generally  adhere  to  each  other  in  fuch  a  manner  as 
to  form  a  thin  plate  of  an  inch  or  more  in  length  and 
half  an  inch  in  breadth.  Sometimes  they  affiime  a  cu¬ 
bic  foim.  They  contain  about  68  parts  in  100  of  wa¬ 
ter.  They  are  foluble  in  51,4  parts  of  water,  at  the 
temperature  of  6o°.  J&oiling  water  diffolves  nearly  half 
its  weight  of  them.  When  expoied  to  the  air,,  they  lofe 
their  water,  attraft  carbonic  acid,  and  fall  into  pow- 

When  firontites  is  thrown  into  water,  it  attracts  it 
with  a  hi  fling  lioife,  much  heat  is  produced,  and  it  falls 
into  powder  much  more  rapidly  than  lime.^*  .  t  Id* 

It  combines  with  fulphur  either  by  fulion  in  a  cru¬ 
cible,  or  by  being  boiled  with  it  in.  water.  Fhe  ful¬ 
phuret 


(v)  Suberic  acid  decompofes  muriat  and  nitrat  of  barytes.  Jamefon's  Mineral  of  Shetland  and  Arran, 
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pliuret  13  ©f  a  dark  yellow! ih  brown  colour.  It  is  fo¬ 
luble  in  water 

The  affinities  of  ftrentitcs,  as  afeertained  by  Dr  Hope, 
are  as  follows  : 

Sulphuric  acid, 

Oxalic, 

Tartarous, 

Fluoric, 

Nitric, 

Muriatic, 

Succinic, 

Phofpliqric, 

Acetous, 

Arfenic, 

Boracic, 

Carboni'c. 

Sect.  V.  Of  Silica . 

If  one  part  of  powdered  flints  or  fand,  mixed  with 
three  parts  of  potafs,  be  put  into  a  crucible,  and  kept 
in  a  (late  of  fufion  for  half  an  hour,  a  brittle  mafs  will 
be  formed  almoft  as  tranfparent  as  glafs,  which  quickly 
attra&s  moifture  from  the  atmofphere,  and  is  entirely 
foluble  in  water.  This  folution  is  called  liquor  fllicum% 
or  liquor  of  flints .  It  was  firfl  accurately  defenbed  by 
Glauber,  a  chemift  who  lived  about  the  middle  of  the 
17th  century. 

If  an  acid  be  poured  into  this  liquor,  a  white  Ipongy 
fubftance  is  precipitated,  which  may  be  purified  from 
every  accidental  mixture  by  wafhing  it  in  acids,  muria¬ 
tic  acid  for  initance.  This  fubftance  is  called  jUiceous 
earth  or  flic  a.  It  was  firfl  diftinguifhed  as  a  peculiar 
earth  by  Pott  in  1  746,  though  it  had  been  known  long 
before  ;  and  Cartheufer,  Scheele,  and  Bergman  proved 
in  fucceffion  that  it  could  not,  as  fome  chemifl s  had  fup- 
pofed,  be  reduced  to  any  other  earth. 

Silica,  when  dried,  is  a  loft  white  powder,  without 
either  tafte  or  fmell. 

Its  fpecific  gravity  is  2,66  ** 

It  is  infoluble  in  water  except  when  newly  precipita¬ 
ted  from  the  liquor  filicum,  and  then  one  part  of  it  is 
f  Ibid.  foluble  in  1000  parts  of  water  f.  It  has  no  effect  on 
vegetable  colours. 

ft  is  capable  of  abforbing  about  one-fourth’  of  its 
weight  of  water,  without  letting  any  drop  from  it  ; 
but  on  expofure  to  the  air,  the  water  evaporates  very 
|  Ibid .  readily  J. 

Silica  may  be  formed  into  a  pafte  with  a  fmall  quan¬ 
tity  of  water  :  this  pafle  has  not  the  fmallefl  ductility, 
and  when  dried  forms  a  loofe,  friable,  and  incoherent 
§  Scheels .  mafs  J. 

Silica  is  capable  of  affunning  a  cryftalline  form.  Cry- 
ftals  of  it  are  found  in  many  parts  of  the  world.  They 
are  known  by  the  name  of  rock  cryflal ,  When  pure 
they  are  tranfparent  and  colourlefs  lrke  glafs :  they  af- 
fume  various  forms  -,  the  mofl  -ufual  is  a  hexagonal 
prifm,  furmounted  with  hexagqnal  pyramids  on  one  or 
both  ends,  the  angles  of  the  prrfm  correfponding  with 
thofe  of  the  pyramids.  Their  hardnefs  is  very  great, 

*  Kirtvans  amounting  to  eleven.  Their  fpecific  gravity  is  2, 6*2* 

Mm,  i.  242.  o  j  j  0 
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There  are  two  methods  of  imitating  thefe  cryflals  by 
art  ilie  firfl  method  was  difeovered  by  Bergman  He 
diffoked  lilica  in  fluoric  acid,  the  only  acid  in  which  it 
is  foluble,  and  allowed  the  folution  to  remain  undiflurb- 
ed  for  two  years  A  number  of  cryflals  were  tlieu 
found  at  the  bottom  of  the  veff !,  moilly  of  irregular 
figures,  but  fome  of  them  cubes  with  their  angles  trun¬ 
cated.  They  were  hard,  but  not  to  be  compared  in 
this  refpect  with  rock  cryflal  *.  .  *  Berg*. 

1  he  other  method  was  difeovered  by  accident.  Pro- A  3*- 
frflfor  Seigling  of  Erfurt  had  prepared  a  liquor  fiiicum, 
which  was  more  than  ufually  dilated  with  water,  and 
contained  a  fuperabundance  or  alkali.  It  lay  nndifturb- 
ed  for  eight  years  in  a  glafs  veffel,  the  mouth  of  which 
was  only  covered  with  paper.  Happening  to  look  to 
it  by  accident,  he  otferved  it  to  contain  a  number  of 
cryflals  ;  on  which  lie  fent  it  to  Mr  Trommfdorff,  pro- 
feflor  of  chemiflry  at  Erfurt,  who  examined  it.  The 
liquor  remaining  amounted  to  about  two  ounces.  Its 
furface  was  covered  by  a  tranfparent  cruft,  fo  ftrong 
that  the  veffel  might  be  inverted  without  fpilling  any 
of  the  liquid  At  the  bottom  of  the  veffel  were  a  num¬ 
ber  of  cryflals,  which  proved  on  examination  to  be  ful 
phat  of  potafs  and  carbonat  of  potafs  (w).  The  cruft 
on  the  top  confifted  partly  of  carbonat  of  potafs,  partly 
of  cryftallized  filica.  fliefe  laft  cryflals  had  affumed  the 
form  of  tetrahedral  pyramids  ingroups;  they  were  per¬ 
fectly  tranfparent,  and  fo  hard  that  they  ftruck  fire 
with  fteel  f .  f  NieM> 

Silica  endures  the  mofl  violent  heat  without  altera--/*"/ ?wr 
tion.  3Ih  * 

It  feems  incapable  of  combining  with  fulphur  or 
phofphorus.  ^ 

1.  The  effect  of  heat  upon  lime  and  filica,  mixed  in  EM  of 
various  proportions,  will  appear  from  the  following  ex-^ejton 
periments  of  Mr  Kirwan  J. 


Proportions. 

Heat.  j  Effect. 

50  Lime 
50  Silica 

150°  Wedg. 

Melted  into  a  mafs  of  a  white 
colour,  femitranfparent  at  the 
edges,  and  finking  fire,  tho’ 
feebly,  with  fteel:  it  was  fome- 
what  between  porcelain  and 
enamel. 

80  Lime 
20  Silica 

A  yellowifh  white  loofe  pow¬ 
der. 

20  Lime 
80  Silica 

156 

Not  melted,  formed  a  brittle 
nfefs. 

mixture? 
lime  sod 
fi  ica; 
l  Mher * 

i.  56. 


.  i  2'  Equal  parts  of  magnefia  and  filica  melt  with  great 
difficulty  into  a  white  enamel  when  expoled  to  the'mafta„Xca 
violent  heat  which  can  be  produced  *.  They  are  iafu-*  Lav# 
fible  in  interior  heats  in  whatever  proportion  they  are  Mem 
mixed  f.  1 787*  P* 

3-  The  effect  of  heat  on  various  mixtures  of  barytes598 


and  filica  will  appear  from  tin 
Mr  Kirwan  J. 


(w)  Potafs,  combined  with  fnlohuric  acid  and  with  carbonic  acid. 
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Propo  tions. 

Heat. 

Effect. 

So  Silica 

20  Barytes 

1 550  Wedg. 

A  white  brittle  mafs. 

75  Silica 

20  Baiytes 

150 

A  brittle  hard  mafs,  feml- 
tranfparent  at  the  edges. 

66  Silica  1 
33  Barytes 

150 

Melted  into  a  hard  fome- 
what  porous  porcelain 
mafs. 

jo  Silica 

30  Barytes 

148 

A  hard  mafs  not  melted. 

20  Silica 

80  Barytes 

148 

The  edges  were  melted 
into  a  pale  greenifh  mat¬ 
ter  between  a  porcelain 
and  enamel. 

25  Silica 

75  Barytes 

1 5° 

Melted  into  a  forr/ewhat 
porous  porcelain  mafs. 

3;  Silica 

66  Barytes 

1 

150 

Melted  into  a  yellowifh 
and  partly  greenifh  white 
porous  porcelain. 

4.  The  effect  of  heat  on  mixtures  of  ftrontites  and 

filica  is  not  known.  . 

|  r.  It  follows  from  the  experiments  ot  Achard,  tliat 
equal  parts  of  lime,  magnefia,  and  frhca,  may  be  melted 
I  into  a  o-reenilh  coloured  glafs,  hard  enough  to  ftnke 
fire  with  fteel ;  that  when  the  magnefia  exceeds  either 
of  the  other  two,  the  mixture  will  not  melt;  that  when 
the  filica  exceeds,  the  mixture  feldom  melts,  only  indeed 
with  him  in  the  following  proportions;  three  filica,  two 
lime,  one  magnefia,  which  formed  a  porcelain;  and  that 
when  the  lime  exceeds,  the  mixture  is  generally  fu- 
Lfible*. 

v.  The  affinities  of  fihca  are  as  follows  : 

Fluoric  acid, 
s  Fixed  alkali. 

Sect.  VI.  Of  Altunina. 

,  Dissolve  alum  in  hot  water,  and  add  to  the  folu- 
I  f  tion  potafs  as  long  as  any  precipitate  is  formed.  De- 
I  cant  off  the  fluid  pait,  and  waft  the  precipitate  in  a 
fiifficient  quantity  of  water,  and  then  allow  it  to  dry. 
The  fubftance  thus  obtained  is  called  alumna.  lt»  pro¬ 
perties  were  firft  afcertained  with  accuracy  by  Mar- 

gf  Alumina  thus  obtained  is  a  very  white  fpongy  pow- 
f'cr'  der,  without  any  fmell  or  tafte.  ,  , .  . 

U  Its  foecific  gravity  is  2, oof.  It  is  fcarcdy  folublc  in 
i/9.  water,  but  may  be  diffufed  through  it  with  great  fact- 
lity. 
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With  a  ft  nail  quantity  of  water  It  forms  a  very  tough  t 
dnftile  pafte,  and  does  not  readily  mix  with  more. 

In  its  ufual  Rate  of  drynefs  it  is .  capable  of  abforb- 
ins*  24-  times  its  weight  of  water,  without  fufteriiig  any 
to  drop  out.  It  retains  this  water  more  obttinately  than 
anv  of  the  eaiths  hitherto  defcribed.  In  a  freezing  cold 
it  contras  more,  and  parts  with  more  of  its  water  than 
any  other  earth  ;  a  circumllance  which  is  of  fome 
portance  in  agriculture *.  ,  ,  .  a  ir 

Alumina  has  never  yet  been  obtained  in  a  cryitalu- 
zed  form.  It  has  no  tffeffc  whatever  on  vegetable  co- 

The  moft  intenfe  heat  does  not  Me  it,  but  it  has 
the  fingular  property  of  diminifhing  in  bulk  in  propor¬ 
tion  to  the  infcenfity  of  the  fire  to  which  it  is  exMed- 
It  becomes  at  the  fame  time  exceedingly  hard  :  Mr  La- 
voifier  rendered  it  capable  of  cutting  glafs ;  and  Mr 
Boyle  had  long  before  done  the  fame  thing*.  *  SW> 

Wedgewood  took  advantage  of  this  property  of  alu-5oy^m. 
mina,  and  by  means  of  it  confirmed  an  inftrument  for  4  ^ 
meafuring  high  degrees  of  heat.  It  confifts  ot  pieces  Wedge- 
of  clay  of  a  determinate  fize,  and  an  apparatus  for  mea-  wood’s 
Turing  their  bulk  with  accuracy  :  One  of  thefe  pieces ,  is  thermo- 
put  into  the  fire,  and  the  temperature  is  eftimated  by 
the  contradlion  of  the  piece.  For  a  more  complete  de- 
fcription  of  this  important  inftrument,  we  refer  to  the 
article  Thermometer,  in  the  EncycL  . 

Alumina  is  hardly  fufceptible  of  combining  with  ful- 
phur  or  phoiphorus ;  but  from  the  experiments  of  La 
Grange,  it  appears  to  have  an  affinity  for  carbon  %.  f  NicM> 

!.  The  effed  of  heat  oa  various  mixtures  of  lime  and  fin  *  Joint. 
alumina  will  appear  from  the  following  table  §.  \  Kit-wan ,  ■ 

— - i.  56. 
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Proportions 

Heat. 

raffed. 

7 5  Lime 

25  Alumina 

150°  Wedg. 

\ 

Not  melted.  j 

66  Lime 

33  Alumina 

150 

Remained  a  powder. 

33  Lime 

66  Alumina 

(*) 

Melted. 

25  Lime 

75  Alumina 

(x) 

Melted. 

20  Lime 

80  Alumina 

(*) 

Melted. 

2.  Magnefia  and  alumina  have  no  a&ion  whatever  on  226  ^ 
each  other,  even  when  expofed  to  a  heat  of  1 50° Wedge- 

wood*.  .  ~  na; 

3  The  effefr  of  heat  on  different  mixtures  ot  barytes  *  mi  i.  57. 
and  alumina  will  appear  from  the  following  cxpei intents  12 7 

of  Mr  Kir  wan  f.  . 

Proportions.  f 


,s  Thefe  .i,ree,  excenments  were  made  by  Ehrman  :  The  heat  was  produced  by  hefting  a  ffream  of  oxy- 

g  j % „» ■»>“  h»  b“» hiihmo  f0™' 10  pro,!u“- 
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Proportions. 

Heat. 

Efledh 

80  Alumina 
20  Barytes 

150°  Wedg. 

Scarcely  hardened. 

75  Alumina 
25  Barytes 

156 

No  fign  of  fufion,  a 
loofe  powder. 

66  Alumina 
S3  Barytes 

As  the  former. 

50  Alumina 
50  Barytes 

150 

As  the  former. 

20  Alumina 
80  Barytes 

148 

Somewhat  harder,  but 
no  fign  of  fufion. 

25  AJumina 

75  Barytes  1 

150 

Harder,  but  no  fign 
of  fufion. 

I'L  S 

Alumina 
anJ  filica  • 
^  Kirivan *. 
Min.  i.  5  8 
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JLime,  mag¬ 
nefia,  and 
alumina : 


f  Ibid.  i.  72 


3  Alumina 

2  Lime 

I  Magnefia 

A  porcelain. 

3  Alumina 

1  Limfe 

2  Magnefia 

A  porcelain. 

3  Alumina 

1  Lime 

3  Magnefia 

Porous  porcelain. 

3  Alumina 

2  Lime 

3  Magnefia 

Porous  porcelain. 

3  Alumina 

2  Lime 

2  Magnefia 

Porcelain. 

Lime,  fill-  7.  From  the  fame  experiments,  and  thofe  of  Kirwan 
a,  and  aia-we  learn,  that,  in  mixtures  of  lime,  filica,  and  alumina! 

when  the  lime  exceeds,  the  mixture  is  generally  fuflble 


Part  Pi 


either  into  a  glaf*  or  a  porcelain,  according  to  the  pro.  aLJ 
portions.  The  only  infufible  proportions  were, 


4.  Nothing  is  known  concerning  the  effedl  of  heat 
on  mixtures  of  ftrontites  and  alumina. 

5  Equal  parts  of  alumina  and  filica  harden  in  the 
*s  temperature  of  j6oq  Wedgewoed,  but  do  not  fufe  *. 
Achard  found  them  infufible  in  all  proportions  in  a 
heat  probably  little  inferior  to  !5<op  Wedgewood.  Mix¬ 
tures  of  thefe  two  earths  in  various  proportions  form 
clays,  but  thefe  are  feldom  uncontaminated  with  fome 
other  ingredients. 

6.  From  the  experiments  of  Achard,  it  appears  that 
no  mixture  of  lime,  magnefia,  and  alumina,  in  which  the 
lime  predominates,  is  verifiable,  except  they  be  nearly 
in  the  proportions  of  three  lime,  two  magnefia,  one  alu¬ 
mina  ;  that  no  mixture  in  which  magnefia  predominates 
will  melt  in  a  heat  below  1 66^;  that  mixtures  in  which 
the  alumina  exceeds  are  generally  fufible,  as  will  appear 
from  the  following  table  f : 


Lime 
Silica 
Alumina 

That  if  the  filica  exceeds,  the  mixture  is  frequently  fu¬ 
fible  into  an  enamel  or  porcelain,  and  perhaps  a  glafs ; 
and  that  when  the  alumina  exceeds,  a  porcelain  may 
often  be  attained,  but  not  a  glafs  f. 

8.  As  to  mixtures  of  magnefia,  filica,  and  alumina,  231! 
when  the  magnefia  exceeds,  no  fufion  takes  place  atJMj 
150°.  .  When  the  filica  exceeds,  a  porcelain  may  often 
be  attained  ;  and  three  parts  filica,  two  magnefia,  and 
one  alumina,  formed  a  glafs.  When  the  alumina  exceeds, 
nothing  more  than  a  porcelain  can  be  produced  *. 

9  Achard  found  that  equal  parts  cf  lime,  magnefia,  ni 
filica,  and  alumina,  melted  into  a  glafs.  They  fufed  al-Andi 
fo  in  various  other  proportions,  efpeciaily  when  the  iilica *«agne£ 
predominated.  fiiica,aj 

The. affinities  of  alumina  are  as  follows :  a!“ 

Sulphuric  acid, 

Nitric, 

Muriatic, 

Oxalic, 

A  rlenic, 

Fluoric, 

Sebacic, 

Tartarous, 

Succinic, 

Sacchola&ic, 

Citric, 

Phofphoric, 

Formic, 

La&ic, 

Benzoic, 

Acetous, 

Boracic, 

Sulphurous, 

Nitrous, 

Carbonic, 

Prufiic. 


k; 


alamuii 


Sect.  VII.  Of  jfargonia. 

Among  the  precious  ftones  which  come  from  the^ow 
llland  of  Ceylon,  there  is  one  called  jargon,  which  is  ufjargi 
poffeffed  of  the  following  properties. 

Its  colour  is  various,  grey,  greenifh  white,  yellowifh, 
reddifh  brown,  and  violet.  It  is  often  cryflallized,  ei¬ 
ther  in  right  angular  quadrangular  prifms  furmounted 
with  pyramids,  or  odahedrals  confiding  of  double  qua¬ 
drangular  pyramids.  It  has  generally  a  good  deal  of 
luilre,  at  lead  internally.  It  is  modly  femitranfparent. 

Its  hardnefs  is  from  (o  to  1 6  :  Its  fpecific  gravity  from 
4,416104,7*.  .  *nai 

It  lofes  fcarcely  any  of  its  weight  in  a  melting  heat ;  333* 
for  Klaproth  found  that  300  grains,  after  remaining  in 
it  for  an  hour  and  a  half,  were  only  one-fourth  of  a  grain 
lighter  than  at  firdf.  Neither  was  it  attacked  either f  Jour,t 
by  muriatic  or  fulphuric  acid,  even  when  affided  by  heat,  fty 
At  lad,  by  calcining  it  with  a  large  quantity  of  foda,  l^°* 
he  diffolved  it  in  muriatic  acid,  and  found  that  100  parts 
of  it  contained  31,5  of  filica,  five  of  a  mixture  of  nick¬ 
el, 
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el  and  Iron,  and  68  of  an  earth  poffeffed  of  peculiar  pro¬ 
perties.  This  earth  has  been  called  jargonia. 

Jargonia  has  a  drong  refemblance  to  alumina.  It  is 
of  a  white  colour.  Its  fpecific  gravity  probably  ex¬ 
ceeds  4,000. 

It  differs  from  alumina  in  the  compounds  which  it 
forms  with  other  bodies,  in  being  infoluble  in  a  boiling 
folution  of  pure  potafs  or  foda,  and  in  being  infufible  by 
heat  when  mixed  with  thefe  fubdances  in  a  (late  of 


]  wans  drynefs 

A  >al.  No  more  of  its  properties  are  yet  known. 

Sect.  VIII.  Of  Adamanta . 

)i  very  There  is  a  done  found  in  China  and  in  the  Eaft  In- 

f  mm-  jjes  near  Bombay,  which  from  its  liardnefs  has  been 
called  adamantine  /par,  Mr  Greville  firft  received  fome 
fpecimens  of  it,  and  made  it  known  to  feveral  French 
and  Euglifh  naturalifts. 

The  variety  which  comes  from  China  is  cryftallized 
in  hexagonal  prifms.  It  is  of  a  grey  colour.  The  en¬ 
tire  pieces  are  opaque,  but  thin  plates  of  it  are  tranfpa- 
rent.  It  is  fo  hard,  that  it  not  only  cuts  glafs  as  eafily 
as  the  diamond,  but  even  fcratches  rock  cryftal  and  ma¬ 
ny  other  very  hard  dones.  Its  fpecific  gravity  is  3,7  10. 
The  variety  which  comes  from  Bombay,  and  which  is 

*  \  'aprotb)  whiter  than  the  other,  is  called  corundum  *. 

?  4  Mr  Greville  fent  fome  fpecimens  of  this  done  to  Mr 
,1‘  Klaproth,  that  he  might  analyfe  it:  a  talk  which  he 
found  very  difficult  to  perform,  for  the  common  pro- 
ceffes  had  no  effedt  upon  it.  At  lad  he  fucceeded  by 
fufing  it  1  2  times  in  a  filver  crucible  with  15  parts  of 
foda,  and  expofmg  it  each  time  for  five  hours  to  the 
ftronged  heat  which  the  crucible  could  endure.  After 
each  fufion  he  foftened  the  mafs  with  boiling  water, 
precipitating  by  acids  the  earth  which  the  foda  had  dif- 
folved.  He  digeded  alfo  different  times  the  undecom- 
pofed  part  in  boiling  acids.  By  this  procefs  he  decom- 
pofed  it,  and  found  that  it  was  compofed  of  two  parts 
of  alumina,  and  one  of  a  peculiar  earth  which  has  been 

djy  called  adamanta . 

|  oper-  This  earth  he  at  fird  took  for  filica  ;  but  it  differs 
from  it  in  not  being  infufible  when  mixed  with  potafs 

*  wan's  or  foda  Its  fpecific  gravity  probably  exceeds  3, oof. 

*  -r*l‘  Nothing  more  is  known  concerning  its  properties. 
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A  new  earth  has  lately  been  difeovered  by  Mr  Vau- 
quelin  in  the  beryl,  to  which  he  has  given  the  name 
of  glucina.  His  account  of  its  properties  we  have  not 
hitherto  been  able  to  procure  :  we  mud  therefore  referve 
our  defeription  of  it  till  we  come  in  the  order  of  the  al¬ 
phabet  to  the  word  Glucina. 

Thefe  are  all  the  fimple  earths  hitherto  difeovered  ; 
for  Stdneta  (y),  which  was  announced  by  Mr  Wedge- 
wood  as  a  peculiar  earth,  has  lately  been  proved  by  Mr 
Hatchet  *  to  be  merely  a  mixture  of  feveral  earths  which 
have  been  long  known. 

The  fird  four  earths  have  a  great  many  common  pro¬ 
perties  :  they  tinge  vegetable  blues  green,  they  have  a 
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flrong  affinity  for  carbonic  acid,  and  combine  readily  Adamanta. 
with  all  acids.  They  have  fometimes  been  called  alka - 
line  earths . 

There  is  a  drong  refemblance  between  filica  and  ada¬ 
manta,  and  between  alumina  and  jargonia. 

None  of  the  earths  have  been  hitherto  decompounded, 
nor  has  the  {mailed  proof  ever  been  brought  that  they 
are  compounds.  We  mud  therefore,  in  the  prefent 
date  of  chemidry,  confide r  them  as  fimple  bodies.  Ma¬ 
ny  attempts,  indeed,  have  been  made  to  ffiew  that  there 
was  but  one  earth  in  nature,  and  that  all  others  were 
derived  from  it.  The  earth  generally  made  choice  of 
as  the  fiinpleft  was  filica  (z).  But  none  of  thefe  at* 
tempts,  notwithdanding  the  ingenuity  of  feveral  of  the 
authors,  has  been  attended  with  the  fmallefl  ffiadow  of 
fuccefs. 

We  have  mentioned  formerly,  that  it  was  almod  the 
univerfal  opinion  of  chemids  that  metals  were  compofed 
of  fome  of  the  earths  united  to  phlogidon  ;  but  of  late 
an  attempt  has  been  made  to  prove  that  all  the  earths 
are  metallic  oxyds,  and  that  they  can  affually  be  redu¬ 
ced  to  the  date  of  metals. 

Baron  had  long  ago  fufpe&ed  that  alumina  had  fome- 
wbat  of  a  metallic  nature  ;  and  Bergman  had  been  in¬ 
duced,  by  its  great  weight  and  feveral  other  appearan¬ 
ces,  to  conje&ure  that  barytes  was  a  metallic  oxyd  : 

But  the  firft  chemift  who  ventured  to  hint  that  all 
earths  might  be  metallic  oxyds  was  Mr  Lavoifier  *.  *-  Chemijlry^ 
About  the  year  1790,  foon  after  the  publication  of  Mrp.  *17- 
Lavoilier’s  book,  Mr  Tondi  and  Profeffnr  Ruprecht, 
both  of  Schemnitz,  announced,  that  they  had  obtained Crdil 
from  barytes,  by  the  application  of  a  drong  heat,  a  me¬ 
tal  of  the  colour  of  iron,  and  attraP:ed  by  the  magnet, 
which  they  called  borbonium ;  from  magnefia  another, 
which  they  called  aujlrum ;  a  third  from  lime,  alfo 
called  aujlrum  ;  and  a  fourth  from  alumina,  which  they 
denominated  apulum .  Their  method  of  proceeding  was 
to  apply  a  violent  heat  to  the  earths,  which  were  fur- 
rounded  with  charcoal  in  a  Heffian  crucible,  and  co¬ 
vered  with  calcined  bones  in  powder. 

But  their  experiments  were  foon  after  repeated  by 
Klaproth,  Savored,  and  Tihaufki ;  and  thefe  accurate 
chemids  foon  proved,  that  the  pretended  metals  were  all 
of  them  phofphurets  of  iron.  The  iron,  by  the  violence 
of  the  heat,  had  been  extra&ed  from  the  crucible,  and 
the  phofphorus  from  the  bones.  The  earths  therefore 
mud  dill  continue  a  diftindl  clafs  of  bodies  :  and,  as  Kla¬ 
proth  has  obferved,  their  properties  are  fo  exceedingly 
different  From  thofe  of  metallic  oxyds,  that  the  fuppofi- 
tiou  of  their  being  compofed  of  the  fame  ingredients  is 
contrary  to  every  laid,  and  to  every  analogy  with  which 
we  are  acquainted. 

Chap.  V.  Of  Caloric. 

Nothing  is  more  familiar  to  us  than  heat ;  to  at¬ 
tempt  to  define  it  therefore  would  be  unneceffary.  When 
we  fay  that  a  perf on  feels  heat ,  that  a  Jlone  is  hot ,  the 
K  k  expreffions 


(y)  This  fubdance  was  contained  in  a  mineral  brought  from  Sidney  Cove  in  New  Holland.  Wedgewood’s  an- 
alyfis  was  publiffied  in  1790.  Klaproth  afterwards  analyled  it  without  finding  the  new  e&rth  which  it  had  been 
fuppofed  to  contain  ;  but  doubts  were  entertained  concerning  the  identity  of  the  minerals  examined  by  thefe  two 
philofophers.  Thefe  doubts  have  been  removed  by  Mr  Hatchet. 

(z)  Mr  Sage,  however,  pitched  upon  lime. 
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Caloric,  expreffions  caufe  no  difficulty  ;  every  one  underftands 
v  them  perfectly  :  yet  in  each  of  thefe  proportions  the 
word  heat  has  a  diftin&  meaning.  In  the  one,  it  figni- 
fies  the  fenfation  of  heat ;  in  the  other,  the  caufe  of  that 
fenfation.  This  ambiguity,  though  of  little  cor.fequencc 
in  common  life,  leads  unavoidably  in  philosophical  dif- 
cuffions  to  confufion  and  perplexity.  It  was  to  prevent 
this  that  the  French  chemifts  made  choice  of  the  word 
caloric ,  to  fignify  the  caufe  of  heat.  When  I  put  my 
hand  on  a  hot  done,  I  experience  a  certain  fenfation, 
v/hich  I  call  the  fenfation  o  f  heat ;  the  caufe  of  this  fen¬ 
fation  is  caloric 

Whether  Concerning  the  nature  of  caloric,  there  are  two  opt- 
caloric  be  nions  which  have  divided  philofophera  ever  fince  they 
a  fubftance.  turned  their  attention  to  the  fubje&.  Some  fuppofe 
that  caloric,  like  gravity,  is  merely  a  property  of  mat¬ 
ter,  and  that  it  confifts,  fome  how  or  other,  in  a  pecu¬ 
liar  vibration  of  its  particles  ;  others,  on  the  contrary, 
think  that  it  is  a  diftinft  fubftance.  Kach  of  thele 
opinions  has  been  fupported  by  the  greatefl  philofophers ; 
and  the  obfcurity  ot  the  fubjedl  is  fuch,  that  both  fides 
have  been  able  to  produce  exceedingly  plaufible  and 
forcible  arguments.  The  recent  difcoveries,  however, 
in  this  branch  of  chemillry,  have  rendered  the  latter 
opinion  much  more  probable  than  the  former.  Indeed 
we  do  not  fee  how  it  is  poffible  to  axcount  for  many  of 
the  phenomena  of  nature,  unlefs  caloric  be  confidered  as 
a  fubftance,  as  we  truft  (hall  appear  from  the  inveftiga- 
tion  into  which  we  are  about  to  enter.  We  mean,  then, 
with  the  generality  of  modern  chemifts,  to  take  it  for 
granted,  that  caloric  is  a  fubftance,  without  pretending 
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to  be  able  to  demonftrate  the  truth  of  our  opinion,  but  aloric. 
merely  becaufe  we  confider  it  as  infinitely  more  plau- '  ^ 

fible  than  the  other.  If  the  receiver  of  an  air-pump, 
while  it  contains  a  thermometer,  be  fuddenly  exhaufted 
of  air,  the  thermometer  links  feveral  degrees,  and  tken 
gradually  riles  again  to  its  former  height.  Now  if  heat 
be  owing  to  vibration,  how  comes  it  that  the  finall  quan¬ 
tity  of  matter  remaining  in  the  receiver  is  firlt  inluffi- 
cient,  and  afterwards  fuflicient  to-  maintain  the  tempe¬ 
rature?  Is  it  not  more  probable  that  part  of  the  calo¬ 
ric  was  carried  off  with  the  air,  and  that  it  gradually 
returned  through  the  glafs,  which  it  is  capable  of  per¬ 
vading,  though  with  difficulty  *.  W  hen  air  is  let  into*  See^° 
an  exhaufted  receiver,  the  thermometer,  as  Lambert  firft^/w^r 
obferved,  rifes  feveral  degrees.  Is  not  this  owing  to  an 
additional  quantity  of  caloric  introduced  by  the  air  ? 

The  thermometer  then  finks  fiowly.  Is  not  this  becaufe 
the  fuperabundant  caloric  gradually  pervades  the  glafs 
and  flies  off?  Taking  it  for  granted  then,  that  calorie  is 
a  fubftance,  we  proceed  to  examine  its  properties.  j 

i.  When  bodies  become  hot,  or,  which  is  the  fame  £ai***c 
thing,  when  caloric  enters  into  them,  they  expand  inpandsbo. 
every  direction ;  and  this  expanfion  is  proportional  to  theses, 
accumulation  of  caloric.  The  firft  and  moft  obvious 
property  of  caloric  then  is  the  power  of  expanding  bo¬ 
dies.  It  does  not,  however,  expand  all  fubftances 
equally,  and  we  are  ftill  ignorant  of  the  law  which  it 
follows.  All  that  can  be  done  therefore  is  to  colle& 
fa&s  till  this  law  be  difcovered.  A  number  of  thefe 
may  be  feen  in  the  following  table  : 


Table  of  the  Expanfion  of  various  Bodies  at  different  Temperatures . 


*  Blagden. 
f  Newton. 


Tempe¬ 

rature. 

Water  *. 

Mercu-y. 

Lin  feed 
oil  f. 

Alcohol  #. 

Tempe¬ 

rature 

Water  *. 

Mercury. 

Lintfeed 
oil  f 

Alcohol,*. 

3°° 

— 

— 

— 

I OOOOO 

IOO 

100908 

1007 1 1,8 

_ 

104162 

32 

— 

1 00000,0 

t OOOOO 

— 

io5 

— 

100762,7 

35 

IOO0OO 

100030,0 

— 

IOO267 

no 

— 

100813,6 

40 

99997 

100081,0 

— 

IOO539 

1 20 

101404 

100915,4 

45 

1001.05 

1 00 1 3 1 ,9 

— 

IOl8l8 

130 

— 

101017,2 

50 

100023 

100182,8 

— 

101 105 

140 

— 

iOII  19,0 

55 

100053 

100253,7 

— 

101401 

150 

102017 

101220,8 

60 

1 0009 1  ' 

100304,6 

— 

101688 

160 

— 

101322,6 

6S 

100141 

100355,5 

— 

101984 

167 

102753 

— 

70 

100197 

100406,4 

— 

102281 

170 

— 

101424,4 

7S 

100261 

i°°457>3 

— 

102583 

180 

— 

101526,2 

80 

100332 

100508,2 

— 

102890 

190 

103617 

101628,0 

85 

100  4.1 1 

I00559,1 

— 

103202 

200 

— 

101729,8 

90 

100694 

100610,0 

— 

103517 

212 

104577 

101835,0 

I07250 

95 

100790 

100.660,9 

1 02560 

103840 

408 

— - 

— 

I 15 160 
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Table  of  the  Expanfum  of  various  Bodies  at  different  Temperatures  continued. 


Tenipe-  j 
raturr. 

Su’ph. 
acid  *. 

Nitric 

TCI d  *. 

Glals  j*. 

Air. 

Oxygen 

gas§ 

Azotic 
gas  J. 

H>  drogen 
gas 

Nitrous 

gas§. 

Carb  acid 
gas  §. 

Ammonia.  . 
cal  gas  5.  s 

n 

72° 

IOOOOO 

IOOOOO 

IOOOOO 

IOOOOO 

IOOOOO 

IOOOOO 

IOOOOO 

iOCOQO  , 

40 

— 

— 

101790 

45 

— 

100005 

— 

— — 

5° 

100 14Q 

IOOI49 

1 00006 

IO414O 

55 

IOO263 

IOIO74 

— 

60 

IOO382 

IOI389 

— 

106560 

65 

IC0615 

1OT767 

— 

108950 

70 

LOO751 

102096 

— 

75 

77 

““ 

100014 

_ 

104520 

IO34OO 

108390 

106520 

1 1 IO5O 

I2791O 

80 

— 

— 

— 

I II3OO 

9° 

— 

— 

— 

113590 

TOO 

— 

— 

100023 

117580 

I  IO 

122 

. 

IOOC33 

124830 

121860 

122830 

117630 

I 30660 

184870 

13° 

ISO 

167 

— 

— 

— 

121870 

— 

— 

100044 

100056 

126030 

190180 

176640 

137420$ 

1443  7<> 

173850 

358780 

170 

— 

— 

— 

130090 

I90 

212 

— 

100069 

100083 

13397° 

13489c 

54767°$ 

694120 

I39i20t 

160290J 

O 

On 

O 

O 

680090J 

W 
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Table  of  the  Expanfion  of  Metals  from  320  to  2i2°f.  f  .W  /»»,. 
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Tempea- 

ture. 

Antimon  • 

Steel. 

Iron. 

v’aft  Iron. 

Bifmuttu 

Copper. 

Call 

tfraf-. 

tSrafs  Wne. 

%  Rinmcn* 

32° 

212 

White  1 

120000 

I20I30 

I 20000 
120147 

123428* 

I 20000 

I20I5 1 

1215OO* 

120000 

I22571* 

120000 

120167 

120000 

I 20204 

I 20000 

120225 

120000 

120232 

Tin. 

Lead. 

Zinc. 

Hammered 

Zinc. 

Zinc  8 

Tin  1 

Lead  2 

Tin  1 

Brafs  2 

Zinc  1 

Pewter. 

Copper  3 

I'm  (b)  1 

32° 

212  J 

1 

1 120000 

j  HO298 

I2COOO 

120344 

1 20000 

i2°355 

1 20C00 
120373 

1.20000 

I20323 

120000 

I 2030 I 

120000 

I20247 

120000 

120274 

120000 

120218 

Xk  a 
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(a)  this  mark  %  Implies,  that,  owing  to  feme  inaccuracy  in  making  the  experiments,  the  numbers  to  which  it 
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From  tills  table,  It  appears  that  the  gafes  are  more 
expanded  by  caloric  than  fluids,  and  fluids  more  than 
folids  ;  and  that  the  expanfion  of  all  bodies  hitherto  ex¬ 
amined,  rnhrcmy  alone  excepted,  goes  on  in  an  increa¬ 
sing  feries.  To  the  expanding  power  of  caloric  there 
is  one  Angular  exception:  From  30°  to  40°  Fahrenheit, 
water,  inflead  of  being  expanded,  fuffers  a  remarkable 
contraction,  as  is  evident  from  the  following  table  of 
its  bulk  for  every  degree  between  30°  and  40°, 

Bulk. 


^  Blare  Jen. 


3° 

3* 

32 

33 

34 

35 

36 

37 

38 

39 

40 


-  -  -  100074 

-  -  -  100070 

-  -  -  100066 

-  -  -  100063 

-  -  -  100060 

-  -  -  100058 
-  100056 

-  -  -  100055 

-  -  -  1 00054 

-  -  -  100054 
-  -  1 0005  4 ; 


,  ,  *44 
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From  40°  it  expands  like  other  fubftances  on  being 
heated  (n). 

The  expanfion  of  bodies  by  caloric  has  furnifhed  us 
with  an  inftrument  for  meafuring  the  various  degrees  of 
it  in  different  fubftances,  we  mean  the  thermometer ; 
and  as  mercury  is  the  only  fluid  which  expands  equably, 
it  is  cbvioufly  the  only  proper  one  for  thermometers. 
The  thermometer  uniformly  ufed  in  this  article  is  that 
of  Fahrenheit,  except  when  fome  other  is  particularly 
mentiored. 

2.  By  means  of  the  thermometer,  we  learn  that  there 
without  ca-is  no  body  which  does  not  contain  caloric,  becaufe  there 
lone.  js  n0nc  j0  co!d  that  it  cannot  be  made' colder:  and  cool¬ 
ing  a  body  is  nothing  elfe  but  abitra&ing  a  part  of  the 
caloric  which  it  contains. 

3*  Caloric  cannot  be  confined  in  any  body  while 
thofe  in  its  neighbourhood  are  colder,  but  continues  to 
nifh  out  till  every  thing  is  reduced  to  the  fame  tempe¬ 
rature.  This  does  not  proceed  from  the  attraaion  of 
the  colder  bodies,  but  from  the  tendency  of  caloric  to 
exift  everywhere  in  an  equal  degree  of  tenfion  :  For 
when  hot  bodies  are  placed  in  the  exhaufled  receiver  of 
\  SurleFeu*n  air-pump,  as  we  learn  from  Mr  Piaetf,  or  in  the 
chap.  vi.  Torricellian  vacuum,  as  Count  Rumford  has  (hewn  usf, 
the  caloric  leaves  them  in  the  fame  manner,  tho’  more 
flowly,  and  they  are  equally  ledncedto  the  temperature 
of  the  furrounding  bodies.  This  property  lias  been 
called  the  equilibrium  of  caloric .  The  only  way  there¬ 
fore  to  confine  or  accumulate  this  fnbftance  in  a  body, 
is  to  furround  it  with  bodies  which  are  hotter  than  itfelf* 
4.  The  equilibrium  of  caloric  feems  evidently  to  prove 
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that  its  particles  repel  each  other.  This  repulfion  will  Cnloric, 
caufe  them  when  accumulated  in  any  place  to  fly  off  in  J 

every  direction,  and  to  continue  to  feparate  till  they  are  T, 247 
oppofed  by  caloric  in  other  bodies  of  the  fame  relative dfsVf  caln 
denfity  with  themfelves,  which,  by  repelling  them  in  itsric  repel  °* 
turn,  compels  them  to  continue  where  they  are.  The  each  other, 
caloric  in  bodies  therefore  is  in  what  has  been  called  by 
Mr  Pidfet  a  ftate  of  tenfion  (c).  Its  particles  are  adju¬ 
sted  by  a  force  which  would  make  them  feparate  to  an 
indefinite  diftance,  were  they  not  confined  by  the  op- 
pofite  force  of  the  caloric  which  fur  rounds  them.  The 
equilibrium  therefore  depends  on  the  balancing  of  two  op- 
pofite  forces  ;  the  repulfion  between  the  particles  of  ca¬ 
loric  in  the  body,  which  tends  to  diininiih  the  tempera¬ 
ture  ;  and  the  repulfion  between  the  caloric  of  the  body 
and  the  furrounding  caloric,  which  tends  to  raife  the 
temperature.  When  the  fir  ft  force  is  greater  than  the 
fecond,  as  is  the  cafe  when  the  temperature  of  a  body  is 
higher  than  that  of  the  furrounding  bodies,  the  caloric 
flies  off,  and  the  body  becomes  colder.  When  the  laft 
force  is  flronger  than  the  firft,  as  is  the  cafe  when  a 
body  is  colder  than  thofe  which  are  around  it,  the  par¬ 
ticles  of  its  caloric  are  obliged  to  approach  nearer  each 
other,  new  caloric  enters  to  occupy  the  fpace  which 
they  had  left,,  and  the  body  becomes  hotter.  When 
the  two  forces  are  equal,  the  bodies  are  laid  to  be  of 
the  fame  temperatuie,  and  no  change  takes  place  *.  *  See  PU- 

It  is  the  a&ion  of  thefe  oppofite  forces  which  makes^/"'* le 
the  thermometer^  meafure  of  temperature.  *  When  ap-  Fc;U)  ch,i* 
plied  to  any  body,  it  continues  to  rile  or  fall  till  the  ca¬ 
loric  in  it  and  in  the  body  to  which  it  is  applied  are  of 
the  fame  tenfion,  and  then  it  remains  flationary.  The 
thermometer  therefore  merely  indicates  that  the  tempe¬ 
rature  of  the  body  to  which  it  is  applied  is  equal  to  its 
own.  It  is  obvious  that,  in  order  to  obtain  the  real 
temperature  of  bodies,  the  thermometer  fhonld  be  fo 
fmall  that  the  quantity  of  caloric,  which  enters  or  leaves 
it,  may  not  materially  affed  the  refult.  * 

This  property  of  caloric  feems  to  be  the  caufe  of  the 
olafticity  of  the  gafes,  in  which,  as  we  fliall  fliew  aiter- 
wards,  it  exifts  in  great  quantities.  Perhaps  it  is  the 
caufe  of  ebfticity  in  general ;  for  we  have  no  demon- 
firative  evidence  that  the  particles  of  elaftic  bodies  repel 
each  other  (p),  and  we  are  certain  that  all  of  them 
contain  caloric.  Ferhaps  alfo  it.  is  owing  to  this  rcpul- 
flve  property  of  caloric  that  the  particles  of  no  body 
actually  touch  each  other  ;  for  the  lefs  caloric  we  leave 
in  a  body,  the  nearer. its  particles  tippioach  to  one  ano¬ 
ther.  The  expanfion  of  bodies  by  calorie  leems  alfo  to 
depend  on  the  fame  property.  The  particles  of  caloric 
uniting  with  thole  of  the  body,  endeavour  to  drag  them 
along  when  they  recede  from  each  other.  The  expan- 
- - flon 


(r)  There  was  a  curious  faft  concerning  dilatation  obferved  by  Mr  de  Luc.  A  brafs  rod  which  he  ufed  as  a 
thermometer  became  ...  luntmer  hab.tuaily  longer  ;  that  is  to  fay,  that  after  being  for  feme  time  lengthened^ 
heat,  it  did  not  contrail  by  the  appl.cation  of  cold  to  its  old  length,  but  continued  fomewhat  longer  ^  In  winter 
he  contrary  phenomenon  took  place.  After  being  contracted  for  fome  time  by  cold,  it  did  not  return  to  its  olr! 
eng  1  on  the  application  ot  heat,  but  kept  fomewhat  fhorter.  A  leaden  rod  /hewed  thefe  effedts  in  a  Greater 

rCf  rfeC;  Gfaff,h2S,  ",0t  thls  <jua  ,t7-  De  Luc  fufpefts  that  this  property  is  inverfelv  as  the  elaftieity  of  bodies 
Clafs  tsperfeaiy  elatttc,  and  lead  ts  lefs  elaftic  than  brafs— Jounl  dl  PM.  xviii.  ,69.  ?  d  ^ 

(c)  I  he  phrafe  was  hrft  ufed  by  Mr  Volta.  J  ^  * 

(»)  W«,ck„o„I,dsc  ik„  r,,ml  philolbpher,  of  the  firll  task,  eEoine,  f<„  and  i!of,ov|d,  . 
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tl.  fion  of  bodies  therefore  ought  to  be  inverfely  a&  their 
cohefion,  anddireClly  as  the  tenfion  of  the  caloric  which 
they  contain.  This  property  of  caloric  feems  likewife  to 
afford  an  explanation  of  a  very  curious  fa£l,  which  was 
firft,  we  believe,  mentioned  by  De  Luc  in  his  Treatife 
H ,  on  the  Modifications  of  the  Atmofphere,  and  afterwards 
k  e-  afcertair.ed  by  Dr  George  Fordyce,  that  bodies  become 
R  ^c*abfolutely  lighter  by  being  heated.  Fie  took  a  glais 
y  u’^  globe  three  inches  in  diameter,  with  a  fiiort  neck,  and 
weighing  451  grains;  poured  into  it  1 700  grains  of 
water  from  the  New  river,  London,  and  then  fealed  it 
hermetically.  The  whole  weighed  21504*  grains  at 
the  temperature  of  3  2°.  It  was  put  for  twenty  mi¬ 
nutes  into  a  freezing  mixture  of  fnow  and  fait  till  fome 
of  it  was  frozen  ;  it  was  then,  after  being  wiped  firft 
with  a  dry  linen  cloth,  next  with  clean  wafhed  dry  lea¬ 
ther,  immediately  weighed,  and  found  to  be  ^'gth  of  a 
grain  heavier  than  before.  This  was  repeated  exactly 
in  the  fame  manner  five  different  times.  At  each,  more 
of  the  water  was  frozen  and  more  weight  gained.  When 
the  whole  water  was  frozen,  it  was  rgdbs  °*  a  gram 
heavier  than  it  had  been  when  fluid.  A  thermometer 
applied  to  the  globe  flood  at  io°.  When  allowed  to 
remain  till  the  thermometer  rofe  to  32°,  it  weighed 
/^ths  of  a  grain  move  than  it  did  at  the  fame  tempera¬ 
ture  when  fluid.  We  fhall  fhew  afterwards  that  ice 
contains  lefs  caloric  than  water  of  the  fame  temperature 
with-it.  The  balance  ufed  was  nide  enough  to  mark 
T3-V?th  part  of  a  grain  *.  Morveau  too  found,  much 
about  the  fame  time,  that  water  put  into  veffels  herme- 
t  tieally  fealed  weighed  more  when  frozen  than  when 
dc  fluid  j*  :  and  Mr  ChaufTier  found,  that  two  pounds  of 
783,  fidphnric  acid  were  three  grains  heavier  when  frozen  than 
g,j  after  they  had  recovered  their  fluidity  J.  Now  if  the 
particles  of  caloric  repel  each  other,  bodies  which  con¬ 
tain  it  in  great  quantities  mu  ft.  be  fomewhat  repelled  by 
each  oilier.  The.  more  replete  therefore  that  any  body 
is  with  ealorlc,  the  more  it  will  be  repelled  by  the  earth, 

'  which  always  contains  a  great  quantity  ;  and  this  Ye- 
pulfion  moil  in  fome  degree  counteract  its  gravitation. 
This  explanation  was  firft  fuggeftedj  we  believe,  by 
Dr  £bck. 

The  fame  property  explains  another  curious  faCt  dif- 
J  rore  covered  by  Mr  Pi&et  of  Geneva,  that  caloric  moves 
J  hL  moic  re>adily  vertically  upwards  than  downwards.  He 
v  arcP  took  a  tube  of  tinplate,  two  inches  in  diameter  and  44 
in  length,  and  inclofed  in  it  a  bar  of  copper  four  lines 
in  diameter  and  33  inches  in  length,  which  vt.s  placed 
and  fixed  exactly  in  its  axis.  This  tube  was  exhanfted 
lfo-  cf  sir,  by  means  of  an  air-pump,  till  the  manometer  * 
m  flood  at  the  height  of  four  lines.  It  was  incloicd  in  an- 
Pu  other  tube  of  nafteboard,  except  about  two  inches,  ex¬ 
actly  in  the  middle,  to  which  place  the  fun’s  rays  were 
directed  for  half  an  hour  by  means  of  a  concave  mirror. 
J’he  ends  of  the  copper  bar  were  fcooped  out  into  con- 
cave  hemifpheres  ;  and  into  each  of  thefe  the  bulb  of  a 
very  fenfible  thermometer  was  fixed.  The  tube  was 
placed  vertically.  The  higheft  thermometer,  which  we 
ftall  call  A,  rofe  to  95 a  hundred  and  one  feconds 
before  the  loweft  B.  The  thermometer  B  rofe  no  high¬ 


er  than  950;  but  the  thermometer  A  reached  101,750.  Caloric. 
To  fee  whether  this  difference  was  owing  to  the  ther- 
mometers,  the  tube  was  inverted,  and  conlequently  the 
higheft  thermometer  in  the  former  experiment  was  low- 
eft  in  this.  The  thermometer  B  now  rofe  from  49°  to 
97,25°  in  lS\Q'  ;  the  thermometer  A  in  2763",  or  47'' 
fooner  than  B.  It  was  evident  from  this  refult,  that 
the  thermometer  A  was  more  fenfible  than  the  thermo¬ 
meter  B  by  47".  If  this  be  fubtracled  from  101'',  the 
former  difference,  it  will  leave  54'',  as  the  difference  re- 
fulting  from  portion.  Thefe  experiments  were  repeat¬ 
ed  with  only  this  difference,  that  round  the  ends  of  the 
bar  and  the  bulbs  of  the  thermometers  (but  without 
touching  the  bulbs)  fome  folds  of  oiled  paper  were 
wrapped  to  confine  the  caloric.  The  fuperior  thermo¬ 
meter  A  rofe  from  50°  to  106,25°  in  34  minutes, 
which  was  93''  fooner  than  the  inferior  B  :  it  rofe  to 
110,75°,  the  thermometer  B  only  to  106,25°.  The 
tube  being  reverfed,  the  thermometer  A,  which  was  now 
loweft,  rofe  from  46°  to  1  15,2 50  in  40'  30",  or  forty  fe¬ 
conds  fooner  than  the  thermometer  B.  This  fubtratted 
from  93'',  as  formerly,  leaves  53'  for  the  difference  of  fi- 
tuation.  The  fuperior  thermometer  mounted  after  the 
•burning  glafs  was  removed  0,15°,  remained  ftationary 
for  80'  ,  and  after  five  minutes  had  only  defeended  0,45°: 
the  other  did  not  afeendat  all;  in  one  minute  it  defend¬ 
ed  0,225°,  and  in  (y  8'.'  it  defeended  2,47°.  Tn  22 1  507 
the  inferior  defeended  63,725°,  the  fuperior  6 1,475°*.  *  PWrf 
From  thefe  experiment?,  it  is  obvious  that  the  particles  ^ltr  le 
of  caloric  move  fomewhat  (after,  and  in  fomewhat  great- 
er  quantity,  upwards  than  downwards  ;  owing,  doubt- 
lefs,  to  the  repuliive  power  of  the  caloric  in  the  earth. 

The  fmall  quantity  of  air  that  remained  in  the  tube, 
may  perhaps  be  fuppofed  fufficient  to  account  for  the 
difference,  without  allowing  any  fuch  tendency  upwards 
-in  cal  one.  But  it  is  evident  from  the  experiments  of 
the  Florentine  academicians  on  the  fame  fubjedl,  with 
tubes  full  of  air,  that  even  when  in  great  abundance, 
that  fluid  hardly  affefied  the  rifing  of  the  fuperior  ther¬ 
mometer  :  fnrely  then  its  effedt  muft  be  altogether  im¬ 
perceptible  when  fo  little  of  it  remained  ;  and  in  the 
third  and  fourth  experiments  the  oiled  paper  prevented 
any  of  the  heated  air  from  approaching  the  tliermo- 
meter.  _ 

5.  If  we  take  a  bar  of  iron  and  a  piece  of  ftone  of  Conducing 
equal  dimen  lions,  and  putting  one  end  of  each  into  the  power  of 
fire,  apply  either  thermometers  or  our  hands  to  the  b°<hcs : 
other,  we  final!  find  the  extremity  of  the  iron  feniibly 
hot  long  be  ore  that  of  the  Hone.  Caloric  therefore 
does  not  pafs  through  all  bodies  with  the  fame  celerity 
and  eafe.  The  power  that  bodies  have  to  allow  it  a 
paflkge  through  them  is  called  their  conducing  power ; 
thofe  that  allow  it  to  pafs  with  facility,  are  called  good 
eondufiors  ;  thofe  through  which  it  paffes  with  difficul¬ 
ty,  are  called  bad  conduttors  ;  and  thofe  which  do  not 
allow  it  to  pafs  at  all,  non  conductors. 

It  is  probable  that  all  folids  conduct  heat  in  fome  de-  of  ^vvood 
gree,  at  leaft  this  is  the  cafe  with  every  one  at  prefentand  char- 
known.  Wood  and  charcoal  are  exceeding  bad  conductors  coa^  * 
of  caloric  (e).  Count  Rumford  informs  11s,  that  a  piece 

of 


(t)  This  fa£t  merits  the  attention  of  chemifts.  It  is  obvious,  that  when  metallic  oxyds  are  furrounded  with 
chaicoal  powder,  their  temperature  cannot  be  raifed  near  fo  high  as  it  otlierwife  would  be.  It  is  not  unlikely 
that  feme  part  of  the  difficulty  which  lias  been  experienced  in  attempting  to  reduce  and  fufe  feveral  metallic  fab* 
fiances  may  have  been  owing  to  this  caufe. 
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of  green  oak  plank  was  employed  toftir  the  melted  me¬ 
tal  of  which  cannons  were  founding  at  Munich,  and  it 
was  often  allowed  to  remain  a  coniideraole  time  in  the 
furnace  ;  yet  the  caloric  had  penet  ited  to  fo  inconfi 
derable  a  depth,  that  at  the  diftance  of  i\yth  of  an  incn 
below  the  lurface,  the  wood  did  not  feepi  to  have  been 
the  leak  affected  by  it  ;  the  colour  remained  unchan¬ 
ged,  and  it  did  not  appear  to  have  loft  even  its  moit- 
tuie*. 

Glafs  13  alfo  a  very  bad  condu&or  ;  and  this  is  the 
reaion  that  it  is  fo  apt  to  crack  on  being  heated  or 
cooled  iuddenly  ;  one  part  of  it  receiving  or  parting 
with  its  caloric  before  the  reft,  expands  or  contracts, 
and  deftroys  the  cohefion. 

Metals  are  the  bell  condu&ors  of  caloric  of  all  the 
folids  hitherto  examined.  The  conducing  powers  of 
all,  however,  are  not  equal.  Dr  Ingenhoufz  procured 
cylinders  of  feveial  metals  exa&ly  of  the  fame  fize,  and 
having  coated  them  with  wax,  he  plunged  their  ends 
into  hot  water,  and  judged  of  the  condu&ing  power  of 
each  by  the  length  of  wax-coating  melted.  From  thefe 
experiments  he  concluded,  that  the  condu&ing  powers 
of  the  metals  which  he  examined  were  in  the  following 
Older  *  : 

Silver, 

Gold, 

Copper,  nearly  equal, 

Platinum,  1 

l  much  inferior  to  the  others. 

Steel,  j 

Lead,  J 

Next  to  metals  ftone  feems  to  he  the  beft  condu&ors; 
but  this  property  varies  confiderably  in  different  ftones. 
Bricks  are  much  worfe  condu&ors  than  moll  ftones. 
All  folids  capable  of  being  melted  become  non  conduc¬ 
tors  the  moment  they  are  heated  to  the  melting  point : 
the  caloric  enters  them  eafily  enough,  but  it  remains  in 
them. 

All  fluids  hitherto  examined  are  non  conductors  of  ca¬ 
loric.  They  can  receive  it  indeed  from  other  fubftan- 
ces,  and  they  can  give  it  out  to  other  fubftances  ;  bat 
one  particle  can  neither  receive  it  nor  give  it  out  to  an¬ 
other  particle.  Before  a  fluid  therefore  can  either  be 
heated  or  cooled,  every  particle  mu  ft  go  individually  to 
the  fubftance  from  which  it  receives  or  to  which  it  gives 
out  caloric.  For  this  very  important  difeovery  the 
world  is  indebted  to  Count  Rumford.  Before  the  pub¬ 
lication  of  his  effays  it  had  not  even  been  fufpe&ed  ;  fo 
far  from  it,  that  fluids  had  been  ranked  aqiong  the  beft 
condu&ors  of  caloric. 

In  a  fet  of  experiments  on  the  communication  of 
heat,  he  made  ufe  of  thermometers  of  an  uncommon 
fize.  Having  expofed  one  of  thefe  (the  bulb  of  which 
was  near  four  inches  in  diameter)  filled  with  alcohol  to 
as  great  a  heat  as  it  could  fupport,  he  placed  it  in  a 
window  to  cool  where  the  fun  happened  to  be  ftiining. 
Some  particles  of  dull  had  by  accident  been  mixed  with 
the  alcohol :  thefe  being  illuminated  by  the  fun,  became 
perfectly  vifible,  and  diicovcred  that  the  whole  liquid  in 
the  tube  of  the  thermometer  was  in  a  moft  rapid  mo¬ 
tion,  running  fwiftly  inoppofite  direclions  upwards  and 
downwVds  at  tlie  fame  time.  The  afe  ending  current 
occupied  the  axis,  the  defending  current  the  fides  of  the 


C  H  E  M  I  *S  T  R  Y.  Pan 

tube.  When  the  fides  of  the  tube  were  cooled  by  means  Can*, 
of  ice,  the  velocity  of  both  currents  was  accelerated. 

It  dirniniflred  as  the  liquid  cooled ;  and  when  it  had  ac« 
quiied  the  temperature  of  the  room,  the  motion  ceaftd 


altogether.  This  experiment  was  repeated  with  lint- 
feed  oil,  and  the  refill t  was  precifely  the  lame.  Thefe 
currents  were  evidently  product*  1  by  the  particles  of  the 
liquid  going  individually  to  the  fides  of  the  tube,  and 
giving  out  their  caloric.  The  moment  they  did  fo, 
their  fpccific  gravity  being  increafed,  they  fell  to  the 
bottom,  and  of  couifc  pufhed  up  the  warmer  part  of  the 
fluid,  which  was  thus  forced  to  afeend  along  the  axis  of 
the  tube.  Having  reached  the  top  of  the  tube,  the 
particles  gave  out  pan  of  their  caloric,  became  lpeci- 
fically  heavier,  and  tumbled  in  their  turn  to  the  bottom. 

As  thefe  internal  motions  of  fluids  can  only  be  dis¬ 
covered  by  mixing  with  them  bodies  of  the  fame  fpe¬ 
cific  gravity  with  themidves,  and  as  there  is  hardly  any 
fubftance  of  the  fame  fpeci^c  gravity  with  water  which 
is  not  foluble  in  it,  Count  Rumford  had  recourle  to  the 
following  ingenious  method  of  ascertaining  whether 
that  fluid  alio  followed  the  fame  law.  The  fpecific 
gravity  of  water  13  increafed  confiderably  by  diffolving 
any  fait  in  it  ;  he  added,  therefore^  potafs  to  water  till 
its  fpecific  gravity  was  exadlly  equal  to  that  of  amber, 
a  fubftance  but  very  liule  heavier  than  pure  water.  A 
number  of  fmall  pieces  of  amber  were  then  mixed  with 
this  folution,  and  the  whole  put  into  a  gl?ls  globe  with 
a  long  neck,  which,  on  bein^  heated  and  expofed  to 
cool,  exhibited  cxaclly  the  fame  phenomena  with  the 
other  fluids.  A  change  of  temperature,  amounting  on¬ 
ly  to  a  very  few  degrees,  was  fufficient  to  fet  the  cur¬ 
rents  a-flowing ;  and  a  motion  might  at  any  time  be 
produced  by  applying  a  hot  or  a  cold  body  to  any  part 
of  the  veffel.  When  a  hot  body  was  applied,  that  part 
of  the  fluid  neareft  it  afeended  ;  but  it  defeended  on  the 
application  of  a  cold  body.  258 

If  calorie  pafs  through  water  only  by  the  internal  Proofs 
motion  of  its  pai  tides,  as  this  experiment  feems 
prove,  it  is  evident  that  every  thing  which  e:nbarraffeSp0Wer 
thefe  motions  mull  retard  its  tranimiflion  :  and  accord-  water, 
ingly  Count  Rumford  found  this  to  be  the  cafe.  He 
tOQk  a  large  lintfeed  oil  thermometer  with  a  copper 
bulb  and  glafs  tube  :  the  bulb  was  placed  exa&ly  in  the 
centre  of  a  brafs  cylinder,  fo  that  there  was  a  void  fpaee 
between  them  all  around  0,25 1  “5  of  an  inch  thick. 

The  thermometer  was  kept  in  its  place  by  means  of 
four  wooden  pins  projecting  from  the  fides  and  bottom 
of  the  cylinder,  and  by  the  tube  of  it  palling  through  the 
cork  ftopper  of  the  cylinder.  This  cylinder  was  filled 
with  pure  water,  then  held  in  melting  fnow  till  the  ther¬ 
mometer  fell  to  32°,  and  immediately  plunged  into  a 
veffel  of  boiling  water.  The  thermometer  role  from 
3 2°  to  200°  in  S9l"'  ^  18  obvious  that  all  the  calo¬ 

ric  which  ferved  to  raife  the  thermometer  muff  have  made 
its  way  through  the  water  in  the  cylinder.  The  expe¬ 
riment  was  repeated  exactly  in  the  fame  manner,  but 
the  water  in  the  cylinder,  which  amounted  to  2276  gr, 
had  192  gr.  of  llarch  boiled  in  it,  which  rendeied  it 
much  lefs  fluid.  The  thermometer  now  took  1 109'' 
to  rife  from  3 2°  to  200°.  The  fame  experiment  was 
again  repeated  with  the  fame  quantity  of  pure  water, 
having  192  gr.  of  eiderdown  mixed  with  it,  which 
would  merely  tend  to  embarrafs  the  motion  of  the  par- 
2  tides. 
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txles.  A  quantity  of  (tewed  apples  were  alfo  in  ano- 
■  ther  experiment  put  into  the  cylinder.  The  following 
tables  exhibit  the  refult  of  all  thefe  experiments. 

Time  the  Caloric  was  in  pajjing  into  the  'Thermometer . 


Tempera¬ 

ture. 

Through  1 
the  Water  j 
anti  Starcn 

Thro’  the 
Water  and 
Eiderdown. 

Through 

ftewei 

Apples 

l’h  ough 
pure 
Water 

Seconds 

Seconds 

Seconds. 

Seconds 

Therm,  rofe 
from  3ZC  to 
zoo°  in 

1 109 

949 

IO96J- 

597 

Therm  rofe 
8o°,  viz- 
from  So°  to 
160°,  in 

34* 

269 

335 

172 

Time  the  Caloric  was  in  pajftng  out  of  the  Thermometer . 


Tempera¬ 

ture. 

Through 
the  Water 
and  Starch. 

Thro’  the 
Waer  and 
Eiderdown. 

Through 

ftewed 

Apples. 

Through 

pure 

Water. 

Seconds. 

Seconds. 

Seconds. 

Seconds. 

Therm,  fell 
Irom  zoo0 
to  40°  in 

-4- 

00 

1541 

1  7  49  r  ' 

IO32 

Therm  feil 
8o°,  viz 
from  i6^° 
to  8o°,  in 

468 

460 

320 

277 
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t  i  -iy-  oz.  troy  of  water,  and  placing  the  jar  in  a  free¬ 
zing  mixture  compofed  of  pounded  ice  and  common 
fea  fait,  he  froze  the  water  into  one  compa&  mafs.  The 
jar  was  then  put  into  a  mixture  of  pounded  ice  and  pure 
water,  reaching  exa&ly  to  the  top  of  the  ice  in  it,  and 
buffered  to  remain  there  four  hours,  that,  the  ice  might 
come  to  the  temperature  of  320  ;  then  boiling  water  was 
caution  fly  poured  on  it,  and  the  jar  (till  allowed  to  Itand 
in  the  ice  and  water.  He  boon  found  that  a  confider- 
able  quantity  of  ice  was  melted  at  the  very  beginning 
of  the  experiment,  owing  to  the  agitation  into  which 
the  water  was  thrown  by  the  ot  pouring  it  into  the 
vefltl.  To  prevent  this  as  much  as  pofiibk,  he  covered 
the  ice  with  a  fmall  quantity  of  ice  cold  water,  upon 
which  he  placed  a  flat  (hallow  difh  of  light  wood  4^ 
inches  in  diameter,  and  about  one-fourth  of  an  inch 
thick  at  the  bottom.  This  veffel  was  perforated  by  fe- 
veral  hundred  very  fmall  holes.  The  hot  water  was 
poured  into  this  difh  through  a  long  wooden  tube,  the 
bottom  of  v/hich  w?s  flopped  up,  and  the  water  made 
to  iflue  through  fmall  holes  in  the  fide  at  the  lower  end. 
As  this  difh  always  floated  on  the  furface  of  the  water, 
and  as  the  fluid  p- fling  through  it  by  a  number  of  fmall 
holes  was  not  projeCled  with  force,  it  is  evident  that  a 
confiderable  part  of  thebe  violent  motions  was  prevent¬ 
ed.  The  following  is  the  refult  of  three  experiments 
made  in  this  manner. 


Now,  neither  the  ftarch  nor  the  eiderdown  could 
produce  any  alteration  in  the  water  except  impeding 
its  internal  motions  ;  confequently  whatever  impedes 
thefe  motions  diminifhes  the  condu&ing  power  of  wa¬ 
ter.  But  this  could  not  happen  unlefs  every  indidual 
particle  a&ually  went  from  the  cylinder  to  the  thermo¬ 
meter. 

Only  one  proof  more  was  wanting  to  remove  every 
doubt  ;  and  this  proof  alfo  Count  Rumford  has  given 
us.  If  water  be  a  non-conduClor,  it  is  evident  that  no 
caloric  can  pafs  downwards  when  the  heat  is  applied  to 
the  fuiface  ;  for  as  the  particles  of  water  become  ipeci- 
fically  lighter  by  being  heated,  they  cannot  fink  to  the 
bottom.  Accordingly  Count  Rumford  found,  that  wa¬ 
ter  might  be  made  a&ually  to  boil  near  the  top  of  a 
glafs  tube,  while  that  at  the  bottom  was  not  fenfibly 
warmed.  Owing  to  the  law  already  mentioned,  indeed, 
that  water,  after  being  cooled  down  to  40°,  expands 
inftead  of  contra&ing  when  its  temperature  is  lowered, 
a  roafs  of  water  may  be  raifed  to  40°  by  applying  the 
heat  to  its  upper  furface  ;  becaufe  water  at  400  is  hea¬ 
vier  than  at  any  degree  below  it,  and  will  therefore  fink 
to  the  bottom;  but  its  temperature  cannot  be  raifed  any 
higher.  This  Count  Rumford  proved,  by  (hewing  that 
water  of  the  temperature  of  40°,  placed  above  ice,  will 
melt  as  much  of  it  in  the  fame  time  as  water  at  any 
higher  temperature  whatever,  even  boiling  hot. 

Into  a  cylindrical  glafs  jar  4,7  inches  in  diameter  and 
13,8  inches  high,  he  put  43 ,8 7  cubic  inches,  or  1  lb. 
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Temperature  if  the  h  t 
Water  one  inch  below 
its  furface. 

Number  of 
Experi¬ 
ments. 

x  line  me 
hot  Water 
was  on  the 
Ice. 

At  the  be¬ 
ginning. 

At  the  ei  d 

Quant  ty  of 
Ice  melted. 

I 

Minutes. 

10 

1920 

0 

M 

GO 

Grains. 

580 

2 

190° 

165° 

9*4 

3 

180 

I90o 

3200 

From  thefe  experiments  he  determined  the  quantity 
of  ice  melted  in  the  a  &  of  pouring  the  water  into  the 
jar,  fuppofing  equal  quantities  to  be  melted  in  equal 
times,  it  3200  grains  were  melted  in  180',  fubtra&ing 
58  ;,  the  quantity  melted  in-io',  there  remains  2620.gr. 
for  the  quantity  melted  in  170',  in  every  ten  of  which 
154  gr.  mud  have  been  melted  ;  for  170  :  10  :  :  2620 
:  154  nearly.  Subtracting  154  from  3&o,-the  quantity 
melted  in  the  firft  ten  minutes,  there  remains  426  gr.  for 
the  quantity  melted  in  pouring  the  water  into  the  jar. 
From  the  lecond  experiment  it  follows*  by.  a  fnnilaF 
calculation,  that  159  gr.  were  melted  every  10  minutes; 
which  (hows  that  the  motions  produced  by  pouring  in 
the  water  had  not  ceafed  in  30  minutes.  It  will  be 
nearer  the  truth,  therefore,  if  we  endeavour  to  difeover 
the  quantity  melted  every  ten  minutes  by  comparing 
the  fecond  and  third  experiments.  By  a  fimilar  calcu¬ 
lation  to  the  above,  it  comes  out  to  be  13  2  gr.  The 
following  table  exhibits  the  refnlts  of  feveral  experi¬ 
ments,  made  exadlly  in  the  fame  manner,  but  with  wa¬ 
ter  at  a  much  lower  temperature. 

Number 


Number 
of  Expe¬ 
riments. 

Temper.  ( f  the 
Water  in  the  Jar 
one  inch  below  its 
furface. 

Temper, 
of  the 
Air. 

Time  the 
Water  re¬ 
mained  on 
the  Ice. 

Quantity  0/ 
Icc  niched. 

Before. 

After, 

I 

4X° 

0 

O 

•ef* 

4>° 

IO' 

203  gr. 

2 

4* 

40 

41 

IO 

220 

3 

4i 

40 

41 

IO 

237 

4 

40 

41 

IO 

228 

5 

4* 

38 

4< 

3° 

617 

6 

4* 

38 

4i 

3°  1  585 
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wr\s  fufpended  from  the  ceiling  of  the  room,  and  very 
gradually  let  down  into  the  oil,  until  the  middle  of  the 
fiat  furface  of  the  hot  iron,  which  was  dire&ly  above  the 
point  of  conical  proje&ion  of  the  ice,  was  diftant  from 
it  only  -5%-ths  of  an  inch.  The  end  of  the  fheath  de 


Parti, 

Caloric, 


feended  TVth  of  an  inch  lower  than  the  end  of  the  hot 


From  thefe  experiments  it  appears  that  the  quantity 
of  ice  melted  in  io'  by  water  at  the  temperature  of  41° 
was  222  gr.  while  boiling  water  melted  only  152  gr. 
in  the  fame  time.  To  difeover  whether  any  of  this  was 
melted  in  the  a6l  of  pouring  in  the  water  ;  from  a  mean 
of  the  two  laft  experiments  it  appears,  that  601  grains 
were  melted  in  30'  :  if  from  this  222  grains  (the  mean 
of  the  four  firfl)  be  dedu&ed,  there  will  remain  379 
grains  for  the  quantity  melted  in  20',  coufequently  1  894 
grains  is  what  mud  have  been  melted  in  the  ordinary 
courfe  of  the  procefs  ;  a  quantity  confiderably  above 
152  grains.  Therefore  water  at  41 p  melts  more  ice  in 
the  fame  time  than  boiling  water.  This  Count  Rum- 
ford  accounts  for  by  fuppofing,  that  in  the  hot  water 
the  defeending  current  from  the  top  of  the  vefiel,  and 
afeending  one  from  the  ice,  meeting  one"  another  in  that 
part  of  the  vefiel  where  the  temperature  is  40°,  retard 
each  others  motions,  and  thus  prevent  the  melting  pro¬ 
cefs  from  going  on  fo  rapidly  as  when  there  is  no  de- 
Renting  current.  And  he  found  accordingly,  that 
when  the  cooling  of  the  water  above  was  retarded  by 
wrapping  up  the  jar  in  a  warm  covering,  the  ice  melted 
fafter ;  and  when  the  cooling  above  was  accelerated,  it 
melted  (lower.  It  is  evident,  that  in  the  one  cafe  the 
velocity  of  the  defeending  current  was  diminifhed,  in  the 
other  accelerated. 

Thus  it  has  been  completely  proved,  that  water  is  a 
non-condu&or  of  caloric.  But  io  this  the  cafe  alio  with 
other  liquids  ? 

When  water  was  frozen  in  a  olafs  jar  by  means  of  a 
mercury  ;  freezing  mixture,  Count  Rumford  obferved,  that  the  ice 
firft  began  to  be  formed  at  the  fides,  and  gradually  in- 
creafed  in  thicknefs  ;  and  that  the  water  on  the  axis  of 
the  vefiel,  which  retained  its  fluidity  longed,  beingcom- 
prefied  by  the  expanfion  of  the  ice,  was  forced  upwards, 
and  when  completely  frozen  formed  a  pointed  projec¬ 
tion  or  nipple,  which  was  fometimes  half  an  inch  high¬ 
er  than  the  reft  of  the  ice.  Upon  ice  frozen  in  this 
manner,  he  poured  olive  oil,  previoufly  cooled  down  to 
32°>  till  it  flood  at  the  height  of  three  inches  above  the 
ice. .  The  vefiel  was  furrounded  as  high  as  the  icc  with 
a  mixture  of'pounded  ice  and  water.  A  folid  cylinder 
of  wrought  iron,  i^th  inch  in  diameter  and  12  inches 
long,  provided  with  a  hollow  cylindrical  fheath  of  thick 
paper,  was  heated  to  the  temperature  of  210°  in  boil¬ 
ing  water;  and  being  fuddenly ‘introduced  into  its  fheath, 
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metallic  cylinder.  Now  it  is  evident,  that  if  olive  oil 
was  a  condu&or,  caloric  would  pafs  down  through 
it  from  the  iron  and  melt  the  ice.  None  of  the  ice, 
however,  was  melted  ;  and  when  mercury  was  fubftitu- 
tedfor  oil,  the  refult  was  juft  the  lame*;  confequently *  Runfv 
it  follows,  that  neither  oil  normeicury  is  a  conductor  of vti. 
heat.  We  may  conclude,  therefore,  with  Count  Rum-  i,artli 
ford,  that  this  is  the  cafe  with  liquids  in  general. 

Sennebier  obferved  feme  time  ago,  that  air  was  a  very  Air; 
bad  conductor  of  caloric,  and  that  it  refilled  every 
change  of  temperature  very  much  \  But  it  was  refer-  *  jmii 
ved  for  Count  Rumford  to  prove,  that  it  conduced  it Pbrf, i?!i 
at  all  only  by  the  internal  motions  of  its  particles,  or 
that  it  was  in  fa  &  a  non-conduftor ,  exa&ly  in  the  fenfe 
that  liquids  are  non-condu£lors  *.  This  he  eftablifhed  by* 
(hewing,  that  whatever  tended  to  obftru&  or  impede  Trmj\ 
the  internal  motions  of  its  particles,  diminifhed  its  con-^yb 
du&ing  power.  By  mixing  with  a  quantity  of  air  T^thPaftI* 
of  its  bulk  of  eiderdown,  he  diminifhed  its  conducing 
power  more  than  one  half.  The  warmth  of  furs  and 
feathers  and  filk  depends  on  a  very  ftrong  attra&ion 
between  them  and  air,  which  is  therefore  confined  in 
their  interfaces,  and  thus  the  caloric  prevented  from 
palling  out  of  the  body.  A  Jingle  metallic  cover  to  a 
boiler  in  a  fhort  time  grew  fo  hot  that  it  could  not  be 
touched,  while  another  of  exaftly  the  fame  form,  but 
double ,  with  a  quantity  of  air  confined  in  the  middle, 
fcarcely  felt  hot  J.  There  can  be  no  doubt  that  all  the*  Kunfotl 
gafes  are  alfo  non-condudlors;  and  Count  Rumford  has£/^vi' 
proved  the  fame  thing  of  fleam  by  the  following  expe¬ 
riment,  which  we  (hall  rehte  in  his  own  words  f  :  f 

“  A  large  globular  bottle  being  provided,  of  very  P*61, 
thin  and  very  tranfparent  glafs,  with  a  nariow  neck,An^caI1 
and  its  bottom  drawn  inward  fo  as  to  form  a  hollow  he- 
mifphere  about  6  inches  in  diameter  ;  this  bottle,  which 
was  about  8  inches  in  diameter  externally,  being  filled 
with  cold  water,  was  placed  in  a  (hallow  difh,  or  rather 
plate,  about  10  inches  in  diameter,  with  a  flat  bottom 
formed  of  very  thin  fheet  brafs,  and  railed  upon  a  tri¬ 
pod,  and  which  contained  a  fmall  quantity  (about  Toths 
of  an  inch  in  depth)  of  water;  a  fpirit  lamp  being  then 
placed  under  the  middle  of  this  plate,  in  a  very  few  mi¬ 
nutes  the  water  in  the  plate  began  to  boil,  and  the  hol¬ 
low  formed  by  the  bottom  of  the  bottle  was  filled  with 
clouds  of  fleam,  which,  after  circulating  in  it  with  fur- 
prifing  rapidity  4  or  5  minutes,  and  after  forcing  out  a 
good  deal  of  air  from  under  the  bottle,  began  gradually 
to  clear  up.  At  the  end  of  8  or  10  minutes  (when,  as 
I  fuppofed,  the  air  remaining  with  the  fleam  in  the  hol¬ 
low  cavity  formed  by  the  bottom  of  the  bottle  had  ac¬ 
quired  nearly  the  fame  temperature  as  that  of  the  fleam) 
thefe  clouds  totally  disappeared;  and  though  the  water 
continued  to  boil  with  the  utmoft  violence,  the  con¬ 
tents  of  this  hollow  cavity  became  fo  perfe&ly  invifible, 
and  fo  little  appearance  was  there  of  fleam,  that,  had  it 
not  been  for  the  ilreams  of  water  which  were  conti¬ 
nually  running  down  its  fides,  I  fhould  almoft  have  been 


tempted  to  doubt  whether  any  fleam  was  actually  gene¬ 
rated. 


J 


“  Upon 
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[lone.  u  Upon  lifting  up  for  an  Inftant  one  fide  of  the 
bottle,  and  lettirg  in  a  fmaller  quantity  of  cold  air,  the 
clouds  ir.ftantly  returned,  and  continued  circulating  fe- 
veral  minutes  with  great  rapidity,  and  then  gradually 
dilappeared  as  before.  This  experiment  was  repeated 
feveral  times,  and  always  with  the  fame  refult ;  the 
fleam  always  becoming  vifible  when  cold  air  was  mixed 
with  it,  and  afterwards  recovering,  its  tranfpa-ency 
when,  part  of  this  air  being  expelled,  that  which  re¬ 
mained  had  acquired  the  temperature  of  the  fteam. 

“  Finding  that  cold  air  introduced  under  the  bottle 
caufed  the  Hearn  to  be  partially  condenfed,  and  clouds 
to  be  formed,  I  was  defirous  of  feeing  what  vifible  ef¬ 
fects  would  be  produced  by  introducing  a  cold  folid 
body  under  the  bottle.  I  imagined  that  if  fteam  was  a 
conductor  of  heat,  fome  part  of  the  heat  in  the  fteam 
pafting  out  of  it  into  the  cold  body,  clouds  would  of 
courfe  be  formed  ;  but  I  thought  if  fteam  was  a  non¬ 
conductor  of  heat,  that  is  to  fay,  if  one  particle  of  fteam 
could  not  communicate  any  part  of  its  heat  toils  neigh¬ 
bouring  particles,  in  that  cafe,  as  the  cold  body  could 
only  affe&  the  particles  ol  fteam  aftualiy  in  contact  with 
it,  no  cloud  would  appear  ;  and  the  reiult  of  the  expe¬ 
riment  (hewed  that  fteam  is  in  fad  a  non-condu£lor  of 
heat ;  for,  notwithstanding  the  cold  body  ufed  in  this 
experiment  was  very  large  and  very  cold,  being  a  (olid 
lump  of  ice  nearly  as  large  as  an  hen’s  eng,  placed  in 
the  middle  of  the  h  llow  cavity  under  the  bottle,  upon 
a  imall  tripod  or  ftand  made  of  iron  wire  ;  yet  as  loon 
as  the  clouds,  which  were  formed  in  confequence  of  the 
unavoidable  introduction  of  cold  air  in  lifting  up  the 
bottle  to  introduce  the  ice,  were  diffipated,  which  foon 
happened,  the  fteam  became  fo  perfectly  tranfparent 
and  in  vifible,  that  not  the  imalleft  appearance  of  cloudi- 
nefs  was  to  be  feen  anywhere,  not  even  about  the  ice, 
which,  as  it  went  on  to  melt,  appeared  as  clear  and  as 
tranfparent  as  a  piece  of  the  fineft  rock  cryftal.”  'I  hus, 
then,A  it  appears,  that  allelaftic  fluids  are  non-conduCtors 
as  well  as  liquids. 

6.  If  equal  quantities  of  water  and  of  mercury  be 
placed  at  the  fame  diftance  from  a  fire,  the  mercury  will 
become  hot  much  looner  than  the  water.  After  a  fuf- 
76t  ficient  interval,  however,  both  of  them  acquire  the 
ecific  ca-  fa'1  e  temperature.  Now  caloric  flows  into  all  bodies 
ic  of  ho.  while  they  continue  of  a  lower  temperature  than  thofe 
.6,  whar.  aroUrui  them,  and  it  flows  with  equal  rapidity  into  all 
bodies  of  the  fame  condu&ing  powers,  as  is  the  cafe 
with  tliefe  two  fluids:  But  if  equal  quantities  ot  caloric 
were  conftantly  flowing  into  the  mercury  and  the  water, 
and  yet  the  water  took  a  longer  time  to  become  hot 
than  the  mercury,  it  mull  require  a  greater  quantity  of 
caloric  to  raife  water  to  a  given  temperature  than  it  does 
to  raife  mercury.  Bodies  that  require  a  greater  quan¬ 
tity  of  caloric  to  raife  them  to  a  particular  temperature 
than  other  bodies  require,  are  faid  to  have  a  greater  ca¬ 
pacity  for  caloric.  That  the  capacity  for  caloric  is  dif¬ 
ferent  in  different  bodies,  was  firft  obferved  by  Dr  Black. 
Dr  Irvine  afterwards  inveftigated  the  fubjedf,  and  Dr 
Crawford  publifhed  a  great  number  of  experiments  on 
it  in  his  Treatife  on  Heat .  Profeffor  Wilcke  of  Stock- 
Suppl.  Vol.  I.  Part  I. 
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holm  alfo  difeovered  the  fame  property  of  bodies.  He  Caloric, 
called  the  quantity  of  caloric  necdTary  to  raife  the  tern-  l™"  v 
perature  of  fubftances  a  given  number  of  degrees,  their 
fpecific  caloric  ;  a  term  which  we  fhall  alfo  employ,  be¬ 
cause  the  plirafe  capacity  for  caloric  is  liable  to  a  great 
deal  of  ambiguity,  and  has  introduced  confufion  into 
this  fubjed  (f).  If  two  fubftances  of  unequal  tempe¬ 
ratures,  as  water  at  IOO°  and  alcohol  at  50°,  be  mixed 
together,  the  mixture  will  be  of  a  temperature  different 
both  from  that  of  the  water  and  the  alcohol,  the  water 
will  become  colder  and  the  alcohol  hotter  :  the  water 
will  give  out  caloric  to  the  alcohol  till  both  are  reduced 
to  the  fame  temperature  Now  if  it  requires  juft  as 
much  caloric  to  raife  alcohol  a  certain  number  of  de¬ 
grees  as  it  does  to  raife  water  the  fame  number,  that  is, 
if  thefe  two  fluids  are  of  the  fame  fpecific  caloric,  it  is 
evident  that  the  temperature  of  the  mixture  will  be  juft 
75°  ;  for  as  foon  as  the  water  has  given  out  25°  of  ca¬ 
loric,  the  alcohol  has  acquired  25*,  confequently  both 
will  be  reduced  to  the  fame  temperature,  and  will  re¬ 
main  ftationary  ;  but  if  the  fpecific  caloric  of  the  wa¬ 
ter  be  greater  than  that  of  the  alcohol,  the  tempera¬ 
ture  of  the  mixture  will  be  higher  than  7 ;  for  25° 
of  caloric  in  that  cafe  would  raife  alcohol  more  than 
25  If  the  fpecific  caloric  of  water  be  fo  much  great¬ 
er  than  that  of  alcohol,  that  what  raifes  water  20  ^  will 
raife  alcohol  300;  then  the  temperature  after  mixture 
will  be  80°,  becaufe  when  the  water  has  given  out  20°, 
the  alcohol  will  have  rifen  30°,  and  of  courfe  both  will 
be  of  the  fame  temperature.  On  the  contrary,  it  the 
fpecific  caloric  of  alcohol  were  greater  than  that  of  wa¬ 
ter,  the  temperature  of  the  mixture  would  be  under  73 Q. 

If  the  fame  quantity  of  caloric  that  raifed  alcohol  20°, 
raifed  water  30°,  then  the  temperature  of  the  mixture 
would  be  70^.  Thus  the  ratios  of  the  fpecific  caloric 
of  bodies  may  be  difeovered  by  mixing  them  together 
at  different  temperatures.  .  _  ^3 

The  firft  fet  of  experiments  on  this  fubjeCt,  in  point  Experi- 
of  time,  were  probably  thofe  of  Mr  Wilcke.  They  ments  on 
were  firft  publifhed  in  the  Stockholm  Trani'a&ions  foi-fpecfic 
178 1,  but  had  been  made  long  before.  The  manner  in  \vUcke, 
which  they  were  conduced  is  exceedingly  ingenious, 
and  they  furnifh  us  with  the  fpecific  caloric  of  many  of 
the  metals.  The  metal  on  which  the  experiment  was 
to  be  made  w^s  firft  weighed  accurately  (generally  one 
pound  was  taken),  and  then  being  fufpended  by  a 
thread,  was  plunged  into  a  large  vefftl  of  tinplate,  filled 
with  boiling  water,  and  kept  there  till  it  acquired  a  cer¬ 
tain  temperature,  which  was  afeertained  by  a  thermo¬ 
meter.  Into  another  fmall  box  of  tinplate  exadly  as 
much  water  at  3  2°  was  put  as  equalled  the  weight  of 
the  metal.  Into  this  vefftl  the  metal  was  plunged,  and 
fufpended  in  it  fo  as  not  to  touch  its  fidcs  or  bottom ; 
and  the  degree  of  heat,  the  moment  the  metal  and  water 
were  reduced  to  the  fame  temperature,  was  marked  by 
a  very  accurate  thermometer.  He  then  calculated  what 
the  temperature  would  have  been  if  a  quantity  of  water 
eoual  in  weight  to  the  metal,  and  «f  the  lame  tempera¬ 
ture  with  it,  had  been  added  to  the  ice-cold  water  in- 
ftead  of  the  metal. 

LI  Let 


(f)  The  term  fpecific  caloric  has  been  ufed  in  a  different  fenfe  by  Seguin.  He  ufed  it  for  the  whole  calorie 
which  a  body  contains. 


Let  M  be  a  quantity  of  water  at  the  temperature  C, 
m  another  quantity  at  the  temperature  c>  and  let  their 
common  temperature  after  mixture  be  x  ;  according  to 

a  rule  demonftrated  long  ago  by  Rich  man* 


M  m 

In  the  prefent  cafe  the  quantities  of  water  ate  equal, 
therefore  M  and  m  are  each  r.  I  ;  C,  the  temperature 
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the  water,  and*  the  firft  *  remainder  be  divided  by  the 
laft,  the  quotient  will  exprefs  the  quantity  of  water  of 
the  temperature- of  the  metal  which  would  have  railed 
the  iee- cold  water  the  fame  number  of  degrees  that  the 
metal  did. 

NowN~32  expreffes  the  fpecific -caloric  of  the  me* 


of  the  ice-cold 
32  +  ^ 


water  =  32  : 


therefore 


M  +  m 

Now  c  is  the  temperature  of  the  metal; 


Therefore  if  3  2  be  added  to  the  temperature  of  the  me¬ 
tal,  and  the  whole  be  divided  by  2,  the  quotient  will  ex¬ 
prefs  the  temperature  of  the  mixture,  if  an  equal  weight 
of  water  with  the  metal,  and  of  the  fame  temperature 
with  it,  had  been  added  to  the  ice-cold  water  indead 
of  the  metal. 

He  then  calculated  what  the  temperature  of  the  mix* 
tuve  would  have  been,  if,  inftead  of  the  metal,  a  quantity, 
of  water  of  the  lame  temperature  with  it,  and  equal  to  - 
the  metal  in  bulk,  had  been  added  to  the  ice-cold  water. 
As  the  weights  of  the  ice-cold  water  and  the  metal  are. 
equal,  their  volumes  are  inverfely  as  their*  fpecific  gravi¬ 
ties.  Therefore  the  volume  of  ice-cold  water  is  to 
a  quantity  of  hot  water  equal  in  volume  to  the  me¬ 
tal,  a3  the  fpecific  gravity  of  the  metal  to  that  of  the 
water.  Let  M  =  volume  of  cold  water,  m  =  volume 
of  hot  water,  g  =  fpecific  gravity  of  the  metal,  1  == 
fpecific  gravity  of  water  $,  then  m  :  M  : 1  :g;  hence 


as  1  to 


■(g). 


m  =z  ^  =  (M  being  made  =: 
g 

this  value  of  m  in  the  formula, 


*>r 

MC  + 


Subftituting 


t  -  N 

We  fh all  now  give  a  fpecimen  or  two  of  his  experi¬ 
ments,  and  the  calculations  founded  on  them,  as  above 
deferibed. 

Gold.  Specific  Gravity  19,04a. 


which  M  =..  1  and  C  =  32,  x 


M  +  m 

will  be  =  3_M+i. 

s  +  1 

Therefore  if  the  fpecific  gravity  of  the  metal  be  multi¬ 
plied  by  32,  and  the  temperature  of  the  metal  be  add¬ 
ed,  and  the  fum  be  divided  by  the  fpecific  gravity  of 
the  metal  +  r,  the  quotient  will  exprefs  the  tempera¬ 
ture  to  which  the  ice-cold  water  would  be  raifed  by- 
adding  to  it  a  volume  of  water  equal  to  that  of  the  me¬ 
tal,  and  of  the  fame  temperature  with  it. 

He  then  calculated  how  much  water  at  the  tempera¬ 
ture  of  the  metal  it  would  take  to  raife  the  ice-cold  wa¬ 
ter  the  fame  number  of  degrees  which  the  metal  had 
raifed  it.  Let  the  temperature  to  which  the- metal  had; 
raifed  the  ice-cold  water  be  =  N,  if  in  the  formula 

—  x,  x  be  made  =  N,  M  =  1,  C  ==.  32,, 

M  +m 

m  will  be  ss.  ~ Therefore  if  from  the  tempera- 
c  —  N 

ture  to  which  the  ice-cold  water  was  raifed  by  the  metal 
32  be  fnbtra&ed,  and  if  from  the  temperature  of  the 
metal  be  fubtrafted  the  temperature  to  which  it  raifed 


Num¬ 
ber  of 
experi¬ 
ments. 

Tempe¬ 
rature  of 
the  me¬ 
tal. 

Tempe¬ 
rature  to 
which 
the  me¬ 
tal  raifed 
thewa'tr 
at  320. 

Temper,  to 
which  it 
would  have 
been  raifed 
by  a  quan¬ 
tity  of  wd  ter 
equal  in 
weight  and. 
heat  to  the 
metal. 

Tempera¬ 
ture  to 
which  it 
would  have 
been  raifed 
by  water  e- 
qual  in  bulk 
and  tempe 
ratureto  the 
metal. 

Denomina¬ 
tor  of  the 
fraiTon 

C— N  . . ■’ 

N — 32 
the  numera¬ 
tor  being  1. 

I 

163,4° 

3«>3° 

97,7° 

38,555° 

19,857 

2 

*44,5 

37)4 

8-8,25 

37,58 

19,833 

3 

I27>4 

36,5 

.  79>7 

36^8 

20,500 

4 

I  W  I 

I  00  I 
1  *  1 

3  6,  of 

75»2 

36,15 

20,333 

5 

103,1 

35,6 

65,75 

35,42 

s° 

■<1 

Co 

O 

6 

95 

34,45 

63,5  f 

35,06 

19,000 

Mean 


(g)  We,  have  altered  allthefe  formulas, to  make  them  correfpond  with  Fahrenheit’s  thermometer.  They  are  a 
good  deal  fimpler  when  the  experiments  are  made  with  Celfius’s  thermometer,  as  Mr  Wilcke  did.  In  it  the 
freezing  point  is  zero  5  and  confequently  inftead  of  32  in  the  formula,  o  is  always  fubftituted,. 


c  —  N* 

tal,  that  of  water  being  =  j.  For  (negle&ing  the 
fmall  difference  occafioned  by  the  difference  of  tempera^ 
ture)  the  weight  and  volume  of  the  ice-cold  water  are 
to  the  weight  and  volume  of  the  hot  water  as  1  to 

~ - 3 : 2,  and  the  number  of  particles  of  water  in  each 

c  —  N 

are  in  the  fame  proportion*  Rut  the  metal  is  equal  in 
weight  to  the  ice-cold  water  ;  it  muft  therefore  contain 
as  many  particles  of  matter  ;  therefore  the  quantity  of 
matter  in  the  metal  muft  be- to  that  in  the  hot  water  a3 

1  to  - ™  Rut  they  give  out  the  fame  quantity  off 

caloric  ;  which,  being  divided  equally  among  their  par¬ 
ticles,  gives  to  each  particle  a  quantity  of  caloric  in- 

qual,  their^volumes  are  inverfely  as  their*  fpecific  gravi-  aa  tlie  °f  the  met?1  and  wateJ  5  that  1S! 

.  *  /■*-  n  *  .  the  fpecific  caloric  of  the  water  is  to  that  of  the  metal 

N  —  32/ 


*9>7** 

Lead. 


1 


rt  I,  CHE  M  l 

lor ic.  '  Ll  An.  'Specific  Gravity  11,456. 


dum¬ 
ber  of 
experi¬ 
ments. 

i 

Tempe¬ 
rature  <  f 
the  me¬ 
tal. 

Tcnipe- 
ature  to 
which 
the  me¬ 
tal  railed 
the  water 
at  3  A 

Tempera-  1 
time  to 
which  the 
water  wouic 
have  been 
raifed  by  a 
quantity  1  f 
water  equal 
in  weight 
ard  heat  to 
the  metal. 

Tempera¬ 
ture  to 
which  the 
water  would 
have  been 
raifed  by 
wafer  equal 
mi  bulk  and 
emperature 
to  the  me¬ 
tal. 

Denomina¬ 
tor  ot  the 
f  a&ion 

1 

c — N 

N~3* 

I 

186,8 

38,3 

109,4 

44,425 

23,571 

2 

1  81,40 

37,85 

106,7 

43,473 

24,538 

3 

3,1 

^n.  I 

'to  1 

37>4 

98,6 

42,692 

23,666 

4 

163.4 

37*4 

97,7 

42,548 

23,333 

5 

136,4 

36,5 

84,2 

40,344 

22,2CO 

6 

’31 

36,05 

81  >5 

39,947 

24,700 

:  7 

126,5 

36,05 

79,25 

39,585 

22,333 

8 

107,6 

35, J5 

69,8 

38,339 

23,000 

9 

94, 1 

34,7 

63,05 

36,985 

2  2,000 

Mea-n  23,515 


164 

rawford, 


165 

.avoifier 
nd  La 
Mace, 


It  is  needlefs  to  add,  that  the  lall  column  marks  the 
denominator  of  the  fpecific  caloric  of  the  metal  ;  the 
numerator  being  always  1,  and  the  fpecific  caloric  of 
water  being  1.  Thus  the  fpecific  caloric  of  gold  is 

- — - -  In  exa&ly  the  fame  manner,  and  by  taking 

19,712.  . 

a  mean  of  a  number  of  experiments  at  different  tempe¬ 
ratures,  did  Mr  Wilcke  afcertain  the  fpecific  caloric  of 
a  number  of  other  bodies.  He  afcertained  at  the  fame 
time,  that  the  fpecific  caloric  of  a  body  did  not  vary 
with  the  temperature,  but  continued  always  the  fame. 
This  will  appear  evident  from  the  experiments  on  gold 
and  lead  above  exhibited.  f  \  .  . 

Next,  in  point  of  time,  and  not  inferior  in  ingenious 
contrivances  to  enfure  accuracy,  were  the  experiments 
of  Dr  Crawford,  made  by  mixing  together  bodies  of 
different  temperatures.  Thefe  were  publifhed  in  his 
Treatifc  on  Heat.  #  . 

Several  experiments  on  the. fpecific  caloric  of  bodies 
were  made  alfo  by  Lavoifier  and  De  la  I  lace,  which, 
from  the  well-known  accuracy  of  thefe  philofopherg, 
cannot  but  be  very  valuable. 

Their  method  was  exceedingly  fimple  and  ingenious; 
it  was  firft  fugged: ed  by  De  la  Place.  An  inftrument 
was  contrived,  t-o  which  Lavoifier  gave  the  name  of  ca¬ 
lorimeter.  It  con  lifts  of  three  circular  veftels  nearly  in¬ 
ferred  into  each  other,  fo  as  to  form  three  different  ap- 
partments,  one  within  the  other,  ^hefe  three  we  {hall 
-call  the  interior ,  inhldle9  and  external  cavities.  I  he  in- 
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tenor  cavity////  (fee  feftion  of  the  inftrament  fig.  4.),  Calor^_J 
into  which  the  fubftances  lubmitted  to  experiment  are  "  ** 

put,  is  compoied  of  a  grating  or  cage  of  iron  wire,  fup- 
ported  by  feveral  iron  bai*s.  Its  opening  or  mouth  LM 
is  covered  by  the  lid  HG,  which  is  compofed  of  the 
fame  materials.  The  middle  cavity  bbbl  is  filled  with 
ice.  This  ice  is  fupported  by  the  grate  m  m,  and  un¬ 
der  the  grate  is  placed  a  fieve.  The  external  cavity 
#  a  a  a  is  alfo  filled  with  ice.  We  have  mentioned  al¬ 
ready,  that  no  caloric  can  pafs  through  ice.  It  can  en¬ 
ter  ice,  indeed,  but  it  remains  in  it,  and  is  employed  in 
melting  it.  The  quantity  of  ice  melted,  then,  is  a  mea- 
fure  of  the  caloric  which  has  entered  into  the  ice.  The 
exterior  and  middle  cavities  being  filled  with  ice,  all  the 
water  is  allowed  to  drain  away,  and  the  temperature  of 
the  interior  cavity  to  comedown  to  3  2°.  Then  the 
fubflance,  the  fpecific  caloric  of  which  .is  to  be  afcer¬ 
tained,  is  heated  a  certain  number  of  degrees,  fuppofe 
to  2X2°,  and  then  put  into  the  interior  cavity  inclofed 
in  a  thi-n  vefftl.  As  it  cools,  it  melts  the  ice  in  the  mid¬ 
dle  cavity.  In  proportion  as  it  melts,  the  water  runs 
through  the  grate  and  fieve,  and  falls  through  the  co¬ 
nical  funnel  cc  d  and  the  tube  x  y  into  a  veil'd  placed 
below  to  receive  it.  The  external  cavity  is  filled  with 
ice,  in  order  to  prevent  the  external  air  from  approach¬ 
ing  the  ice  in  the  middle  cavity  and  melting  part  of  it. 

The  water  produced  from  it  is  carried  ofF  through  the 
pipe  ST.  ihe  external  air  ought  never  to  be  below 
3 2°;  nor  s&ove  41  .  I11  the  li  ft  cafe,  the  ice  in  the 

middle  cavity  might  be  cooled  too  low  ;  in  the  laft,  a 
current  of  air  flows  through  the  machine  and  carries 
off  fome  of  the  caloric.  By  putting  various  fubftances 
at  the  fame  temperature  into  this  machine,  and  obfer- 
ving  bow  much  ice  each  of  them  melted  in  cooling 
down  to  3 2°,  it  was  eafy  to  afcertain  the  fpecific  calo¬ 
ric  of  each.  Thus,  if  water,  in  cooling  from  212  to 
32,  melted  one  pound  of  ice,  and  mercury  ,029  of  a 
pound  ;  the  fpecific  caloric  of  water  was  one,  and  that 
of  mercury  ,029.  This  appears  by  far  the  fimplelt 
method  of  making  experiments  on  this  fubjedl ;  and 
muft  alfo  be  the  mofl  accurate,  provided  we  can  be  cer¬ 
tain  that  all  the  melted  fnow  flows  into  the  receiver. 

But  from  an  experiment  of  Mr  Wedgewood,  one  would 
be  apt  to  conclude  that  this  does  not  happen.  He 
found  that  the  melted  ice,  fo  far  from  flowing  out,  ac¬ 
tually  fro%e  again,  and  choaked  up  the  paflagc.  ^ 

A  table  of  the  fpecific  caloric  of  various  bodies  was^ncj  Kjr- 
hkewife  drawn  up  by  Mr  Kirwan,  and  publifhed  by  Ma*  wan. 
gellan  in  his  Treatife  on  Heat. 

From  all  thefe  fources  we  have  drawn  up  the  follow-  Refujt70f 
mg  table,  which  exhibits  at  one  view  .the  fpecific  calo  thefe  exp«- 
ric  of  thofe  bodies  on  which  experiments  have  hitherto  riments. 
been  made. 

We  have  added  to  it  a  column,  expreffing  the  fpeci¬ 
fic  caloric  of  equal  bulks  of  the  fame  bodies  ;  which 
feems  to  be  a  more  accurate  way  of  confidering  this 
fubjeft,  and  indeed  the  only  way  in  which  the  phrafe 
capacity  for  caloric  is  intelligible.  This  column  was 
formed  by  multiplying  the  fpecific  caloric  of  equal 
weights  of  the  various  lubftances  into  their  refpedtive 
fpecific  gravities. 
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Caloric. 


CHEMISTRY.  Par^ 

Table  of  the  Specific  Caloric  of  Various^  Bodies ,  that  of  Table  of  the  Specific  Caloric  of  Farms  Bodies ,  that  of  Caloric. 

Waur  being  =  i,ooco,  continued  (h). 


Water  being  z=  1,0000  (h). 


Bodies. 


I.  Gases  *. 

Hydrogen  gas  -  - 
Oxygen  gas  -  *  - 

Common  air  - 
Carbonic  acid  gas 
Steam  - 
Azotic  gas  - 

II.  Liquids. 
Water  - 

Carbonat  of  ammoniaf 
Arterial  blood*  -  - 

Cows  milk*  -  -  - 

Sulphuret  of  ammoniaf 
Venous  blood*  -  - 

Solution  of  brown  fugarf 
Nitric  acid  J  -  -  - 

Sulphatof  magnefia  1 1 
Water  8J 

Common  fait  I  7  , 

Water  8  y  '* 

Nitre  1 1  , 

Water  83^ 

Muriat  of  ammonia  1 1 
Water  1,53 

Tartar  1  1  . 

Water  237,3  J  ' 
Solution  of  potafs  f  - 
Sulphat  of  iron 
Water 

Sulphat  of  foda 
Water 

Gil  of  olives f 
Ammoniaf 
Muriatic  acidf 
Sulphuric  acid 
"Water 

Alum  1  1 

Water  4,453  " 

Nitric  acid  p-j-- 
Lime  j 
Nitre  1 1  , 

Water  33  * 

Alcohol  *  - 

Sulphuric  acid$  -  . 
Nitrous  acid  f 
Linfeed  oil  f  .  .  . 
Spermaceti  oil  *  -  - 

Oil  of  turpentine  f  - 
Vinegar f  -  -  » 

Lime  9I. 

Water  163  * 

Mercury  . 

Diftilkd  vinegar  f  - 


0,000094 
0,0034 
0,0c  122 
0,00183 

0,00120 


Specific 

Gravity. 


Specific  Caloric 


of  equal 
Weight. 


1,0000 


1,0324 

',818 


h 


2>5_ 

*b 


th 


‘h  - 


°>9l53 

o»997 

J22 


1,346 


0,8371 

1,840 

*>315 

0,9403 

0,9910 


13,568 


2  1,4000 

4*749° 

1,7900 

L0459 

i,55°o 

0,7036 


1,0000 

1,851 

1,030 

0,9999 

0,9940 

0,8928 

0,860c 

0,844 

0,844 

0,832 

0,8167 

°>779 

0,765 

°»759 

°>734 

0,728 

0,710 

0,7080 

0,6800 

0,6631 

0,649 

0,6181 

o  646 

0,6021 

0,5968 

0,576 

0,528 

0,5000 

0,472 

0,3870 

0,3346 


of  equal 
Volumes 


0,002  14 
,00641  I 
0,002183 
,001930 

0,000952 


1,0000 


1,0322 

0,8130 


1,2216 


’,6498 

0,7041 

°»7  63 


0,4993 

1,120 

0,780 

0,4964 

0,4132 

0,3966 


0,3100 

0,1030 


4,123 

10,1039 


Bodies. 


III.  Solids 

Ice  f  -  .  - 

Ox-hide  with  the  hair  * 
L lines  of  a  flieep  * 

Lean  of  ox-beef* 

Rice  * 

Horfe  beans  * 

Dull  of  the  pine  tree  * 
Peafe  *  - 

Wheat  *  *  - 

Barley  *  -  - 

Oats  * 

Pitcoal  *  -  - 

Charcoal  * 

Chalk*  -  . 

Ruit  of  iron  * 

White  oxyd  of  antimony 
walked  * 

Oxyd  of  copper  nearly 
freed  from  air  * 
Quicklime  (r) 
Stone-ware  f  -  -  - 

Agate**  - 
Cryftalf  -  - 
Cinders  *  -  -  -  - 

Swedifh  glafs  ** 

Afhes  of  cinders  * 
Sulphur 

Flint  glafs  f  -  -  - 

Ruft  of  iron  nearly  freed 
Irom  air  *  -  -  - 

White  oxyd  of  antimo¬ 
ny  ditto  *  *  -  . 

Afhes  of  the  elm  * 

Oxyd  of  zinc  nearly  free 
4  from  air  *  -  - 

Iron  (d)  -  - 

Braf s  (*/)  -  -  - 

Copper  (d)  -  - 

Sheet  iron  f  -  -  . 

Oxyd  of  lead  and  tin  * 
Gun-metal  ||  -  -  - 

White  oxyd  of  tin  near¬ 
ly  free  from  air  *  - 

Zinc  (//)  .... 

Afhes  of  charcoal  * 
Silver** 

Yellow  oxyd  of  lead  near- 
ly  freed  from  air  * 

Tin  (e)  -  -  .  . 

Antimony  ( d )  -  . 

Gold**  r  -  - 

Lead  (*)••-  . 
Bifmuth  **  -  -  - 


Specific 

Gravity. 


2,648 

3,189? 

2,386 

1,99 

3,3193 


7,876 

8,358 

8,784 


7,154 


10,001 


7,380 

6,107 

19,040 

11,456 

9,861 


Specific  Caloric 
of  equal  of  equal 
Weight.  Volumes. 


0,9000 

0,787 

0,769 

0,7400 

0,5050 

0,5020 

C,5COO 

0,4920 

0,4770 

0,42  IO 

0,4160 

0,2777 

0,2631 

0,2564 

0,2500 

0,2270 

0,2272 

0,2199 

0,195 

°,195 

0,1929 

0,1923 

0,187 

0,1885 

0,183 

0,174 

0,1666 

o,  5  666 

0,1402 

0,1369 

0,1264 
0,1141 
0,1 121 
o,  1099 
0,102 
0,1 100 

0,0990 

0,0981" 

0,0909 

0,082 

0,0680 

0,0661 

0,0637 

0,050 

0,0424 

0,043 


°>5X  7 

0,6151 

0,448 

0,3680 

0,5792 


°>993 

0,971 

1,027 


°>7  35 
°»833 


0,444 

0,390 

0,966 

0,487 

0,427 

7-  If 


™ of  c,awford  ,nd  «  m“““f 
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ic.  7.  I?  a  quantity  of  ice,  at  a  low  temperature,  fup- 
—  pofe  at  2  ,  be  fufpended  in  a  warm  room,  it  will  be¬ 
come  gradually  lcfs  cold,  as  may  be  difcovered  by  means 
C3  of  a  thermometer,  till  it  reaches  the  temperature  of 
C  32  ;  but  there  it  flops.  The  ice,  however,  difiolves 
flowly  ;  and  at  the  end  of  feveial  hours,  when  it  is  all 
juft  melted,  the  thermometer  ft  ill  Hands  at  3  2*.  Af¬ 
ter  this  it  begins  to  rife,  and  foon  reaches  the  tempera¬ 
ture  of  the  room.  Here  the  ice  continues  for  feveral 
hours  colder  than  the  air  around  it.  Caloric  mult  then 
be  continually  flowing  into  it ;  yet  it  does  not  become 
hotter :  it  is  changed,  however,  into  water  Ice  there¬ 
fore  is  converted  into  water  by  a  quantity  of  caloric 
unitino-  with  it.  This  caloric  has  been  called  latent  ca¬ 
loric,  becaufe  its  prefence  is  not  indicated  by  the  ther- 
!f  mometer.  Tt  might,  perhaps  with  more  propriety,  as 
f.  ProfefTor  Pi&et  obferves  f,  be  called  caloric  of  fluidity  ; 
ki  for  there  are  other  cafes  in  which  caloiic  exifts  in  bo¬ 
dies  without  raifing  their  temperature.  This  very  im¬ 
portant  difcovery  was  made  by  Dr  Black  as  early  as 
1757,  and  feems  to  have  led  the  way  to  all  the  fubfe- 
quent  difcoveries  in  this  part  of  chemiftry,  which  have 
almoft  completely  changed  the  appearance  of  the  fcience : 
for  the  difcovery  that  caloric  may  exift  in  bodies  while 
the  thermometer  cannot  indicate  its  prefenct,  is  one  of 
the  ftrongeft  links  in  the  chain  of  fads  by  which  the 
nature  oi  combuftion  was  afeertained. 

The  caloric  which  unites  with  ice,  and  renders  it 
fluid,  appears  again  during  the  ad  of  freezing.  If  a 
quantity  of  water  be  carried  into  a  room  where  the 
temperature  is  below  the  freezing  point,  fuppofe  at  20°, 
it  cools  gradually  down  to  32°;  but  it  becomes  no 
colder  till  it  is  all  frozen,  which  takes  up  fome  time. 
The  moment  it  is  all  converted  into  ice,  it  begins 
again  to  cool,  and  foon  reaches  the  temperature  of  the 
room.  In  this  cafe,  the  water  is  furrounded  by  a 
colder  atmofphere  ;  it  muft  therefore  be  giving  out  ca¬ 
loric  conftantly  ;  yet  it  does  not  become  colder  till  it 
is  all  frozen,  that  is  to  fay,  till  it  has  loft  all  its  ca¬ 
loric  of fluidity. 

Dr  Black  proved,  by  a  veiy  accurate  experiment, 
that  the  quantity  of  caloric  of  fluidity  is  iuflcient  to 
raife  the  fame  quantity  of  water  140°. 

All  folids  become  fluid  by  abforbing  a  quantity  of 
caloric.  Landriani  proved,  that  this  is  the  cafe  with 
|  fulphur,  alum,  nitre,  and  feveral  of  the  metals  %  ;  and 
x  .  it  has  been  found  to  be  the  cafe  with  every  fubftance 
hitherto  examined.  Fluidity,  therefore,  i$  owing  to  a 
union  between  the  folid  and  a  certain  quantity  of  ca¬ 
loric. 

The  late  Dr  Irvine  of  Glafgow  advanced  a  theory  on 
this  fubjed  different  from  that  of  Dr  Black.  The  Ipe* 
cific  caloric  of  water  being  greater  than  that  of  ice,  it 
requires  a  greater  quantity  of  caloric  to  raife  it  to  a 
given  temperature  than  it  docs  to  raife  ice.  The  calo¬ 
ric  does  not  therefore  become  latent ;  it  only  teems  to 
do  fo  from  the  greater  fpecific  caloric  of  water.  This 
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theory  was  zealoufly  adopted  by  Dr  Crawford.  Dr ,  CaIonc-  j 
Black  ohferved  very  juttly,  that  it  did  not  account  for  * 
the  produdion  of  fluidity  at  all.  The  fpecific  caloric 
of  water  is  indeed  greater  than  that  of  ice  ;  but  how  is 
the  ice  converted  into  water  ?  This  is  an  objection 
which  the  advocates  for  Dr  Irvine’s,  or  Dr  Crawford  s, 
theory  (as  it  ha§  been  improperly  called)  will  not  eafily 
aniwer.  Let  us  now  examine  whether  this  theory  ac¬ 
counts  for  the  apparent  lofs  of  caloric.  It  follows  fronv 
Mr  Kirwan’s  experiments,  that  the  fpecific  caloric  of 
water  is  to  that  of  ice  as  10  to  9(1)..  Dr  Black 
proved,  that  as  much  caloric  entered  the  ice  as  would 
have  railed  it,  had  it  been  water,  I40v.  Let  us  fup¬ 
pofe  that  it  would  only  have  raifed  the  ice  140°;  in 
that  cafe  the  melted  ice  ought  to  have  been  of  the  tem¬ 
perature  of  1  58°,  for  to  :  9  :  :  140  :  126  ;  but  it  was 
only  320  :  Therefore  126°  of  caloric  have  difappear- 
ed/and  cannot  be  accounted  for  by  the  change  of  ipe- 
cific  caloric.  Nor  can  the  accuracy  of  Dr  Black’s  ex¬ 
periment  be  fufpe&ed  :  it  lias  been  repeated  in  every 
part  of  the  world,  and  varied  in  every  p  flible  way. 

We  cannot  doubt,  therefore,  that  caloric  unites  with 
fubftances,  and  caufes  them  to  become  fluid,  or  that 
there  is  in  fact  a  caloric  of  fluidity  different  from  fpecific 
caloric .  #  270 

Water  alfo  is  converted  into  fleam  by  uniting  with  Caloric  of 
caloric.  Dr  Black  put  an  iron  veffel,  containing  four  evaporation 
ounces  of  water  at  the  temperature  of  53^>  upon  a  caft- 
iron  table  which  was  red  hot.  The  water  rofe  to  the 
boiling  point  in  three  minutes;  but  it  did  not  after¬ 
wards  become  any  hotter.  It  evaporated,  however,  im 
18  minutes;  and  the  fleam  was  precifely  at  the  tempe¬ 
rature  of  2 12°.  During  the  firft  three  minutes,  it  re¬ 
ceived  1  590  of  caloric,  and  as  much  muft  have  been  en¬ 
tering  it  during  every  three  minutes  wjiile  the  evapo¬ 
ration  continued,  as  the  temperature  was  always  much, 
lower  than  that  of  the  table.  This  caloiic,  inftead  of 
raifing  the  temperatuie  of  the  water,  was  employed  in 
converting  it  into  fleam.  There  is  alfo,  therefore,  a 
quantity  of  latent  caloric  in  fleam.  It  might,  as  Mr 
Pi&et  obferves,  be  called,  with  propriety,  caloric,  of  eva¬ 
poration.  This  caloric  appears  again  if  the  fleam  be 
condenfed.  If  it  be  made  to  pafs,  for  inftance,  through 
a  pipe  furrounded  with  cold  water,  it  is  condenfed  in 
the  p  1  pe ,  and  drops  out  from  it  in  the  form  of  water. 

The  caloric  of  the  fleam  enters  into  the  water  around 
the  pipe,  and  the  quantity  of  it  in.  degrees  may  be  dif¬ 
covered  by  the  number  of  degrees  which  it  raifes  that 
water.  By  an  expeiiment  of  this  kind,  it  was  proved, 
that  the  caloric  of  evaporation  would  be  fufficient  to 
heat  water  red  hot,  were  it  employed  only  in  raifing  its- 
temperature,  inftead  of  converting  it  into  fleam.  It  is 
therefore  at  leaft  equal  to  8oo°.  Mr  Watt  (hewed  af¬ 
terwards  that  it  was  920°. 

Even  fpontaneous  evaporation,  as  Dr  Black  firft  ob- 
ferved,  is  owing  to  the  fame  caufe  :  and  this  explains* 
why  bodies  cool  when  water  is  evaporated  from  their 

furface ; 


(1)  We  do  not  know  how  this  was  afeertained  :  Not  by  mixing  water  and  ice  furely  ;  becaufe  that  would 
be  taking  for  granted  the  thing  to  be  proved  ;  becaufe  it  would  give  a  very  different  refult ;  and  what  is  Hill  worfe, 
the  fpecitic  caloric  in  that  cafe  would  differ  according  to  the  temperature  and  the  quantity  of  water.  i  o  give 
an  inftance  :  Mr  Gadolin  concludes,  from  180  experiments  made  by  mixing  hot  water  and  ice,  that  the  lpecific. 
d  caloric  of  ice  is  to  that  of  water  only  as  I  to  2  *  $  and  had  he  varied  the  quantities  and  the  temperatures,  hr 
might  have  obtained  feveral  other  ratios. 
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iariace ;  a.  fad  which  lias  been  long  known,  and  which  men  began  to  think  accurately  on  the  fubjed,  who  con*  C-l^  ^ 
has  been  employed  in  warm  countries  to  diminifh  the  ceived  the  pofnbility  of  determining  this  queftion,  wag 
temperature  of  liquids,  and  even  to  convert  them  into  Dr  Irvine  of  Glafgow.  He  invented  a  theorem,  in  or* 
jee  (k).  1  hat  water  is  evaporated  by  uniting  with  ca-  der  to  afeertain  the  real  zero,  -which  has,  we  know  not  thorn 

Joric,  and .not  by  folution  in  air,  has  been  proved  very  for  what  reafon,  been  aferibed  by  feveral  writers  to  Mr <1  fairer 

completely  by  De  Luc  in  his  lYeatife  on  Meteorology.,  fvirwan.  He  took  it  for  granted  (and  the  fad  is  pro- 

I  he  evaporation  of  alcohol,  ether,  and  every  other  ved  by  all  the  experiments  hitherto  made)  that  the  fpe- 
fubftance  on  which  experiments  have  been  made,  has  cific  caloric  of  bodies  continued  the  fame  in  every  de- 
been  found  owing  to  the  fame  caufe.  ^  Bodies,  there-  gree  of  temperature,  as  long  as  they  remained  in  the 
Zji  fore,  are  converted  into  vapour  by  uniting  with  caloric,  fame  ftate,  that  is  to  fay,  as  long  as  they  continued  ei- 

33.eal  zero,  8*  If  caloric,  as  has  been  (hewn,  exiits  in  bodies  at  ther  fbiid  or  fluid  or  in  a  Hate  of  vapour  ;  but  that  the 

*'hat.  the  lowed  temperature  which  we  are  able  to  proem  e,  fpecific  caloric  of  the  fame  body  while  folid  was  lefs 
and  if  it  exifls  in  them  while  die  thermometer  cannot  than  while  "  fluid,  and  lefs  while  fluid  than  while  in  a 
difeover  its  prefence  — is  there  any  method  of  afeertain-  Bate  of  vapour.  He  took  it  for  granted,  too,  that  the 

ing  its  abfolute  .quantity  in  bodies  ?  At  what  degree  .340  degrees  of  caloric  which  entered  ice  during  its  fo- 

*vould  a  thermometer  Band  (Cuppofing  the  thermome-  lution  without  railing  its  temperature,  entered  merely 

ter  capable  of  meafuring  fo  low)  were  the  body  to  which  in  confequence  of  the  increafed  fpecific  caloric  of  the 

3t  is  applied  totally  deprived  of  caloric?  or  what  degree  water,  and  that  they  were  exadlv  proportional  to  this 
of  the  thermometer  correfponds  to  the  real  zero  ?  increafed  fpecific  caloric.  He  took  it  for  granted,  like- 

Uhe  firft  perfon  (as  far  as  we  know),  at  leaBiince  wife,  that  the  fpecific  caloric  of  bodies  was  proportional 
_ _ _ _  te 

•  (k)  Galen  informs  us,  that  the  ancient  Egyptians  were  accuBomed  to  put  water  previoufly  boiled  into  earthen 
jars,  and  expofe  them  all  night  on  the  upper  part  of  their  houfes  to  the  air.  Before  funriie  thefe  vefTels  were  put 
into  the  ground,  moiBened  on  the  outfide  with  water,  and  then  furrounded  with  frefh  plants  ;  by  which  means  the 
water  was  preferved  cool  during  the- whole  day.  Comment,  in  lib.  vi.  Hippoc.  de  morbis  vulgar.  4.  10.  p.  396. 

By  a  fimilar  procefs,  water,  in'the  Eaft  Indies,  is  converted  into  ice. 

The  following  Angular,  paflage,-  which  has  been  pointed  out  to  us  by  the  ingenious  Dr  Barclay,  lecturer  on 
anatomy  in  Edinburgh,  furnilbes  a  ftriking  proof  that  the  ancients  were  led,  by  a  very  different  method  of 
reafoning,  to  deduce,  from  their  philosophical  theory  of  the  four  elements,  coriclufions  concerning  the  nature  of 
heat  not  very  different  from  thofe  of  the  moderns. 

Sic  enim  res  fe  habet,  ut  omnia,  quas  alantur  et  qua;  crefcant,  contmeant  in  fe*  vim  calons  5  fine  qua  neque 
sdi  poflent  nec  crefeere.  ?  Nam  omne,  quod  eft  calidum  et  igneum,  cietur  et  agitur  motu  fuo  :  quod  autem  alitur 
€t  crefcit,  motu  quodam  utitur  certo  et  aequabili ;  qui  quandiu  remanet  in  nobis,  tamdiu  fenfus  et  vita  remanet : 
refrigerato  autem  et  extindo  calore,  occidimus  ipfi  et  exBinguimur.  Quod  quidem  Cleanthes  his  etiam  argul 
mentis  docet, (quanta  vis  infit  caloris  in  omni  corpore  :  negat  enim  ullum  effe  cibum  tam  gravem,  quin  is  node 
et  die  concoquatur ;  cujus  etiam  in  reliquiis  ineB  calor  his  quas  natura  refpuerit.  Jam  verb  vense  et  arteriie  mi- 
care  non  defimmt,  quafi  quodam  igneo  motu  ;  animadverfumque  f&>pe  eft,  cum  cor  animanris  alicuius  evolfum  ita 
mobiliter  palpitaret,  ut  imitaretur  igneam  celeritatem.  Omne  igitur  quod  vivit,  five  animal  five  terra  editum,  id 
vivit  propter  inclufum  in  eo  calorem.  Ex  quo  intellegi  debet,  earn  caloris  naturam,  vim  habere  in  fe  vitalem  per 
omnem  mundum  pertinentem.  Atque  id  facilius  cernemu3,  toto  genere  hoc  igneo,  quod  tranat  omnia,  fubtilius 
explicate.  Omnes  igitur  partes  mundi  (tangam  autem  maxurnas)  calore  fultae  fuftinentur.  Quod  primura  in  1 
terrena  natura  perfpici  potefl.  Nam  et  lapidum  conflidu  atque  tritu  elici  ignem  videmus  ;  et  recenti  foffione 

- ter  ram  fumare  calentem  ; 

atque  etiam  ex  puteis  jugibus  aquam  calidam  trahi,  et  id  maxume  fieri  temporibns  hibernis,  quod  magna  vis  ca* 
loris,  terras  contineatur  cavernis ;  eaque  hieme  lit  denfior ;  ob  eamque  cauffam,  calorem  infitum  in  terris  contineat 
ardius. 

6i  Longa  eft  oratio,  multnsque  rationes,  quibus  doceri  pofTit,  omnia,  qua;  terra  concipiat,  femina,  quseaue  ipfa  ex 
fe  generata  ftirpibus  infixa  contineat,  ea  temperatione  caloris  et  oriri  et  angefeere.  Atque  aqua  etiam  admixtnm 
effe  calorem,  primum  ipfe  liquor,  turn  aquae  declarat  efTufio.:  quae  neque.  conglaciaret  frigoribus,  neque  nive  prui- 
naque  concrefceret,  nifi  eadem  fe  admixto  calore  liquefada  et  dilapfa  diffunderet.  Itaque  et  aquilonibus  reliquif-  ' 
que  frigoribus  durefeit  humor  ;  et  idem  viciffirn  mollitur  tepefadus  et  tabefcit  calore.  Atque  etiam  maria  agita¬ 
ta  ventis  ita  tepefeunt,  ut  intellegi  facile  poflit,  in  tantis  illis  humoribus  effe  inclufum  calorem.  Nec  enim  ille  ex- 
ternus  et  adventicius  habendus  eft  tepor,  led  ex  intimis  maris  partibus  agitatio.ne  excitatus  :  quod  noftris  quoque 
corporibus  contingit,  cum  motu  atque  exercitatione  reealefeunt.  Ipfe  verb  aer,  qui  natura  eft  maxume  frigidus, 

-mini me  eft  expers  caloris.  Ille  verb  et  irudto  quidem  calore  .admixtus  eft  :  ipfe  enim  oritur  ex  refpiiatione  aqua-> 
rum  :  earum  enim  quafi  vapor  quidam  acr  habendus  eft.  Is  autem  exiftit  motu  ejus  caloris,  qui  aquis  continetur. 
'Quam  fimilitudinem  cernere  poffumus  in  his  aquis,  qua;  effervefeunt  fubdiris  igrdbus.  Jam  verb  reliqua  quarta 
pars  mundi,  ea-et  ilpa  tota  natura  fervtda  eft,  et  ceteris  natures  omnibus  falutarem  inpertit  et  vitalem  caloiem. 

Ex  quo  concluditur,  cum  omnes  mundi  partes, iuftineantur  calore,  mundum  etiam  iplum  fimili  parique  natura  in' 
tanta  diuturuitate  fervari  :  eoque^  magis,  quod  intellegi  debet,  calidum  illud  atque  igneum  ita  in  omni  fufurn  effe 
natura,  ut  in  eo  infit  procreandi  vis  et  caufta  gignendi,  a  quo  et  animantia  omnia,  et  ea  quorum  Birpcs  terra  con- 
tinentur,  et  naici  fit  needle  et  augefeere.  Cicero  de  natura  Deorum,  lib.  ii.  c-  9,  et  10, 
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to  their  alfohts  caloric ,  or  to  all  the  caloric  which  exift- 

ed  in  each.  . 

On  thefe  data  he  reafoned  in  the  following  manner  : 
Let  A  be  a  body*  in  a  Hate  of  fluidity  ;  B  the  fame  bo¬ 
dy  in  a  ftate  of  folidity.  If  the  fpecific  caloric  of  A  and 
<>f  B  be  known,  and  if  it  be  known  how  many  degrees 
the  caloric,  difengaged  during  the  change  of  B  into  A, 
would  raife  the  temperature  of  A,  it  may  be  found  by 
an  eafy  procefs  how  many  degrees  all  the  caloric  con¬ 
tained  in  B  would  raife  the  temperature  of  A  ;  and  the 
fum  of  thefe  two  numbers  will  reprefent  in  degrees  the 
whole  quantity  of  caloric,  in  A  :  for  the  quantity  of 
caloric  in  A  muft  be  juft  equal  to  the  caloric  in  B,  to¬ 
gether  with  what  entered  into  it  in  pafiing  from  the 
ftate  of  B  to  that  of  A.  Let  the  fpecific  caloric  of  A 
be  6,  that  of  B  I  ;  and  let  the  quantity  of  caloric  dif- 
engaged  during  the  change  of  A  into  B  be  fufficient  to 
raife  the  temperature  of  A  500”.  If  the  fpecific  calo¬ 
ric  be  proportional  to  the  abfolute  caloric,  it  muft  con¬ 
tain  exa&ly  6  times  as  much  caloric  as  B.  The  500^ 
which  entered  into  A  when  it  changed  its  ftate,  muft 
be  juft  *  times  as  great  as  all  the  caloric  of  B  ;  becaufe 
when  added  to  the  caloric  of  B,  it  formed  the  caloric 
in  A,  which  is  juft  6  times  as  great  as  the  caloric  in  B. 
Therefore  to  difeover  the  caloric  in  B,  we  have  only  to 
divide  500  by  5,  or,  which  is  the  fame  thing,  to  ftate 
this  proportion  6  — 1  :  *oo  : :  1  :  100.  The  caloric  in 
B,  therefore,  in  this  cafe  is  juft  as  much  as  would  raife 
the  temperature  of  A  ioo°.  Therefore,  if  to  JOO°,  the 
caloric  of  B,  be  added  5c oy  =  caloric  difengaged  in  the 
paffage  of  A  to  B,  this  will  give  6oo°,~  to  ail  the  ca¬ 
loric  in  A.  Therefore,  in  all  cafes,  the  difference  be¬ 
tween  the  numbers  exprefiing  the  fpecific  caloric  of  the 
folid  and  fluid,  is  to  the  number  exprefiing  the  fpecific 
caloric  of  the  folid,  as  the  quantity  of  caloric  difengaged 
during  the  pafPage  of  the  fluid  into  a  folid  vs  to  the 
quantity  of  caloric  in  the  fluid. 

Dr  Crawford  embraced  this  theorem  ;  and  concluded, 
from  a  number  of  experiments  made  on  purpoie-to  af- 
certain  the  fa&,  that  the  real  zero  was  1268°  below  o, 
or  1300°  below  the  freezing  point. 

,  This  fubject  deferves  to  be  eonfidcred  with  attention. 
If  this  theorem  in  fa&  furnifhes  us  with  the  real  zero, 
it  is  one  of  the  moft  important  difeoveries  which  has 
ever  been  made  in  chemiftry  ;  but  if  it  proceeds  on  er¬ 
roneous  principles,  it  will  only  involve  us  in  endlefs 
mazes  of  error  and  abfurdity. 

In  the  firil  place,  if  the  leal  zero  has  any  meaning 
at  all,  it  muft  iignify  the  degree  to  which  the  thermo¬ 
meter  (fuppofing  it  could  be  ufed)  would  fink  on  being 
applied  to  a  body  which  contained  no  heat.  It  muft 
therefore  be  a  fixed-  point  and  were  the  theorem  which 
we  are  examining  well  founded,  experiments  upon  every 
different  fubftance,  if  condufted  with  accuracy,  would 
lead  to  the  fame  refult.  Let  us  fee  whether  this  be 
the  cafe. 

From  Dr  Crawford’s  experiments*  it  follows,  as  we 
have  feen,  that  the  real  zero  is  1268°  below  o. 

Mr  Kir  wan,  from  comparing  the  fpecific  caloric  of 
water  and  ice,  fixed  the  real  zero  at  1048°  below  o. 

From  the  experiments  of  Lavoifier  and  La  Place  on 
a  mixture  of  water  and  quicklime,  in  the  proportion  of 
9  to  16,  it  follows,  that  the  real  zero  is  2736°  below  o. 

From  their  experiments  on  a  mixture  of  4  parts  of 
fulphuric  acid  and.  3  parts  of  water,  it  follows,  that  the 
real,  zero  is  5803,4^  below  0* 
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Their  experiments  on  a  mixture  of  4  parts  of  ful-  Ca!°r  c<  f 
phuric  acid  and  5  of  water,  place  it  at  2073,3  °  below  o. 

Their  exoerirr.ents  on  9  ]- parts  of  nitric  acid  and  1  o. 

lime,  place  it  at  ——2— -below  32°  *.  *  See  St. 

- ^,1703  jfwri)  Ann. 

Thefe  refults  differ  from  one  another  fo  enormoufly,  cbim..  vii* 
and  the  laft  of  them,  which  makes  the  real  zero  a  nega¬ 
tive  quantity,  is  fo  ahiurd,  that  they  are  done  fufficienr 
to  convince  us  that  the  data  on  which  they  are  founded 
are  not  true.  Should  it  be  faid  that  their  difference  id 
not  owing  to  any  defeat  in  the  theorem,  but  to  inac¬ 
curacies  in  making  the  experiments — we  anfwer,  thac 
the  theorem  itfelf  is  founded  on  fimilar  experiments  ; 
and  if  experiments  of  this  nature,  even  in  the  hands  of 
the  moft  accurate  chemifts,  cannot  be  freed  from  fuch 
enormous  errors,  how  can1  we  depend  on  any  confe- 
quences  deduced  from  them  ?  and  where,  then,  is  our 
evidence  for  the  truth  of  the  theorem  ? 

But,  farther,  there  is  no  proof  whatever  that  the 
fpecific  caloric- of  bodies  is  proportional  to  their  abfo¬ 
lute  caloric.  Th£  fpecific  caloric  of  iron  is  greater  than 
that  of  water,  or  even  azotic  gas  ;  yet  furely  it  is  very- 
improbable  that  iron  contains  more  abfolute  caloric  than 
either  of  thefe  ftibftanccs. 

If  the  fpecific  caloric  of  bodies  has  any  meaning  at 
all,  it  can  only  be,  that  the  fame  quantity  of  caloric 
raifes  the  temperature  of  one  body  a  greater  number  of 
degrees  than  it  does  another.  When  we  fay  that  the 
fpecific  caloric  of  A  is  6,  and  that  of  B  i,  what 
do  we  mean,  unlefs  that  the  quantity  of  caloric  which 
raifes  B  6°  raifes  A  only  i°,  or  that  what  raifes  B  6oQ 
or  6co°,  raifes  A  only  io°or  100°  ?  When  we  fay  that 
the  fpecific  caloric  of  water  is  10,  and  that  of  ice  9,  do 
we  not  mean,  that  the  quantity  of  caloric  which  raifes 
the  ice  ^o°  or  ico3,  raifes  water  only  90  or  90°  ?  Yet 
during  the  change  of  ice  into  water,  1 40°  of  caloric  en¬ 
ter  it  without  railing  its  temperature  ;  a  quantity  greater 
than  what  can  be  accounted  for  by  the  difference  of 
fpecific  caloric  by  1  26°.  The  quantity  that  difappears* 
therefore,  is  not  proportional  to  the  difference  of  fpeci¬ 
fic  caloric;  and  therefore  any  theory  which  depends 
on  that  fuppofition  cannot  be  well  founded. .  When 
water  is  converted  into  fleam,  8oo°  of  caloric  difappear; 
yet  the  fpecific  caloric  of  fleam  is  to  that  of  water,  ac¬ 
cording  to  Dr  Crawford's  own  experiments,  only  as 
155  to  100  :  fo  that  no  lefs  than  283°  difappear,  which 
cannot  be  accounted  for  according  to  this  theory.  4 

Dr  Irvine’s  theorem,  therefore,  is  infufftcient  for  aft  And 
certaining  the  real  zero  ;  and  hitherto  no  method  has  L fufficienr, 
been  difoovered  which  can  folve  this  problem.  .  ^75 

9.  If  there  be  no  body  without  caloric;  if  it  cxifts  in  Caloric  ts* 
different  quantities  in  different  bodies,  even  when  their  ift>  in  bo- 
temperatures  are  the  fame;  and  while  the  thermometer  C1S5* 
cannot  indicate  its  prefence'— in  what  ftate  does  it  exift 
in  them  ?  We  cannot  furely  fuppofe  that  it  is  contained 
by  them  juft  as  water  is  contained  by  a  refill  of  wood 
or  metal,  or  that  they  arc  filled  with  it  in  the  fame 
manner  that  a  hollow  globe- of  tin-plate  perforated  with 
holes  is  filled  wkh  water  when  it  is  plunged  into  a 
quantity  of  that  liquid  ;  or  that  bodies  are  filled  with 
caloric  merely  becaufe  they  are  immerfed  in  an  ocean  of 
calorie.  Were  that  the  cafe,  the  fpecific  and  abfolute 
caloric  of  bodies  would  always  be  proportional ;  and 
they  would  of  necefiity  be  inverfely  as  the  fpecific  gra* 
vity  of  the  refpedlive  bodies  ;  becaufe  the  lefs  the  ipeci* 
fic  gravity,  the  more  room  would  be  left  for  the  par¬ 
ticles 
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tides  ef  caloric.  But  this  is  by  no  means  the  cafe  ; 
the  fpecific  gravity  of -iron,  for  indance,  is  greater  than 
that  of  tin,  yet  the  fpecific  caloric  of  iron  is  more  than 
double  that  of  tin  :  the  fpecific  gravity  of  oxygen  gas 
is  greater  than  that  of  common  air,  yet  the  fpecific  ca¬ 
loric  of  the  firft  of  thefe  fubftances  is  more  than  three 
times  as  great  as  that  of  the  other.  There  mud  be 
fomething,  therefore,  in  bodies  themfelves  quite  diffe¬ 
rent  from,  and  unconnected  with  the  vacuities  between 
their  particles,  which  difpofes  fome  to  admit  more  calo¬ 
rie  than  others.  And  what  can  that  be  but  a  dii'pofi- 
tion  in  different  bodies  to  unite  with  a  greater  or  a 
fmaller  quantity  of  caloric,  and  to  retain  it  with  more 
or  lefs  firmntfs  according  to  their  affinity  for  it  ?  Dr 
Black  pointed  out,  long  ago,  by  difcovering  latent  heat, 
that  caloric  unites  with  bodies  ;  and  this  feems  to  be 
the  only  leal  key  for  unfolding  the  actions  of  this  ex¬ 
traordinary  fubftance.  If  caloric  be  matter,  can  it  be 
destitute  of  that  property  which  all  other  matter  pof- 
we  meHn  attra&ion  ?  And.if  it  poffefes  attra&iori, 
c  emica  ft  n0t  com}ftne  wfth  chofe  bodies  that  attradl  it 

juft  as  other  bodies  combine  with  each  other  ?  Midi 
there  not  be  formed  a  chemical  union  between  caloric 
and  other  fubftances,  which  can  only  be  broken  Ly  che¬ 
mical  means,  by  prefenting  a  third  body  which  has  a 
greater  affinity  either  for  the  caloric  or  the  body  to 
which  it  is  united,  than  they  have  for  each  other? 
rroveato  lt  unites  chemically  with  fome  bodies,  at  kaft, 

be  the  cafe  cannot  be  doubted.;  as  we  have  (hewn  already,  that  when- 
in  liquids,  ever  a  folid  is  converted  into  a  liquid,  a  quantity  of  ca¬ 
loric  enters,  and  remains  in  it ;  and  that  both  the  (olid 
and  the  caloric  lofe  their  charaCteriflic  properties.  This 
is  precifely  what  takes  place  in  every  chemical  union. 
All  liquids,  therefore,  conftft  of  lolids  combined  with 
caloric.  We  have  feen,  too,  that  liquids  are  converted 
into  vapours  by  the  very  fame  procefs.  There  are  there¬ 
fore,  at  leaft,  two  very  large  claffes  of  bodies  liquids  and 
vapours,  in  which  we  are  certain  that  caloric  exifts  in  a 
ftate  of  chemical  combination. 

And 'gafes;  Tfc(;re  'ls  another  clafs  of  bodies  which  refembles  va- 
’ pours  in  almoft  all  their  properties  :  thefe  are  the  gales. 
Like  them,  they  are  invifibk  and  elaftic,  and  capable 
of  indefinite  expanfion.  Is  it  not  probable,  then,  that 
the  gafes  alfo,  as  well  as  the  vapours,  owe  their  proper¬ 
ties  to  caloric?  that  they  alfo  confift  of  their  refpe&ive 
bafes  combined  with  that  fubtile  fubftance  ?  This  pro¬ 
bability  has  been  reduced  to  certainty  by  an  experiment 
of  Lavoifier.  By  adding  two  tubes  to  the  calorimeter 
formerly  deferibed,  he  contrived  to  make  known  quan¬ 
tities  of  air  to  pafs  through  the  interior  cavity,  and  to 
fup port  combuftion.  He  found,  that  when  a  pound 
of  oxygen  gas  was  made  to  combine  in  this  manner 
„  with  phofphorus,  as  much  caloric  was  difengaged  as 
p  i  chT’  Pounds  of  icc  *.  Now  every  pound  of  ice 

F*  *  ‘  abforbs  as  much  caloric  in  the  aa  of  melting  as  is  fuf- 

ficient  to  raife  a  pound  of  water  140°.  Therefore  the 
whole  caloric  difengaged  was  fuffiffent  to  raife  a  pound 
of  water  12250°.  All  this  could  not  have  come  from 
the  phofphorus,  becaufe  it  had  been  converted  into  a 
liquid,  and  muit  therefore  have  abforbed  inftead  of  part¬ 
ed  with  caloric,  and  becaufe  the  quantity  of  caloric  dif- 
engaged  in  all  caies  of  combuftion  is  proportional,  not 
to  the  combuftible,  but  to  the  oxygen  abforbed.  Oxy¬ 
gen  gas,  then,  is  compofed  of  oxygen  and  caloric  :  and 
if  this  be  the  cafe  with  one  gas,  why  not  with  all? 
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We  may  conclude,  therefore,  that  the  gafes,  as  well  Cab  0 
as  liquids  and  vapours,  owe  their  form  to  the  caloric  — r 1 
which  they  contain.  The  only  difference  between  them 
and  vapours  is,  that  the  latter  return  to  their  liquid 
ftate  by  the  mere  a&ion  of  cold  ;  whereas  moft  of  the 
gafes  relift  the  lowed  temperature  which  it  has  been 
poiflble  to  apply.  It  was  natural  to  exped,  that  if  ca¬ 
loric  combined  chemically  with  bodies,  its  affinity  would 
be  different  for  different  fubftances,  and  that  its  affinity- 
for  fome  bodies  would  be  fo  great  that  it  would  not  leave 
them  to  combine  with  any  other.  It  was  natural  to  ex¬ 
pert  this,  becaufe  it  is  the  cale  with  every  other  fubftance 
with  which  we  are  acquainted.  The  difference,  then, 
between  the  gafes  and  vapours  is  not  furprifing.  The 
affinity  of  the  former  for  caloric  is  not  only  much  greater 
than  that  of  the  latter,  but  much  greater  than  that  of 
any  other  fubftances. 

*  mowing  to  this  flrong  affinity  between  oxygen, 
hydrogen,  and  azot  and  caloric,  that  they  cannot  bethel 
obtained  except  m  a  gafeous  form  :  and  we  ihall  deferibed 
ftvcral  other  fubftances  afterwards  exactly  in  the  iame0U!^ 
cucumftances.  Had  we  apy  fubftance  poffeffed  of  a 
greater  affinity  for  caloric  than  they  have,  we  fhouli  be 
able,  by  prei'enting  it,  to  deprive  them  of  their  gafeous 
form.  Doubtlcfs  there  is  a  difference  in  the  affinity 
between  thefe  bodies  themfelves  and  caloric  ;  but  as  all 
of  then  are  already  fatumted^  this  difference  cannot  be 
diicoyered  If  we  could  obtain  them  uncombined  with 
caloric,  that  is  to  fay,  in  a  concrete  ftate,  it  would  be 
eafy  to  afeertain  this  point.  Suppofe,  for  inftance,  that 
hydrogen  had  the  ftrongeft  affinity  for  caloric,  and  that 
we  poffeffed  it  in  a  conciete  ftate — it  would  be  cafy,  by 
prefenting  it  to  the  other  gafes,  to  deprive  their  bafes 
of  the  caloric  with  which  they  are  united,  and  thus  to 
obtain  them  alfo  uncombined  with  any  other  fubftance. 

But  though  we  are  acquainted  with  no  fubftance  that  Why  a 
has  a  greater  affinity  for  caloric  than  the  bafes  of  the ric  w 
gafes,  there  are  many  fubftances  which  have  a  greater d,iT^ 
affinity  for  thefe  bafes  than  caloric  has.  When  anycomW! 
luch  fub  tance  is  preiented,  the  bafe  combines  with  it, 
and  the  caloric  is  left  at  liberty.  I  hus,  when  phofpho¬ 
rus  is  prefer. ted  to  oxygen  gas,  the  phofphorus  and  oxy¬ 
gen  unite  together,  and  the  caloric  flies  off.  We  are 
now,  therefore,  able  to  anfwer  one  of  the  queftions  pro- 
poled  at  the  end  of  the  lecond  chapter,  Whence  comes 
the  caloiic  which  appears  during  combuftion?  It  is  fe- 
|  parated  from  the  oxygen,  which  leaves  it  in  otder  to  en- 
ter  into  a  new  combination. 

*1  he  caloric  alfo,  which  fometimes  appears  when  two  And & 
bodies  combine  together,  if  let  at  liberty  exaftly  in  the™"Id 
fame  manner.  When  fulphuric  acid  and  water,  for 
itance,  are  mixed  together,  a  very  confiderable  heat  is 
produced  ;  a  good  deal  of  caloric,  therefore,  becomes 
ienfible.  In  this  cafe,  the  water  combines  with  the 
acid,  and  at  the  fame  time  lets  go  the  caloric  with 
which  it  was  formeily  combined,  and  becomes  denfer. 

In  the  fame  manner,  to  give  another  inftance,  when 


water  is  poured  upon  quicklime,  a  very  great  quantity 
of  caloric  becomes  manifeft.  The  water  in  this  cafe 


combines  with  the  quicklime,  and  affumes  a  concrete 
form,  and  of  courfe  lets  go  the  caloric  with  which  it 
was  previoufly  united.  ^ 

10.  It  is  no  uncommon  thing  in  nature  to  obfervewhy* 
two  bodies,  after  combining  together,  manifefting  afaintf 
much  ftronger  affinity  for  a  third  body  than  cither  ofture,f 

themduceC 
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C|>ric.  them  had  while  feparate..  Thus,  filver  has  no  percep- 

r*  tible  affinity  for  fulphuric  acid,  neither  has  oxygen  ; 
but  unite  "them  together,  and  they  combine  with  that 
acid  very  readily.  A  great  many  inftances  of  the  fame 
kind  might  be  produced.  Were  there  fubllances,  then, 
which,  after  combining  together,  have  a  greater  affinity 
for  caloric  than  any  of  them  had  while  feparate,  this 
ought  not  to  furprife  us,  bccanfe  the  fame  phenomenon 
is  often  obferved  in  other  bodies.  Now  this  is  actually 
the  cafe  with  regard  to  caloric.  Mix  together,  for  in- 
ftance,  common  fait  and  fr.ow,  the  mixture  inllantly  be¬ 
comes  liquid,  and  fo  cold,  that  it  finks  the  thermometer 
down  to  zero  In  this  cafe,  the  fnow.  and  fait  united 
have  a  much  ftronger  affinity  for  caloric  than  either  of 
them  had  while  feparate  ;  they  attract  it  therefore  from 
other  bodies  with  which  they  happen  to  be  in  contafl, 
till  they  have  obtained  a-dofc  fufficient  for  their  fatura- 
tion;  and  this  fatnration  theymanifeft  by  becoming  liquid. 
It  is  for  this  reafon  that  all  falts  produce  cold  during  their 
folution  in  water,  when  the  freezing  point  of  the  folution 
formed  is  below  that  of  water.  All  fucli  folutions  have 
a  ft. rong affinity  for  caloric;  they  therefore  attract  it  till 
they  arc  faturated,  which  appears  by  their  becoming 
fluid.  A  number  of  experiments  have  been  lately  made 
in  order  to  procuie  artificial  cold  by  means  of  fuch 
combinations.  The  moft  complete  fet  of  experi¬ 
ments  of  that  nature  with  which  we  are  acquainted,  is 
thofe  of  Mr  Walker,  publifhed  in  the  Philolophical 
TranfaClioris  for  1795*  We  fhall  prelent  the  refult  of 
his  experiments  in  the  following  table  : 


Tab  if.  of  Freezing  Mixtures, 


Mixtures. 

Thermometer  finks. 

Muriat  of  ammonia  5  parts. 

Nitre  -  5 

Water  -  -  16 

From  50°  to  io°. 

Muriat  of  ammonia  5 

Nitre  -  5 

Sulphat  of  foda  8 

W  ater  -  16 

From  50  to  4. 

Nitrat  of  ammonia  l 

Water  •  I 

From  50  to  4. 

Nitrat  of  ammonia  t 

Carbonat  of  loda  I 

Water  -  J 

From  50  to  7. 

Sulphat  of  foda  3 

Diluted  nitric  acid  2 

From  50  to  3. 

From  50  to  IO. 

Sulphat  of  foda  6 

Muriat  of  ammonia  4 

Nitre  *  2 

Diluted  nitric  acid  4 

Sulphat  of  loda  6 

Nitrat  of  ammonia  5 

Diluted  nitric  acid  4 

From  50  to  14. 

Phofphat  of  foda  9 

Diluted  nitric  acid  4 

From  50  to  12. 

Suppl.  Vox..  I.  Part  I. 


Mixtures. 

Thermometer  finks. 

Phofphat  of  foda  9  parts. 

Nitrat  of  ammonia  6 

Diluted  nitric  acid  4 

From  5c0  to  2  i°. 

Sulphat  of  foda  8 

Muriatic  acid  5 

From  50  to  0. 

Sulphat  of  foda  5 

Diluted  fulphuric  acid  4 

From  50  to  3. 

Snow  1 

Common  fait  1 

From  32  to  0. 

Snow  or  pounded  ice  2 
Common  fait  I 

From  0  to  — 5. 

Snow  or  pounded  ice  1 
Common  fait  5 

Muriat  of  ammonia  and 
nitre  -  5 

From  — 5  to  — 18. 

Snow  or  pounded  ice  1 2 
Common  fait  5 

Nitrat  of  ammonia  5 

From  — 18  to  — 25. 

Snow  and  diluted  nitric  acid 

From  0  to  — 46. 

Snow  -  -  2 

Diluted  fulphuric  acid  1 
Diluted  nitric  acid  r 

From  —  10  to  — 56. 

Snow  •  -  1 

Diluted  fulphuric  acid  1 

From  20  to  — 60. 

In  order  to  produce  thefe  effects,  the  falts  employed 
mull  be  frefh  cryftallized,  and  newly  reduced  to  a  very 
fine  powder.  The  veftels  in  which  the  freezing  mix¬ 
ture  is  made  fhonld  be  very  thin,  and  juft;  large  enough 
to  hold  it,  and  the  materials  ftiould  be  mixed  together 
as  quickly  as  poffible.  The  materials  to  be  employed 
in  order  to  produce  great  cold  ought  to  be  firfl  redu¬ 
ced  to  the  temperature  marked  in  the  table,  by  placing 
them  in  fome  of  the  other  freezing  mixtures  ;  and  then 
they  are  to  be  mixed  together  in  a  fimilar  freezing  mix¬ 
ture.  If,  for  inftance,  we  wifti  to  produce  a  cold 
~  —  46,  the  fnow  and  diluted  nitric  acid  ought  to  be 
cooled  down  to  o,  by  putting  the  veil'd  which  contains 
each  of  them  into  the  1 2th  freezing  mixture  in  the 
above  table,  before  they  are  mixed  together.  If  a  ft  ill 
greater  cold  is  required,  the  materials  to  produce  it 
are  to  be  brought  to  the  proper  temperature  by  being 
previoufiy  placed  in  the  fecoud  freezing  mixture.  This 
procefs  is  to  be  continued  till  the  required  degree  of 
cold  has  been  procured  f .  f  Waller  > 

1 1.  From  the  fa&s  already  known,  we  may  conclude, Trd,iF 
that  the  particles  of  caloric  have  two  properties,  that*79^ 
of  repelling  each  other,  and  of  attra&ing  and  being  at-Subftances 
traded  by  other  fubllances.  As  there  is  no  body  in  which  con- 
nature  which  does  not  contain  caloric,  we  may  fafely^1^™0** 
conclude,  that  there  is  no  body  in  nature  which  has  not 
an  affinity  for  it.  When  it  unites  with  bodies,  though 
the  repulfion  of  its  particles  may  be  overcome  by  their 
attraction  for  the  particles  of  the  body,  and  by  the  at- 
M  m  tradion 
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Caloric,  tra&ion  of  thefe  particles  for  each  other — we  cannot 
fuppofe  it  annihilated  :  Tt  muft  therefore  be  the  more 
powerful  the  greater  the  quantity  of  caloric  combined 
in  any  body  is.  Probably,  then,  there  is  mo  ft  caloric 
combined  with  gafes,  lefs  with  fluids,  and  leafl  with  fo- 
lids.  It  does  not  follow,  however,  from  this  that  the 
quantity  of  caloric  combined  with  any  body  is  propor¬ 
tional  to  the  diftance  between  its  particles,  becaufe  that 
may  depend  on  other  caufes.  Thus,  though  hydrogen 
gas  is  much  rarer  than  oxygen  gas,  it  does  not  follow 
that  hydrogen  is  combined  with  more  caloric  than  oxy¬ 
gen,  becaufe  the  rarity  may  be  owing  to  the  fmall- 
er  cohefive  force  of  the  particles  of  hydrogen  allow¬ 
ing  a  fmaller  quantity  of  caloric  to  produce  a  greater 
aS4  effea. 

Caloric  may  If  caloric  unites  only  chemically  with  bodies,  there 

be?  ?ded?n- OUght  to  be  a  certain  point  of  fatnration  between  it  and 
^neflyt0the  fubflances  with  which  it  combines,  becaufe  this  takes 
*  place  in  all  other  chemical  combinations.  Oxygen  gas, 

for  in  fiance,  confifls  of  a  certain  quantity  of  oxygen 
united  with  caloric.  Now  if  this  gas  be  a  chemical 
compound,  the  two  ingredients  ought  to  fat  urate  each 
other  in  fuch  a  manner,  that  no  more  of  either  could  be 
admitted.  But  it  cannot  be  denied,  that  more  caloric 
can  flill  be  added  to  oxygen  gas,  for  its  temperature 
may  be  raffed  at  pleafure  as  high  as  vve  think  proper. 
This,  at  firft  fight,  feems  to  be  an  infuperable  obje&ion 
to  the  theory  that  caloric  only  combines  chemically 
with  bodies.  It  ought  to  be  remembered,  however, 
that  caloric  is  not  lingular  in  this  refpedl.  There  are 
other  bodies  in  nature,  and  bodies  too  which  certainly 
combine  with  other  fub fiances  only  by  affinity,  which 
exhibit  the  very  fame  phenomenon.  Water  is  capable 
of  combining  with  fulphuric  acid  and  many  other  falts 
almofl  in  any  proportion,  at  leali  no  limits  have  hither¬ 
to  been  obferved.  Oxygen,  too,  combines  with  almofl 
every  body  in  various  proportions  :  We  have  feen,  that 
with  almofl  every  metal  it  forms  at  leafl  two  diffe¬ 
rent  oxyds.  Why  then  may  not  caloric  be  capable  of 
uniting  in  the  fame  manner  ?  Allowing,  therefore,  that 
it  were  impoffible  to  explain  why  bodies  are  capable  of 
combining  with  caloric  after  faturation,  this  could  be 
no  objection  to  the  theory  that  it  only  unites  chemical¬ 
ly  with  bodies,  becaufe  the  fame  phenomenon  is  exhi¬ 
bited  by  other  bodies  which  it  cannot  be  doubted  com¬ 
bine  only  by  means  of  affinity. 

The  manner  in  which  thefe  other  combinations  are 
formed  has  been  already  hinted,  and  fliall  be  confidered 
more  fully  afterwards ;  at  prefent  we  {hall  only  attempt 
to  explain  the  adlion  of  caloric.  Let  us  fuppofe,  then, 
that  caloric  is  prefented  to  oxygen  ;  that  they  combine 
together  in  a  certain  proportion,  and  faturate  each  other. 
*The  product  of  this  combination  is  oxygen  gas  ;  a  fub¬ 
flance  poflefled  of  properties  very  different  from  thofe 
of  caloric  or  oxygen  in  a  concrete  (late  ;  it  is  incapable 
of  being  decompofed  by  any  merely  mechanical  method, 
and  exhibits  all  the  appearances  of  a  fimple  fubflance. 
Let  us  therefore  confider  this  compound  for  a  moment 
as  a  fimple  fubflance.  May  it  not  flill  have  an  affinity 
for  caloric  ?  and  will  it  not,  in  that  cafe,  unite  with  it  ? 
Oxygen  gas  and  caloric  have  an  affinity  for  each  other ; 
accordingly,  when  prefented  to  one  another  they  combine 
in  a  certain  proportion,  and  form  a  new  compound,  differ¬ 
ing  from  oxygen  gas,  properly  fo  called,  in  elaflicity,  fpe- 
cific  gravity,  and  feveral  other  particulars.  The  affi* 
nity,  however,  between  oxygen  gas  and  caloric  is  much 


And  why. 
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feebler  than  that  between  oxygen  and  caloric  ;  for  the 
new  compound  is  eafily  broken,  and  the  caloric  abforbed 
by  many  other  fubflances.  We  can  even  conceive  this 
new  compound  flill  to  have  an  affinity  for  caloric,  to 
unite  with  it,  and  to  form  another  compound,  the  affi- 


Part  I, 

Caloric, 


nity  between  the  ingredients  of  which  is  flill  feebler. 


And  in  this  manner  may  the  indefinite  increafe  of  tem¬ 
perature  be  accounted  for. 

Subftar.ces  may  be  conceived  to  be  conductors  of 
loric  iuverfely  as  their  affinity  for  it.  Good  condit&ors  the  dlffe- 
may  have  very  little  affinity  for  caloric  ;  and  for  that  rent  con. 
reafon  it  may  be  eafily  forced  through  them  by  the  re-  during 
pulfion  of  its  own  particles.  But  thofe  fubflances  hereof 
which  have  a  great  affinity  for  caloric,  combine  with  j t  bodies, 
the  moment  it  is  prefented  to  them  ;  and  confequently 
it  cannot  pafs  through  them.  Thus,  when  it  is  pre¬ 
fented  to  ice,  the  affinity  between  the  two  fubflances  is 
fo  great,  that  the  caloric  unites  with  the  very  firft  par¬ 
ticles  of  ice  which  it  meets  with.  The  particles  behind 
thefe  cannot  receive  any  caloric,  except  by  attracting  it 
from  the  particles  with  which  it  has  already  combined. 

But  the  affinity  of  one  particle  of  ice  for  caloric  cannot 
be  greater  than  that  of  another  particle  of  ice  :  and  the 
union  of  two  bodies  cannot  be  broken  by  a  force  not 
greater  t,han  that  which  unites  them;  therefore  the  caloric 
cannot  pafs  from  one  particle  to  another.  Confequent¬ 
ly,  fuppofing  all  the  particles  to  keep  their  places, 
no  new  caloric  could  enter.  Juft  as  when  a  piece  of 
marble  is  put  into  fulphuric  acid,  the  cruft  of  fulphat 
of  lime  which  very  foon  coyers  it  prevents  the  acid  from 
getting  to  the  particles  of  marble  within.  But  as  foon 
as  a  particle  of  ice  unites  with  caloric,  water,  the  new 
compound,  leaves  it?  flation,  and  allows  the  caloric  a 
paffage  to  the  other  particles. 

Jn  the  fame  manner,  when  caloric  is  prefented  to  wa¬ 
ter,  it  combines  with  the  outermoft  flratum  of  parti¬ 
cles,  and  forms  with  them  a  compound  which  cannot 
be  decompofed  by  the  other  particles  of  the  water,  be¬ 
caufe  their  affinity  for  caloric  is  no  greater  than  that 
of  the  particles  already  united  with  it.  No  more  ca¬ 
loric,  then,  could  gain  admiffion,  were  it  not  that  (the 
fpecific  gravity  of  the  new  compound  being  inferior  to 
that  of  the  uncombined  water)  it  immediately  changes 
its  place,  and  allows  another  flratum  of  particles  to  oc¬ 
cupy  its  room.  Thefe  unite  with  caloric,  and  are  dif- 
placed  in  their  turn.  And  in  this  manner  the  procefs 
goes  on,  till  all  the  particles  have  combined  with  calo¬ 


ric  ;  or,  which  is  the  fame  thing,  till  the  whole  of  the 
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water  is  heated. 

But  fuppofing  the  firft  flratum  of  particles  to  remain  jg-w  heat 
in  their  place  after  their  union  with  caloric,  we  can }  affes  thro’ 
conceive  an  affinity  flill  to  fubfift  between  the  new  com-frhdss 
pound,  thus  formed,  and  caloric.  In  that  cafe  the 
new  compound,  which  we  fhall  call  A,  would  com¬ 
bine  with  an  additional  dole  of  caloric,  and  form  a 
fecond  compound  B,  differing  in  feveral  relpe&s  from 
the  firft.  We  can  conceive  alfo  the  affinity  between 
the  firft  compound  A  and  caloric  to  be  inferior  to  that 
between  water  and  caloric.  In  that  cafe,  the  fecond 
flratum  of  particles  of  water  would  fepaiate  the  addi¬ 
tional  dofe  with  which  the  firft  flratum  had  united.  In 
this  manner  would  two  flratums  of  particles  combine 
with  caloric.  The  firft  flratum  of  particles  would  com¬ 
bine  with  another  dofe  of  caloric,  and  form  a  fecond 
compound  B  as  before.  But  this  compound  could  not 
now  be  decompofed  by  the  fecond  flratum  of  particles, 

becaufe 
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becaufe  they  had  already  united  with  a  dofe  of  caloric  ; 
and  therefore  their  affinity  for  a  new  dofe  could  be  no 
greater  than  that  of  the  firft  ftratum  of  particles.  I  he 
procefs  of  heating  could  go  on  no  farther.  But  we 
can  conceive  the  fecond  compound  B,  into  which  the 
hift  ftratum  has  entered,  ftill  to  have  an  affinity  for  ca¬ 
loric,  to  combine  with  a  dofe  of  it*  and.  to  form  with  it 
a  third  compound  C.  We  can  conceive,  at  the  fame 
time,  the  affinity  between  the  fecond  compound  B  and 
caloric  to  be  lets  than  that  between  the  firft  compound 
A  and  caloric.  In  that  cafe,  the  fecond  ftratum  of  par¬ 
ticles  would  take  this  laft  dofe  from  the  fir  ft  ftratum, 
and  form  with  it  a  fecond  compound  B.  The  third 
ftratum  of  particles,  which  is  ftill  uncombined  with  ca¬ 
loric,  would  now  attract  this  new  dofe  from  the  fecond 
ftratum,  and  combine  with  it.  And,  fuppoling  the  ca¬ 
loric  ftill  flowing  towards  the  water,  the  flrft  ftratum 
would  again  form  the  third  compound  C,  by  uniting 
■with  a  frefh  dofe  :  this  new  dofe  would  be  again  at¬ 
tracted  by  the  fecond  ftratum,  and  the  firft  ftratum 
would  again  form  the  third  compound  C,  by  uniting 
with  another  dofe  of  caloric.  I  hus  three  ftratums  o 
particles  would  be  combined  with  caloric  ;  the  firft  ftra- 
-tum  would  contain  three  dofes,  the  fecond  ftratum  two, 
and  the  third  one.  The  procefs  of  heating  would  again 
ilop  ;  becaufe  now  the  affinity  of  the  fecond  ftratum  is 
no  greater  than  that  of  the  firft,  nor  the  affinity  of  the 
third  ftratum  greater  than  that  of  the  fecond,  nor  that 
of  the  fourth  than  that  of  the  third.  But  we  can  con¬ 
ceive  an  affinity  ftill  to  fubfift  between  caloric  and  the 
third  compound  C,  into  which  the  firft  ftratum  has  en¬ 
tered,  and  this  affinity,  at  the  fame  time  weaker  than 
that  between  the  fecond  compound  B  and  caloric.  In 
that  cafe  they  would  combine  and  form  a  fourth  com¬ 
pound  D.  This  new  dofe  would  be  attracted  by  the 
fecond  ftratum  of  particles,  which  would  combine  with 
it  and  form  the  third  compound  C  ;  the  third  ftratum 
would  attract  it  from  the  iecond,  and  form  with  it  the 
fecond  compound  B  ;  and  the  fourth  ftratum  would  at¬ 
tract  it  from  the  third,  and  enter  into  the  firft  com¬ 
pound  A.  The  firft  ftratum  would  again  enter  into 
the  fourth  compound  D  ;  which  would  be  again  de- 
compofed  by  the  fecond  ftratum  ;  and  the  compound 
formed  by  the  fecond  ftratum,  by  the  thiid  ftratum. 
The  fourth  compound  D  would  be  again  formed  by 
the  firft  ftratum,  and  again  decompofed  by  the  fecond 
ftratum.  It  would  be  formed  a  third  time,  and  could  not 
now  be  decompofed.  Four  ftratums  of  particles  would 
now  have  combined  with  caloric  :  the  firft  ftratum  with 
four  dofes;  the  fecond,  with  three  dofes;  the  third,  with 
two  ;  and  the  fourth,  with  one.  We  can  conceive  this 
procefs  to  go  on  exactly  in  the  fame  manner,  till  all  the 
particles  of  water  have  combined  with  a  dofe  of  caloric. 
In  that  cafe,  the  quantity  of  caloric  combined  with 
every  ftratum  of  particles  would  form  a  regular  decrea- 
fing  feries  from  that  part  of  the  water  at  which  the  ca¬ 
loric  enters  to  that  part  which  is  fartheft  diftant  hom 
it.  The  procefs  of  heating  would  go  on  very  flowly  ; 
and  the  heat  of  that  part  of  the  water  which  is  far¬ 
theft  diftant  from  the  fource  of  caloric  could  never  be 
nearly  equal  to  that  of  the  part  which  is  neareft  to  that 
fource.  This  feems  in  fad  to  be  the  manner  in  which 
all  thofe  folids  are  heated  which  are  bad  condu&ors  of 
caloric  :  in  all  probability  it  is  the  way  in  which  all  fo¬ 
lids  are  heated. 
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That  caloric  combines  with  bodies  merely  oy  means  Cal°iie.  J 
of  affinity,  feems  at  firft  fight  contrary  to  fa  &  ;  tor 
there  is  no  fubftance  whatever  which  may  not  be  cooked  g0(j,;c,  cooj 
indefinitely  merely  by  furrounding  it  with  other  bodies  each  other 
which  are  colder  than  itfelf.  Place  a  piece  of  hot  iron, reciprocal- 
for  inftance,  in  cold  water,  it  is  very  loon  cooled  down  >> 
to  the  temperature  of  that  liquid.  This  feems  plain 
enough  ;  the  attraction  of  water  for  caloric  is  greater 
than  that  of  iron  :  but  reverfe  the  experiment  ;  put 
hot  water  within  cold  non,  and  the  water  is  cooled  in 
its  turn  down  to  the  temperature  of  the  iron  :  io  that 
the  iron  alfo  has  a  greater  affinity  for  caloric,  as  well  as 
the  water;  which  is  abfurd.  #  *3; 

But  it  ought  to  be  remembered,  that  caloric  not  on- And  why. 
ly  poffeffes  affinity,  but  that  it  has  another  property  al- 
fo,  of  which  every  other  fpecies  of  matter,  except  per¬ 
haps  light,  feems  to  be  dellitute,  a  repulfion  between 
its  own  particles.  It  is  neceffary  for  all  orgamfed 
bodies,  and  probably  for  all  bodies,  that  they  fhould 
poffefs  a  certain  quantity  of  caloric  ;  and  on  this  ac¬ 
count  the  greateft  care  has  been  taken  to  fecure  its 
equal  diftribution.  *11118  feems  to  be  one  ufe  at  leaft  of 
its  repulfive  power;  a  power  which  is  never  deftroyed, 
however  clofely  caloric  is  united  with  other  bodies.  We 
have  (hewn  already,  that  this  power  is  increased  by  di- 
minifhing  the  quantity  of  furrounding  caloric;  and 
when  thus  incrtaled  to  a  certain  degree,  it  may  at  laft 
equal,  and  even  exceed,  the  affinity  between  the  caloric 
and  the  bodies  to  which  it  is  united  ;  and  in  that  cafe 
part  of  the  caloric  would  neceflarily  fly  off.  It  feems 
to  be  in  this  manner  that  bodies  reciprocally  cool  each 
other,  and  that  they  have  always  a  tendency  to  an  equi¬ 
librium  of  temperature.  Thus  iteam  by  cold  is  con¬ 
verted  into  water,  and  water  into  ice.  And  the  affini¬ 
ty  between  bodies  and  that  caloric  which  is  employed 
in  regulating  the  temperature  feems  to  be  fo  weak,  that 
the  repulfion  between  the  particles  of  caloric  eafily  over¬ 
comes  it?  and  reftores  the  equilibrium.  But  the  affini¬ 
ty  been  fomc  fubilances  and  caloric  is  fo  great,  that  no 
diminution  of  temperature  has  been  found  fufficient  to 
overcome  it.  This  is  the  cafe,  as  we  have  already  ieeu, 

with  oxygen  gas.  290 

The  ipecific  caloric  of  bodies  feems  to  depend  on  Caufe  cf 
two  things  ;  their  affinity  tor  caloric,  and  the  diftancethe  diffe- 

between  their  particles.  For  what  is  temperature  but 

the  difpofition  cf  a  body  to  part  with  caloric  ?  The  caloric  of 
more  caloric  a  body  is  difpofedto  part  with,  we  call  its  bodies, 
temperature  the  higher  ;  the  lefs  it  parts  with  when  a 
colder  body  is  applied,  its  temperature  is  faid  to  be  the 
lower.  If  oxygen  gas  parts  with  no  caloric  to  a  ther¬ 
mometer  which  Hands  at  — 10°,  we  fay  its  temperature 

is _ 1  op  ;  yet  we  know  that  even  then  it  contains,  in  all 

probability,  much  more  caloric  than  the  mercury  in  the 
thermometer  does.  Now  the  ftronger  the  affinity  be¬ 
tween  any  fubftance  and  caloric,  the  greater  quantity 
of  caloric  will  be  required  before  the  repulfion  between 
its  particles  is  fufficient  to  overcome  this  attraction  ; 
confequently  the  more  caloric  is  neceffary  to  raife  it  a 
given  number  of  degrees.  And  the  farther  diftant  the 
particles  of  bodies  are,  the  Farther  from  one  another 
muft  the  particles  of  caloric  be  to  which  they  are  united ; 
and  confequently  the  weaker  muft  be  the  repulfion  be¬ 
tween  them. 

We  cannot  deny  how7  new  this  theory  of  the  action 
of  caloric  will  appear  to  thofe  who  have  been  accuftom- 
M  m  2  4* 
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ed  to  look  upon  Dr  Crawford’s  opinions  on  tin’s  fubje<5t 
as  fully  proved ;  nor  do  we  pretend  that  it  can  be  re¬ 
conciled  with  thefe  opinions.  But  thi3,  we  hope,  is 
no  proof  of  its  falfehood.  We  think  it  can  be  fairly 
deduced  from  Dr  Black’s  dodlrine  of  latent  heat :  we 
know,  too,  that  Bergman  believed  caloric  capable  of 
combining  chemically  with  bodies  ;  and  Morvcnu  has 
not  only  embraced  the  fame  opinion,  but  feems  to  af¬ 
firm,  that  all  the  combinations  into  which  caloric  en¬ 
ters  are  chemical  #.  And  were  this  queftion  to  be  de¬ 
cided  by  authority,  we  appeal  to  all  the  world,  whether 
other  three  men  could  be  produced  to  whofe  decifions 
one  would  more  willingly  fubmit(i).  We  do  not,  how¬ 
ever,  mean  to  reft  its  evidence  on  authority  ;  let  it  be 
compared  with  faffs,  and  put  to  the  teft  of  experiment ; 
and  by  its  correfporidence  with  thefe  let  it  ftand  or  fall. 

12.  Caloric  both  haftens  the  folntion  of  falts  in  wa¬ 
ter,  and  increafes  the  folvent  power  of  the  water ;  for 
water  diffolves  a  much  greater  quantity  of  almoft  every 

the  folvent  fait  when  hot  than  when  cold.  The  reafon  that  calo- 
p<>wer  of  ric  produces  thefe  effects  is  obvious  from  thofe  proper¬ 
ties  of  it  which  have  been  deferibed.  It  haftens  folu- 
tion  by  putting  the  particles  of  the  fluid  in  motion,  and 
thus  bringing  all  of  them  in  their  turn  into  contadl  with 
the  fait  :  for  only  thofe  particles  can  a<ft  as  folvents 
which  arc  in  contact  with  the  fait.  It  increafes  the  fol¬ 
vent  power  of  the  fluid  by  combining  w  ith  It,  and  form¬ 
ing  a  compound  which  has  a  greater  affinity  for  the  fait, 
and  which  therefore  diffolves  more  of  it  than  the  fluid 
alone  would  ha.ve  done.  This  new  compound  is  de- 
flroyed  by  cooling  ;  and  then  the  additional  dofe  of  the 
fait  which  had  been  diftolved  is  precipitated. 

13.  We  fhould  come  now  to  the  confederation  of  the 
two  remaining  queftions  propofed  at  the  end  of  the  fecond 
chapter,  Why  do  bodies  combine  with  oxygen  at  one 
temperature  and  not  at  another  ?  And  why  is  caloric 
neceftary  to  produce  this  union  ?  But  as  the  difficulty 
of  tfyefe  queftions  is  not  inferior  to  their  importance, 
we  (hall  delay  any  attempt  to  anfwer  them  till  we  come 
to  treat  of  affinity. 

Methods  of  14.  It  now  only  remains  to  confider  the  methods  by 
obtaining  which  caloric  may  be  obtained  in  a  fenfible  ilatc.  Thefe 
methods  may  be  reduced  to  four  ;  combuftion,  percuf- 
fion,  fridion,  and  light :  the  laft  of  which  fhall  be  con- 
fidefed  afterwards. 

We  have  feen  already,  that  the  combuftion  of  fimple 
combujlibles  and  metals  is  merely  their  combination  with 
oxygen,  during  which  the  oxygen  parts  with  the  calo¬ 
ric  with  which  it  was  formerly  united.  Now  the  very 
fame  thing  takes  place  in  other  combuflions.  The  com- 
buitible  unites  with  oxygen,  which  at  the  fame  time 
gives  out  its  caloric.  The  change  then'  which  the 
combuftible  body  fuffers  is  not  owing  to  the  atftion  of 
caloric  on  it,  but  to  its  combining  with  oxygen.  The 
very  fame  change  can  be  brought  about  without  any  of 
the  ufual  phenomena  which  attend  combuftion,  fimply 
by  prefenting  the  oxygen  combined  with  fome  other 
body  inftead  of  caloric.  Nitric  acid,  for  inftance,  is 
a  body  which  contains  in  it  a  good  deal  of  oxygen  : 
If  phofphorus  be  mixed  with  this  acid,  it  attra&s’part 
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of  the  oxygen,  and,  without  any  of  the  ufual  phenome' 
na  which  attend  combuftion,  is  converted  into  phofpho- 
ric  add.  Striftly  fpeaking,  then,  combuftion  is  nothing 
elfe  but  the  combination  of  oxygen  with  the  bur  ning  body, 
and  the  term  might  therefore  be  ufed  in  every  cafe  where 
fitch  an  union  takes  place  ;  and  in  this  fenfe  indeed  it 
is  now  employed  by  feveral  writers.  But  the  term  com -  Whether  it 
bujlion  is  in  common  language  confined  to  thofe  cafes  ever  taVes 
where  the  oxygen  was  previoufly  combined  with  calo-1  ^ce 
ric,  and  wheie  a  quantity  of  heat  and  light  become  fen- ^^enfls 
fible  ;  and  perhaps  it  would  be  better,  in  order  to  pre-  *  D‘ 
vent  ambiguity,  never  to  employ  it  in  any  other  ft  me. 

We  are  not  yet  abfolutely  certain  that  caloric  and  light 
may  not  become  fenfible  in  other  combinations  befides 
thofe  into  which  oxygen  enters.  There  are  other  fub- 
ftances  befides  oxygen  capable  of  combining  with  calo¬ 
ric  ;  for  inftance,  hydrogen  and  azot :  and  unlefs  their 
affinity  for  caloric'  be  greater  than  for  any  other  fub- 
ftance,  they  may  be  capable  of  combining  with  other 
fubftances,  and  feparatmg  from  caloric  ,  at  lead  the  im- 
poffibility  of  this  has  never  yet  been  .demonftrated.  It 
is  improper,  therefore,  to  appropriate  the  word  combuff 
lion  to  the  combinations  of  oxygen,  till  it  can  be  {hewn 
that  the  phenomena  ufually  denoted  by  that  name  are 
never  owing  to  any  other  caufe.  There  is  even  one 
cafe  in  which  thefe  phenomena  prefent  themfelves,  in 
which  we  are  next  to  certain  that  oxygen  has  no  {hare. 

There  is  an  affinity  between  fnlphur  and  iron,  and  a 


high  temperature  promotes  their  union.  When  thefe 


\ 


fubftances  are  mixed  together,  and  heated  till  they  juft 
begin  to  appear  red  hot,  they  combine  togethei,  and 
at  the  fame  time,  as  the  Dutch  chemifts  firft  oblerved, 
a  good  deal  of  caloric  and  light  is  evolved.  The  very 
fame  phenomena  appear  in  a  vacuum,  or  in  any  kind 
of  air  whatever.  The  explanation  of  them  is  very 
fimple  and  obvious.  The  fulphur  or  the  iron,  or  per¬ 
haps  both,  had  previoufly  been  combined  with  a  quan¬ 
tity  of  caloric;  and  when  they  united  together,  tins  ca¬ 
loric  of  courfe  feparated  from  them. 

The  theory  of  combuftion  adopted  by  the  earlier  stahEs  the. 
chemifts  was  very  different  from  the  preceding  Stahl,  or>  of  com* 
as  has  been  already  explained,  confidered  combuftion  Gallon  by 
in  every  inftance  as  awing  to  the  feparation  of  phlogil-t.hc  c*tr,ia*  f|. 
•ton;  and  this  opinion  foon  became  universal.  Hecon-^on;  ™ 
fidered  phi  o  gift  on  as  the  fame  thing  with  the  element 
of  fire  ;  which  was  capable  both  ot  becoming  fixed  in 
bodies,  and  of  exifting  in  a  ftate  of  liberty.  Two  of 
its  properties  in  this  laft  ftate  were  heat  and  light.  The 
heat  and  the  light,  then,  which  became  fenfible  during 
combuftion,  were  nothing  elfe,  according  to  Stahl,  but 
tv/o  properties  of  •  phlogifton  or  the  element  of  fire.  , 
Macquer,  to  whofe  illuftrious  labours  feveral  of  the  moft  improved 
important  branches  of  chemiftry  owe  their  exiltence,  by  Mac- 
was,  we  believe,  the  firft  perfon  who  perceived  a  ftrik-  gucr> 
ing  defedt  in  this  theory  of  Stahl  Sir  Ifaac  Newton 
had  proved  that  light  is  a  body;  it  was  abfurd,  there¬ 
fore,  to  make  it  a  mere  property  of  phlogifton  or  the 
element  of  fire.  Macquer  accordingly  confidered  phlo¬ 
gifton  as  nothing  elfe  but  light  fixed  in  bodies.  This 
opinion  was  embraced  by  a  great  number  of  the  moft 

diftin- 


(i)  The  fame  opinion  has  been  embraced  by  Seguin,  Pi£fet,  Gadolin,  and  feveral  other  philofophers.  We 
did  not  mention  them,  becaufe  the  theory  given  above  differs  in  a  few  particulars  from  theirs.  But  we  have  de¬ 
rived  much  inllruftion  from  their  ingenious  writings ;  and  many  of  the  fadfs,  which  we  have  given,  were  obtained  ^ 
from  them. 
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dilHnguifhed  chemifts  ;  and  many  ingenious  arguments 
\J  were  brought  forward  to  prove  its  truth.  But  if  phlo¬ 
gifton  be  only  light  fixed  in  bodies,  whence  comes  the 
heat  that  manifelis  itfelf  during  comb u (lion  ?  Is  this 
heat  merely  a  property  ot  light  ?  Dr  Black  proved 
that  beat  is-  capable  of  combining  with,  or  becoming 
fixed  in  bodies  which  aie  not  combuftible,  as  in  ice 
and  water  ;  and  concluded  of  courle,  that  it  is  not  a 
property  but  a  body.  From  that  time  beat  or  caloric 
was  conlidered  by  the  greateft  number  of  chemifts  as  a 
diftinft  fubftance  from  plilogifton. 

Soon  after  this,  a  phenomenon,  which  had  been  ol> 
ferved  from  the  earliefi  ages,  and  which  probably,  for 
that  very  realon,  had  been  negledied,  began  to  be  at¬ 
tended  to  ;  that  combullibles  would  not  burn  except  in 
contaa  with  air.  Dr  Prieftley  obferved,  that  the  air  in 
which  combufiibles  had  been  fullered  to  burn  till  they 
were  extinguilhed,  had  undergone  a  very  remarkable 
change  ;  for  no  combuftible  would  afterwards  burn  in 
it,  and  no  animal  could  breathe  it  without  fuffoca- 
tion  (k).  He  concluded,  as  Dr  Rutherford  had  dope 
before  him,  that  this  change  was  owing  to  phlogif¬ 
ton  ;  that  the  air  had  combined  with  that  fubftance  ; 
and’ that  air  was  neceffary  to  combuftion,  by  at- 
tracing  the  phlogifton,  for  which  it  had  a  Itrong  af¬ 
finity.  ^  If  fo,  phlogifton  could  not  be  light  any  more 
than  caloric  ;  forit  .it  feparated  from  the  combuftible 
merely  bv  combining  with  air,  it  could  not  finely  cif- 
play  itfelf  in  the  form  of  light.  The  queftion  then  re¬ 
curred  with  double  force,’  What  is  phlogifton  ?  Dr 
.w-  Crawford,  of  whole  ingenious  experiments  on  the  fpe- 
cific  caloric  of  bodies  we  have  already  given  an  account, 
without  attempting  to  anfwer  this  queftion,  made  aeon- 
fiderable  improvement  in  the  theory  of  combuftion,  by 
fuppofing  ihat  the  phlogifton  of  the  combuftible  com¬ 
bined  with  the  air,  and  at  the  farce  time  feparated  the 
caloric  and  light  with  which  that  fluid  had  been  previ- 
oufly  united.  The  heat  and  the  light,  then,  which 
appeared  during  combuftion,  exifted  previoufly  in  the 
air.  This  theory  was  very  different  from  Stahl’s,  aird 
certainly  a  great  deal  more  fatisfadlory.  But  ftill 
the  queftion,  What  is  phlogifton  ?  remained  to  be  an- 
s  fwered.  Mr  Kirwan,  who  had  already  railed  himfelf 
to  the  firft  rank  among  chemical  philosophers  by  many 
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important  difeoveries,  and  many  ingenious  invefijga-  Caloric, 
tions  of  force  of  the  moft  difficult  parts  ol  chemiftry, 
attempted  to  anfwer  tins  queftion,  and  to  prove  that 
phlogifton  was  the  fame  with  hydrogen  I  he  fub-  '*  fn  I113 
jed  was  now  brought  to  a  ftare  capable  of  the  moft  ^ 
complete  decifion.  "  Does  hydrogen  actually  exili  in  all 
combuftible  lubftances  ?  and  is  it  feparated  from  them  Refuted* 
during  every  combuftion  ?  The  French  chemiils  who 
anfwered  his  treatile,  fliewed  that  this  is  by  no  means 
the  cafe  ;  and  that  therefore  there  was  no  proof  what¬ 
ever  of  the  identity  of  phlogifton  and  hydrogen.  And 
Mr  Kirwan  in  confequence,  with  that  candour  which 
diftinguifties  fuperior  minds,  gave  up  his  opinion  as  un* 
tenable/  3 or 

Mr  Lavoifier  had  already  put  the  queftion,  What  Exiftence 
proof  is  there  of  the  exiftence  of  phlogifton  at  all  ?  of  phlojif* 
There  is  only  this  lingle  proof,  that  fubftanccs  after  t°n  difpra^ 
combuftion  are  different  from  what  they  formerly  were.  ve 
That  this  difference  takes  place  is  certainly  true  ;  but 
it  is  owing,  not  to  the  reparation  ol  any  fubftance,  but 
to  the  combination  of  one.  It  follows,  theiefore,  that 
there  is  no  proof  whatever  of  the  exiftence  of  any  fuck 
fubftance  as  phlogifton  in  nature  ;  and  of  courfe  we  muft 
conclude,  that  no  fuch  fubftance  cxuIs(l).  3 02 

15.  It  is  well  known,  that  heat  is  produced  by  the  Production 
perculSon  of  hard  bodies  againft  each  other.  When  a°f  calouc 
piece  of  iron  is  fmartly  and  quickly  llruck  with  a  ham-  ^n^etCU^% 
mer,  it  becomes  red  hot  ;  and  the  production  of  fparks  * 
by  the  collifion  of  flint  and  fteel  is  too  familiar  a  fadt  to 
require  being  mentioned,  bio  heat,  however,  has  ever 
been  obferved  to  follow  the  percuflion  of  liquids,  nor  of 
foft  bodies  which  eafily  yield  to  the  ftroke.  3 0 3 

It  has  long  been  known,  that  hammering  increases  Owing 
the  denfity  of  metals.  The  fpecific  gravity  of  iron  be- partly  to 
fore  hammering  is  7,788;  after  being  hammered,  7,840:  c.ondfcnfa,> 
that  of  platinum  before  hatamering  is  19*50;  after  it,  * 
23,00.  Now  condensation  diminifties  the  fpecific  calo¬ 
ric  of  bodies.  After  one  cf  the  clay  pieces  iifed  in 
Wedgewood’s  thermometer  has  been  heated  to  120°,  it 
is  reduced  to  one  half  of  its  former  bulk,  though  it  has 
loll  only  two  grains  of  its  weight,  and  its  fpecific  calo¬ 
ric  is  at  the  fame  time  diminilhed  one  third*.  But  *  7. 
we  cannot  conceive  the  fpecific  caloric  of  a  body  to  be 
diminilhed  without  its  giving  out  at  the  fame  time  a 

quantity 


(k)  Thcfe  very  obfervations  had  been  made  almoft  a  century  before  by  Mayow  ;  hut  chemiftry  was  then  in 
its  infancy  ;  little  attention  was  paid  to  them,  and  they  had  been  forgotten. 

(l)  Mr  Lavoifier  was  therefore  the  author  of  what  is  called  the  antiphlogiftic  theory  in  chemiftry,  or  the  theory 

which  accounts  for  the  nhenomena  of  chemiftry  without  the  affiftance  of  phlogifton.  It  has  been  fo  called  in 
oppofition  to  the  theory'of  Stahl,  which  explained  every  thing  by  means  of  phlogifton ,  and  which  is  therefore 
called  the  phlogtflic  theory.  . 

Some  chemifls  have  affefted  to  omit  Lavoifier’s  name  altogether,  when  they  fpoke  of  the  antiphlogiftic  theory. 
According  to  them,  that  theory  was  founded  upon  the  experiments  and  difeoveries  of  other  chemiils,  and  Lavoi- 
fier  had  no  other  merit  but  that  of  bringing  it  into  public  notice. 

That  Mr  Lavoifier  virtually  at  leaft  claimed  feveral  of  the  difeoveries  of  others,  we  are  forry  to  be  under  the_ 
liecefiity  of  acknowledging ;  and  that  many  of  the  experiments,  brought  forwaxd  to  difprove  the  exiftence  of 
phlogifton,  were  firft  made  by  others,  is  known  to  all  the  world  :  but  it  is  equally  evident,  that  the  firft  perfon 
who  a&ually  formed  the  theory  was  Lavoifier  ;  and  furcly  the  merit  lies  in  that.  It  is  not  thofe  who  collect 
the  Hones,  and  the  timber,  and  the  mortar,  but  he  who  lays  the  plan,  and  Ihows  how  to  put  the  materials  toge¬ 
ther,  that ’is  in  reality  the  builder  of  the  houfe.  Who  did  not  know,  as  well  as  Newton,  that  a  ltone  fell  to  the 
ground,  and  that  the  planets  revolved  round  the  fun  ?  and  yet,  who  but  Newton  could  have  formed  the  theory 
of  gravitation?  We  would  not  be  underftood  to  detraft  any  thing  from  the  merit  of  the  other  illuftrious  philofo- 
pliers  who  have  adorned  the  prefent  age,  many  of  whom  are  at  leaft  equal,  and  fome  of  them  fuperior  to  Lavoi¬ 
fier  :  But  we  are  afraid  that  envy,  or  fome  worfe  motive,  guided  the  pen  of  one  at  leaft  of  the  moft  aCtive  and  vi¬ 
rulent  antagonifts  of  that  illuftrious  and  unfortunate  philofopher. 


CHEMI 

quantity  of  caloric  ;  and  we  know  for  certain  that  ca¬ 
loric  is  evolved  during  condenfation.  A  thermometer 
placed  within  a  condenfer  rifes  feveral  degrees  every 
t  r)rtrtu'ini  time  air  k  thrown  in')*.  We  can  even  fee  a  reafon  for 
J^;7  Trjnjl  When  the  particles  of  a  body  are  forced  nearer 

each  other,  the  repulfive  power  of  the  caloric  combined 
with  them  is  increafed,  and  confequently  a  part  of  it 
will  be  apt  to  fly  off.  Now,  after  a  bar  of  iron  has 
been  heated  by  the  hammer,  it  is  much  harder  and  brit- 
tler  than  before.  It  muft  then  have  become  denfer, 
and  confequently  muft  have  parted  with  caloric.  It  is 
an  additional  confirmation  of  this,  that  the  fame  bar 
cannot  be  heated  a  Xecond  time  by  pereufiion  until  it  has 
been  expofed  for  fome  time  to  a  red  heat.  It  is  too 
brittle,  and  flies  to  pieces  under  the  hammer.  Now 
brittlenefs  feems  in  moft  cafes  owing  to  the  abfence  of 
the  ufual  quantity  of  caloric.  Glafs  unannealed ,  or,  which 
is  the  fame  thing,  that  has  been  cooled  very  -quickly,  is 
always  extremely  brittle.  When  glafs  is  in  a  flate  of 
ffufion,  there  is  a  vaft  quantity  of  caloric  accumulated  in 
it,  the  repulfion  between  the  particles  of  which  muft  of 
<ourfe  be  very  great ;  fo  great  indeed,  that  they  would 
dbe  difpofed  to  fly  off  in  every  direction  with  inconcei¬ 
vable  velocity,  were  they  not  confined  by  an  unufually 
great  quantity  of  caloric  in  the  furrounding  bodies  : 
confequently  if  this  furrounding  caloric  be  removed,  the 
caloric  of  the  glafs  flies  off  at  once,  and  more  caloric  will 
leave  the  glafs  than  otherwife  would  leave  it,  becaufe 
the  velocity  of  the  particles  muft  be  greatly  increafed. 
'Probably  then  the  brittlenefs  of  glafs  is  owing  to  the 
deficiency  of  caloric  ;  and  we  can  fcarcely  doubt  that 
the  brittlenefs  of  iron  is  owing  to  the  fame  caufe,  if  wc 
recoiled  that  it  is  removed  by  the  application  of  new 
caloric.  Part  therefore  of  the  caloric  which  appears  in 
confequeneeof  pereufiion  feems  to  proceed  from  the 
body"  ftruck  $  and  this  is  doubtlefs  the  reafon  why  thofe 
bodies,  the  denfity  of  which  is  not  increafed  by  percuf. 
fion,  as  ^liquids  and  foft  fubftances,  are  not  heated 
304  at  all. 

And  partly  We  fay  part  of  the  caloric,*  becaufe,  often  at  leaft, 
part  of  it  is  probably  owing  to  another  caufe.  By  con¬ 
denfation,  as  much  caloric  is  evolved  as  is  fufficient  to 
raife  the  temperature  of  fome  of  the  particles  of  the 
body  high  enough  to  enable  it  to  combine  with  the 
oxygen  of  the  atmofphere.  The  combination  actually 
takes  place,  and  a  great  quantity  of  additional  caloric  is 
feparated  by  the  decompofition  of  the  gas.  That  this 
happens  during  the  collision  of  flint  and  fteel  cannot  be 
doubted  ;  for  the  fparks  produced  are  merely  fmall 
pieces  of  iron  heated  red  hot  by  uniting  with  oxygen 
;  during  their  paflage  through  the  air,  as  any  one  may 
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convince  himfelf  by  a&ually  examining  them.  'Mr  Lane  Caloik, 
has  {hewn  that  iron  produces  no  fparks  in  the  v?.cuum' — r*. 
of  an  air  pump  ;  but  Mr  Kiivvan  has  obferved  that  they 
are  produced  under  common  fpring  water ;  and  we 
know  that  iron  at  a  certain  temperature  is  capable  of 
decompofing  water.  ^ 

When  quartz,  rock  cryftal  (  m),  or  other  very  hard  Sparks., 
ftones,  are  ftruck  againft  one  another,  they  emit  fparks. 

If  they  be  often  made  to  emit  fparks  above  a  fheet  of^.^ 
white  paper,  there  are  found  upon  it  a  number  of  fmall ep(i^ 
black  bodies,  not  very  unlike  the  eggs  of  flies.  Thefe 
bodies  are  hard  but  friable,  and  when  rubbed  on  the 
paper  leave  a  black  ilain.  When  viewed  w  ith  a  mi- 
crofcope,  they  feem  to  have  been  melted.  Muriatic 
acid  changes  their  colour  to  a  green,  as  it  does  that  of 
lavas *.  Thefe  fubftances  evidently  produced  the  fparks*/;^ 
by  being  heated  red  hot.  Lamanon  (n)  fuppofes  that Joumk 
they  are  particles  of  quartz  combined  with  oxygen. 
Were  that  the  cafe,  the  phenomenon  would-be  pre- 
cifely  fimilar  to  that  which  is  produced  by  the  collifion 
of  flint  and  fteel.  That  they  are  particles  of  quartz 
cannot  be  doubted ;  but  to  fuppofe  them  combined  with 
oxygen  is  contrary  to  all  experience  :  for  thefe  ftones 
never  {hew  any  difpofition  to  combine  with  oxygen  even 
when  expofed  to  the  moft  violent  heat.  La  Metherie 
made  experiments  on  purpofe  to  fee  whether  Lamanon’s 
opinion  was  well  founded;  but  they  all  turned  out  unfa¬ 
vourable  to  it.  And  Monge  afeertained,  that  the  par¬ 
ticles  deferibed  by  Lamanon  were  pure  cryftal  unalter¬ 
ed,  with  a  quantity  of  black  powder  adhering,  to  them,  jefi 
He  concludes  accordingly,  that  thefe  fragments  had  Caufe  of 
been  raifed  to  fo  high  a  temperature  during  their  paf-j^l* 
fage  through  the  air,  that  they  fet  fire  to  all  the  mi-  " 
nute  bodies  that  came  in  their  way  j'.  We  muft  there- 
fore  either  fuppofe  that  all  the  caloric  was  produced  by  '  ^ ' 
mere  condenfation,  which  is  not  probable,  or  acknow¬ 
ledge  that  we  cannot  explain  the  phenomenon. 

16.  Caloric  is  not  only  produced  by  pereufiion,  but  Emiflion 
alfo  by  fri&ion.  Fires  are  often  kindled  by  rubbing dcato 
pieces  of  dry  wood  fmaitly  againft  one  another.  It  is0D  r‘ 
well  known  that  heavy  loaded  carts  fometimes  take  fire 
by  the  fri&ion  between  the  axle-tree  and  the.  wheel, 

Now  in  what  manner  is  the  caloric  evolved  or  accumu-  Mot  0^ 
lated  by  friction  ?  Not  by  increafmg  the  denfity  ol  thet°fon(lts 
bodies  rubbed  againft  each  other,  as  happens  in  cafes  ofkll0fl’ 
pereufiion  ;  for  heat  is  produced  by  rubbing  foft  bodies 
againft  each  other,  the  denfity  of  which  therefore  can¬ 
not  be  increafed  by  that  means,  as  any  one  may  con¬ 
vince  himfelf  by  rubbing  his  hand  fmartly  againft  his 
coat.  It  is  true,  indeed,  that  heat  is  not  produced  by 
the  fridlion  of  liquids,  but  then  they  are  too  yielding 
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(m)  Thefe  ftones  are  compofed  of  almofLpure  filica. 

(n)  This  ingenious  and  unfortunate  young  man,  to -whom  we  are  indebted  for  thefe  faffs,  fell  a  viftim  to  his 
*  ardour  for  knowledge.  He  accompanied  La  Peroufe  in  his  laft  voyage,  and  was  murdered  wfith  the  moft  favage 

cruelty,  together  with  La  Langle  and  feveral  others,  by  the  natives  of  the  ifland  of  Maouna.  When  a  man  of 
genius,  anxious  to  acquire  honeft  fame,  and  a: man  too  io  nobly  difinterefted  as  Lamanon,  thus  falls  prematurely 
-before  he  has  attained  the -objefl  of  his  Willies, 

“  Cut  off  from  nature’s  and  from  glory’s  courfe! 

“  Which  never  mortal  was  fo  fond  to  run,” 

-,who  can  withhold  the  tribute  .of- regret  and  admiration,  when  they. 

- — —  “  conje&ure  what  he  might  fiave  proved, 

And  think  life  only  wanting  to  his  fame.” 
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to  be  fub]e£led  to  ftrong  frt&Ion.  It  is  not  owing  to 
'  the  foeciftc  caloric  of  the  rubbed  bodies  decreahng  ;  or 
Count  Rumford  found,  that  there  was  no  fcnfible  de- 
creafe  f,  nor,  if  there  were  a  decreafe,  would  it  be  Jut* 

■  fi dent  to  account  for  the  vaft  quantity  of  heat  which  is 
I  fometimes  produced  by  fridlion. 


,  lines  pUWULLU  lj  j  li.wvw.  ..  , 

'■  s  Count  Rumford  took  a  cannon  call  folia  and  rough 
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as  it  came  from  the  foundery  ;  he  caufed  its  extremity 
•to  be  cut  off,  and  formed,  in  that  part,  a  iolid  cy¬ 
linder  attached  to  the  cannon  7^  inches  in  diameter 
and  0/5  inches  long.  It  remained  joined  to  the  re., 
of  the  metal  by  a  fmall  cylindrical  neck.  In  this  cy¬ 
linder  a  hole  was  bored  3,7  inches  in  diameter  and  7,2 
inches  in  length.  Into  this  hole  was  put  a  blunt  Reel 
borer,  which  by  means  of  horfes  was  made  to  rub  againtt 
its  bottom  ;  at  the  fame  time  a  fmall  hole  was  ma_e  in 
the  cylinder  oeroendicular  to  the  bore,  and  ending  in 
the  folid  part  a  little  beyond  the  end  of  the  bore.  This 
was  for  introducing  a  thermometer  to  meafure  the  heat 
of  the  cylinder.  The  cylinder  was  wrapt  round  with 
flannel  to  keep  in  the  heat.  The  borer  prefled  again  ft 
the  bsttom  of  the  hole  with  a  force  equal  to  about 
10,000  lb.  avoirdupois,  and  the  cylinder  was  turned 
round  at  the  rate  of  32  times  in  a  minute.  At  the  be¬ 
ginning  of  the  experiment  the  temperature  of  the  cy¬ 
linder  was  6o°  ;  at  the  end  of  30  minutes,  when  it  had 
made  060  revolutions,  its  temperature  was  I3°°*  j- .  e 
quantity  of  metallic  dud  or  feales  produced  by  this  trie- 
tion  amounted  to  837  grains.  Now,  if  we  were  to 
fuppofe  that  all  the  caloric  was  evolved  from  thele 
feales,  as  they  amounted  to  juft  part  of  the  cylin¬ 
der,  they  muft  have  £iven  out  948°  to  rane  the  cylinder 
i°,  and  consequently  66360°  to  raifeitvo*  or  to  130°, 
which  is  certainly  incredible  f. 

Neither  is  the  caloric  evolved  during  fri&uon,  owing  to 
the  combination  of  oxygen  with  the  bodies  themfelves  or 
any  part  of  them.  By  means  of  a  piece  of  clock-work, 
MrPidlet  made  fmall  cups  (fixed  on  the  axis  of  one  of  the 
wheels)  to  move  round  with  confiderable  rapidity',  and 
he  made  various  fubftances  rub  againft  the  outfidcs  of  thefe 
cups,  while  the  bulb  of  a  very  delicate  thermometer  pla¬ 
ced  within  them  marked  the  heat  produced.  1  he  whole 
machine  was  of  a  fize  fufficiently  fmall  to  be  introdu¬ 
ced  into  the  receiver  of  an  arr  pump.  By  means  of  this 
machine  a  piece  of  adamantine  fpar  was  made  to  rub 
aTaiuft  a  fteel  cup  in  air:  fparks  were  produced  rn  great 
abundance  during  the  whole  time,  but  the  thermometer 
did  not  rife.  The  fame  experiment  was  repeated  in  the 
exhaufted  receiver  of  an  air  pump  (the  manometer 
Handing  at  four  lines) ;  no  fparks  were  produced,  but  a 
kind  of  phofphoric  light  was  vifible  in  the  dark.  The 
thermometer  did  not  rife.  A  piece  of  brafs  being  made 
to  rub  in  the  fame  manner  againft  a  much  f mailer  orals 
cup  in  air,  the  thermometer  ( which  ^  ?-lmoft  filled  the 
cuo)  rofe  0,2°,  but  did  not  begin  to  rile  till  the Tuition 
was  over.  This  fhews  us.  that  the  motion  produced  in 
the  air  carried  off  the  caloric  as  it  was  evolved  In  the 
exhaufted  receiver  it  began  to  rile  the  moment  the  fric¬ 
tion  began,  and  rofe  in  all  1,2®.  When  a  bit  of  wood 
was  made  to  rub  againft  the  brafs  cup  in  the  air,  the 
thermometer  rote  0,7°,  and  011  fubftituting  alfo  a  wood¬ 
en  cup  it  rofe  2,i°,  and  in  the  exhaufted  receiver  2,4  , 
t  fur  and  in  air  condenfed  to  1 $•  atmofpheres  it  role  0,5  • 

:h  9.  If  thefe  experiments  be  not  thought  conclufive,  we 

have  others  to  relate,  which  will  not  leave  a  doubt  that 
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the  heat  produced  by  fridion  is  not  connected  with  the 
decomoofition  of  oxygen  gas.  Count  Rumford  con- 
trived,  with  his  nfual  ingenuity,  to  inclofe  the  cylinder 
•above  deferibed  in  a  wooden  box  filled  with  water,  which 
effectually  excluded  all  air,  as  the  cylinder  ltfelf  and  the 
borer  were  furrounded  with  water,  and  at  the  fame  time 
did  not  impede  the  motion  of  the  inftrument.  1  he 
quantity  of  water  amounted  to  18,77  lbs.  avoirdupois, 
and  at  the  beginning  of  the  experiment  was  at  the  tem¬ 
perature  of  6ou.  After  the  cylinder  had  revolved  for 
an  hour  at  the  rate  of  3  2  times  in  a  minute,  the  tempe¬ 
rature  of  the  water  was  107°;  in  30  minutes  more  it 
was  1  78®  ;  and  in  2  hours  and  30  minutes  after  the  ex¬ 
periment  began,  the  water  aBually  boiled.  According 
to  the  computation  of  Count  Rumford,  the  caloric  pro¬ 
duced  would  have  been  fufficient  to  heat  26,58  lbs. 
avoirdupois  of  ice-cold  water  boiling  hot;  and  it  would 
have  required  9  wax  candles  of  a  moderate  fize,  burning 
with  a  clear  flame  all  the  time  the  experiment  lafted,  to 
have  produced  as  much  heat.  In  this  experiment  all  ao- 
cefs  of  water  into  the  hole  in  the  cylinder  where  the 
fridtion  took  place  was  prevented.  But  in  another  ex¬ 
periment,  the  refult  of  which  was  precifely  the  fame,  the 
water  was  allowed  free  accefs  f-  f 

The  caloric,  then,  which  appears  in  confcquence  of '*»<*• 
friCtion,  is  neither  produced  by  an  increafe  of  the  den-  con_ 
fity,  nor  by  an  alteration  in  the  fpecific  caloric  of  thefeqUentiy 
fubftances  expofed  to  friction,  nor  is  it  owing  to  the  de-at  preterit 
comoofition  of  the  oxygen  of  the  atmofphere— Whence  j^PW** 
then  is  it  derived  ?  This  queftion  we  are  altogether  un¬ 
able  to  anfwer.  We  cannot,  however,  think,  that  the  con- 
clufion  which  Count  Rumford  is  difpofed  to  draw  from 
his  experiments  is  warranted  by  the  premifes.  He  fup-This  no 
pofes,  that  becaufe  we  cannot  explain  the  manner  that  proof  that 
caloric  is  accumulated  by  fridion,  there  is  no  fuch  fub-  not  a  boc!y, 
ftance  as  caloric  at  all,  but  that  it  is  merely  a  peculiar 
kind  of  motion.  We  would  beg  leave  to  a  fit,  how  the 
fads  mentioned  in  the  former  part  of  this  chapter,  ma¬ 
ny  of  which  were  furnifhed  by  this  ingenious  philofo- 
pher  himfelf,  and  all  of  which  combine  to  render  the 
exiftence  of  caloric  as  a  fubftance  probable,  can  be  de- 
ftroyed  and  fet  aft.de,  merely  becaufe  there  are  other  phe¬ 
nomena  in  nature  connected  with  caloric  which  cannot 
be  accounted  for  ?  Were  it  poffible  to  prove  that  the 
accumulation  of  caloric  by  fridion  is  incompatible  with 
its  being  a  fubftance,  in  that  cafe  Count  Rumford’s 
conclufion  would  be  a  fair  one  ;  but  this  furely  has  not 
been  done.  We  are  certainly  not  yet  fufficiently  ac¬ 
quainted  with  the  laws  of  the  motion  of  caloric  (allow¬ 
ing  it  to  be  a  fubftance)  to  be  able  to  affirm  with  cer¬ 
tainty  that  fridion  could  not  caufe  it  to  accumulate  in 
the  bodies  rubbed.  This  we  know  at  leaft  to  be  the 
cafe  with  eledricity.  Nobody  has  been  hitherto  able 
to  demonftrate,  in  what  manner  it  is  accumulated  by 
fridion  ;  and  yet  this  lias  not  been  thought  a  fufficient 
reafon  to  deny  its  exiftence.  3*3 

Indeed  there  feems  to  be  a  very  clofe  analogy  between  Analogy 
caloric  and  eledric  matter.  Both  of  them  tend  to  diffufe^^  c  and, 
themfelves  equally,  both  of  them  dilate  bodies,  both  of^iukUy. 
them  fufe  metals,  and  both  of  them  kindle  combuftible 
fubftances.  Mr  Achard  has-  proved,  that  eledricity  can 
be  fubftituted  for  caloric  even  in  thole  cafes  where  its 
agency  feems  peculiarly  neceffary  ;  for  he  found  that, 

'  conftantly  fupplying  a  certain  quantity  of  the  elec- 
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trie  fluid,  eggs  could  be  hatched  juft  as  when  they  art 
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kept  at  the  temperature  of  103°.  An  accident  indeed 
prevented  the  chickens  from  actually  coming*  out  ;  but 
tliey  were  formed  and  living,  and  within  two  days  of 
bu riling  their  (hell.  Ele&riciiy  has  alio  a  great  deal  of 
influence  on  the  heating  and  cooling  of  bodies.  Mr 
Pidlet  exhtuiiled  a  glafs  globe,  the  capacity  of  which 
was  1200,199  cubic  inches,  till  the  manometer  within 
it  flood  at  1,75  lines.  In  the  middle  of  this  globe  was 
fufpended  a  thermometer  which  hung  from  the  top  of  a 
glafs  rod  fixed  at  the  bottom  of  the  globe,  and  going 
almofl  to  its  top.  Onpofite  to  the  bulb  of  this  ther¬ 
mometer  two  lighted  candles  were  placed,  the  rays  of 
which,  by  means  of  two  concave  mirrors,  were  concen  • 
t rated  011  the  bulb.  The  candles  and  the  globe  were 
•placed  on  the  fame  board,  which  was  fupported  by  a 
non-condudlor  of  ele&ricity.  Two  feet  and  a  half  from 
the  globe  there  was  an  ele&rilying  machine,  which 
communicated  with  a  brafs  ring  at  the  mouth  of  the 
globe  by  means  of  a  metallic  conductor.  This  machine 
was  kept  working  during  the  whole  time  of  the  experi¬ 
ment  ;  and  confeauently  a  quantity  of  eledfric  matter 
was  conflantly  paffing  into  the  globe,  which  formed  an 
atmofphere  not  only  within  it,  but  at  fome  diftanee 
round,  as  was  evident  from  the  imperfedc  manner  in 
which  the  candles  burned.  When  the  experiment  be¬ 
gan  the  thermometer  flood  at  49,8°.  It  rofe  to  70,2° 
in  732  '.  The  fame  experiment  was  repeated,  but  no 
eleSric  matter  thrown  in  ;  the  thermometer  rofe  from 
49,8°  to  70,2°  in  1050";  fo  that  the  ele&ricity  haflen- 
ed  the  heating  almofl  a  third.  In  the  lirfl  experiment 
the  thermometer  rofe  only  to  71,3°,  but  in  the  fecond 
it  role  to  77°.  This  difference  was  doubtlefs  owing  to 
the  candles  burning  better  in  the  fecond  than  the  firfl 
experiment  ;  for  in  other  two  experiments  made  exact¬ 
ly  in  the  fame  manner,  the  maximum  was  equal  both 
when  there  was  and  was  not  eledlric  matter  prefent. 
Thefe  experiments  were  repeated  with  this  difference, 
that  the  candles  were  now  infulated,  by  placing  their 
candleflicks  in  dilhes  of  vhrnifhed  glafs.  The  thermo¬ 
meter  rofe  in  the  eledlrical  vacuum  from  52,2°  to  74,7° 
in  10507;  in  the  fimple  vacuum  in  965''.  In  the  elec¬ 
trical  vacuum  the  thermometer  rofe  to  77°;  in  the 
fimple  vacuum  to  86°.  It  follows  from  thefe  experi¬ 
ments,  that  when  the  globe  and  the  candles  communica¬ 
ted  with  each  other,  electricity  haflened  the  heating  of 
the  thermometer  ;  but  that  when  they  were  infulated 
'Pi&etfur  feparately,  it  retarded  it  *.  One  would  be  apt  to  fuf- 
4eFevich.6..pCft'  ag6ncy  of  eiedlricity  in  the  following  experi¬ 
ment  of  Mr  Pidlet :  Into  one  of  the  brafs  cups  former¬ 
ly  deferibed,  a  fmall  quantity  of  cotton  was  put  to  pre¬ 
vent  the  bulb  of  the  thermometer  from  being  broken. 
As  the  cup  turned  round,  two  or  three  fibres  of  the 
cotton  rubbed  againfl  the  bulb,  and  without  any  other 
fridlion  the  thermometer  rofe  five  or  fix  degrees.  A 
greater  quantity  of  cotton  being  made  to  rub  againfl 
f  Ibid,  ch.p.tlie  bulb,  the  thermometer  rofe  15  degreesf. 

3*4  .  We  do  not  mean  to  draw  any  other  conclufion  from 
may  b^  an  t^ie^*e  than  that  electricity  is  very  often  concerned 
agentln  the^n  the  heating  of  bodies,  and  that  probably  fome  fuch 
heating  of  agent  is  employed  in  accumulating  the  heat  produced 
fria'CS  ^  ^  fri&ion.  Suppofing  that  electricity  is  actually  a 
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fubflance,  and  taking  it  for  granted  that  it  is  different 
from  caloric,  does  it  not  in  all  probability  contain  ca-  ^ 
loric  as  well  as  all  other  bodies  ?  Has  it  not  a  tendency 
to  accumulate  in  all  bodies  on  friction,  whether  conduc¬ 
tors  or  no  in  conductors  ?  May  it  not  then  be  accumu¬ 
lated  in  thofe  bodies  which  are  rubbed  againfl  one  ano. 
ther  ?  or,  if  they  are  good  conductors,  may  it  not  pafs 
through  them  during  the  friction  in  great  quantities  ? 
May  it  not  part  with  fome  of  its  caloric  to  thefe  bodies, 
either  on  account  of  their  greater  affinity  or  fome  other 
caufe  ?  and  may  not  this  be  the  fource  of  the  caloric 
which  appears  during  friction  ? 

Chap.  VI.  O/'Light. 

By  means  of  light  bodies  are  rendered  vifible.  Light  Nel' 
has  been  confidered  as  a  fubflance  compofed  of  fmall  thcor 
particles  moving  in  draught  lines  from  luminous  bodies 
with  inconceivable  rapidity.  The  difeoveries  of  New¬ 
ton  eftabli filed  this  opinion  on  the  firm  bafis  of  mathe¬ 
matical  demonflration  ;  and  fince  his  time  it  has  been 
generally  embraced.  Huyghens,  indeed,  and  Euler, 
advanced  another  (o).  They  confidered  light  as  a  fub- 
tile  fluid,  filling  all  fpace,  which  rendered  bodies  vifible 
by  its  undulations.  But  they  fupported  their  hypothe¬ 
cs  rather  by  darting  objections  to  the  theory  of  New¬ 
ton,  than  by  bringing  forward  direct  proofs.  Their 
objections,  even  if  valid,  inllead  of  eflablifhing  their 
o  wn  opinions,  would  prove  only  that  the  phenomena  of 
light  are  not  completely  underflood  ;  a  truth  which  no 
man  will  refufe  to  acknowledge,  whatever  fide  of  the 
quedion  he  adoots.  Newton  and  his  difciples,  on  the 
contrary,  have  fhewn,  that  the  known  phenomena  of 
light  are  inconjijlent  with  the  undulations  of  a  fluid,  and 
have  brought  forward  a  great  number  of  direct  argu¬ 
ments,  which  it  has  been  impoflible  to  anfwer,  in  i up- 
port  of  their  theory.  It  can  hardly  be  doubted,  there¬ 
fore,  that  the  Newtonian  theory  of  light  is  the  true 
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Dr  Bradley,  who,  by  a  number  of  very  accurate  ex-Vdoc 

penments,  and  a  procefs  of  reafoning  peculiarly  ingeni-  light* 
ous,  difeovered  the  aberration  of  light  of  the  fixed  liars, 
has  fhewn  from  it  that  the  velocity  of  light  is  to  that 
of  the  earth  in  its  orbit  as  10313  to  1.  Light  there¬ 
fore  moves  at  the  rate  of  195218  miles  in  a  fecond.  I 

Light,  by  means  of  a  prifm,  maybe  ieparated  into  Divifl 
feven  rays,  differing  from  each  other  in  colour  ;  red,  into  ( 
orange,  yellow,  green,  blue,  indigo,  violet.  None  ofrafs» 
thefe  are  capable  of  farther  decoinpofition.  Marat,  in¬ 
deed,  pretended  that  he  had  reduced  them  to  three  \ 
hut  his  experiments  are  now  known  to  have  been  mere¬ 
ly  pliilofophical  frauds.  ^ 

When  light  pafles  obliquely  into  a  denfer  medium,  it  Diffe 
is  ref  ratted  towards  the  perpendicular  ;  when  into  a  ra-  u\  .ref 
rer,  from  the  perpendicular.  Sir  Ifaac  Newton  difco-blllty: 
vered  that  the  rays  differed  in  their  reirangibility  in  the 
order  in  which  they  have  been  named,  the  red  being 
the  lead,  the  violet  the  mod  refrangible.  Mr  Blair  has 
obferved,  that  the  ratios  of  the  refrangibility  of  the 
different  rays,  though  not  their  order,  vary  fomewhat  in 
different  mediums  +.  t  F-t 

When 


(o)  Dr  Franklin  did  the  fame,  without  taking  any  notice  of  thefe  philofophers,  of  whofe  opinions  perhaps 
lie  was  ignorant.  See  Tranf,  Phllad .  III.  5. 
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When  light  pnffes  within  a  certain  diltance  of  a  body, 
parallel  to  which  it  is  moving,  it  is  bent  towards  it  ; 
when  it  pa  flee  at  a  greater  difhnee,  It  Is  bent  from  it. 
The  firft  of  thefe  properties  is  called  inflexion ,  the  le- 
cond  defletlion .  Now  the  tays  differ  in  thefe  properties 
in  the  older  in  which  they  were  named  ;  the  red  being 
moft ,  the  violet  leaf  inflexible  and  deflexible.  This 
was  fufpeded  by  David  Rittenhoufe  *,  but  was  fir  ft 
demon ftrated  by  the  ingenious  experiments  of  Mr 
Brougham  f. 

When  light  falls  upon  a  vifible  body,  fome  of  it  is  re¬ 
flected  back  ;  and  the  more  polifhed  or  the  whiter  any 
furface  is,  the  more  light  it  reflects.  The  rays  of  light 
differ  alfo  in  reflexity  (fee  Reflexity,  SuppL),  the  red 
being  the  moft,  the  violet  the  leaft  refiexible.  This 
difcovery  we  owe  to  the  lame  ingenious  gentleman 

Thefe  properties  of  light  conflitute  the  fubjed  of 
Optics;  to  which  we  refer  thofe  who  wifh  to  fee 
them  invefligated.  We  mention  them  here  becaufe  they 
prove  that  light  is  aded  on  by  other  bodies,  that  it  is 
fubjeded  to  the  laws  of  attradion,  and,  confequently, 
that  it  poffeffes  gravity . 

2.  The  oarticles  of  light  feem  alfo,  like  thofe  of  ca¬ 
loric,  to  poffefs  the  property  of  repelling  one  another ; 
at  leaft  their  rapid  motion,  in  all  directions,  from  lumi¬ 
nous  bodies,  fcems  to  be  owing  to  feme  fuch  property. 

3.  Light  is  capable  of  entering  into  bodies,  and  re¬ 
maining  in  them,  and  of  being  afterwards  extricated  with¬ 
out  any  alteration.  Father  Beccaria,  and  feveral  other 
philofophers,  have  fhown  us  by  their  experiments,  that 
there  are  a  great  many  fubflances  which  become  lumi¬ 
nous  after  being  expofed  to  the  light.  This  property  was 
difeovered  by  carrying  them  inftantly  from  the  light  into 
a  dark  place,  or  by  darkening  the  chamber  in  which  they 
were  expofed.  Mod  <?>f  thefe  fubflances,  indeed,  lofe  this 
property  in  a  very  fhort  time,  but  they  recover  it  again 
on  being  expofed  to  the  light  ;  and  this  may  be  repeat¬ 
ed  as  often  as  we  pleafe.  We  are  indebted  to  Mr  Can¬ 
ton  for  fome  very  interefting  experiments  on  this  fub¬ 
jed,  and  for  difeovering  a  competition  which  pofTefie3 
this  property  in  a  remarkable  degree.  He  calcined 
fome  common  cyder  fliells  in  a  good  coal  fire  for  half 
an  hour,  and  then  pounded  and  lifted  the  pured  part 
of  them.  Three  parts  o f  this  powder  were  mixed  with 
one  part  of  the  flowers  of  fulphur,  and  rammed  into  a 
crucible  which  was  kept  red  hot  for  an  hour.  The 
brighted  parts  of  the  mixture  were  then  feraped  off, 
and  kept  for  ufe  in  a  dry  phial  well  dopped.  When 
this  compofition  is  expofed  for  a  few  feconds  to  the 
light,  it  becomes*  diffidently  luminous  to  enable  a  per- 
fon  to  didinguifh  the  hour  on  a  watch  by  it.  After 
fome  time  it  ceafes  to  fhine,  but  recovers  this  property 
on  being  again  expofed  to  the  light.  Light  then  is 
not  only  aded  upon  by  other  bodies,  but  it  is  capable 
of  uniting  with  them,  and  afterwards  leaving  them  with- 
out  any  change. 

It  is  well  known  that  light  is  emitted  during  com- 
budion  ;  and  it  has  been  objected  to  this  conclufion, 
that  thefe  bodies  are  luminous  only  from  a  flow  and 
imperceptible  combudion.  But  furely  combudion  can¬ 
not  be  fufpeded  in  many  of  Father  Beccaria’s  experi¬ 
ments,  when  we  refk&  that  one  of  the  bodies  on  which 
they  were  made  was  his  own  hand,  and  that  many  of 
the  others  were  altogether  incombudible  ;  ond  the  phe¬ 
nomena  obferved  by  Mr  Canton  are  alfo  incompatible 
bu ppl.  Vol.  L  Fart  I* 


with  the  notion  of  combudion.  His  pyrophorus  fhone  Light, 
only  ru  confequcnce  of  being  expofed  to  light,  and  loft  **~^r~'*a‘* 
that  property  by  being  kept  in  the  dark.  It  is  not 
expofure  to  light  which  caufes  fubflances  capable  of 
combudion  at  the  temperature  of  the  atmofphere  to  be¬ 
come  luminous,  but  expofure  to  air.  If  the  fame  tem¬ 
perature  continues,  they  do  not  ceafe  co  fhine  till  they 
are  confumed  ;  and  if  they  ceafe,  it  is  not  the  appli¬ 
cation  of  light,  but  of  caloric,  which  renders  them  again 
luminous  :  but  Canton’s  pyrophyrus,  on  the  contrary, 
when  it  had  loft  its  property  of  fhining,  did  not  recover 
it  by  the  application  of  heat,  except  it  was  accompa¬ 
nied  by  light.  The  only  efFed  which  heat  had  was  to 
increafe  the  reparation  of  light  from  the  pyrophorus, 
and  of  courfe  to  ihorten  the  duration  of  its  luminouf- 
nefs>  Two  glafs  globes,  hermetically  fealed,  containing 
each  fome  of  this  pyrophorus,  were  expofed  to  the  light 
and  carried  into  a  dark  room.  One  of  them,  on  being 
immerled  in  a  bafon  of  boiling  water,  became  much 
brighter  than  the  other,  but  in  ten  minutes  it  ceafed 
to  give  out  light :  the  other  remained  vifible  for  more 
than  two  hours.  After  having  been  kept  in  the  dark 
for  two  days,  they  were  both  plunged  into  a  bafon  of 
hot  water  ;  the  pyrophorus  which  had  been  in  the  wa¬ 
ter  formerly  did  not  fhine,  but  the  other  became  lumi¬ 
nous,  and  continued  to  give  out  light  for  a  confiderable 
time.  Neither  of  them  afterwards  thone  by  the  appli¬ 
cation  of  hot  water  ;  but  when  brought  near  to  an  iron 
heated  (0  as  fcarcely  to  be  vifible  in  the  dark,  they  fud- 
denly  gave  out  their  remaining  light,  and  never  fhone 
more  by  the  fame  treatment :  but  when  expofed  a  fe- 
cond  time  to  the  light,  they  exhibited  over  again  pre- 
cifeiy  the  fame  phenomena  ;  even  a  lighted  candle  and 
eledricity  communicated  fome  light  to  them.  Surely 
thefe  fads  are  altogether  incompatible  with  combuflion, 
and  fully  fuflicient  to  convince  us  that  light  alone  was 
the  agent,  and  that  it  had  adually  entered  into  the  lu* 
minous  bodies. 

It*  has  been  qneftioned,  indeed,  whether  the  light 
emitted  by  pyrophori  be  the  fame  with  that  to  which 
they  are  expofed.  Mr  Wilfon  has  proved,  that  in  ma¬ 
ny  cafes  at  leaft  it  is  different,  and  in  particular  that 
on  many  pyrophori  the  blue  rays  have  a  greater  efFed 
than  any  other,  and  that  they  caufe  an  extrication  of 
red  light.  Mr  de  Grofier  has  fhewn  the  fame  thing 
with  regard  to  the  diamond,  which  is  a  natural  pyro¬ 
phorus  Still,  however,  it  cannot  be  quetlioned  that  ^  j0ltry^6 
the  luminoufnefs  of  thefe  bodies  is  owing  to  expofure  Pbyf  xx. 
to  light,  and  that  the  phenomenon  is  not  conneded  with  *70* 
combuftion. 

But  light  appears  capable,  not  only  of  entering  into  3*^  ^ 
bodies,  but  of  combining  with  them  chemically.  The*^  CombiI 
phenomena  of  the  phoiphori  feem  to  be  inftances  ofnedwith 
this,  and  a  great  many  fads  concur  to  prove  that  fight  them, 
enters  into  the  compofition  of  oxygen  gas.  When  ve¬ 
getables  grow  in  the  light,  they  give  out  oxygen  gas; 
but  no  oxygen  is  extricated  in  the  dark,  even  though 
heat  be  applied  f.  From  this  it  is  evident,  that  the  fe- ,  «  . . 
paration  of  this  gas  from  plants,  or  perhaps  the  decom 
politico' of  the  water  which  they  contain,  depends  upon  loufz. 
the  adion  or  light ;  and  that  as  this  decompofition  is  che¬ 
mical,  the  light  to  produce  it  rauft  either  combine  with 
the  oxygen  or  the  hydrogen,  or  at  leaft  contribute  to 
the  comb  nation  of  loir.e  other  iubftanee  with  one  or 
other  cf  them.  When  the  oxyds  of  gold  or  filver  are 
N  n  expo  ied 
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expofed  to  light,  they  are  reduced  to  the  metallic  ftate  *, 
and  at  the  fame  time  a  quantity  of  oxygen  gas  is  extri¬ 
cated  J.  In  this  cafe,  it  is  evident  that  the  light  mud 
either  combine  with  the  oxygen  or  the  metals.  II  a 
quantity  of  nitric  acid  be  expofed  for  fome  time  to  the 
light,  it  becomes  yellow.  a<*  is  well  known,  and  a  quan¬ 
tity  of  oxygen  gas  is  found  floating  on  its  top.  If  it 
be  now  carried  to  a  dark  place,  the  oxygen  is  gradually 
abforbed,  and  the  acid  becomes  colourkis*  In  this  cafe, 
nitric  acid  is  decompofed  by  means  of  light,  and  refol- 
ved  into  nitrous  acid  and  oxygen  gas.  The  light  mull 
therefore  have  combined  either  with  the  nitrous  acid  or 
the  oxygen.  But  no  change  whatever  appears  to  have 
been  produced  in  the  nitrous  acid  ;  for  if  it  be  obtained 
in  the  dark  by  any  other  procefs,  it  has  precifely  the 
fame  properties.  The  oxygen,  on  the  contraiy,  is  con¬ 
verted  into  a  gas.  It  is  more  probable,  then,  that  the 
light  has  combined  with  the  oxygen  than  with  the  acid. 
Hence  there  is  reafon  to  fufpe£t  that  light  makes  one 
of  the  ingredients  of  oxygen  gas.  Caloric  has  already 
been  (hewn  to  make  another  ingredient. 

During  combultion,  a  quantity  of  light  as  well  as  ca¬ 
loric  is  almoft  always  evolved.  We  mult  conclude,  there¬ 
fore,  that  light  makes  a  part  of  the  compofition  cither 
of  the  combuftibles  themfelves,  or  of  the  oxygen  gas 
with  which  they  unite.  We  have  already  fhewn,  that 
oxygen  gas  probably  contains  light ;  and  this  probabi¬ 
lity  is  confirmed  by  another  fa£t.  Subltances  may  be 
combined  with  oxygen  without  the  emiffion  of  any 
light,  provided  the  oxygen  be  not  in  the  ftate  of  a  gas. 
If  phofphorus,  for  inftance,  be  put  into  nitric  acid,  it 
attra&s  oxygen,  and  is  converted  into  phofphoric  acid 
without  the  emiffion  of  any  light.  Now  if  the  light 
which  appears  during  combuftion  had  been  combined 
with  the  combullible,  it  ought  to  appear  in  all  cafes 
when  that  combullible  is  united  with  oxygen,  whether 
the  oxygen  has  previoufly  been  in  the  ftate  of  a  gas  or 
not.  But  as  this  is  not  the  cafe,  we  may  certainly  in¬ 
fer,  that  the  light  which  appears  during  combuftion  is 
extricated,  not  from  the  combullible,  but  from  the  oxy¬ 
gen  gas.  And  this  feems  at  prefent  to  be  the  opinion 
of  the  greater  number  of  philolophers. 

But  we  mull  acknowledge,  that  this  conclufion  is 
not  without  its  difficulties,  and  difficulties,  too,  which, 
in  the  prefent  ftate  of  chemiftry,  it  does  not  feem  poffible 
to  furmount. 

In  the  fir  ft  place,  it  is  evident,  that  light  may  be  pro¬ 
duced  curing  combuftion,  though  the  oxygen  be  not  in 
the  ftate  of  a  gas  :  For  if  nitric  acid  be  poured  upon 
oil  of  turpentine,  the  oil  takes  fire,  and  burns  with  the 
greateft  rapidity,  and  a  great  deal  of  light  is  emitted. 
This  combuftion  is  occasioned  by  the  oxygen  of  the 
acid  combining  with  the  ingredients  of  the  oil.  It  fol 
lows,  therefore,  if  the  light  emitted  was  previoufly  com¬ 
bined  with  the  oxygen,  that  oxygen  mull  contain  light 
when  not  in  the  ftate  of  a  gas.  Mr  Prouft  has  Drawn 
that  a  great  variety  of  fimilar  combuftions  may  be  pro¬ 
duced.  But  what  is  very  remarkable,  by  proper  cau¬ 
tion  the  very  fame  combinations  may  be  made  to  take 
place  without  the  vifible  emiffion  of  any  light.  In  that 
cafe  they  take  place  very  flowly,  as  happens  alfo  when 
phofphorus  decompofes  nitric  acid  ;  fo  that  the  emif¬ 
fion  or  non-emiffion  of  light  feems  to  depend  not  upon 
the  ftate  of  the  oxygen,  fo  much  as  upon  the  rapidity 
or  flownefs  of  the  combination*  It  is  .true,  indeed,  as 


s  T  R  Y. 

the  late  Dr  Hutton-  of  Edinburgh  obferve cl,  that  light 
may  be  emitted  in  thefc  flow  combinations  though  it 
be  not  vifible  ;  and  this  is  very  probably  the  cafe  :  but 
then  the  proof  is  deftroyed  that  light  exifts  in  oxygen 
gas,  from  its  not  appearing  during  combinations  in 
which  the  oxygen  did  not.  exift  previoufly  in  a  gafeous 
ftate. 

In  the  fecond  place,  the  colour  of  the  light  emit¬ 
ted  during  combuilion  differs  almoft  always  accord¬ 
ing  to  the  combullible.  During  the  combuftion  of 
phofphorus,  tin,  and  zinc,  the  light  emitted  is  white  ; 
during  that  of  fulphur  and  bifmuth,  blue.  Now  if  this 
light  were  united  with  the  oxygen,  why  does  it  not  ap¬ 
pear  always  of  the  fame  colour,  whatever  be  the  com- 
bultible  ? 

In  the  laft  place,  the  phenomena  of  phofphori  fhew 
that  light  is  capable  of  entering  into  other  bodies  as 
well  as  oxygen  gas;,  and  the  emiffion  of  light  on  the 
collifion  of  two  flint  ftones,  when  no  oxygen  yag  can  be 
decompofed,  is  a  proor  of  the  fame  kind,  which  cannot 
be  got  over. 

In  the  prefent  ftate  of  chemiftry,  therefore,  it  canuoL 
be  concluded,  that  the  light  emitted  during  combuftion 
does  not  exift  in  the  combuftibles  as  well  as » in.  the 
oxygen..  ;  3*5 

4.  Light  has  the  property  of  heating  bodies.  All  Light  hj 
bodies,  however,  are  not  heated  by  it.  Thofe  which  bodies. 
a**e  perfe£Uy  tranfparent;,  or  which  allow  alb  the.  light: 
to  pafs  through  them,  fuffer  no  alteration  in  their  tem¬ 
perature.  Thus  light  may  be  concentrated  upon  wa¬ 
ter  or  glafs  without  producing*  any  effect  Neither 
does  it  produce  much  change  upon  thole  bodies  (mir¬ 
rors  for  inftance)  that  reflect  all  or  nearly  all  the  light 
which  falls  upon  them;  And  the  lmallncis  of  the  alte¬ 
ration  of  temperature  is  always  proportional  to  the  fine- 
nefs  of  the  polifh,  or,  which  is  the  fame  thing,  to  the 
quantity  of  light  which  is  reflected.  So  that  we  have 
reafon  to  conclude,  that  if. a  fubilance  could  be  procu- 
red  which  refk&ed  all  the  light  that  fell  upon  it,  the' 
temperature  of  fuch  a  fubilance  would  not  be  at  all  af- 
felled  by  light  falling  upon  it.  Dr  Franklin  expofed 
upon  fnow  pieces  of  cloth  of  different  colours  (white, 
red,  blue,  black,)  to  the  light  of  the  fun,  and  found 
that  they  funk  deeper,  and  coniequently  acquired  heat, 
in  proportion  to  the  darknefs  of  theii  colour.  Now  it 
is  well  known  that  dark-coloured  bodies,  even  when 
equally  expofed  to  the  light,  reflect  lefs  of  it  than  thofe 
which  are  light-coloured.  But  fi nee  the  fame  quantity 
falls  upon  each,  it  i3  evident  that  dark-coloured  bodies 
mull  abforb  and  retain  more  of  it  than  thofe  which  aie 
light-coloured.  That  fuch  anabforption  actually  takes 
place  is  evident  from  the  following  experiment.  Mr 
Thomas  Wedgewood  placed  two  lumps  of  luminous  or 
pholphorefeent  marble  011  a  piece  of  iron  heated  juft 
under  rednefs.  One  of  the  lumps  of  marble  which  was 
blackened  over  gave  out  no  light  ;  the  other  gave  out 
a  great  deal.  On  being  expofed  a  fecond  time  in  the 
lame  manner,  a  faint  light  was  feen  to  proceed  from 
the  clean  maible,  but  none  at  all  could  be  perceived  to 
come  from  the  other.  The  black  was  now  wiped  off, 
and  both  the  lumps  of  marble  were  again  placed  on  the 
hot  iron  :  The  one  that  had-  been  blackened  gave  out 
juft  as  little  light  as  the  other  §.  In  this  cafe,  the  j  ptiln, 
light  which  ought  to  have  proceeded,  from  the  lumi-  Trartf.  f1 
nous  marble  difappeared :  it  muff  therefore  have  been 

flopped 
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flopped  in  Its  paffage  out,  and  retained  by  the  black 
E* — '  paint,  Now  black  fub  fiances  are  tliofe  which  abforb 
the  mod  light,  and  they  are  the  bodies  which  are  mod 
heated  by  expofure  to  light.  Cavallo  obferved,  that  a 
thermometer  with  its  bulb  blackened  ftands  higher  than 
one  which  has  its  bulb  clean,  when  expofed  to  the  light 
p/j  of  the  fun,  the  light  of  day,  or  the  light  of  a  lamp  K 
m  7B0.  Mr  Pi<ftet  made  the  fame  observation ;  and  took  care  to 
afeertain,  that  when  the  two  thermometers  were  allowed 
to  remain  for  fome  time  in  a  dark  place,  they  acquired 
precifely  the  fame  height.  He  obferved,  too,  that  when 
both  thermometers  had  been  railed  a  certain  number  of 
degrees,  the  clean  one  fell  a  good  deal  taller  than  the 
5t  other  J.  But  it  is  not  a  fmall  degree  of  heat  alone 

cu  .  4.  which  can  be  produced  by  means  of  light.  When  its 
rays  are  concentrated  by  a  burning  glafs,  they  are  ca¬ 
pable  of  fetting  fire  to  combuftibles  with  eafe,  and  even 
of  producing  a  temperature  at  lead  as  great,  if  not 
greater,  than  what  can  be  procured  by  the  mod  violent 
and  bed  conduced  fires.  In  order  to  produce  this  el- 
led,  however,  they  mull  be  directed  upon  fome  body 
capable  of  abforbing  and  retaining  them  ;  for  when 
they  are  concentrated  upon  tranfparent  bodies,  or  upon 
fluids,  mere  air  for  iudance,  they  produce  little  or  no 
effect  whatever.  We  may  conclude,  therefore,  in  ge¬ 
neral,  that  in  all  cafes  when  light  produces  heat  it  is 
abforbed. 

c;.  All  bodies  become  luminous  when  their  tempera- 
1  ture  is  raifed  a  certain  number  of  degrees.  No  fa&Js 
£  :u;r  more  familiar  than  this  ;  fo  well  known  indeed  is  it, 
that  little  attention  has  been  paid  to  it.  When  a  body 
becomes  luminous  by  being  heated  in  a  fire,  it  is  faid 
in  common  language  to  be  red  hot,  It  follows  from 
all  the  experiments  hitherto  made,  that  the  tempe¬ 
rature  at  which  they  become  red  hot  is  nearly  the 
fame  in  all  bodies.  — It  leems  to  be  pretty  near  8ooQ. 
A  red  hot  body  continues  to  fhine  for  fome  time  after 
it  has  been  taken  from  the  fire  and  put  into  a  dark 
place.  The  conftant  acceffion,  then,  either  of  light  or 
heat  is  not  neceffary  for  the  fliining  of  bodies  :  but  if 
a  led  hot  body  be  blown  upon  by  a  ftrong  current  of 
1  iytijem air,  it  ceafes  to  fhine  immediately  §.  Confequently  the 
l  pid.  moment  the  temperature  of  a  body  is  diminifhed  by  a 
i  ^1792.  certain  number  of  degrees,  it  ceafes  to  be  luminous. 

Whenever  a  body  reaches  the  proper  temperature,  it 
becomes  luminous,  independent  of  any  contact  of  air  ; 
far  a  piece  of  iron  wire  becomes  red  hot  while  immerfed 
1  Hu  in  melted  lead  f . 

*  To  this  general  law  there  is  one  remarkable  excep- 
F  :pt  the  tion.  It  does  not  appear  that  the  gafes  become  lu- 
I  *•  minous  even  at  a  much  higher  temperature.  I  he  fol¬ 
lowing  ingenious  experiment  of  Mr  T.  Wedge  wood 
feems  to  fet  the  truth  of  this  exception  in  a  very  clear 
point  of  view.  He  took  an  earthen  ware  tube  B  (fig. 
5.),  bent  fo  in  the  middle  that  it  could  be  funk,  and 
make  feveral  turns  in  the  large  crucible  C,  which  was 
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filled  with  land.  To  one  end  of  this  tube  was  fixe  the 
pair  of  bellows  A  ;  at  the  other  end  wa3  the  globular 
veffel  D,  in  which  was  the  paffage  F,  furnifhed  with  a 
valve  to  allow  air  to  pafs  out,  but  none  to  enter.  There 
was  another  opening  in  this  globular  veffel  filled  with 
glafs,  that  one  might  fee  wh3t  was  going  on  within. 

The  crucible  was  put  into  a  fire;  and  after  the  fand  had 
become  red  hot,  air  was  blown  through  the  earthen 
tube  by  means  of  the  bellows.  i  li is  air,  after  palling 
through  the  red-hot  fand,  came  into  the  globular  veffeh 
It  did  not  fliine  ;  but  when  a  niece  of  gold  wiie  E 
was  hung  at  that  part  of  the  veffel  where  the  earthen 
ware  tube  entered,  it  became  faintly  luminous.  A 
proof,  that  though  the  air  was  not  luminous,  it  had  been 
hot  enough  to  raife  other  bodies  to  the  fhining  tempe¬ 
rature.  >  . 

6.  Thus  it  appears  that  light  and  heat  reciprocally  Enquiry  iru 
produce  each  other  ;  that  the  fixation  of  light  in  bodies  to  the  caufe 
always  produces  heat,  and  that  the  application  of  a  1  ^nomen# 

ficiently  llrong  heat  always  occalions  the  extrication  ofH 
light.  Are  heat  and  light,  then,  owing  to  the  fame 
caufe  ?  Does  light  become  caloric  merely  by  being  fixed 
in  bodies  ?  and  docs  caloric  affume  the  appearance  of 
light  whenever  it  is  extricated  from  them?  In  fhort, 
are  caloric  and  light  merely  names  for  the  fame  fub- 
flance,  called  caloric  when  it  is  fixed  in  bodies,  and  light 
when  in  a  ftate  of  liberty  ? 

To  thefe  queftions  it  may  be  anfwered,  That  if  calo¬ 
ric  and  light  were  one  and  the  fame  fubftance,  they 
ought  to  produce  precifely  the  fame  effects.  Now  this 
is  not  the  cafe  :  a  black  body  is  not  heated  fooner  by 
mere  caloric  than  any  other,  though  the  contrary  takes 
place  when  both  are  expofed  to  the  light*.  HeatJ^^ 
cannot  make  growing  vegetables  exhale  oxygen  gas ,Tranf.iT9\. 
though  light  does  it  almofl  inftantaneoufly.  When 
oxy-inuriatic  acid  (a  compound  of  oxygen  and  muriatic 
acid)  is  expofed  to  the  light,  a  quantity  of  oxygen  gas 
flies  off,  and  nothing  remains  but  common  muriatic  acid. 

Light  then  decompofes  this  acid  ;  for  if  you  wrap  up 

a  bottle  in  black  cloth,  fo  as  to  exclude  light,  and 

then  expofe  it  equally  to  the  fun,  no  fuch  decompofi- 

tion  takes  place.  Now  this  decompofition  cannot  be 

produced  by  mere  caloric.  If  the  acid  be  heated,  it 

fimply  evaporates  without  being  altered.  Chaptal  has 

proved  (p),  that  the  rays  of  light  directed  on  certain 

parts  of  glades,  containing  folutions  of  falts,  caufe 

them  to  cryftallize  in  that  part  in  preference  to  an f 

other  f.  Thefe  obfervations  have  been  confirmed  andf  Mem.  # 

extended  by  Mr  Dorthes  %.  Now  caloric  produces  no F°^°fe}tnU 

fuch  effects,  nor  has  the  temperature  any  influence  on 

the  phenomenon.  3, 

'Thefe  fa&s  are  fufficient  to  (hew  that  light  and  calo¬ 
ric,  even  when  they  have  entered  into  bodies,  produce 
different  effe&s,  and  that  therefore  they  have  different 
properties(oJ.  But  if  the  only  difference  between  them 
were,  that  the  one  is  in  a  ftate  of  liberty,  the  other  in 
N  n  2  that 


(p)  Petit  made  the  fame  obfervations  in  172*.  .  See  Memoirs  of  the  Academy  of  Sciences  for  that  year,  p.  95. 

an<1(S'We  muft  acknowledge,  however,  that  the  following  ingenious  experiments  of  Profeffor  Piftet  might  be 
adduced,  to  prove  that  light  and  caloric  polTefs  at  lead  one  property  in  common,  that  of  moving  in  ftiaight  lines. 

UflLd  two  concave  tnh™.  of  ti»°.f  nine  incite.  focus,  a.  the  diil.nce  of  twelve  feet  two  tube,  from  on. 
another.  In  the  foent  of  ode  of  them  he  placed  a  ball  of  non  two  tnchea  tn  dtameter,  heated  to  as  not  to  be 


284  C  H  E  M 

ijvht*  that  of  combination,  the  moment  light  entered  a  body 
it  ought  to  be  no  longer  light  but  caloric,  and  confe- 
quentiy  ought  to  produce  precifely  the  fame  effe£ts 
with  caloric:  And  fince  this  is  not  the  cafe,  we  are 
warranted  furely  to  conclude  that  light  and  caloric  are 
not  the  fame,  but  different  fubflanees.  How  then  does 
caloric  occafion  the  appearance  of  light,  and  light  that 
_  of  caloric  ? 

Suppof.d  We  have  feen  already,  that  there  is  no  body  in  na- 
owmg  ro  ture  which  does  not  contain  caloric  ;  and  light  has  fuch 
r^ulfion^f 2n  *n^uence  uPon  every  it  produces  fuch  impor- 

and°  .  nt  clian^cs  uPon  tke  animal  and  vegetable  kingdoms, 
caloric.  it  can  be  extricated  from  fuch  a  vaft  number  of  bodies, 
that  in  all  probability  we  may  conclude,  with- regard  to 
it  alio,  that  it  cxifts  in  all,  or  in  almofl  all,  the  bodies  in 
nature.  We  have  no  means  of  afcertaining  either  the 
quantity  of  light  or  of  caloric  that  exiits"  in  bodies  ; 
but  if  we  were  to  judge  from  the  quantity  which  ap¬ 
pears  during  combuftion,  we  muff  reckon  it  very  con- 
fideraLlc.  Now,  may  there  not  exift  a  repullion  between 
the  particles  of  caloric  and  light  ?  It  is  not  eafy,  at 
leaf!,  to  fee  why  light  flies  off  during  combufiiori  with 
fuch  rapidity,  if  this  be  not  the  cafe.  If  fuch  a  repul 
fion  actually  exifls,  it  will  follow  that  caloric  and  light 
cannot  be  accumulated  in  the  fame  body  beyond  a  cer¬ 
tain  proportion.  If  the  caloric  exceed,  it  will  tend  to 
drive  off  the  light  ;  if  the  light,  on  the  contrary,  hap¬ 
pens  to  prevail,  it  will  difplace  the  caloric. 
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If  caloric  and  light  a&ually  exift  in  all  bodies,  there  bigH  I 
muff  be  an  affinity  between  them  and  all  other  bodies ;  v*  * 
and  this  affinity  muff  be  fo  great,  as  to  render  ineffec¬ 
tual  the  repulfion  which  exilts  between  luffit  and  calo¬ 
ric.  Let  us  fuppofe  now,  that  tliefe  two  fubflanees  ex¬ 
ift  in  all  bodies  in  certain  proportions,  it  will  follow, 
that  the  more  either  of  caloric  or  light  is  ad. fed  to  any 
body,  the  ftronger  muft  the  repulflon  between  their  par* 
ticks  become  ;  and  if  the  accumulation  be  ftill  going 
on,  this  repulflon  will  foon  become  great  enough  to  ba¬ 
lance  their  affinity  for  the  hody  in  which  they  ex  iff, 
and  confequently  will  difpofe  them  to  fly  off.  Jf  calo¬ 
ric,  for  inftance,  be  added  to  a  body,  whenever  the  bo¬ 
dy  arrives  at  a  certain  temperature  it  becomes  luminous, 
becaufe  part  of  the  light  which  was  formerly  combined 
with  it  is  driven  off.  This  temperature  muff  depend 
partly  upon  the  affinity  between  the  body  and  caloric, 
and  partly  upon  its  affinity  for  light.  Pyrophori,  for 
inftance,  the  affinity  between  which  and  light  does  not 
feem  to  be  very  great,  become  luminous  at  a  very  mode¬ 
rate  temperature.  This  is  the  cafe  with  the  pyropho- 
rus  of  Canton.  A  great  many  hard  bodies  become  lu¬ 
minous  when  they  are' expo  fed  to  a  moderate  heat; 
fluor,  for  inftance,  carbonat  of  barytes,  fpar,  lea  (hells, 
and  a  great  many  others,  which  are  enumerated  by  Mr 
Thomas  Wedgwood  *.  *  Pblh 

The  fame  ingenious  gentleman  has  obferved,  that*™^ 
gold,  fllver,  copper,  andiron,  become  luminous  when  l?9h  p'  | 
_  »  heated 


vifible  in  the  dark  ;  in  the  other  was  placed  the  bulb  of  a  thermometer.  In  fix  minutes  the  thermometer  rofe  from 
40  to  14Y ^aumur).  A  lighted  candle,  which  was  fubftituted  for  the  ball  of  iron,  made  the  thermometer  rife  in 
one  experiment  from  4,6-  to  14° ;  in  another,  from  4,2"  to  14,3-.  In  this  cafe  both  light  and  heat  appeared  to 
aa.  .  in  order  to  leparate  them,  he  interpofed  between  the  two  mirrors  a  plate  of  clear  glafs.  Before  the  inter- 
po  fit  ion  of  the  glafs,  the  thermometer  had  rifen  from  2°  to  12%  where  it  was  ftationary.  After  the  interpofi- 
ti°n  of  the  £lafs  *  [?nk  ^  nine  minutes  to  5,7°;  and  when  the  glafs  was  again  removed  it  rofe  in  feven  minutes 
to  j  1,1  ;  yet  the  light  which  fell  on  the  thermometer  did  not  feem  at  all  diminifhed  by  the  glafs.  Mr  Pidet 

therefore  concluded,  that  the  caloric  had  been  refleded  by  the  mirror,  and  that  it  had  been  the  caufe  of  the  rife 
ol  the  thermometer.  In  another  experiment,  a  glafs  matrafs  was  fubftituted  for  the  iron  ball,  nearly  of  the  fame 
diameter  with  it,  and  containing  2044  grains  of  boiling  water.  Two  minutes  after  a  thick  fereen  of  fllk* 
winch  had  been-  interpofed  between  the  two  mirrors,  was  removed,  a  Fahrenheit’s  thermometer,  which  was  in 
e  o  cr  focus,  rofe  from  47  to  50-J;  and  the  moment  the  matrafs  was  removed  from  the  focus  the  thermome- 
ter  again  descended.  On  repeating  the  experiment,  with  this  variation,  that  the  bulb  of  the  thermometer  was 
blackened,  it  role  from  51^  to  5 

.  The  mirrors  of  tin  were  now  placed  at  the  diftance  of  90  inches  from  each  other;  the  matrafs  with  the  boil¬ 
ing  wa^er  in  one  of  the  foci,  and  a  very  fenfible  air  thermometer  in  the  other,  every  degree  of  which  was  equal 
oy.th  of  a  degree  of  Reaumur.  Exadly  in  the  middle  fpace  between  the  mkrors^herf  was  PLe"a  very 

When°themDo! ifhed  Reof’t ^  ,n  fuch  amanner  that  either  fide  could  be  turned  towards  die  matrafs! 
When  the  polifhed  fide  of  this  mirror  was  turned  to  the  matrafs,  the  thermometer  rofe  only  o,  c«  ;  but  when  the 

fide  covered  with  t.nfo.l,  and  which  had  been  blackened  with  ink  and  fmoke,  was  turned  toward  the  mauafs  he 
hermometer  rofe  3/-  In  another  experiment,  when  the  polifhed  fide  of  the  mirror  was  turned  to  themat’rfs 
he  thermometer  rofe  3°,  when  the  other  fide  9,2°.  On  rubbing  off  the  tinfoil,  and  repeating  the  experiment 
the  thermometer  rofe  18-.  On  fnbftitnting  for  the  glafs  mirror  a  piece  of  thin  white  patteboafd  of  the  fame  d  ! 
menfions  w.th  ,t,  the  thermometer  rofe  io«  On  putting  a  matrafs  full  of  fnow  into  one  of  the  foci  fthe  mirrors 
in  is  experiment  were  ior  feet  diftant  from  each  other),  the  air  thermometer  funk  feveral  degrees  and  rofe 
ag^n  when  the  matrafs  was  removed.  When  nitric  acid  was  poured  on  the  (now/the  tl.ermometer  funk  r  orl" 

tet  endeavourcd^o^fcover^he^vdochy^oTi^niotion^  ‘f  "T"  ^ 'ft  ''n,ftrai>ht  Hnes  like  tight,  Mr  Pie- 

a' a  cue  r  ,  yeioclly  or  its  motion.  For  this  purpofe  he  placed  two  concave  mirrors  at 

dittance  of  69  feet  from  each  other  j  the  one  of  tin  as  before,  theVher  of  platter  gilt,  and  "s  inchTin  dTame 

thlt  mr°r  he  p,lt  the  air'  therm°meter,  and  the  bullet  of  iron  heated  as  before  into 

that  of  the  other  A  few  inch*  from  the  face  of  the  tin  mirror  there  was  placed  a  thick  fereen,  which  was  re! 

°°n  aS,  ^  e.  ljul!et|  reached  the  focus.  The  thermometer  rofe  the  inftant  the  fereen  was  removed  with, 

be  meafured!eP£e  S/Ir  kFtu,  ch^p  "T/.Uded,  ^  ^  “me  CalonC  takcS  in  m0vin?  69  feet  is  t0°  flwrt  t0 

We 
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heated  in  times  mverfely proportional  to  their  fpeatk 
r  calories  f .  Now  the  fpecific  calorics  of  theft  metals 
are  in  the  following  order : 

Iron, 

Copper, 

Silver, 

Gold. 

They  become  luminous,  therefore,  when  expofed  to 
the  fame  degree  of  heat,  in  the  following  order  : 

Gold, 

Silver, 

Copper, 

Iron. 

Now  the  fmaller  the  fpecific  caloric  of  any  body  is, 
the  lefs  muft  be  the  quantity  of  caloric  neceflary  to 
raiie  it  a  given  number  of  degrees  ;  the  fooner  therefore 
mud  it  arrive  at  the  temperature  at  which  it  gives  out 
light.  It  was  natural  to  expert,  then,  if  the  emifilon  of 
light  from  a  body  by  the  application  of  heat  be  owing 
to  the  repullion  between  caloric  and  light,  that  thofe 
bodies  fhould  become  luminous  fooneft  in  which  that 
repullion  increafes  with  the  greateft  rapidity;  and  this 
we  fee  is  precifely  the  cafe.  The  only  queftion  to  be 
determined  before  drawing  this  conclufion  is,  Whether 
the  fame  quantity  of  caloric  entered  all'  of  them  ?  TL  hat 
depends  upon  their  condu&ing  power,  which,  accord¬ 
ing  to  Ingenhoufz,  is  in  the  following  order; 
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Silver, 

Gold, 

Copper, 

Iron. 

We  fee,  then,  that  this  conduaing  power  is  nearly 
in  the  order  in  which  thefe  metals  become  luminous  ; 
fo  that  the  greateft  quantity  of  caloric  would  enter 
thofe  which  become  fooneft  luminous.  Now  this  is  juft 
what  ought  to  happen,  provided  the  expulfion  of  light' 
from  a  luminous  body,  by  the  application  of  heat,  be 
owing  to  the  repullion  between  the  particles  of  caloric 
and  light. 

The  repullion  between  the  different  rays  of  light 
and  caloric  does  not  feem  to  be  equal :  the  repulfion* 
between  the  blue  rays  and  caloric  leems  to  be  greater 
than  that  between  the  red  rays  and  caloric  ;  and  thc; 
repulfion  between  all  the  rays  and  caloric  feems  to  be 
dire&ly  as  their  refrangibility  ;  accordingly,  when  heat 
is  applied  to  a  body,  the  blue  rays  efcape  fooner,  and 
at  a  lower  temperature,  than  the  red  rays  and  others 
which  are  moft  refrangible.  When  fulphur,  for  inftancc, 
is  burnt  at  a  low  temperature,  the  colour  of  the  flame 
is  blue  ;  and  when  examined  by  the  prifm  it  is  found  to 
confift  of  the  violet,  indigo,  blue,  and  fometimes  of  a 
fmall  quantity  of  the  green  rays  * ;  but  when  this  fub-'*  Morgan t 
fiance  is  burnt  at  a  high  temperature  the  colour  of  the  TranA 
flame  is  white,  all  the  rays  feparating  together.  When  17 

bodies 


We  muft  obferve,  with  regard  to  thefe  experiments,  that  the  idea  that  caloric  can  be  reflefted,  and  that  it  can 
move  in  ftraight  lines  like  light,  or  that  there  is  fuch  a  thing  as  radiant  heat,  to  ufe  the  phrafe  of  Lambert  and 
Scheele,  is  direftly  contrary  to  the  experiments  of  Count  Rumford,  formerly  defenbed  ;  by  which  he  Ihewed  the 
incapacity  of  various  bodies  to  conduit  heat ;  for  if  ealone  could  move  in  ftraight  hnes  through  tran^arent  me. 
diums,  it  would  be  abfurd  to  fay  that  either  air,  or  water,  or  oil,  was  a  non-conduaor  of  it.  But  thefe  bodies 
have  in  faft  been  found  to  be  non-conduftors  ;  and  therefore  it  muft  follow  unavoidably,  that  there  is  no  fuch 
thing  as  radiant  caloric.  Confequently,  if  the  experiments  of  Mr  Pnftet  can  be  explained,  on  the  iuppofit.on  that 
Ha, t  and  not  caloric  was  the  agent,  that  alone  will  be  fufficient  to  exclude  them  from  ranking  as  proofs  of  the 
identity  of  heat  and  light.  Now  this  has  been  done  with  a  great  deal  of  ingenuity  by  the  late  Dr  James  Hut- 
ton  of  Edinburgh,  in  his  treatife  on  the  Philofofhy  of  Light,  Heat,  and  tire.  , 

He  had  pvevioufly  convinced  himfelf,  by  a  number  of  experiments,  that  the  different  foectes  of  light  poffef^d 
very  different  degrees  of  intenfity  when  meafured  by  the  eye  and  the  thermometer.  He  rendered  light  of  diffe¬ 
red  colours  equally  intenfc  to  the  eye,  by  varying  the  diftance  from  the  luminous  body  till  he  could  juft  read  by 
the  light  of  it.  In  this  way  he  compared  the  red  light  from  a  fire  of  coals  with  the  white  light  of  flame,  and 
found,  that  when  they  were  equally  powerful  in  affording  vifion,  the  red  was  by  far  the  moft  powerful  m  produ¬ 
cing  heat.  When  a  body  is  heated  to  incandefcence,  it  emits  firft  the  white  or  compound  light ;  but  as  it  coo  s, 
thesis ht  which  it  emits  becomes  of  the  red  fpecies,  and  this  is  the  laft  which  cifappears.  As  the  body  cods, 
therefore,  the  power  of  its  light  to  produce  heat  does  not  dimimlh  fo  faft  as  its  power  to  pi oduce  vifion  ; 
confequently,  when  this  laft  ccafes  entirely,  the  other  may  ftill  in  a  certain  degree  remain.  We  may  fuppofe, 
therefore  that  the  iron  ball  in  Mr  Piftet’s  experiments,  after  it  had  loft  all  light  to  the  eye,  continued  ftill  to 
emft  rays’,  which,  though  they  made  no  impreff.on  on  that  organ  had  power  to  produce  heat,  and  that  it  was 
thefe  rays  collefted  by  the  mirrors  that  railed  the  thermometer.  What  confirms  this  is,  that  when  the  bulb  o  . 
he  thermometer  was  blackened  it  rofe  higher  than  at  other  times  ;  for  caloric,  as  has  been  already  mentioned, 
would  have  produced  no  fuch  effea.  As  to  the  effea  of  the  matrals  of  water,  it  is  explained,  by  fuppofing. 
that  all  bodies,  raffed  to  a  certain  temperature,  emit  rays  of  light,  whether  they  have  been  heated  red  hot  or 

"°As  to  the  effea  of  the  fnow  in  lowering  the  thermometer,  which  was  certainly  a  very  Angular  and  unlocked 
r^ftccl  TV  Hntrnn  evnlains  it  bv  fuppofing  that  all  bodies  emit  rays  of  light,  whatever  their  temperature  is, 
Sd  thaf’this' irradiation  diminifhesas  their  temperature  diminilhes.  On  that  fuppolition,  it  is  evident  that  the 
temperature  of  the  thermometer,  like  that  of  all  other  bodies,  is  maintained  partly  by  the  irradiation  of  invifible 
light  from  the  furrounding  bodies— It  muft  therefore,  fmee  it  is  placed  in  the  focus  of  one  of  the  mitrors,  be  af- 
feled  by  whatever  body  if  placed  in  the  focus  of  the  other.  If  that  body  be  colder  than  the  Grounding  bod.es, 
lefs  light  will  be  irrad  Jed  from  it  and  thrown  upon  the  thermometer  ;  confequently  the  thermometer  will  be  de- 

preffed  till  the  deficiency  is  fupplied  by  fome  other  channeK  experiments  of  Mr  Piaet  ;  and  the 

£ -i- -  >f  » ■«  *  -  p- 

fible  which  has  hitherto  been  given,  and  to  be  highly  deferving  ot  being  put  to  the  left  of  expenmen  . 
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bodies  have  continued  to  burn  for  fomfi  time,  they  may 
be  fuppofed  to  have  loft  the  greater  part  of  the  molt  re¬ 
frangible  rays  ;  hence  the  red  appearance  of  bodies, 
charcoal  for  inftance,  that  have  burnt  for  fome  time, 
the  only  rays  which  remain  to  feparate  being  the  orange, 
t  Morgan,  yellow,  and  red  f. 

Phtl.  'Tranf.  Xhe  blue  rayg  feem  not  only  tQ  repel  calorfc  w;t^ 
17  greater  force,  but  like  wife  to  have  a  greater  affinity  for 

other  bodies  than  the  red  rays  have  ;  for  they  decom- 
pofe  the  oxyd  of  filver  (or  rather  the  muriat  of  filver) 
much  fooner,  and  to  a  greater  extent,  than  the  red 
:t  Sstinebkr .  rays  J  :  hence  we  fee  the  reafon  why  the  application  of 
the  blue  rays  to  Mr  Wilfon’s  pyrophori  and  to  the  dia¬ 
mond  caufes  an  extrication  of  red  rays. 

We  have  feen  already,  that  the  gafes  are  not  heated 
red  hot  by  the  application  of  heat.  It  would  follow 
from  this,  that  the  gafes  do  not  contain  light :  but  the 
contrary  is  certain  ;  for  light  is  actually  extricated  du¬ 
ring  the  com  bull  ion  of  hydrogen,  and  mull  therefore 
have  exifted  either  in  the  oxygen  or  hydrogen  gas,  or 
in  both.  Probably  therefore  the  reafon  that  heat  does 
'not  extricate  light  from  the  gafes  is,  that  the  affinity 
between  their  bafes  and  light  is  exceedingly  ftrong  :  it 
would  therefore  require  a  more  than  ufual  temperature 
to  produce  its  extrication ;  and  on  account  of  the  great 
dilatability  of  thefe  gafes,  which  always  tends  to  dimi- 
nifti  the  repulfion  between  the  caloric  and  light,  this 
temperature  cannot  be  applied.  It  is  eafy  to  lee,  upon 
the  iuppolition  that  there  exifts  a  repulfion  between  ca¬ 
loric  and  light,  why  the  accumulation  of  light  lhould 
produce  heat,  and  why  light  only  occafions  heat  in 
thofe  bodies  that  abforb  it. 

Such  is  the  theory  of  the  caufe  of  the  reciprocal  ex¬ 
trication  of  light  and  caloric  by  the  application  of  thefe 
fubftances  refpectively  to  bodies,  which  has  been  pro- 
pofed  by  feveral  ingenious  chemifts  (r)  ;  and  we  ac¬ 
knowledge  frankly,  that  it  appears  to  us  by  far  the 
moft  plaufible  of  all  the  explanations  of  this  phenome¬ 
non  with  which  we  are  acquainted. 

Objections  II  is.  1°t>  however,  beyond  the  reach  of  objedliens, 
to  which  and  objections  too,  we  are  afraid,  altogether  incompati- 
this  theory  ble  with  its  truth.  Were  the  repulfion  between  caloric 
“ liable’  and  %ht  the  only  caufe  of  the  luminoufnefs  of  hot  bo¬ 
dies,  the  continual  application  of  heat  would  fuiely  in 
time  feparate  the  whole  of  the  light  which  was  com¬ 
bined  with  the  body,  and  then  it  would  ceafe  to  be  lu¬ 
minous  altogether  ;  but  we  have  no  reafon  to  fuppofe 


ISTRY, 

that  bodies  ever  ceafe  to  become  'luminous  by  the  con¬ 
tinued  application  of  heat.  Claveus  kept  melted,  and 
coniequently  red  hot,  gold  for  months  in  a  furnace  ;  but 
he  does  not  fay  that  its  luminoufnefs  was  diminifhed, 
far  lefs  deftroyed  ;  and  had  inch  a  remarkable  pheno¬ 
menon  taken  place,  certainly  he  would  not  have  failed  to 
inform  us  ;  but  fo  far  from  that,  lie  exprefsly  fays  that 
it  fuffered  no  alteration  (s)  §.  *  $  Sbtnf < 

Whether  light  would  continue  to  extricate  a  great  %**»“*• 
deal  of  caloric  during  fo  long  a  time  has  never  been2,68* 
tried  :  but  we  have  no  reafon  for  fuppofing  that  its 
power  to  produce  that  effeft  is  ever  exhaufted  j  for  bo¬ 
dies,  after  being  expofed  to  the  fun  for  years,  and  even 
for  ages,  are  juft  as  much  heated  by  it  as  ever.  But 
thefe  effects,  far  from  being  inexhauftible,  ought,  ac¬ 
cording  to  the  theory,  to  come  very  fpeedily  to  an  end. 

It  is  certainly  probable,  then,  as  other  philofophers 
have  fuppofed,  that  though  light  and  caloric  are  not 
precifely  one  and  the  lame  fubftance,  they  are  fome  how 
or  other  intimately  conne&ed,  and  are  either  compofed 
of  different  proportions  of  the  fame  ingredients,  or  the 
one  enters  into  the  compofition  of  the  other. 

One  of  the  ft.  ft  theories  of  this  kind  (for  the  opinion  Scheeit'i 
of  Stahl  has  been  already  difeuffed)  was  formed  by  fs'Xr tneoiy of 
Scheele  *,  one  of  the  moft  extraordinary  men  and  great- 
eft  philofophers  that  ever  exifted.  Without  the  affift- ^‘hi, 
mice  of  education  or  of  wealth,  his  genius  burft  forth 
with  aftonifhing  luftre  ;  and  at  an  age  when  moft  phi- Art. 
lolophers  are  only  riftng  into  notice,  he  had  fmilhed 
a  career  of  difeoveries  which  have  no  parallel  in  the  an¬ 
nals  of  cliemiftry.  Whoever  wift.es  to  behold  ingenuity 
combined  with  fimplicity,  whoever  withes  to  lee  the  in¬ 
exhauftible  returnees  of  chemical  analyiis,  whoever  with¬ 
es  tor  a  model  in  chemical  relearches— has  only  to  per- 
ufe  and  to  ftudy  the  works  of  Scheele  (t).  After  a 
vaft  number  of  experiments,  conduded  with  aftonifhing 
ingenuity,  he  concluded,  that  caloric  was  compofed  of 
a  certain  quantity  of  oxygen  combined  with  phlogifton; 
that  ladiant  heat,  a  fubftance  which  he  fuppofed  capa¬ 
ble  of  being  propagated  in  ftraight  lines  like  light,  and 
not  capable  of  combining  with  air,  was  comoofed  of 
oxygen  united  with  a  greater  quantity  of  phlogifton, 
and  light  of  oxygen  united  with  a  ftill  greater  quantity! 

He  fuppofed,  too,  that  the  difference  between  the  ray3 
depended  upon  the  quantity  of  phlogifton  :  the  red,  ac- 
cording  to  him,  contained  the  leaft ;  the  violet,  the 
molt  phlogifton.  By  phlogifton  Mr  .  Scheele  feems  to 
- __  have 


«L‘ll*"“uhrl!'  b' Dr  Pl-  "b°  ”  “  “ b'  »f  *  r*r« «"  .u.  fubjea.  p.uin.d  i„ 

“ ,1it bo-J:" Ht »i”“  <° 

lone  communicated  to  it  from  the  heated  bodv  ’  Till  ,’k  ,  extrlcatecJ  from  the  atmofphere  by  the  ca- 

to  the  tell  of  experiment.  Some  of  the  facts  mentioned  ‘  ,°i!“t  ?  D£W  H  's' n-,'OUS’  a"^  m'£ht  eafily  be  put 
well  founded,  it  would  go  far  to Remove  moft  of  H  m  '.n  .the.  rather  hoftile  to  it ;  but  lhould  it  prove 

(t)  This  Newton  offibS Ti,  86  a  thf  °  f  ”  ^  ***  *TT  °f  H*ht  is  at  P^"t  involved, 

hart  and  others,  who  were  the  companions  of  h?c  ,  a^e?lvi^‘  His  moral  chara&er,  according  to  Mr  Er- 

in  his  latter  days,  was  irreproachable  and  praile  w Jnhv  ’  His  out  ?ad°  m’  EfPllnS’  and  thofe  who  knew  him 
mind  which  lay  concealed  as  it  were  unde^  a  veil  l  /e  MA  ol.ltwar'1  appearance  was  not  expreftive  of  the  great 
of  fociety,  having  as  little  leifure  as  inclination  o  do  fo  f  Hr.  T  ^  Hu  CJonverfation8  aad  amufements 
his  prof/ffion  (an  apothecary)!  was  Hnftantlv  fiUed  ,,o  •  Tk  f  •'me  H  Had  t0  fPare  from  hurry  Gf 
he  received  vilits  from  his  frmnds  with  whon/hp  p  1/  ”  H  Pr°kcution  ,exPe”meuts.  It  was  only  when 
felf  in  a  little  relaxation.  For  fuch  friends  he  had°a  li  C°nver~  '!?.aa  ls  Pav°urite  fcience,  that  he  indulged  him- 
ftance,  and  even  for  fuch  as  were  not  rerfonallv1no  I'  k  H  “J*  had  alf°  for  thofe  that  hved  at  a  di- 
MdTr,  Erhart,  Mbyer,  K,',™,,  Crbll,  «„d  fcnil  Mb  dLZ  Sb«  1^^*”"''""  "ith 
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have  meant  hydrogen.  It  is  ncedlefs  therefore  to  exa¬ 
mine  lus  theory,  as  it  is  now  known  that  the  combina¬ 
tion  of  hydrogen  and  oxygen  forms  not  caloric  but  \va 
ter  (u)  The  whole  fabric  therefore  ha  tumbled  to 
the  ground  ;  but  the  importance  of  the  materials  will 
el  ays  be  admired,  and  the  ruins  of  the  flru&ure  (hall 
remain  eternal  monuments  of  the  genius  of  the  builder. 

Mr  de  Luc,  fo  well  known  for  his  important  meteo- 
rological  labours,  has  advanced  another  theory  *.  Ac¬ 
cording  to  him,  light  is  a  body  which  moves  conftantly 
in  ftraight  lines,  with  fuch  rapidity  that  its  gravitation 
towards  other  fubftances  bears  no  ienfible  proportion  to 
its  motion.  Light  has  the  property  of  combining  with 
another  unknown  fubftance,  and  the  compound  formed 
is  caloric,  which  poffeffes  very  different  properties  from 
light  Caloric  is  conftantly  deicribing  lielicoidal  curves 
round  an  axis,  which  accounts  for  the  fiownefsof  its  ap- 
parent  motion.  Light  produces  or  increafes  heat,  part¬ 
ly  by  increafing  the  expan  five  power  of'  caloric,  and 
partly  by  combining  with  the  unknown  fubjlance and 
forming  new  caloric  ;  caloric,  on  the  other  hand,  is  al¬ 
ways  decompofed  when  bodies  become  luminous-  This 
theory  is  certainly  ingenious,  and  would  remove  many 
of  the  difficulties  which  we  at  p*refent  labour  under  in 
attempting  to  explain  the  phenomena  of  caloric  and 
light  1  It  is,  however,  liable  to  other  difficulties,  which 
could  not  be  eafily  furmounted.  But  it  is  needkfs  to 
examine  thefe,  asf  the  theory  itfelf  is  fupported  by  no 
evidence  whatever,  and  cannot  therefore  be  admitted. 

Another  theory  has  been  advanced  by  the  late  Dr 
Hutton  of  Edinburgh  (v) ;  a  man  of  undoubted  genius, 


but  of  rather  too  fpectilative  a  turn  of  mind,  and  who  Eight, 
fometimes  involved  himfelf  in  difficulties  from  his  very 
ingenuity.  All  his  writings  ditplay  evident  marks  of 
the  profound  philofopher  :  they  contain  much  milruc- 
ti'011 ;  and  even  his  miftakes  are  not  without  their  ufe  : 
but  unfortunately  his  manner  is  fo  peculiar,  that  it  is 
fearcely  more  difficult  to  procure  the  fecrets  of  fcience 
from  Nature  herfelf,  than  to  dig  them  from  the  writings 
of  this  philofopher.  He  fuppofes  that  there  are  two 
kinds  of  matter,  gravitating  matter  and  light ;  the  laft 
of  which  wants  gravity,  and  confequently  neither  pof- 
feffes  magnitude  (w)  nor  momentum.  Light  has  the 
power  of  being  fixed  in  bodies ;  and  then  it  becomes 
either  caloric  or  phlogifton,  which  differs  in  fome  parti¬ 
culars  from  caloric,  but  in  what,  the  Do&or  does  not 
precifdy  tell  us. 

Part  of  this  theory  we  have  examined  already  when 
we  attempted  to  prove  that  light  and  caloric  were  dif¬ 
ferent  lubftances.  The  other  part  of  the  theory  feems 
to  involve  a  contradi&ion;  for  how  could  light  become 
fixed  in  a  body,  unle£  it  were  attra&ed  by  it  ?  ar.d  if 
light  poffeffes  att ra&ion,  it  lurely  cannot  be  deftitute 
of  gravity ;  for  what  is  gravity  but  attraction  (x)  ? 

Thus,  notwithilandirg  the  ingenuity  of  the  philofo* 
phers  who  have  attempted  to  inveftigate  this  part  of 
chemiftry,  the  connection  between  light  and  caloric  is 
ftill  unknown.  We  muff  content  onrftlves,  therefore, 
with  confidering  them  at  prefent  as  diftincl  fubftances^ 
and  leave  the  folution  of  the  many  difficulties  which  at 
prefent  perplex  us  to  the  more  happy  labours  of  future 
enquirers. 


Part  II.  Of  COMPOUND  BODIES. 


TO  thofe  bodies,  which  are  compoftd  of  two  Jimpl 'e 
fubjlances  combined  together,  for  want  of  a  better 
name  we  have  given  the  appellation  of  compound  bodies . 
They  may  be  reduced  under  five  claffes ; 

1.  Water; 

2.  Alcohol 

3.  Oils; 

4.  Alkalies 

5.  Acids. 

Thefe  (hall  be  the  fubje&of  the- five  followingchap- 
ters  ;  and  we  fhall  finifh  this  part  of  the  article  with  fome 
obfervations  on  Affinity. 


Chap.  I.  Of  Water. 

Water  is  a  well-known  liquid,  found  in  abundance 
in  every  part  of  the  world,  and  abfolutely  neceffary  for 
the  exigence  of  animals  and  vegetables. 

When  pure*  in  which  ftate  it  can  be  obtained  only 


by  diftillation,  it  is  tranfparentr,  and  deftitute  of  colour, 
tafte,  and  fmell. 

A  cubic  foot  of  water,  at  the  temperature  of  550,  Weight  or 
weighs,  according  to  the  experiments  of  Profeffor  Ro-  water, 
bifon  of  Edinburgh  (fee  Specific  Gravity ,  Encycl.), 

998,74  avoirdupois  dunces,  of  437,5  grahis  troy  each, 
or  only  1,26  ounces  lefs  than  loco  avoiidupois  ounces; 
fo  that  rain  water,  at  the  fame,  temperature,  will  weigh 
pretty  nearly  1000  ounces.  The  fpecilic  gravity  of 
water  is  always  fuppofed  =  i,oco,  aud  it  is  made  the 
meafure  of  the  fpecilic  gravity  of  every  other  body.  ^ 

When  water  is  cooled  down  to  32^,  it  affumes  the  ice, 
form  of  iee.  If  this  procefs  eoes  on  very  flowly,  the  ice 
affumes  the  form  of  cryftalline  needles,  crofting  each 
other  at  angles  either  of  6o°  or  120  ",  as  Mr  de  Mairan 
has  remarked  ;  and  it  has  been  often  obferved  in  large 
cryftals  of  determinate  figures.  Ice,  while  kept  at  a 
temperature  confiderably  below  32  ,  is  very  hard,  and 
may  be  pounded  into  the  fineft  dull.  It  is  daftic.  Its 
fpecilic  gravity  is  lefs  than  that  of  water.. 

When' 


(u)  This  candid  philofopher  afterwards  acknowledged,  that  the  proofs  for  the  compofition  of  water  were 
complete  ;  but  we  do  not  know  exactly  how  he  attempted  to  reconcile  his  theory  of  heat  with  the  belief  that 
water  was  compofed  of  oxygen  and  hydrogen  ;  two  opinions  which  are  certainly  incompatible. 

(v)  See  liia  differtations  on  different  fubje&s  of  natural  philofophy. 

(w)  Indeed  Dr  Hutton  refufed  this  property  to  gravitating  matter  alfo ;  following,  in  this  particular,  the 

theory  of  the  celebrated  Bofcovich.  >  t. 

(x  )  We  hope  not  to  be  accufed  of  difputing  merely  about  the  meaning  of  a  word,  till  what  is  faid  on  thifr 
fubjeft  in  the  chapter  of  the  prefent  article,  which  treats  of  Affinity >  has  been  examined, 
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When  water  is  heated  to  the  temperature  of  21 20, 
it  boils,  and  is  gradually  converted  into  fteam.  Steam 
is  an  invifible  fluid  like  air,  but  of  a  lefs  fpecific  gravity. 
It  occupies  about  1 200  times  the  fpace  that  water  does. 
Its  elafticity  is  io  great,  that  it  produces  the  mofl  vio¬ 
lent  explofions  when  confined.  It  is  upon  this  principle 
that  the  fleam-engine  has  been  conftru&ed.  See  Steam 
and  Steam -Engine,  Encycl. 

The  phenomena  of  boiling  are  owing  ,  entirely  to  the 
rapid  formation  of  fteam  at  the  bottom  of  the  veffeh 
The  boiling  point  of  water  varies  according  to  the  pref- 
fure  of  the  atmofphere.  In  a  vacuum  water  boils  at 
90°;  and  when  water  is  confined  in  Papin’s  digefter,  it 
may  be  almoft  heated  red  hot  without  boiling.  The 
mixture  of  various  falls  with  wafer  affe£  its  boiling 
point  confiderably.  Mr  Achard  made  a<number  of  ex¬ 
periments  on  that  fubje&  ;  the  refult  of  which  may  be 
feen  in  the  following  tables  f. 

f  Class  I.  Salts  which  do  not  affefl;  the  Boiling  Point . 

Sulphat  of  copper. 

<  Class  II.  Salts  which  raife  the  Boiling  Point, 


*2 

r  Muriat  of  foda 

1 

4 

r  10,35 

•S'S 

Sulphat  of  foda  ] 

1 1 

S  \ 

1  5>6 

<3J  w 

rc  P  . 

Sulphat  of  potafs  ( 

<u 

.5  } 

\  °>9 

J-  O  *< 

P 

Nitrat  of  potafs  ( 

>  *-» 

1  50 

* 

bO  j 

|  3>5 

tS  -2 

Boracic  acid 

sS 

.5 

f  2,2 

<  ’ 

^  Carbonat  of  foda  J 

( 

"  2,35 

This  augmentation  varies  with  the  quantity  of  fait 
diftolved.  In  general,  it  is  the  greater  the  nearer  the 
folution  approaches  to  faturatiom 

Class  III. 


Salts  which  lower  the  Boiling  Point , 

f  In  a  fmall  quantity,  lowers  the  boil- 
Borax,  <  ing  point 


„  Saturated  folution  of, 

Sulphat  of  magneGa,  ^  Saturated  Jol'ution^of 
f  A  very  fmall  quantity  of,  -  - 

Alum,  <  A  greater  quantity, 

L  A  faturated  folution  of, 

Sulphat  of  lime, 

Sulphat  of  zinc 
Sulphat  of  iron 
Acetite  of  lead,  _ 

Class  IV. 


A  faturated  f 
lime,  T 
zinc,  (  . 

iron,  f  1 

lead,  J 


in  any  proportion, 


1,350° 
0,22 
2,47 
1, 1 
0,0 

°>7 

0,0 

2,02 

©>45 

0,22 

1,24 


Muriat  of  {  T^ntity  lowers  the  boil- 

ammonia,  j  Q  ‘  m  r  T  “  c,45 

C  Saturated  folution  of,  raifes  do.  9,79 

Carbonat  <  Small  quantity  of,  lowers  do.  -  0,45 

of  potafs,  l  Saturated  folution  of,  raifes  do.  11,2 

Water  was  once  fuppofed  to  be  incompreffible;  but 
the  contrary  has  been  demonftrated  by  Mr  Canton. 
1  he  Abbe  Mongez  made  a  number  of  experiments, 
long,  after  that  philofopher,  on  the  fame  fuhjecft,  and 
obtained  fimilar  refults. 

Water  was  believed  by -the  ancients  to  be  one  of  the 
four  elements  of  which  every  other  body  iscompofed; 
and,  according  to  Hippocrates,  it  was  the  fubftance 
which  nourjfhes  and  fupports  plants  and  animals.  That 
water  v  as  an  unchangeable  element  continued  to  be 


believed  jtill  the  time  of  Van  Helmont,  who  -made 


s  T  R  y.  pa„ 

plants  grow  for  a  long  time  in  pure  water  :  From  Wdtci 
which  experiment  it  was  concluded,  that  water  was  com  ^ 

vertible  into  all  the  fubftances  found  in  vegetables _ , 

Mr  Boyle  having  digeiUd  pure  water  in  a  glafs  veffel 
hermetically  fealed  for  above  a  year,  obtained  a  quanti¬ 
ty  of  earthy  feales ;  and  concluded,  in  confequence, 
that  he  had  converted  it  partly  into  an  earth  *  He*sw| 
obtained  the  fame  earth  by  diftilling  water  in  a  tall  glafs 
veftel  over  a  flow  fire  f.  Margraf  repeated  the  experi  41 1' 
ment  with  the  fame  refult,  and  accordingly  drew  thef 
fame  conclufion.  But  the  opinion  of  thefe  philofophers*07’ 
was  never  very  generally  received.  The  laft  perfon 
who  embraced  it  was  probably  Mr  Wafelton,  who  pu- 
bliflied  his  experiments  on  the  fubjeft  in  the  Journal 
de  Phyfique  for  1780.  Mr  Lavoifier  had  proved,  as 
early  as  1773,  that  the  glaf3  veffels  in  which  the  diftil- 
lation  was  performed  loft  a  weight  exactly  equal  to  the 
earth  obtained  Hence  it  follows  irrefiftibly,  that  the 
appearance  of  the  earth,  which  was  lilica,  proceeded 
from  the  decompofition  of  the  veffels ;  for  glafs  con¬ 
tains  a  large  proportion  of  filica.  It  has  been  fince 
fhown  by  Dr  Prieftley,  that  water  always  decompofes 
glafs  when  applied  to  its  furface  for  a  long  time  in  a 
high  temperature. 

We  have  formerly  mentioned,  that  water  is  com-  Hiftojy. 
pofedof  oxygen  and  hydrogen.  This  great  difeovery  the  d’ftol 
has  contributed  more  perhaps  than  any  other  to  thead-very 
vancement  of  the  fcience  of  chemiftry,  by  furnifhing  a^P°fi< 
key  for  the  explanation  of  a  prodigious  number  of  phe-  ^ 
nomera.  The  evidence,  therefore,  on  which  it  refts, 
and  the  obje&ions  which  have  been  made  to  it,  deferve 
to  be  examined  with  peculiar  attention. 

The  firft  perfon  probably  who  attempted  to  difeo- 
ver  what  was  produced  by  burning  hydrogen  gas  was 
Scheele.  He  concluded,  that  during  the  combuftion 
oxygen  and  hydrogen  combined,  and  that  the  produd 
was  caloric. 

In  177 6  Macquer,  afiifted  by  Sigaud  de  la  Fond,  fet 
fire  to  a  bottle  full  of  hydrogen  gas,  and  placed  a  fau- 
cer  above  the  flame,  in  order  to  fee  whether  any  fuligi¬ 
nous  fmoke  would  be  produced.  The  faucer  remained 
perfe&ly  clean  ;  but  it  was  moiftened  with  drops  of  a 
clear  liquid,  which  they  found  to  be  pure  water  J.  J  May* 

Next  year  Bucquet  and  Lavoifier  exploded  oxygen  Di^  mr 
and  hydrogen  gas,  and  made  an  attempt  to  difeover  *rt‘  % 
what  was  the  product  ,*  about  the  nature  of  which  they7™***  * 
had  formed  different  conjedures.  Bucquet  had  fuppo- 
fed  that  it  would  be  carbonic  acid  gas  ;  Lavoifier,  on 
the  contrary,  fufpeded  that  it  would  be  fulphuric  or 
fulphurou*  acid.  What  the  produd  was  they  did  not 
difeover  ;  but. they  proved  that  no  carbonic  acid  gas  was 
formed,,  and  confequently  that  MrBucquet’s  hypothe- 
hs  was  ill  founded. || .  ,1  Mm> 


In  the  beginning  of  the  year  1781,  Mr  Warltire,  at 


o  o  ;  *  /  u,»  1,11  *  *  ciu  * 

the  requeft  of  Dr  Prieftley,  fired  a  mixture  of  thefe4?0,  * 
two  gales  contained  in  a  copper  veffel ;  and  obferved, 
that  after  the  experiment  the  weight  of  the  whole  was 
'diminifhed.  Dr  Prieftley  had  previoufly,  in  the  pre- 
fence  of  Mr  Warltire,  performed  the  fame  experiment 
in  a  glafs  veffel.  This  veffel  became  moiit  in  the  in- 
fide,  and  was  covered  with  a  footy  fubftance  $,  which  $  Vrhm 
Dr  Prieftley  afterwards  fuppofed  to  be  a  part  of  the  v- 395* 
mercury  ufed  in  filling  the  veffel  *.  * 

Tn  the  fummer  of  1781,  Mr  Henry  Cavendifli,  wlio  iW 


,11  ^  iuuauu  ui  O i ,  ivir  lienry  uavendiiii,  who  Iraq. 
had  been  informed  of  the  experiments  of  Prieftley  andIxxIV*^ 

Warltire 


'art  II. 

Water  Warltire,  fet  fire  to  500,000  grain  meafures  of  hydro- 
gen  gas,  mixed  with  about  2\  times  that  quantity  of 
common  air.  By  this  procefs  lie  obtained  135  grains 
of  pure  water.  He  aKo  exploded  19,500  grain  mea¬ 
fures  of  oxygen  gas  with  37,000  of  hydrogen  gas,  and 
obtained  30  grains  of  water,  containing  in  it  a  little  ni¬ 
tric  acid.  From  thefe  experiments  he  concluded  that 
water  was  a  compound. — Mr  Cavendifh  muff  therefore 
be  confidered  as  the  real  difcoverer  of  the  compofition 
of  water.  He  was  the  firft  who  afcertained  that  water 
was  produced  by  firing  oxygen  and  hydrogen  gas,  and 
the  firft  that  drew  the  proper  conclufion  from  that  fadl. 
Mr  Watt,  indeed,  had  alfo  drawn  the  proper  conclu- 
fion  from  the  experiments  of  Dr  Prieflley  and  Mr 
Warltire,  and  had  even  performed  a  number  of  experi¬ 
ments  himfelf  to  afeertain  the  fa&,  before  Mr  Caven- 
difh  had  communicated  his  4  but  he  had  been  deterred 
from  publifhing  his  theory  by  fome  experiments  of  Dr 
Phil,  Prieftley,  which  appeared  contrary  to  it  f .  He  has 

ranf  therefore  a  claim  to  the  merit  of  the  difeovery;  a  claim, 

sv*33°*  l10Wever,  which  does  not  affe&  Mr  Cavendifh,  who 
knew  nothing  of  the  theory  and  experiments  of  that 
ingenious  philofopher. 

Meanwhile,  in  the  winter  1781-2,  Mr  Lavoifier, 
who  had  fufpe&ed,  that  wher\  oxygen  and  hydrogen  gas 
were  exploded,  fulphuric  or  fulphurous  acid  was  produ¬ 
ced,  made  an  experiment  in  order  to  afeertain  the  fa&, 
at  which  Mr  Gingembre  affifted.  They  filled  a  bottle, 
capable  of  holding  fix  pints  (French),  with  hydrogen 
gas,  to  which  they  fet  fire,  and  then  corked  the  bottle, 
after  pouring  into  it  2  oz.  (French)  of  lime  water. 
Through  the  cork  there  palled  a  copper  tube,  by 
means  of  which  a  ftream  of  oxygen  gas  was  introduced 
to  fupport  the  flame.  Though  this  experiment  was  re¬ 
peated  three  times,  and  inftead  of  lime  water  a  weak  fo¬ 
lution  of  alkali  and  pure  water  were  fubftituted,  they 
Mem.  could  not  obferve  any  produ&  whatever^;.  This  re- 
1781,  fu}t  aftonifhed  Mr  Lavoifier  exceedingly  :  he  refolved, 
therefore,  to  repeat  the  experiment  on  a  larger  fcale, 
and  if  poffible  with  more  accuracy.  By  means  of  pipe3 
furniflied  with  flop-cocks,  he  put  it  in  his  power  tofup- 
ply  both  gafes  as  they  fliould  be  wanted,  that  he  might 
be  enabled  to  continue  the  burning  as  long  as  he  thought 
proper. 

The  experiment  was  made  by  Lavoifier  and  la  Place 
on  the  24th  of  June  1783,  in  the  prefence  of  Mefirs 
le  Roi,  Vandermonde,  feveral  other  academicians,  and 
Sir  Charles  Blagden,  who  informed  them  that  Mr  Ca¬ 
vendifh  had  already  performed  it,  and  that  he  had  ob* 
*  UiJ.  tained  water  *.  They  continued  the  inflammation  till 
)# 47 all  their  flock  of  gafes  was  wafted,  and  obtained  about 
295  grains  of  water,  which,  after  the  moft  rigid  exa¬ 
mination,  appeared  to  be  perfe&ly  pure.  From  this 
experiment  Lavoifier  concluded,  that  water  was  com- 
pofed  of  oxygen  and  hydrogen.  Mr  Monge  foon  after 
performed  the  fame  experiment,  and  obtained  a  fimilar 
refult :  and  it  was  foon  after  repeated  again  by  La¬ 
voifier  and  Meufnier  on  a  fcale  fufficlently  large  to  put 
the  fa£.  beyond  doubt  *. 

'* 47  Su ppl.  Vo l.  I.  Part  I. 
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The  proofs  that  water  is  a  compound  are  of  two  Water, 
kinds  ;  it  has  been  actually  compofed,  and  it  has  been  1  ^ 

decompofed.  ^  pro«  ft  Qf 

With  regard  to  the  compofition  of  water,  we  fhall  re-  the*  com  pa¬ 
late  the  celebrated  experiment  made  by  Lavoifier  andf!tlon°f 
Meufnier  in  the  month  of  February  1785,  in  the  prefence  wat^ 
of  a  numerous  deputation  from  the  academy  of  fciences,£x;erjn,cnt 
and  fo  many  other  fpedlators,  that  it  may  be  confider*  of  Lavoifier 
ed  as  having  been  performed  in  public.  Every  pre-a?d  Meuf- 
caution  was  taken  to  enfure  fuccefs.  The  gafes  hadmer' 
been  prepared  with  care,  and  held  for  fome  time  over  a 
folution  of  potafs,  in  order  to  deprive  them  of7  any  aci¬ 
dity  which  they  might  accidentally  contain  ;  and  be¬ 
fore  entering  into  the  glafs  globe  where  they  were  to 
be  burnt,  they  were  made  to  pafs  over  newly  calcined 
potafs,  to  deprive  them  of  the  water  which  they  might 
happen  to  retain  in  folution.  The  hydrogen  gas  had 
been  obtained  by  pafling  fleam  through  iron  at  a  white 
heat ;  the  oxygen  gas  was  procured  from  the  red  oxyd 
of  mercury.  The  combuftion  took  place  in  a  large 
glafs  globe,  into  which  the  gafes  were  admitted  by 
means  of  tubes  furnifhed  with  flop-cocks  ;  and  the  moft 
ingenious  contrivances  were  employed  to  afeertain  ex- 
aftly  the  quantises  of  each  which  were  confumed  (y). 

The  whole  machine  is  deferibed  at  large  by  Mr  Meuf¬ 
nier  in  the  Memoires  of  the  Academy  of  Sciences  for 
1782. 

The  quantities  of  gas  employed,  after  deducing  the 
432  grains  of  refiduum  which  were  not  confumed,  were 
2794,76  grains  of  oxygen  gas,  and  47  1,125  of  hydro¬ 
gen  gas.  After  taking  from  thefe  32,25  grains,  zz  the 
humidity  of  which  the  oxygen  gas  was  deprived  by  the 
calcined  potafs,  and  44,25  grains,  zr  the  weight  which 
the  hydrogen  loft  by  the  fame  procefs,  there  remains 
altogether  3  188,4  grains  of  gas. 

„  The  quantity  of  water  obtained  amounted  to  3219 
grains  ;  the  fpecific  gravity  of  which  was  to  diflilled 
water  as  1,0051  to  r.  This  quantity  was  30  grains 
more  than  the  gas  employed.  The  difference,  no 
doubt,  was  owing  to  a  fmall  error  in  eftimating  the 
weight  of  the  gafes  ;  which  indeed  it  is  extremely  diffi¬ 
cult  to  avoid,  as  the  weight  is  altered  by  the  fmalleft 
difference  of  temperature.  This  water  had  a  flight 
fmell,  and  a  tafte  fenfibly  acid  ;  it  reddened  flightly  blue 
paper,  and  effervefeed  with  the  carbonat  of  potafs. 

1152  grains  of  that  water  being  faturated  with  potafs, 
and  evaporated  to  drynefs,  left  20  grains  of  a  fait  which 
melted  on  the  fire  like  nitre.  It  follows  from  this  ex¬ 
periment,  that  the  quantity  of  acid  contained  in  the 
whole  water  would  not  have  been  qufte  fufficient  to 
have  formed  56  grains  of  nitre. 

The  refiduum  weighed,  as  has  been  already  obferved, 

432  grains  ;  its  volume  was  equal  to  444  grains  of 
oxygen  gas;  it  was  diminifhed  by  nitrous  gas  (z) 
precifely  as  gas  would  be  which  contained  0,24  parts 
of  oxygen  ;  it  rendered  lime  water  foinewhal  turbid, 
which  indicated  the  prefence  of  carbonic  acid  gas. 

From  the  comparifon  of  the  weights,  and  volumes  of 
the  gafes  confumed,  it  was  concluded  that  water  con- 
O  o  fifts 
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(y)  A  variety  of  inftruments  have  been  invented  by  the  French  chemifts  for  that  purpofe.  Thefe  inftru- 
ments  they  have  denominated  Gasometers . 

(7.)  This  gas  fhall  be  afterwards  deferibed.  It  has  the  property  of  abforbing  almoft  inflantaneoufly  the  oxy¬ 
gen  gas  with  which  it  comes  into  contaft.  It  is  therefore  often  ufed,  in  order  to  dilcover  how  much  oxygen 
gas  exifts  in  any  mixture. 
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Water.  f:fts  0f  0,85  parts,  by  weight,  of  oxygen,  and  0,15  of 
u  \j  drog  en. 

y>- fertment  This  experiment  was  foon  after  repeated  by  Mr  le 
fif  Le  Fevre  Fevre  de  Gineaa  upon  a  hilt  larger  fc?.!e,  and  in  the  pre- 
ce  Gineau.  fence  of  a  great  number  of  fpe&ators.  It  continued  for 
no  lefs  than  12  days,  and  was  performed  with  the  mod 
rigorous  exadlnefs  of  which  experiments  of  that  nature 
*  Journ.  de  will  admit 

Phyf.i'j'&Z,  The  oxygen  gas  employed,  which  had  been  procu- 
P  ^  h  red  from  the  black  oxyd  of  manganefe,  occupied  the  (pace 

of  3  5085,1  cubic  inches,  and  weighed  18298,5  grains. 

The  hydrogen  gas  was  obtained  by  diffolving  iron 
in  diluted  fulphuric  acid.  Its  volume,  was  7496,7  cu¬ 
bic  inches*  and  its  weight  473^,3  gia*ns*  Grains. 
The  two  gafes,  therefore,  amounted  to  -  23054,8 

From  which  taking  the  refiduum  after  com- 

buition,  which  amounted  to  -  -  2831,0 


There  remains  for  the  quantity  confumed,  -  20223,8 

The  water  found  in  the  glafs  globe  after  the  com- 
bullion  amounted  to  -  20139,0 

And  there  were  carried  off  by  the  refiduum,  -  34*° 

In  all,  -  -  20103,0 

Which  is  juft  30  grain 5  lefs  than  the  weight  of  the 
gafes  which  difappeared,  or  -gribr  Par*t  °f  their  weight. 
This  difference  arofe  from  the  fame  difficulties  which 
attended  the  experiment  of  Lavoffier.  As  the  errors 
are  on  different  fides,  we  are  warranted  to  conclude  that 
this  was  the  cafe,  and  that  it  was  not  owing  to  any 
real  difference  between  the  gafes  and  the  produ6t. 

The  water  was  examined  in  the  prefer.ee  of  Meffrs 
Lavoffier,  le  Roi,  Monge,  Berthollec,  Bayen,  and  Pel¬ 
letier.  Its  fpecific  gravity  was  to  that  of  diftilled  wa¬ 
ter  as  1,001025  to  1.  It  contained  no  fulphuric  nor 
muriatic  acids  ;  yet  it  had  an  acid  tafte,  and  converted 
vegetable  blues  to  a  red.  6606  grains  of  it  required 
for  faturation  36  grains  of  carbouat  of  potafs,  and  fur- 
nilhed  by  evaporation  26,5  grains  of  cryftals  of  nitre. 
The  whole  water,  therefore,  would  have  required  109,7 
grains  of  carbon  at  of  potafs  for  faturation. 

This  water  affe&ed  lime  water  a  little  ;  and  it  was 
found,  that  the  refiduum  of  the  gas  contained  fome  car¬ 
bonic  acid  gas.  This  refiduum  formed  a  nineteenth 
part  of  the  volume  of  the  two  gafes  employed,  and  an 
eighth  of  their  weight.  It  contained  462  grains  of  car¬ 
bonic  acid  gas,  or  about  £  part ;  the  reft  was  azotic 
gas,  with  about  of  oxygen. 

This  experiment  gave  the  proportions  of  oxygen  and 
hydrogen  in  water  as  follows  : 

Oxygen,  -  ,848 

Hydrogen,  -  -  -  ,152 

1,000 

This  is  fo  near  the  determination  of  Mr  Lavoifier,  that 
it  muft  be  confidered  as  a  very  ftrong  confirmation  of  it. 
Experiment  In  the  year  1 790,  another  fimilar  experiment  was 
of  Stguin,  performed  by  Seguin,  Fourcroy,  and  Vauquelin,  in  the 
Fourcroy,  prefence  of  a  number  of  commiffioners  appointed  by  the 
and  Vau-  aca(jemy  Qf  fciences.  Every  precaution  was  taken  to 
^U€  m*  afeertain  the  quantity  of  gas  employed  with  the  utmoft 
exa&nefs,  and  to  exclude  all  atmofpherical  air  as  com¬ 
pletely  as  poffible. 


Part  II. 

The  hydrogen  gas  was  procured  by  difiblving  zinc  Water, 
in  fulphuric  acid  diluted  with  7  parts  of  water.  The  — J 

oxygen  gas  was  obtained  by  diddling  oxy-muriat  of 
potafs  (a). 

The  quantity  of  hydrogen  gas  employed  amounted 
to  862,178  grains  troy.  The  quantity  of  oxygen  gas 
amounted  to  13475,198  cubic  inches  (French).  Its 
purity  was  fucli,  that  it  contained  three  cubic  inches  of 
azotic  gas  in  the  ioe.  The  whole  gas,  therefore,  con- 
rained  404,256  cubic  inches.  There  were  likewife  in 
the  glafs  veffel  in  which  the  combuftion  took  place  15 
cubic  inches  (French)  of  atmoipheric  air,  which  con¬ 
fided  of  1  1  cubic  inches  of  azotic  and  four  of  oxygen 
gas.  So  that  the  whole  oxygen  gas  employed  amount¬ 
ed  to  13074,942  cubic  inches ;  and  it  contained  be- 
fides  415,256  cubic  inches  of  azotic  gas*  They  ascer¬ 
tained  by  experiment,  that  a  cubic  inch  of  this  oxygen 
gas,  thus  diluted  with  of  azot,  weighed  ,4040  of 
a  grain  troy.  Now,  according  to  the  experiments  of 
Lavoifier,  a  cubic  inch  (French)  of  azotic  gas  weighs 
only  ,3646  of  a  grain  troy.  Confequently  the  weight 
of  pure  oxygen  gas  is  greater  than  ,4040  ;  and  by  cal¬ 
culation  they  (hewed  it  to  amount  to  ,405  t  of  a  grain 
troy.  The  weight  of  the  whole  oxygen  gas  employed, 
therefore,  was  5296,659  grains  troy  ;  and  that  of  the 
azotic  gas  mixed  with  it  151,402  grains  troy. 

The  combuftion  continued  185  hours;  and  during 
all  that  time  our  philofophers  never  quitted  the  labora¬ 
tory.  The  flame  was  exceedingly  fmall,  and  the  heat 
produced  by  no  means  great.  This  was  owing  to  the 
very  final!  ftream  of  hydrogen,  which  was  conitantly 
flowing  into  the  veffel. 

The  water  obtained  amounted  to  5943,798  grains 
troy,  or  12  oz.  7  dvvts.  and  15,798  grains.  It  exhi¬ 
bited  no  mark  of  acidity,  and  appeared  in  every  refpedb 
to  be  pure  water.  Its  fpecific.  gravity  was  to  that  of 
diftilled  water  as  18671  to  18670;  or  nearly  as  1,00005  3 
to  1. 

The  refiduum  of  gas  in  the  veffel  after  combuftion 
amounted  to  987  cubic  inches  (French)  ;  and  on  be¬ 
ing  examined,  was  found  to  confift  of  the  following 
quantities  of  gafes  : 

Azotic  gas,  -----  467  cubic  inches- 

Carbonic  acid  gas,  -  -  39 

Oxygen  gas,  -  -  -  -  -  465 

Hydrogen  gas,  -  -  -  -  16 

Total,  -  987 

The  Weight  of  which  is  as  follows  : 

Azotic  gas,  -----  170,258  gr.  troy* 

Carbonic  acid  gas,  -  -  2  3,306 

Oxygen  gas, . 188,371 

Hydrogen  gas,  -  -  -  -  0,530 

Total,  -  382,465 

Now  the  weight  of  the  whole  gafes 

employed  was,  -  -  -  -  63 10,239  gr.  troy. 

That  of  the  water  obtained,  and  of 

the  refiduum,  -  -  -  -  6326,263 

Or, . -  -  16,024  grains 

more  than  had  been  employed.  This  fmall  quantity 

muff 


CHEMISTR  Y. 


(a)  A  fait  compofed  of  oxy-muriatic  acid  and  potafs. 
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have  been  owing  to  common  air  remaining 
in  the  tubes,  and  other  parts  of  the  apparatus,  m 
fpite  of  all  the  precautions  that  were  taken  to  prevent 
it  ;  if  it  did  not  rather  proceed  from  unavoidable  er¬ 
rors  in  their  valuations.  ^  Or.  Troy 

The  quantity  of  azotic  gas  introduced  was  151,170 
The  quantity  found  in  the  refiduum  was  170,258 

There  was  therefore  a  furplus  of  -  -  -  19,080  gr. 

As  fufficient  precautions  had  been  taken  to  prevent 
the  introduaion  or  carbonic  acid  gas,  the  quantity 
.found  in  the  refiduum  muft  have  been  formed  during  the 
procefs.  There  mull  therefore  have  been  a  fmall  quan- 
titv  ot  carbon  introduced.  Now  zinc  o  ten  contains 
carbon,  and  hydrogen  has  the  property  of  diflolving 
carbon  :  probably,  then,  the  carbon  was  introduced  in 
this  manner.  The  carbonic  acid  found  in  the  refiduum 
amounted  to  23.306  grains,  which,  according  to  La- 
voifier’s  calculation,  is  compofed  of  8,958  grams  of  car¬ 
bon,  and  14,348  grains  of  oxygen. 

Subftraaing  theie  8,958  grains  of  carbon,  and  the 
,r»o  of  a  grain  of  hydrogen,  which  remained  in  the  ve  - 
lei,  from  the  total  of  hydrogen  introduced,  there  will 
remain  852,690  grains  foi  the  hydrogen  that  difap- 

F  Subftraaing  the  14,348  grains  of  oxygen  which  en- 
tered  into  the  compofition  ol  the  caibomc  acid,  and  the 
refiduum  of  oxygen,  which  amounted  to  1 88,37 1  grains, 
the  quantity  of  oxygen  that  difappeared  will  amount 
to  tog  t,940  grains. 

Hydrogen  that  difappeared,  -  852,690  gr.  troy. 

Oxygen,  .  5°93>94° 


Total, 

Quantity  of  water  obtained, 


-  5946,630 

-  5943»798 


Which  is  lefs  than  the  gafes  con-  _ 

•  to**  fumed  by  2’8^  S™n8*; 

dim.  viii.  Such  are  the  principal  experiments  upon  which  the 
opinion  is  founded  that  water  is  a  compound.  Let  us 
examine  them,  and  fee  whether  they  are  fuffic.ent  to 
eftablifh  that  opinion.  The  circumilances  which  chief- 
ly  claim  our  attention,  and  which  have  been  chiefly  m- 
.  lifted  on,  are  theie  : 

nv  i.  The  whole  of  the  gafes  was  not  confumed. 

®  ,hfc°om.  2.  In  the  refiduum  were  found  feveral  lubftances 
polition  of  which  were  not  introduced,  and  which  muft  therefore 
water  exa-  pave  been  formed  during  the  combuftion. 
mmed.  The  water  obtained  was  feldom  pcrfealy  pure. 

It  crenerally  contained  iome  nitric  acid. 

4.  As  only  part  of  the  gafes  were  confumed,  and  as 
all  gafes  contain  water  iri  them,  might  not  the  gas 
which  difappeared  have  been  employed  in  forming  the 
other  fubftances  found  in  the  refiduum  ?  and  might  not 
the  water  obtained  have  been  merely  what  was  former 
ly  difiolved  in  the  gafes,  and  which  had  been  precipi¬ 
tated  during  the  experiment  ?  ,  ... 

That  the  whole  of  the  gafes  was  not  confumed  will 
not  Wife  us,  if  we  recolleft  that  it  is  impoffible  for 
that  to  take  place,  allowing  them  to  be  peifeftly  pure, 
except  they  be  mixed  in  precifely  the  propel  propor- 


S  T  R  Y. 

lions  ;  and  not  even  then,  except  every  particle  of  them 
could  be  raifed  to  the  proper  temperature.  Now  how 
can  this  be  done  in  experiments  of  that  nature  ? 

But  how  is  it  pofiible  to  procure  a  large  quantity  of 
gas  completely  pure  ?  And  iuppofing  it  were  pofiible, 
how  can  every  particle  of  atrr.oi  phene  air  be  excludes. 
In  the  laft  experiment,  notwithftanding  every  piecau- 
tion,  15  cubic  inches  (French)  were  admitted;  and 
there  is  reaton  to  believe  from  the  refults,  that  the  quan¬ 
tity  was  even  confiderably  greater  than  this,  but  if 
any  atmofpheric  air  be  admitted,  there  muft  be  a  refi- 
dunm  of  azotic  gas. 

In  the  fir  ft  experiment,  it  had  been  previoufiy  ?Tvr- 
tained  that  the  oxygen  gas  employed  contained  T‘Tth 
of  azotic,  or  about  233,05  grains  ;  and  the  refiduum 
contained  at  moft  329,1  grains,  or  96,05  grains  more 
than  what  had  for  certain  pre  exifled  in  the  gafes. 

In  the  lecoud  experiment,  the  azot  in  the  refiduum 
amounted  at  molt  to  yth  of  the  oxygen  gas  employed. 
But  the  oxygen  was  procured  from  the  black  oxyd  ot 
manganefe,  which  always  yields  a  quantity  of  azot  as 
well  as  of  carbonic  acid.  It  has  been  afeertained,  that 
the  azot,  mixed  with  oxygen  gas  procured  in  that  man¬ 
ner,  often  exceeds  yth.  , 

In  the  third  experiment,  the  azotic  gas  found  in  the 
refiduum  amounted  to  170,258  grains  ;  and  the  quanti¬ 
ty  contained  in  the  gafes  before  combuftion  amounted 
to  151. 178  grains  :  the  furplus,  therefore,  amounted 
to  19,08  grains. 

Now,  is  it  not  much  more  probable  that  thefe  incon- 
fiderable  quantities  of  azot,  which  in  the  laft  experi¬ 
ment  amounted  to  no  more  than  part  by  weight 
of  the  whole  gas  employed,  pre-exifted  in  the  gafes  be¬ 
fore  the  combuftion  began,  though  their  extreme  mi- 
nutenefs  prevented  them  fiom  being  difeovered,  than 
that  they  were  formed  during  the  experiment  ?  a  lup- 
pofition  which  is  direftly  contradicted  by  a  great  num¬ 
ber  ot  well  afeettained  fafts. 

As  to  the  caibonic  acid  gas,  which  in  the  fecond  ex¬ 
periment  amounted  to  ,Vth  of  the  Safe?  emPloyed> 


was  evidently  derived  from  the  manganefe,  which  al- 
moft  conftantly  contains  it.  And  when  carbonic  acid 
is  once  mixed  with  oxygen,  it  is  difficult  to  feparate  it 
by  means  of  lime  water,  except  a  large  quantity  be  uled, 
as  Mr  Cavendiffi  has  well  obierved.  The  reafbn  is,  that 
oxygen  gas  has  the  property  of  diflolving  carbonic  acid, 
as  Mr  Welter  has  remarked  +.  Mr  le  Fevre  de  Gl- 
neau  afeertained  by  experiment,  that  1870  cubic  inches  'p-  • 

ot  oxygen  gas,  which  did  not  affeft  lime  water,  loft  be  >  ' 

tween  7Vth  and  JSth  of  its  weiSht  when  wa,hed  {n 
milk  of  lime  (11).  . 

In  a  iecond  experiment,  he  previoufiy  warned  the 
•  two  gafes  in  milk  of  lime,  -  and  the  refiduum  after  com-' 
bullion  contained  no  caibonic  acid  gas.  In  a  third  ex¬ 
periment  he  wafhed  only  the  oxygen,  and  obtained  pro¬ 
ducts  equally  free  from  carbonic  acid.  It  is  certain, 
then,  that  the  carbonic  acid  is  but  an  accidental  mix¬ 
ture.  As  to  the  carbonic  acid  of  the  third  experiment 
above  related,  which  amounted  only  to  TyT  part  of  the 
gafes  employed,  the  fource  of  it  has  been  already  point¬ 
ed  *Out.  A 

O  o  2  As 


(B)  Lime  mixed  with  water  till  it  is  of  the  thicknefa  of  milk,  or  rather  of  cream. 


*  Ann.  de 
Chim.  ix. 


|  Pli! 
7 ran/, 
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As  to  the  nitric  acid,  the  quantity  of  nitre  obtained 
m  Mr  Lavoifier’s  experiment  v/as  56  grains  ;  which,  ac¬ 
cording  to  Mr  Kirwan’s  calculation,  contain  30,  r  ^6 
grains  of  nitric  acid  ;  a  quantity  confiderably  lefs  than 
Ve^th  part  of  the  gafes  which  difappeared.  In  the  fe- 
cond  experiment,  the  nitre  obtained  amounted  to  80,7 
grains;  which,  according  to  Kjrwan,  contain  43, 4^6 
grains  of  nitric  acid,  or  lefs  than  ^f^th  part  of  the  gafes 
confumed.  Now,  as  nitric  acid  is  compofcd  of  oxygen 
and  azot,  both  of  which  were  prefent  in  the  veffel,  it  is 
eafy  to  fee  how  it  was  produced.  And  that  its  pro- 
dudion  is  merely  accidental,  and  not  neceffary,  is  evi¬ 
dent  from  the  laft  experiment,  in  which  no  nitric  acid 
v/as  formed.  It  has  been  afcertained,  indeed,  that  the 
formation  of  this  acid  during  thefe  experiments  is  quite 
arbitrary.  It  never  is  formed  when  the  combuftion 
goes  on  fo  flowly  as  to  produce  but  little  heat,  as  Sc- 
guin  has  afcertained  *  ;  becaufe  oxygen  and  azot  do 
not  combine  except  at  a  high  temperature.  Nor  is  it 
formed  even  at  a  high  temperature,  as  Mr  Cavendiffi 
has  proved  f,  except  there  be  a  deficiency  of  hydrogen; 
becaufe  hydrogen  has  a  ftronger  affinity  for  oxyeen 
than  azot  has. 

The  quantity  of  water  obtained  in  the  firft  expen. 
ment  was  juft  30  grains  more  than  the  weight  of  the 
gafes  which  had  difappeared :  the  water  obtained  in 
the  fecond  was  precifely  30  grains  lefs  than  the  gafes 
confumed  :  and  in  the  third  experiment,  the  difference 
was  only  16  grains.  The  quantities  of  gas  operated 
upon  were  large;  in  all  of  the  experiments feveral  thou- 
fand  grains,  and  in  one  of  them  above  20  thoufand. 
Now,  how  is  it  poffible  that  the  water  produced  ffiould 
correfpond  fo  exadly  with  the  gafes  confumed  (for  the 
differences  are  fo  fmall  as  not  to  merit  any  attention), 
unlefs  the  water  had  been  formed  by  the  combination 
of  thefe  gafes  ? 

Dr  Prieftley,  however,  who  made  a  great  many  ex¬ 
periments  on  this  fubjed,  drew  from  them  a  very  diffe¬ 
rent  conclufion  ;  and  thought  he  had  proved,  that  du- 
ring  the  combuftion  the  two  gafes  combined,  and  that 
the  combination  was  nitric  acid.  This  theory  was 
adopted,  or  rather  it  was  fuggefeed,  by  Mr  Keir,  who 
,ly  feipported  it  with  a  great  deal  of  ingenuity  -f. 

,ary>  Let  us  examine  thefe  experiments  of  Dr  Prieftley  *, 
and  fee  whether  they  warrant  the  conclufio'ns  he  has 
drawn  from  them.  The  gafes  were  exploded  in  veflels 
of  copper.  He  found  that  the  quantity  of  water  ob¬ 
tained  was  always  left  than  that  of  the  gafes  which  he 
had.  ufed.  He  obtained  alfo  a  confiderable  quantity  of 
nitric  acid.  In  the  experiment  made  on  the  largeft 
quantity  of  the  gafes,  and  from  which  he  draws  his 
conclufions,  the  quantity  of  liquid  obtained  amounted 
to  442  grains*  Ibis  liquid  was  examined  by  Mr  Keir. 
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It  was  of  a  green  colour,  72  grains  of  brown  oxyd  of  Water, 
copper  were  depofited  in  it,  and  it  contained  a  folution  — v— 
of  nitrat  of  copper  (copper  combined  with  nitric  acid). 

Mr  Keir  analyfed  this  liquor  :  It  confifted  of  pure  wa¬ 
ter  and  nitrat  of  copper  ;  and  Mr  Keir  concluded  that 
the  nitric  acid  formed  amounted  to  ^  of  the  oxygen 
gas  emploged.  Mr  Berthollet,  however,  has  fhewn, 
that  it  could  not  have  amounted  to  more  than  part$.$  Ann.  & 
Let  ns  fuppofe,  however,  that  it  amounted  to  &CbimiiL 
quantity  of  oxygen  and  hydrogen  gas  has  ditappeared : 8<5* 

What  has  become  of  them  ?  They  have  combined,  fays 
Dr  Prieftley,  and  formed  nitric  acid.  This  nitric  acid 
is  only  of  their  weight :  Dr  Prieftley  fuppolea, 
however,  that  it  contains  the  whole  oxygen  and  hydro¬ 
gen  that  exifted  in  thefe  gafes,  and  that  all  the  reft  of 
the  weight  of  thefe  gafes  was  owing  to  a  quantity  of 
water  which  they  had  held  in  folution.  Oxygen  gas, 
then,  (for  we  ffiall  negled  the  hydrogen,  which  Dr 
Prieftley  was  not  able  to  bring  into  view  at  all)  is  com* 
pofed  of  one  part  of  oxygen  and  19  of  water.  Where 
is  the  proof  of  this  \  Dr  Prieftley  informs  us,  that  he 
ascertained  by  experiment  that  half  the  weight  of  car¬ 
bonic  acid  gas  was  pure  water.  Suppofmg  the  experi¬ 
ment  accurate  (c),  what  can  be  concluded  from  it  * 

Surely  to  bring  it  forward  in  proof,  that  oxygen  gas^ 
confifts  of  parts,  or  almoft  wholly  of  water,  is 
downright  trilling.  It  is  impoffible,  therefore,  from 
Dr  Prieftley  s  experiments,  allowing  his  fuppofitions 
and  conjedures  their  utmoft  force,  to  account  for  the 
difappearing  of  the  two  gafes,  or  the  appearance  of  the 
water,  without  admitting  that  this  liquid  was  adually 
compofed  of  oxygen  and  hydrogen.  If  we  add  to  this, 
that  no  oxygen  gas  has  hitherto  (as  far  as  we  know  at 
leaf!)  been  procured  absolutely  free  from  fome  admix¬ 
ture  of  azot,  and  that  his  oxygen  was  always  procured 
either  from  red  oxyd  of  lead,  or  from  black  oxyd  o£ 
manganefe,  or  red  oxyd  of  mercury,  all  of  which  fub- 
ftances  yield  a  confiderable  proportion  of  azot ;  that  in 
one  experiment,  in  which  he  obferves  that  his  oxygen  was 
very  pure ,  as  it  had  been  obtained  from  red  oxyd  of  mer¬ 
cury,  Mr  Berthollet  (d)  afcertained,  by  adually  making 
the  experiment,  that  part  of  the  very  fame  oxyd  which 
Dr  Prieftley  had  employed  yielded  a  gas,  f  d  of  which 
was  azot  *  ;  if  wc  add,  that  it  has  been  proved  beyond  *  Ann.  At 
.  e  pmftbility  of  doubt,  and  to  Dr  Prieftley’s  own  fa-  r-bim.  iii. 
tisfadion,  that  nitric  acid  is  compofed  of  oxygen  and  94* 
azot — we  ffiall  find  it  no  difficult  matter  to  explain  the 
origin  of  that  acid  in  Dr  Prieftley’s  experiments  :  and 
if  we  recoiled  that  in  Seguin’s  experiment,  upon  a 
much  larger  fcale  indeed  than  Dr  Prieftley’s,  no  nitric 
acid  at  all  was  formed,  it  will  be  impoffible  for  us  to 
believe  for  a  moment  that  the  compound  formed  by 
oxygen  and  hydrogen  is  nitric  acid.  ’I  hus  Dr  Prieft- 

ey’s 
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•nd  he  determines,  by  the  m.ter  milling,  how  mncl,  has  KtoTiX  the  Tcm’rdiro  f  V”  : 

of  water  enter  into  the  compofition  of  I47  grains  of  eras  B„t  g  ,  Ac.cor“ng  to  him,  60  grains 

he  forgot  that  its  temperature  was  high,  and  that  thiefore  >  bebdes  too  fmall  a  weight  to  the  gas, 

than  in  its  ufual  itate  :  nor  did  he  afcertain  whetS  f  T  Capabk  °f  ,combminS  much  more  wate^ 

by  negleding  this  precaution,  Morveau  hasYewt^ “  **  ^  *+ 

nine  times  greater  than  it  ought  to  have  been.  3  «fult 

(D)  Berthollet  had  fupplied  Dr  Prieftley  with  the  nwsl  Up  u  a  *  , 

Blanc,  one  of  which  he  feat  to  Dr  Prieftley,  and  the  oilier  terefaved. d  d  tW°  °UnCeS  °f  w  fr0m  Mr  Le 
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xcj  ley’s  experiments  rather  confirm  than  deftroy  the  theo- 
r  ry  of  the  compofition  of  water.  We  obtain  from  them, 
however,  one  curious  piece  of  information,  that  the  pre- 
fence  of  copper  increafes  the  quantity  of  nitric  acid 
formed.  This  curkni3  fad,  with  a  variety  of  others  of 
a  fimilar  nature,  will  perhaps  afterwards  claim  our  at¬ 
tention  ;  but  at  prefent  we  mull  confider  another  the¬ 
ory  which  this  phenomenon  fuggefted,  and  which  was 
firil  propofed,  we  believe,  by  Mr  de  la  Metherie  (e). 

Had  the  French  chemifts,  it  has  been  faid,  employed 
copper  vefiels  in  their  experiments,  they  would  have  ob¬ 
tained  three  times  the  quantity  of  nitric  acid.  This 
acid,  therefore,  mud  in  their  experiments  have  been  de¬ 
composed,  after  having  been  formed,  for  want  of  a  bafe 
to  combine  with  ;  and  the  azot  which  appeared  in  the 
refiduum  was  owing  to  this  decompofition.  Hydrogen 
and  oxygen,  therefore,  do^not  form  water,  but  a2ot  (f). 
Let  us  examine  the  experiment  of  Mr  Le  Fevre  by  this 
theory,  as  the  quantity  of  azot  was  accurately  afcer- 
tained.  The  nitric  acid  obtained  amounted  to  43,456 
grains;  three  times  that  quantity  is  130,368  grains, 
into  which  23054  grains  of  gas  were  converted;  which 
is  impofiible.  Or  even  fuppofing  that  the  decompofi¬ 
tion  had  been  going  on  during  the  whole  experiment, 
which  is  dite&ly  contrary  to  Dr  Prieftley’s  experi¬ 
ments,  and  which  there  is  no  reafon  whatever  to  fup- 
pofe,  Tut  every  reafon  againft — {till  the  whole  azot  a- 
mounted  only  to  -Jth  of  the  quantity  of  gas  employed, 
allowing  this  gas  to  have  contained  no  azot,  which  was 
evidently  not  the  cafe.  It  appears,  then,  that  this  hy- 
pothefrs,  even  if  it  could  be  admitted,  would  be  totally 
inadequate  to  account  for  the  phenomena.  But  if  we 
were  to  examine  it  by  Mr  Seguin’s  experiment,  its  ab¬ 
surdity  would  be  dill  more  glaring.  In  that  experi¬ 
ment  the  azotic  gas  amounted  to  only  19  grains,  and 
the  quantity  of  gas  which  difappeared  was  5946  grains: 
fo  that  were  the  hypothecs  true,  oxygen  and  hydrogen 
gas  would  conllft  of  one  part  of  oxygen  and  hydrogen 
and  3  1 2  parts  of  water ;  a  fuppofition  fo  enormoufly 
abfurd,  that  it  is  impofiible  for  any  peifon  even  to  ad¬ 
vance  if. 

It  is  impofiible,  therefore,  for  the  phenomena  which 
attend  the  combuilion  of  oxygen  and  hydrogen  gas  to 
be  accounted  for  in  any  way  confident  with  common 
4»  fenfe,  except  we  fuppofe  that  water  is  formed. 

But  the  experiments  above  related,  conclufive  as  they 
P  appear,  are  not  the  only  ones  by  which  this  important 
“r  fa£t  has  been  afeertained.  MefiVs  Van  Trooftwyk  and 
Dieman,  abided  by  Mr  Cuthbertfon,  filled  a  fmall  glafs 
tube,  ^th  of  an  inch  in  diameter  and  12  inches  long, 
with  diddled  water.  One  end  of  this  tube  was  fealed 
hermetically  ;  but,  at  the  fame  time,  a  fmall  gold  wire 
had  been  palled  through  it.  Another  wire  pa  fie  d  thro’ 
the  open  end  of  the  tube,  and  could  be  fixed  at  greater 
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or  fmaller  didances  from  the  nrd  wire.  By  means  of  Water, 
thefe  wires,  they  made  a  great  number  of  ele£lricai  ex-  -~¥  nT 
plofions  pafs  through  the  water.  Bubbles  of  air  ap¬ 
peared  at  every  explofion,  and  colle&ed  at  the  top  o£ 
the  tube.  When  ele&ric  fparks  were  pafied  through  this 
air,  it  exploded  and  difappeared  almoft  completely.  It 
mud  therefore  have  confided  of  a  mixture  of  oxygen 
and  hydrogen  gas,  and  this  gas  mud  have  been  formed 
by  the  decompofition  of  the  water  :  for  they  had  ta¬ 
ken  care  to  deprive  the  water  before  hand  of  all  its  air, 
and  they  ufed  every  precaution  to  prevent  the  accefs  of 
atmofpherical  air  ;  and,  befides,  the  quantity  of  gaa 
produced  did  not  diminifh,  but  rather  increafed,  by 
continuing  to  operate  a  number  of  times  upon  the  fame  * 
water,  which  could  not  have  been  the  cafe  had  it  been 
merely  air  diflolved  in  water  :  nor  would  atmofpherical 
air  have  exploded  and  left  only  a  very  fmall  refiduum, 
not  more  than  -g^th  part.  They  had  taken  care  alfo 
to  prove  that  the  ck&ric  fpark  did  not  contribute  to 
form  hydrogen  gas ;  for  on  paffing  it  through  fulphu- 
ric  and  nitric  acids,  the  produ£l  was  not  hydrogen,  but 
oxygen  gas  f.  f  Jour*. 

Thefe  experiments  have  been  fince  repeated  by  Dr 
Pearfon,  abided  by  Mr  Cuthbertfon.  Fie  produced, 
by  means  of  ele&ricity,  quantities  of  gas  from  water, 
amounting  to  56,5488  cubes  of  T*sth  of  an  inch  each  ; 
on  nitrous  gas  being  added  to  which,  it  fuffered  a  dimi¬ 
nution  of  bulk,  and  nitrous  acid  appeared  to  have  been 
formed  :  It  mufl  therefore  have  contained  oxygen  gas* 

When  oxygen  gas  was  added  to  the  remainder,  and 
an  ele&ric  fpark  pafied  through  it,  a  diminution  took 
place  precifely  as  when  oxygen  and  hydrogen  gas  are 
mixed  :  It  muil  therefore  have  contained  hydrogen. 

When  an  ele&ric  fpark  was  pafied  through  the  gas 
thus  produced  from  water,  the  gas  difappeared,  being  110 
doubt  converted  into  water  *.  *  Niclo?~ 

Such  are  the  proofs  by  which  the  compound  nature^ s  Jour* 
of  water  is  afeertained  ;  and  we  do  not  believe  that  any  na  9 1*2'^ 
phyfical  fad  whatever  can  be  produced  which  is  fup- 
ported  by  more  complete  evidence. 

But  what  becomes  of  the  caloric  which  was  previ- 
oufly  combined  with  thefe  gafes  ?  It  pafies  through  the 
vefiel  and  is  loft,  and  its  weight  is  too  inconfiderable  to 
make  any  fenfible  variation  in  the  quantity  of  the  pro- 
dud.  If  we  were  to  judge  from  analogy,  we  would 
conclude,  that  the  oxygen  and  hydrogen,  while  in  the 
ftate  of  gas,  are  probably  fomewhat  lighter '  than  after 
they  are  condenfed  into  water ;  but  the  difference,  if  it 
exifts,  can  fcarcely  be  fenfible.  g 

Water  is  capable  of  combining  with  a  vaft  number  of  Combine, 
fubftances  :  all  bodies,  indeed,,  which  are  foluble  in  wa-  tion  and 
ter  form  a  chemical  union  with  it.  affinity  of 

Its  affinity  for  other  bodies  is  doubtlefs  various,  tha,water* 
we  have  no  method  of  afeertaining  this  difference,  ex,- 
_ , _ cept 
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(e)  Another  favourite  theory  of  La>  Metherie  was,,  that  gafes  themfelves  are  deftitute  of  gravity,  and  that 

they  owe  their  whole  weight  to  the  water  with  which  they  are  combined  :  that  during,  combuilion  the  water 
d  the  two  gafes  is  depofited  ;  and  that  the  gafes  themfelves'  efcape  through  the  vefiel  and  are  loft.  He 
complains  bitterly  that  this  theory  had  never  been  noticed  by  his  antagorifts  ;  as  if  it  were  neceftary  to  refute 
a  hypothefis  which  is  not  fupported  by  any  proof  whatever,  and  as  if  it  had  not  been  proved  that  oxygen  in- 
creaies  the  weight  of  metals,  and  consequently  poffeffes  gravity.  « 

(f)  i  his,  as  has  been  formerly  explained,  was  the  original  opinion  of  Dr  Prieftley  ;  to  which,  though  he  does  not 
cxplam  himfelf  fully,  he  evidently  fiill  adheres.  There  is  then  no  difference  between  hia  theory  and  this,,  except 

relates  to  the  decompofition  of  the  nitric  acid* 
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cept  in  thofe  bodies  which  have  no  affinity,  or  but  a 
very  fmall  affinity,  for  each  other  ;  and  it  is  only  in 
a  few  even  of  thefe  that  this  difference  can  be  afcer- 
tained.  If  muriat  of  bastes  be  poured  into  lime  wa¬ 
ter,  the  lime  is  precipitated,  owing,  no  doubt,  to  the  iu- 
perior  affinity  of  the  muriat  for  water.  Several  very 
curious  in  fiances  of  the  affinity  of  different  falts  for  vva 
ter  have  been  mentioned  by  Mr  Quatremere  Dijonval. 
When  the  folntions  of  nitrat  of  lime  and  nitrat  ot  mag- 
nefia  in  water  are  mixed  together,  the  nitrat  of  niagne- 
iia  is  precioitated.  Muriat  of  magnena  is  alio  precipi¬ 
tated  by  muriat  of  lime,  and  lulphat  of  marmefia  by 
fulphat  of  lime  :  fo  that  it  would  feem  that  the  falts 
which  have  magnefa  for  their  bahs,  have  a  lefs  affinity 
%  Joum.  de  for  water  than  thofe  vvhofc  balls  is  lime  t- 
idhyj.  xvii.  Water  has  the  property  of  diffolving  oxygen  gas. 

If  a  quantity  of  common  air  be  confined  for  tome  time 
above  water,  the  whole  of  the  oxygen  is  abfoibed,  and 
nothing  but  the  azotic  gas  remains.  This  fadl  was  firft 
obierved  by  Mr  S cheek. 


Chap.  II.  Of  Alcohol. 
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Wine  lias  been  known  from  the  earl iefl  ages.^  Ihe 
Scriptures  inform  us,  that  Noah  planted  a  vineyard 
and  dr?  11k  wine;  and  the  heathen  writers  are  unanimous 
in  afcribing  the  invention  of  this  liquor  to  their  earlieft 
kings  and  heroes.  Beer,  too,  feems  to  have  been  diico- 
vered  at  a  very  remote  period.  It  was  in  common  ufe 
in  Egypt  in  the  time  of  Herodotus  *.  T.  acitus  informs 
ns,  that  it  was  the  drink  of  the  Germans'!'.  Whether 
the  ancients  had  any  method  of  procuring  ardent  fpirits 
from  thefe  or  any  other  liquors,  does  not  appear.  1  he 
Greeks  and  Romans  feem  to  have  been  ignorant  of  ar¬ 
dent  fpirits  altogether,  at  leaft  we  can  d  fcover  no  tra¬ 
ces  of  any  fuch  liquor  in  their  writings.  But  among 
the  northern  nations  of  Edrope,  intoxicating  liquors 
were  in  ufe  from  the  earliefl  ages.  Whether  thefe  li¬ 
quors  refembled  the  beer  of  the  Germans,  we  do  not 
know.  It  is  certain,  at  leaft,  that  the  method  of  procu¬ 
ring  ardent  fpirits  by  diftillation  was  known  in  the  dark 
ages  ;  and  it  is  more  than  probable  that  it  was  pra&iied 
in  the  north  of  Europe  much  earlier.  They  are  men¬ 
tioned  exprelsly  by  Thaddxus,  Villanovanus,  and  Evil¬ 
ly*. 

Ardent  fpirits,  fuch  as  brandy,  for  inftance,  rum,  and 
whifky,  conlift  ahnoft  entirely  of  three  ingredients,  wa¬ 
ter,  alcohol  or  /pint  of  wine,  to  which  they  owe  their 
ftrength,  and  a  fmall  quantity  of  a  peculiar  oil,  to  which 
they  owe  their  flavour. 

The  alcohol  may  be  feparated  from  the  water  by  the 
following  procefs.  Into  the  whifky  or  other  ardent  fpi- 
rit  a  quantity  of  potafs  is  to  be  put,  which  has  juft  imme¬ 
diately  before  been  expofed  for  about  half  an  hour  in  a 
crucible  to  a  red  heat,  in  order  to  deprive  it  of  moillure. 
Potafs  in  this  ftate  has  a  ftrong  attraction  for  water  ;  it 
accordingly  combines  with  the  water  of  the  fpirit,  and 
the  folntion  of  potafs  thus  formed  links  to  the  bottom  of 
the  veffel,  and  the  alcohol,  which  is  lighter,  fwims  over 
it,  and  may  eafily  be  decanted  off ;  or,  what  is  perhaps 
better,  the  folution  of  potafs  may  be  drawn  off  from  be¬ 
low  it  by  means  of  a  flop  cock  placed  at  the  bottom  of 
the  veffel.  It  is  impoffible  to  fix  the  quantity  of  potafs 
which  ought  to  be  ufed,  becanfe  that  mull  depend  en¬ 
tirely  on  the  ftrength  of  the  fpirit  j  but  it  is  of  no  con- 
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fequence  though  the  potafs  employed  he  a  little  more  Altai 
than  enough.  The  alcohol  thus  obtained  contains  aW 
little  potafs  diffolved,  which  may  be  feparated  by  diftil- 
ling  it  in  a  water  bath  with  a  very  fmall  heat.  The  ah 
cohol  paffes  over,  and  leaves  the  potafs  behind.  .  It  is 
proper  not  to  diftil  to  drynefs.  This  procets  is  frit 
mentioned  by  Evilly.  Alcohol  may  be  obtained  in  the 
fame  manner  from  wine  and  from  beer  ;  which  liquids 
owe  their  lirength  entirely  to  the  quantity  of  that  Jub¬ 
ilance  which  they  contain. 

Alcohol  is  a  tranfparent  liquor,  colonrlefs  like  water,  b pi 
of  a  pleafant  fmell,  and  a  ftrong  penetrating  agreeable ties- 
tafte. 

it  is  exceedingly  fluid,  and  has  never  been  frozen, 
though  it  has  been  expofed  to  a  cold  fo  great  that  the 
thermometer  Hood  at  — 69° 

hs  fpecific  gravity  when  pure  is  about  0,800. 

It  is  exceedingly  volatile  boiling  at  the  temperature 
of  176° ;  in  which  heat  it  affumes  the  form  of  an  elallic 
fluid,  capable  of  refilling  the  preffure  of  the  atmofphere, 
but  which  cendenies  again  into  alcohol  when  that  tem¬ 
perature  is  reduced.  In  a  vacuum  it  boils  at  56u,  and 
exhibits  the  lame  phenomena  :  fo  that  w  ere  it  not  ior 
the  preffure  or  the  atmofphere,  alcohol  would  always 
exift  in  the  form  of  an  elaftic  fluid,  as  tranfparent  and 
invilibie  as  common  air.  This  fubjed  was  firft  exa¬ 
mined  with  attention  by  Mr  Lavoifier  f  The  fa£,  ^ 
however,  had  been  known  long  before. 

Alcohol  has  a  ftrong  affinity  for  water,  and  is  mif- 
cible  w:th  it  in  all  proportions.  The  fpecific  gravity  of 
all  the  different  mixtures,  in  every  proportion,  and  in 
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all  the  different  degiees  of  temperature,  from  3;  to 
1  oo°,  has  been  lately  afeertained  *  ith  g»*eat  accuracy  by 
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Sir  Charles  Blagden  and  Mr  Gilpin.  But  as  a  very  i 
account  of  thefe  interefting  experiments  has  been  given 
in  the  Encyclopedia  in  the  article  Spirituous  Liquors , 
we  do  not  think  onrit Ives  at  liberty  to  repeat  it  here. 

If  alcohol  be  fet  on  fire,  it  burns  all  away  with^J 
a  blue  flame  without  leaving  any  refid u urn.  Boerhaave^, 
obferved,  that  when  the  vapour  which  efcapes  during fi;io 
this  combuflion  is  colle&ed  in  pioper  veffels,  it  is  found 
to  conlift  of  nothing  but  water.  Junker  had  made  the 
lame  remark  :  and  Dr  Black  fufpe&ed,  from  his  own 
obfervations,  that  the  quantity  of  w^ater  obtained,  if  pro¬ 
perly  collected,  exceeded  the  weight  of  the  alcohol  con- 
fumed.  This  obfervation  wras  confirmed  by  Lavoifier ; 
who  found  that  the  water  produced  during  the  com- 
bnflion  of  alcohol  exceeded  the  alcohol  confumed  by 
about  ^th  part  *.  .  .  *A 

Different  opinions  were  entertained  by  chemifls  about  *r 
the  nature  of  alcohol.  Stahl  thought  that  it  was  com-1* 
pofed  of  a  very  light  oil,  united  by  means  of  an  acid 


to  a  quantity  of  water.  According  to  Junker,  it  was 


compofed  of  phlogifton,  combined  wfith  water  by  means 
of  an  acid.  Cartheufer,  on  the  other  hand,  affirmed, 
that  it  contained  no  acid,  and  that  it_was  nothing  clfe 
than  pure  phlogifton  and  water.  But  thefe  hypothefes 
were  mere  affeitions  fupported  by  no  proof  whatever. 
Lavoifier  was  the  firft  who  attempted  to  analyfe  it.  ■ 
He  fet  fire  to  a  quantity  ot  alcohol  in  clofe  veffels,  P] 
by  means  of  the  following  apparatus  :  BCDE  (fig*  6. , 
is  a  veffel  of  marble  filled  with  mercury.  A  is  a  ftrong 
glafs  veffel  placed  over  it,  filled  with  common  air,  and 
capable  of  containing  about  15  pints  (French).  Into 
this  veffel  is  put  the  lamp  R  filled  with  alcohol,  the 
!  weight 
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vei"Ht  of  which  has  been  exactly  determined.  On  the 
vick  of  the  lamp  is  put  a  fmall  particle  of  phofphorus. 

The  mercury  is  drawn  up  by  fuftion  to  the  height  J  U- 
Phis  glafs  communicates  by  means  of  the  pipe  Lis.  with 
mother  glafs  veffel  vS  filled  with  oxygen  gas,  and  placed 
iver  a  veiTel  of  water  T.  This  communication  may  be 
hut  up  at  pleafure  by  means  of  the  ftop-cock  M.  _ 
Things  being  thus  difpofed,  a  crooked  red  hot  iron 
wire  is  thru  ft  uo  through  the  mercury,  and  made  to 
touch  the  phofphorus.  This  inftantly  kindles  the  wick, 
and  the  alc’hol  burns.  As  loon  as  the  flame  begins  to 
grow  dim,  the  flop-cock  is  turned,  and  a  communica¬ 
tion  opened  between  the  veffels  S  and  A;  a  quantity  of 
oxygen  gas  ruflie?  in,  and  reftores  the  br'ghtnefs  o!  the 
flame.  By  repeating  this  occasionally,  the  alcohol  may 
be  kept  burning  forfome  time.  .  It  goes  out,  however, 
at  la  ft,  notwithstanding  the  admiflion  of  oxygen  gas 
The  refult  of  this  experiment,  which  Mr  Lavoiher 
repeated  a  great  number  or  times,  was  as  follows : 

The  quantity  of  alcohol  coniumed  amounted  to 
76,7083  grains  troy. 

The  oxygen  gas  confumed  amounted  to  266,82  cu¬ 
bic  inches,  and  weighed  90,506  grains  troy. 

The  whole  weight  of  the  fubftances  confumed,  there¬ 
fore,  amounted  to  167,2143  grains.  . 

After  the  combuftion,  there  were  foun  t  in  the  glals 
vefTel  115,41  cubic  inches  of  carbonic  acid^gas,  the 
weight  of  which  was  78,1192  grains  troy.  There  was 
likewife  found  a  conliderable  quantity  of  water  ni 1  tne 
vefTel,  but  it  was  not  poftihle  to  colled  and  weigh  it. 
Mr  La  voider,  however,  eftimated  its  weight  at  89,0951 
grains  ;  as  he  concluded,  with  reafon,  that  the  whole 
of  the  fubftances  employed  were  dill  in  the  veffel.  Now 
the  whole  contents  of  the  veffel  confided  of  carbonic 
acid  gas  and  water ;  therefore  the  carbonic  acid  gas 
and  water  together  mud  be  equal  to  the  oxygen  gas  and 
alcohol  which  had  been  confumed.. 

But  78,1192  grains  of  carbonic  acid  gas  contain, 
according  to  Mr  Lavoiiier’s  calculation  f,  55*279  grains 
•  of  oxygen:  90,506  grains,  however,  of  oxygen  gas  had 
difappeared;  therefore  35,227  grains  mud  have  been 

employed  in  forming  water. 

35,227  grains  of  oxygen  gas  require,  in  order  to 
fbrm  water,  6,038  grains  of  hydrogen  gas;  and  the 
quantity  of  water  formed  by  this  combination  is  41,265 
grains.  But  there  were  found  89,095  grains  of  water- 
in  the  glafs  veffel ;  therefore  47,83  grains  of  water  mu.t 
have  exifted  ready  formed  in  the  alcohol. 

'  It  follows  from  all  thefc  data,  that  the  76,7083  grains 
of  alcohol,  confumed  during  the  combuftion,  were  com- 
pofed  of 

22,840  Carbon, 

6,038  Hydrogen, 

47*830  Water. 

76,7  *. 

Such  were  the  confequences  which  Mr  Lavoifier  drew 
from  his  analyfis.  He  acknowledged,  however,  that 
there  were  two  fources  of  uncertainty,  which  rendered 
his  conclufions  not  altogether  to  be  depended  upon. 
The  firil  was,  that  he  had  no  method  of  deterrni- 
rung  the  quantity  of  alcohol  confumed,  except  by  the 
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difference  of  weight  in  the  lamp  before  and  after  com- 
bullion  ;  and  that  therefore  a  quantity  might  have  eva-  v 
porated  without  combuftion,  which,  however,  would  be 
taken  into  the  fum  of  the  alcohol  confumed.  But  this 
error  could  not  have  been  great ;  for  if  a  confiderable 
quantity  of  alcohol  had  exifted  in  the  Hate  of  vapour 
iii  the  veffel,  an  explofion  would  certainly  have  taken 
place.  The  other  iource  of  error  was,  that  the  quan¬ 
tity  of  water  was  not  known  by  adtual  weight,  but  by 

calculation.  .  354 

To  this  we  may  add,  that  Mr  LaVbifier  was  not  war-  Ingredients 
ranted  to  conclude  from  his  experiment,  that  the  water  <-f  alcohol* 
found  in  the  vefTel,  which  had  not  been  formed  by  the 
oxygen  gas  ufed,  had  exifted  in  the  alcohol  in  the  ftate 
of  water:  lie  **  s  intitled  to  conclude  from  his  data,  that 
the  ingredients  of  that  water  exifted  in  the  alcohol  be¬ 
fore  combuftion  ;  but  not  that  they  were  a&ually  com¬ 
bined  in  the  ftate  of  water,  becaufe  that  combination 
might  have  taken  place,  and  in  all  probability  did  part¬ 
ly  take  place,  during  the  combuftion.  It  iollows,  there- 
fore,  from  Mr  Lavoiiier’s  experiments,  that  alcohol, 
fuppofing  he  ufed  it  perfe&ly  pure,  which  is  not  pro¬ 
bable,  is  compofed  of 

0,2988  parts  carbon, 

0,1840  parts  hydrogen, 

0,5  1 7  2  parts  oxygen. 
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But  it  gives  us  no  information  whatever  of  the  manner 
in  which  tliefe  ingredients  are  combined.  That  alcohol- 
contains  oxygen,  has  been  proved  by  a  very  ingenious, 
fet  of  experiments  performed  by  Meffrs  Fourcroy  and 
Vauquelin.  When  equal  parts  of  alcohol  and  iulphuric 
acid  are  mixed  together,  a  quantity  of  caloric  is  difen. 
gaged,  fuflicient  to  elevate  the  temperature  of  the  mix¬ 
ture  to  190°.  Bubbles  of  air  are  emitted,  the  liquor 
becomes  turbid,  affumes  an  opal  colour,  and  at  tlie  end 
of  a  few  days  a  deep  red.  When  examined,  the  ful- 
phuric  acid  is  found  to  have  fuffered  no  change  ;  but 
the  alcohol  is  decomoofed,  partly  converted  into  wa¬ 
ter  and  partly  into  ether,  a  fubftance  which  we  fhallde- 
feribe  immediately.  Now,  it  is  evident  that  the  alcohol 
could  not  have  been  converted  into  water  unlefs  it  had 

contained  oxygen  ^  »  ** 

When  equal  parts  of  fulphuric  acid  and  alcohol  are^'W"^ 
mixed  together*  and  heat  applied,  the  mixture  boils  at 
208°,  and  a  liquid  equal  to  half  the  weight  of  the  al¬ 
cohol  comes  over  into  the  receiver.  This  liquid  is 
ether .  355 

Ether  is  obfeurely  hinted  at  in  fomeof  the  older  che-  Ether, 
mical  authors,  but  little  attention  was  paid  to  it  till  a 
paper  appeared  in  the  Philofophical  Tranfa&ions  for' 

,730,  written  by  a  German,  who  called  himfelf  Frche - 
nius  (g),  containing  a  number  of  experiments  on  it.  In 
this  paper  it  firft  received  the  name  of  ether .  356 

Ether  is  limpid  and  colourlefs,  of  a  very  fragrant  Its  proper- 
fmell,  and  a  hot  pungent  tafte.  .  Its  fpecific  gravity  is  ties. 
0,7394.  It  is  exceedingly  volatile,  boiling  in  the  open 
air  at  98°,  and  in  a  vacuum  at  —  2o<>  Were  it  not 
therefore  for  the  preflure  of  the  atmofphere,  it  would 
always  exift  in  a  gafeous  ftate.  Ether  unites  with  wa¬ 
ter  in  the  proportion  of  ten  parts  of  the  latter  to  one  o£ 

the 


(c)  The  name  was  fuopofed  to  have  been  feigned. 
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Alcohol.  tlicTormer*.  Tt  is  exceedingly  Inflammable,  and  when 
kindled  t^lc  ^ate  vaPour  burns  with  rapidity,  or  ra- 
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r>  ther  explodes,  if  it  be  mixed  with  oxygen  gas. 

Chemilts  entertained  various  opinions  refpeding  the 
nature  of  ether.  Macquer  fuppofed,  that  it  was  mere- 
i:Oii°rliia"  alcohol  deprived  by  the  acid  of  all  its  water.  But  it 
was  generally  believed  that  the  acid  entered  partly  into 
its  compofition.  Since  the  nature  of  acids  has  become 
f  better  known,  a  great  number  of  philofophers  have  fup¬ 
pofed  that  ether  is  merely  alcohol  combined  with  a  quan¬ 
tity  of  oxygen  furnifhed  by  the  acid.  The  real  com- 
-portion  of  this  fingular  fub fiance  has  been  lately  afeer- 
tained  by  the  experiments  of  Fourcroy  and  Vauauelin. 

“A  combination  (fay  they)  of  two  parts  of  fulphuric 
acid  and  one  part  of  alcohol  elevates  the  *  mperature  to 
20 1°,  becomes  immediately  of  a  deep  red  colour,  which 
changes  to  black  a  few  days  afterwards,  and  emits  a 
£mell  perceptibly  ethereal. 

“  When  we  carefully  obferve  what  happens  in  the  com- 
bination  of  equal  parts  of  alcohol  and  concentrated  ful¬ 
phuric  acid  expofed  to  the  adion  of  caloric  in  a  proper 
apparatus,  the  following  phenomena  are  feen  : 

“  I.  When  the  temperature  is  elevated  to  208°,  the 
fluid  boils,  and  emits  a  vapour  which  becomes  conden- 
fed  by  cold  into  .a  colourlefs,  light,  and  odorant  liquor, 
which  from  its  properties  has  received  the  name  of  ether . 
If  the  operation  be  properly  conduced,  no  permanent 
gas  is  difengaged  until  about  half  the  alcohol  has  palled 
over  in  the  form  of  ether.  Until  this  period  there  paffes 
abfolutely  nothing  but  ether  and  a  fmall  portion  of  wa¬ 
ter,  without  mixture  of  fulphurous  or  of  carbonic  acid. 

“  2.  If  the  receiver  be  changed  as  foon  as  the  fulphu- 
rous  acid  manifefts  itfelf,  it  is  obferved  that  rio  more 
ether  is  formed,  but  the  fweet  oil  of  wine,  water,  and 
acetous  acid, >  without  the  difengagement  hitherto  of  a 
Angle  bubble  of  carbonic  acid  gas.  When  the  fulphu¬ 
ric  acid  conftitutes  about  four-fifths  of  the  mafs  which 
remains  in  the  retort,  an  inflammable  gas  is  difengaged, 
which  has  the  fmell  of  ether,  and  burns  with  a  white 
oily  flame.  This  is  what  the  Dutch  chemifls  have  call¬ 
ed  carhonated>  hydrogen  gas ,  or  olefiant  gas,  becaufe  when 
mixed  with  the  oxy-muriatic  acid  it  forms  oil.  At  this  pe¬ 
riod  the  temperature  of  the  fluid  contained  in  the  retort 
fis  elevated  to  230°  or  2340. 

“  3.  When  the  fweet  oil  of  wine  ceafes  to  flow,  if  the 
receiver  be  again  changed,  it  is  found  that  nothing  more 
paffes  but  fulphurous  acid,  water,  carbonic  acid  gas ; 
and  that  the  refiduum  in  the  retort  is  a  black  mafs,  con¬ 
fiding  for  the  mod  part  of  fulphuric  acid  thickened  by 
carbon. 


“  The  feries  of  phenomena  here  expofed  will  judify 
the  following  general  indndions  : 

“1.  A  fmall  quantity  of  ether  is  formed  fpontaneoufly, 
and  without  the  affidance  of  heat,  by  the  combination 
of  two  parts  of  concentrated  fulphuric  acid  and  one  pait 
of  alcohol. 

“2.  As  foon  as  ether  is  formed,  there  is  a  produdion 
of  water  at  the  fame  time  ;  and  while  the  fird  of  thefe 
compofitions  takes  place,  the  fulphuric  acid  undergoes 
EO  change  in  its  intimate  nature. 

“  3.  As  foon  as  the  fulphurous  acid  appears,  no  more 
ether  is  formed,  or  at  lead  very  little ;  but  then  there 
paffes  the  fweet  oil  of  wine,  together  with  water  and 
.acetous  acid. 

“  4.  The  fweet  oil  of  wine  having,  ceafed  to  come  over, 
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nothing  further  is  obtained  but  the  fulphurous  an!  car*.  Alcoh, 
bonic  acids,  and  at  lad  fulphur,  if  the  didillation  be  —v  i 
carried  to  drynefs. 

“  The  operation  of  ether  is  therefore  naturally  divided 
into  three  periods :  the  firft,  in  Which  a  fmall  quantity 
of  ether  and  water  are  formed  without  the  affidance  of 
heat;  the  fecond,  in  which  the  whole  of  the  ether  which 
can  be  obtained  is  difengaged without  the  accompani¬ 
ment  of  fulphurous  acid  ;  and  the  third,  in  which  the 
fv/eet  oil  of  wine,  the  acetous  acid,  the  fulphurous  acid, 
and  the  carbonic  acid,  are  afforded.  The  three  dages 
have  no  circtimdance  common  to  all,  but  the  continual 
formation  of  water,  which  takes  place  during  the  whole 
of  the  operation. 

“The  ether  which  is  formed  without  the  affidance  of 
caloric,  and  the  carbon  which  is  feparated  without  de- 
compofition  of  the  fulphuric  acid,  prove  that  this  acid 
ads  on  alcohol  in  a  mariner  totally  different  from  what 
has  hitherto  been  fuppofed.  It  cannot,  in  fad,  be  af¬ 
firmed,  that  the  acid  is  altered  by  the  carbon,  becaufe 
daily  experience  fliews  that  no  fenfible  attraction  takes 
place  between  thefe  two  bodies  in  the  cold;  neither  can 
it  be  affeded  by  the  hydrogen ;  for  in  that  cafe  fulphu- 
rous  acid  would  have  been  formed,  of  which  it  is  known 
that  no  trace  is  exhibited  during  this  fird  perio^.  We 
mud  therefore  have  recourfe  to  another  fpecies  of  adion, 
namely,  the  powerful  attradion  exercifed  by  the  fulphu¬ 
ric  acid  upon  water.  It  is  this  which  determines  the 
union  of  the  principles  which  exid  in  the  alcohol,  and 
with  which  the  concentrated  acid  h  in  contad  :  but 
this  adion  is  very  limited  if  the  acid  be  fmall  in  quan¬ 
tity  ;  for  an  equation  of  affinity  is  foon  edablifhed,  the 
effed  of  which  is  to  maintain  the  mixture  in  a  date  of 
repofe, 

“Since  it  is  proved  that  ether  is  formed  in  the  cold  by 
the  mixture  of  any  quantities  of  alcohol  and  fulphuric 
acid,  it  is  evident  that  a  mafs  ©f  alcohol  might  be  com¬ 
pletely  changed  into  ether  and  vegetable  acid  by  ufing  a 
fufficient  abundance  of  fulphuric  acid.  It  is  equally 
evident  that  the  fulphuric  acid  would  not  by  this  means 
undergo  any  other  change  than  that  of  being  diluted 
with  a  certain  quantity  of  water.  This  observation 
proves,  that  alcohol  contains  oxygen,  becaufe  water 
cannot  exid  without  this  princi  pie,  which  mud  be  af¬ 
forded  by  the  alcohol  only,  fince  the  fulphuric  acid  differs 
no  decompofition. 

“We  mud  not,  however,  imagine,  from  thefe  fads, 
that  ether  is  alcohol  minus  oxygen  and  hydrogen.  Its 
properties  alone  would  contradid  this  ;  for  a  quantity 
of  carbon  proportionally  greater  than  that  of  the  hy¬ 
drogen  is  at  the  fame  time  feparated.  It  may,  in  fad, 
be  conceived,  that  the  oxygen,  which  in  this  cafe  com¬ 
bines  with  the  hydrogen  to  form  water,  not  only  fatu- 
rated  that  hydrogen  in  the  alcohol,  but  likewife  the 
carbon.  So  that,  indead  of  confidering  ether  as  alcohol 
minus  hydrogen  and  oxygen,  we  muff,  by  keeping  an 
account  of  the  precipitated  carbo  n  and  the  fmail  ^quan¬ 
tity  of  hydrogen  contained  in  the  wat  -  which  is -form¬ 
ed,  regard  ic  as  alcohol  plus  hydrogen  and  oxygen. 

“  The  foregoing  arc  the  effeds produced  by  a  combi¬ 
nation  of  alcohol  and  fuiphime  acid,  fpontaneoufly  pro¬ 
duced  without  foreign  heat.  Let  us,  in  the  next  place, 
obferve,  how  this  combination  is  effeded  when  caloric 
is  added.  The  phenomena  are  then  very  different,  tho' 
fome  of  the  refulte  are  the  fame. 

2  «  In 
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■  -icohul.  (t  In  the  firff  place,  wc  muff  obferve,  that  a  comhir/a- 

Pl tion  of  i’ulphuric  acid  and  alcohol  iri  equal  parts  does  not 
-boil  at  Id's  than  2  07  degrees  of  temperature,  while  that 
of  alcohol  alone  boils  at  1 76.  Now  fince  ebulition  does 
not  take  place  till  the  higher  temperature,  it  is  clear 
that  the  alcohol  is  retained  by  the  affinity  of  the  ful- 
phuric  acid,  which  fixes  it  more  confiderably.  Let  us 
•alio  confider  that  organic  bodies,  or  their  immediate  pro¬ 
ducts,  expoled  to  a  lively  brifk  heat,  without  the  poffi- 
bility  of  efcaping  fpeedily  enough  from  its  adfion,  fuller 
^  partial  or  total  decompofition,  according  to  the  degree 
of  temperature  Alcohol  undergoes  this  lad  alteration 
when  paffed  through  an  ignited  tube  of  porcelain.  By 
this  fudden  deCompofition  it  is  converted  into  water, 
caibonic  acid,  and  carbon.  The  reafon,  therefore,  why 
alcohol  is  not  decompofed  when  it  is  fubmitted  alone  to 
heat  in  the  ordinary  apparatus  for  di (filiation,  is,  that 
the  temperature  at  which  it  rifes  in  vapours  is  not  ca¬ 
pable  of  effecting  the  reparation  of  its  principles  ;  but 
when  it  is  fixed  by  the  l’ulphuric  acid  or  any  other  bo¬ 
dy,  the  elevated  temperature  it  undergoes,  without  the 
.pofiibility  of  dii'engagement  from  its  combination,  is  fuf- 
ficient  to  effeCt  a  commencement  ol  decompofition,  in 
which  ether  and  water  are  formed,  and  carbon  is  depo¬ 
sited.  Nothing  more  therefore  happens  to  the  alcohol 
in  thefe  circumftances  than  what  takes  place  in  the  di- 
ilillation  of  every  other  vegetable  matter  in  which  water, 
oil,  acid,  and  coal,  are  afforded. 

“  Hence  it  may  be  conceived  that  the  nature  of  the 
produ&s  of  the  decompofition  of  alcohol  muff  vary  ac¬ 
cording  to  the  different  degrees  of  heat  ;  and  this  ex¬ 
plains  why  at  a  certain  period  no  more  ether  is  formed 
but  the  fvveet  oil  of  wine  and  acetous  acid.  In  faff, 
when  the  greateft  quantity  of  the  alcohol  has  been 
changed  into  ether,  the  mixture  becomes  more  denfe, 
and  the  heat  which  it  acquires  previous  to  ebullition  is 
more  confiderable.  The  affinity  of  the  ac  d  for  alcohol 
being  increafed,  the  principles  of  this  acid  become  fepa- 
rated  ;  fo  that,  on  the  one  hand,  its  oxygen  feizes  the 
hydrogen,  and  forms  much  water,  which  is  gradually 
volatilized  ;  while,  on  the  other,  the  ether  retaining  a 
greater  quantity  of  carbon,  with  which  at  that  tempe¬ 
rature  it  can  rife,  affords  the  fweet  oil  of  wine.  This 
lafl  ought  therefore  to  be  confidered  as  an  ether  con¬ 
taining  an  extraoidinary  portion  of  carbon,  which  gives 
it  more  denfity,  lefs  volatility,  and  a  lemon  yellow  co¬ 
lour. 

“  During  the  formation  of  the  fweet  oil  of  wine,  the 
quantity  of  carbon  which  is  precipitated  is  no  longer  in 
the  fame  proportion  as  during  the  formation  of  ether. 

**  What  we  have  here  ftated  concerning  the  manner  in 
which  ether  is  formed  by  the  fimultaneous  a&ion  of  the 
fulphuric  acid  and  heat,  appears  fo  conformable  to  truth, 
that  nearly  the  fame  effects  may  be  produced  by  a  cauf- 
tic  fixed  alkali  In  this  cafe  alfo  a  kind  of  ether  and  a 
fweet  oil  of  wine  are  volatilized,  and  coal  is  precipitated. 
It  is  therefore  only  by  fixing  the  alcohol  that  the  ful¬ 
phuric  acid  permits  the  caloric  to  operate  a  fort  of  de¬ 
compofition.  It  may  alfo  be  urged  as  a  proof  of  this 
affertion,  that  the  iulphuric  acid,  which  has  ferved  to 
make  ether  as  far  as  the  period  at  which  the  fweet  oil 
of  wine  begins  to  appear,  is  capable  of  faturating  the 
fame  quantity  of  alkali  as  before  its  mixture  with  the 

JWM-  alcohol  t” 

r  Jovr*  Jfther  may  alfo  be  obtained  by  means  of  feveral  other 
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acids.  The  different  liquids  thus  formed  are  diftin- 
guiihed  by  prefixing  the  name  of  the  acid  ufed  in  the 
procefs.  Thus  the  ether  above  deicribed  is  called  ful¬ 
phuric  ether  ;  that  obtained  by  means  of  nitric  acid,  ni¬ 
tric  ether ,  and  fo  on.  There  are  feveral  minute  ffiaaes 
of  difference  between  thefe  various  ethers,  which  have 
not  yet  been  propeily  enquired  into. 

Alcohol  is  capable  of  diffolving  a  great  many  bo¬ 
dies.  A  confiderable  number  of  thefe,  with  the  quan-f0iubie  m 
tities  foluble,  is  exhibited  in  the  following  tables.  alcohol. 
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I.  Subjlances  dijfolved  in  large  Quantities . 


Names  of  the  Subftances. 

!  Temye 
ratore. 

24O  parts 
of  alcohol 
diffi  Ive 

Nitrat  of  cobalt 

54.5° 

240  paits 

copper 

54.5 

240 

alumina 

54,5 

240 

magnefia 

180,5 

694 

Muriat  of  zinc 

54>5 

240 

alumina 

54>5 

240 

magnefia  - 

180,5 

1 3 1 3 

iron  -  - 

180,5 

240 

copper  -  - 

180,5 

240 

Acetite  of  lead 

JI3 

copper * 

Benzoic  acid  -  -  - 

135.5 

Sulphat  of  magnefia 
Nitrat  of  zinc  decompofed 
iron  decompofed 
bifmuth  decompofed 


*  Withering  % 
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II.  Subjlances  dijfolved  in  fnall  Quantities . 


Names  of  the  fubftances. 

24O  parts  of 
alcohol  at  the 
boiling  ttmpe 
rature  diffolvt 

Muriat  of  Irme 

240  part? 

Nitrat  of  ammonia 

214 

Oxy-muriat  of  mercury 

212 

Succinic  acid 

177 

Acetite  of  foda 

112 

Nitrat  of  filver 

IOO 

Refined  fugar  - 

59 

Boracic  acid  - 

48 

Nitrat  of  foda 

23 

Acetite  of  copper 

18 

Muriat  of  ammonia 

17 

Arfeniat  of  potafs 

9 

Acidulated  oxalat  of  potafs  - 

7 

Nitrat  of  potafs 

5 

Muriat  of  potafs 

5 

Arfeniat  of  ioda 

Barytes 

Strontites 

4 

White  oxyd  of  arfenic 

3 

Tartrat  of  potafs 

Pholphorus 

Nitrat  of  lead  * 
lime  * 

Muriat  of  mercury  f 

1 

Carbonat  of  ammonia  * 

pp  ;  ni- 
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III.  Subjlances  infallible  < with  Alcohol. 


Part  II 


Oils. 


*  Withering, 
Phil  Tranf. 
lxxn.  336 
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Sugar  of  milk, 

Sulphat  of  foda, 

Borax, 

rnagnefia, 

Tartar, 

Sulphite  of  foda, 

Alum, 

Tartrite  of  foda  and 

Sulphat  of  ammonia, 

potafs, 

lime, 

Phofphoric  acid. 

barytes  *, 

Nitrat  of  lead, 

iron  (green), 

mercury, 

copper, 

Muriat  of  lead, 

filver, 

filver  J, 

mercury, 

Common  fait, 

zinc, 

Carbon  at  of  potafs, 

potafs, 

foda. 

Thefe  have  been  chiefly  borrowed  from  tables  which 
Mr  de  Morveau  publiffied  in  the  Journal  de  Phyfique 
July  1785,  and  which  were  drawn  up  for  the  moll 
part  from  the  experiments  defcribed  in  Wenzel’s  Trea- 
tife  on  Affinities. 

Its  affinities.  The  affinities  of  alcohol  are  very  imperfe&ly  known. 

Thofe  ftated  by  Bergman  are  as  follows  ; 

Water, 

Ether, 

Volatile  oil, 

Sulphur ets  of  alkalies. 
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Fixed  oils. 


Ore,  which  is  of  fuch  extenfive  utility  in  the  arts, 
was  known  at  a  very  remote  period.  It  is  mentioned 
in  Genefis,  and  during  the  time  of  Abraham  was  even 
ufed  in  lamps*.  The  olive  was  v<?ry  early  cultivated, 
and  oil  extruded  from  it  in  Egypt.  Cecrops  brought 
it  from  Sais.  a  town  in  Lower  Egypt,  where  it  had 
been  cultivated  from  time  immemorial,  and  taught  the 
Athenians  to  extrad  oil  from  it.  In  this  manner  the 
ufe  of  oil  became  known  in  Europe  f.  But  the  Greeks 
feem  to  have  been  ignorant  of  the  method  of  procuring 
light  by  means  of  lamps  till  after  the  liege  of  Troy; 
at  leaf!  Homer  never  mentions  them,  and  conftantly  de- 
fcribes  his  heroes  as  lighted  by  torches  of  wood. 

Oils  are  divided  into  two  clafles,  Fixed  and  V olatile  ; 
each  of  which  is  difHnguifhed  by  peculiar  properties. 

I,  The  fixed  oils,  called  alio  fat  or  eypreffed  oils, 
are  numerous,  and  are  obtained,  partly  from  animals  and 
partly  from  vegetables,  by  limple  cxpreffion.  As  in- 
fiances,  we  (hall  mention  whale  oil  or  train  oil,  obtained 
from  the  blubber  of  the  whale  ;  olive  oil,  obtained  from 
the  fruit  of  the  olive  ;  lintfeed  oil  and  almond  oil,  ob¬ 
tained  from  lintfeed  and  almond  kernels.  Fixed  oils 
may  alfo  be  obtained  from  poppy  feeds,  hemp  feeds, 
beech  maft,  and  many  other  vegetable  fubftances. 

All  thefe  oils  differ  from  each  other  in  fevcral  parti 
culars,  but  they  alfo  poffefs  many  particulars  in  com* 
Whether  the  oily  principle  in  all  the  fixed  oils  is 


the  fame,  and  whether  they  owe  their  differences  to  ac¬ 
cidental  ingredients,  is  not  yet  completely  afcertained, 
as  no  proper  analyfis  has  hitherto  been  made  ;  but  it  is 
exceedingly  probable,  as  all  the  oils  hitherto  tried  have 
been  found  to  yield  the  fame  produ&s.  In  the  prefent 
Fate  of  our  knowledge,  it  would  be  ufelefs  to  give  a 
particular  defcription  of  all  the  fixed  oils,  as  the  diffe- 
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rences  between  them  have  npt  even  been  accurately  af¬ 
certained.  We  fhall  content  ourfelves,  therefore,  with 
giving  the  chara&ets  which  diftinguifh  fixed  oils  in  ge¬ 
neral,  and  an  analyfis  of  one  oil,  by  way  of  fpecimen. 

Fixed  dils  are  infoluble  in  alcohol,  which  diftinguiftiesxheir*pro. 
them  from  volatile  oils.  They  are  alfo  infoluble  in  wa-  parties, 
ter. 

They  have  an  unftuons  feel,  are  tranfparent  while 
fluid,  are  deflitute  of  fmell,  and  have  a  mild  iufipid  kind 
of  talle. 

They  are  all  fufceptible  of  becoming  folid  by  expo- 
fure  to  a  fufficient  degree  of  cold.  Olive  oil  and  al¬ 
mond  oil  freeze  at  ioi  degrees  t  Chapter 

They  are  capable  of  being  converted  into  vapour  by 
heat  ;  but  require  for  that  purpofe  a  temperature  con 
fidtrably  fuperior  to  that  of  boiling  water.  Olive  oil 
boils  at  6oo°,  and  moft  of  the  fixed  oils  hitherto  tried 
require  nearly  the  fame  degree  of  heat. 

When  in  the  ftate  of  vapour  they  take  fire  on  the 
approach  of  an  ignited  body,  and  burn  with  a  yellowifh 
white  flame.  It  is  upon  this  principle  that  candles  and 
lamps  burn.  The  tallow  or  oil  is  firft  converted  into 
the  ftate  of  vapour  in  the  wick  ;  it  then  takes  fire,  and 
fuppHes  a  fufficient  quantity  of  heat  to  convert  more 
oil  into  vapour  ;  and  this  procefs' goes  on  while  any  oil 
remains.  The  wick  is  neceffary  to  prefent  a  fufficient- 
ly  fmall  quantity  ot  oil  at  once  for  the  heat  to  at\  up¬ 
on.  If  the  heat  were  fufficiently  great  to  keep  the 
whole  oil  at  the  temperature  of  600  ,  no  wick  would  be 
neceffary,  as  is  obvious  from  oil  catching  fire  fponta- 
neoufly  when  it  has  been,  railed  to  that  temperature 


Mr  Lavoifier  analyfed  olive  oil  by  burning  it  in  pre- 


cifely  the  fame  apparatus  as  that  which  he  employed  for0  ive  oil. 


aualyfing  alcohol. 

The  quantity  of  oil  coufumed  amounted  to  J  >,79 
grains  troy. 

The  quantity  of  oxygen  gas  amounted  to  £0,86  gr. 
troy.  i  lie  whole  amount  therefore  of  the  fubftances 
confirmed  during  the  combuftion  is  66,65  grains  troy. 

The  carbonic  acid  obtained  amounted  to  44,  >o  gr. 
There  was  alfo  a  confiderable  quantity  of  water,  the 
weight  of  which  could  not  be  accurately  afcertained 
but  as  the  whole  or  the  fubftances  confumed  were  con¬ 
verted  into  carbonic  acid  gas  and  water,  it  is  evident,  that 
if  the  weight  of  the  carbonic  acid  be  lubtraHed  from 
the  weight  of  thefe  fubftances,  there  maft  remain  pre- 
cifely  the  weight  of  the  water.  Mr  Lavoifier  accord¬ 
ingly  concluded,  by  calculation,  that  the  weight  of  the 
water  was  22,15”  grains.  Now  the  quantity  of  oxygen 
in  44,50  grains  of  carbonic  acid  gas  is  32,04  grains, 
and  the  oxygen  in  22,15  grains  of  water  is  18,82  grains; 
both  of  which  taken  together  amount  to  ;o,86  grains, 
precifely  the  weight  of  the  oxygen  gas  employed. 
There  docs  not  appear  therefore  to  be  any  oxygen  in 
olive  oil. 

The  quantity  of  carbon  in  44,50  grains  of  carbonic 
acid  gas  is  12,47  grains;  and  the  quantity  of  hydro¬ 
gen  in  22,15  grains  of  water  is  3,32  grains;  both  of 
which,  when  taken  together,  amount  to  15,79  grains> 
which  is  the  weight  of  the  oil  confumed. 

.  It  follows,  therefore,  from  this  analyfis,  that  15,79 
grains  of  olive  oil  are  compofed  of 


12,47  Carbon, 
3,32  Hydrogen. 


Olive 


f 


I  rt  If, 


G  H  E  M  I 


|  >i is.  Olive  oil  therefore  is  competed  of  about 
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In  what  manner  thefe  fubftances  are  comDined,  cannot 
be  learned  from  this  analyfis.  Whether  they  combine  di- 
vcS\y,  and  faturate  each  other  in  that  proportion,  as  is 
mod  probable — or  whether  the  hydrogen  is  combined 
ptevioufiy  wrth  a  part  of  the  carbon,  and  that  compound 
combining  with  a  certain  quantity  of  carbon,  forms  oil, 
is  altogether  uncertain.  Yet  thefe  queftions  are  of  the 
utmoft  importance  ;  and  till  the  method  of  folving  them 
be  di [covered,  we  never  can  acquire  any  preeii'e  ideas 
about  the  conflituent  parts  of  a  great  number  of  fub- 
flances,  which,  though  formed  ultimately  of  the  fame 
ingredients,  differ  very  much  in  their  properties  from 
one  another ;  as  wax  and  oil ;  alcohol,  fugar,  and 
ether. 

When  fixed  oils  are  expofed  to  the  atmofphere,  they 
become  thick,  acquire  a  brown  colour,  and  a  peculiarly 
unolea'fant  firell :  they  are  then  laid  to  be  rancid. 
When  oil  is  poured  upon  water,  fo  as  to  form  a  thin 
layer  on  its  furface,  and  is  in  that  manner  expofed  to 
the  atmofphere,  thefe  changes  are  produced  much  foon- 
er,  the  oil  becomes  thicker,  and  affumes  an  appearance 
very  much  refemblfng  wax.  Bevthollet,  who  firil  exa¬ 
mined  thefe  phenomena  with  attention,  aferibed  them 
to.  the  a£lion  of  light :  but  Sennehjer  obfefved,  that  no 
fuch  change  was  produced  on  the  oil  though  ever  fo 
long  expofed  to  the  light,  provided  atmofpherical  air 
was  excluded ;  but  that  it  took  place  on  the  admiffion 
of  oxygen  gas,  whether  the  oil  was  expofed  to  the  light 
or  not  f .  ft  cannot  be  doubted,  then,  that  it  is  owing 
to  the  combination  of  oxygen.  All  fubftances  that  are 
capable  of  fupplymg  that  principle,  the  metallic  oxyds, 
for  inftance,  and  feveral  of  the  acids,  produce  the  fame 
effed  upon  oils  ;  and  it  is  a  known  fad,  that  oil  is 
capable  of  reducing  many  of  the  metallic  oxyds  to  the 
metallic  flatc,  and  confequently  that  it  has  a  {Longer 
affinity  for  oxygen. 

Mr  Chaptal  has  fuppofed  that  oils  become  rancid 
merely  becaufe  they  contain  a  quantity  of  mucilage, 
with  which  the  oxygen  combines,  and  that  when  oxy¬ 
gen  combines  with  fixed  oils,  it  produces  a  different  ef¬ 
fect,  converting  them  into  what  is  called  drying  oils . 

It  is  certain  that  oils  contain  a  quantity  of  mucilage; 
but  fome  change  is  evidently  produced  on  the  oils  them- 
felves by  rancidity;  for  no  agitation  in  water  is  capable 
of  reftoring  them  to  their  former  flate,  although  water 
deprives  them  of  their  mucilage.  Drying  oils ,  fo  called  be- 
'•caufe  they  are  capable  of  drying  completely  when  fpread 
out,  a  property  which  renders  them  ufeful  in  painting, 
feem,  as  Sennebier  obferves,  to  be  completely  deprived  of 
mucilage  ;  for,  in  order  to  render  an  oil  drying,  it  mull 
be  boiled,  which  evaporates  or  decompofes  all  the  muci- 
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lage:  they  feem  alfo  to  lofe  part  of  their  hydro*  ,  0*-  j 

gen  J.  .  .  .  I  Bertholkt ♦ 

Fixed  oils  are  capable  of  diffolving  fulphur  at  their  3^6 
boiling  temperature.  The  folution  is  very  fetid,  owing  Fixed  oils 
to  a  partial’  decompofition  of  the  oil.  Hydrogen  £a8T°  ve  l*  ‘ 
flies  off,  having  a  quantity  of  fulphur  diffolved  in  it. 

When  the  folution  cools,  the  fulphur  cryflallizes.  3*7 

Fixed  oils  diffolve  phofphorus.  The  folution  is  iu- ^  Pe¬ 
nurious,  from  the  flow  comhuilion  of  the  phofphorus. 

Fixed  oils  are  capable  of  combining  with  many  of 
the  metallic  oxyds.  The  compounds  are  called  metallic 
foaps.  Several  of  the  oxyds  are  decompofed  by  being 
boiled  in  oils. 

Fixed  oils  combine  alfo  with  the  alkaline  earths  and 
with  alumina.  The  compounds  are  called  earthy  foaps. 

The  affinities  of  the  oils  are  as  follqws.  .  Their  afli- 

Lime,  Nitric  acid,  nitiea. 

Barytes,  Muriatic, 

Fixed  alkalies ^  Sulphurous, 

Magnefia,  Sulphuric, 

Ammonia,  Acetous, 

Oxyd  of  mercury,  Sulphur, 

Other  metallic  oxyds  (h),  Phofphorus  (i). 

Alumina.  369 

II.  Volatile  mL9,  called  alfo  ejfential  oils ,  are  all  Volute 
obtained  from  vegetables.  They  have  a  ftrong  aroma- 0,ls- 
tic  lmell,  and  a  pungent  acrid  tafte.  They  are  fo  vo- 
latile,  that  they  may  be  ditlilled  by  the  heat  of  boiling 
water.  They  are  foluble  in  alcohol,  but  not  in  water* 

They  evaporate  on  the  application  of  heat,  without  lea¬ 
ving  any  flain  behind  them,  which  is  not  the  cafe  with 
the  fixed  oils.  By  this  tell,  accordingly,  it  is  eafy  to 
difeover  whether  they  have  been  adulterated  with  any 
of  the  fixed  oils.  Let  a  drop  of  the  volatile  oil  fall 
upon  a  flieet  of  writing  paper,  and  then  apply  a  gentle 
heat  to  it.  If  it  evaporates  without  leaving  any  {lain 
upon  the  paper,  the  oil  is  pure  ;  but  if  it  leaves  a  {lain, 
it  has  been  contaminated  with  fome  fixed  oil  or  other. 

Volatile  oils  are  very  numerous,  and  difFer  from  one 
another,  in  fluidity  and  weight,  in  their  freezing  point, 
and  in  feveral  other  particulars.  Little  attention  has 
been  paid  to  the  greateft  part  of  them,  becaufe  few  of 
them  have  been  found  of  any  ufe.  The  principal  qua¬ 
lity  for  which  they  are  valued  is  their  odour.  Some  of 
them  are  obtained  by  exprtifion,  as  oil  of  bergamot,  le¬ 
mons,  oranges  ;  others  by  diilillation,  as  oil  of  pepper¬ 
mint,  thyme,  lavender,  &c.  It  would  be  ufelefs,  even 
if  it  were  poflible,  to  give  a  particular  defeription  of  all 

the  volatile  oils.  .  370 

They  are  more  inflammable  than  the  fixed  oils  ;  a  Their  pro* 
quality  which  they  owe  to  their  volatility.  As  farperties. 
as  experiments  have  hitherto  been  made,  they  feem 
to  con  fill  of  carbon  and  hydrogen  ;  but  nothing  13 
known  concerning  the  proportions  of  thefe  ingredients. 

They  thicken  when  expofed  to  the  air,  probably  by 
combining  with  oxygen,  and  form  refms  (k). 

P  p  2  When 


(h)  Their  order  not  well  afeertained.  .  *tii  j  n^s  to  be  confidered  as  unconnedled  with  the  firft. 

“,eh  has  not  been  pofTib.e  to  difeover  which 

°f  (tTRd^nfLfc^e'fvegeuble0 juices  !  the  diftinguilhmg  property  of  which  is  infallibility  in  water  and  fo- 
lubility  in  ?.leohol.C° ^Common  refin,  J  rofin,  from  which  they  derive  their  name,  »  one  of  them ,  and  ftding  wax 
confifls  almofl  entirely  of  another. 
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Alkalief, 
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When  expofed  to  cold,  or  when  kept  for  a  long  time, 

\  \  r  4*  V*  MM  _ it  ^  ^  _ _ /l  1  _ \  1  *  .1  *1 


fome  of  them  depofite  cryftals  refembling  the  "acid  of 
benz /.in  ( i/. 

They  diffolve  fulphur,  and  form  what  have  been  call¬ 
ed  balfams  of  fulphur . 

They  are  capable  of  combining  with  moft  of  the  fib 
fiances  that  unite  with  fixed  oils.  Their  affinit.es, 
which  certainly  differ  from  thofe  of  fixed  oils,  have  nut 
yet  been  properly  afeertaned.  x 


Chap.  IV.  Of  Alkalies. 


37* 

Me '■hod  of 

procuring 

potafs. 


Substances  poffeffedof  the  following  properties  are 
called  alkalies  : 

1.  Incombuftible. 

2.  Capable  of  converting  vegetable  blues  to  a  green. 

4.  A  hot  caullic  tafte. 

4.  Very  oluble  in  water,  even  when  combined  with 
carbonic  acid. 

There  are  three  alkalies,  potafs ,  foda>  and  ammonia. 
The  two  fii  ft  are  called  fixed  alkalies,  becaufe  a  very 
violent  heat  is  neceffary  to  volatilize  them  ;  the  laft  is 
called  volatile  alkali,-  becaufe  it  very  eafily  affumes  a  ga- 
feous  form,  and  is  confequently  diffipated  by  a  very  mo¬ 
derate  degree  of  heat- 

Sect.  I.  Of  Potafs . 

If  a  fufficient  quantity  of  wood  be  burnt  to  afhes, 
and  thefe  affies  be  afterwards  walked  repeatedly  with 
water  till  it  comes  off  free  from  any  tafte,  and  if  this 
liquid  be  filtrated  and  evaporated  to  drynefs,  the  fub- 
flance  which  remains  behind  is  potafs  ;  not,  however, 
in  a  Hate  of  purity,  for  it  is  contaminated  with  feveral 
other  fubftances  ;  but  fufficiently  pure  to  exhibit  many 
of  its  properties.  In  this  ftate,  it  occurs  in  commerce 
under  the  name  of  potafh.  It  may  be  purified  confi- 
derably,  by  putting  it  in  a  crucible,  keeping  it  red  hot 
for  fome  time  ;  then  diffolving  it  in  water,  filtrating  it, 
and  evaporating  it  again  to  drynefs.  By  the  follow¬ 
ing  method  it  may  be  obtained  nearly  pure  :  Mix  to¬ 
gether  equal  quantities  of  nitre  and  carbon,  and  put 
them  by  little  and  little  into  a  red  hot  crucible.  They 
burn  with  a  vivid  flame,  and  leave  behind  them  a  quan¬ 
tity  of  potafs.  This  is  to  be  diffolved  in  water,  filtra¬ 
ted,  and  evaporated  to  drynefs.  Or  potafs  may  be  ob¬ 
tained  by  binning  tartar  wrapt  up  in  brown  paper  and 
placed  in  a  crucible  (m). 

The  potafs  procured  by  thefe  laft  proceffes  is  exceed¬ 
ingly  white;  it  is  not,  however,  quite  pure;  for  it  is  com¬ 
bined  with  a  fubftance  which  blunts  all  its  properties  con- 
fiderably.  This  fubftance  is  carbonic  acid  gas;  from 
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proccfs.  however,  muft  be  performed  in  close 


Part  H( 

,  veffels  ;  Alkalies, 

tor  there  is  a  little  carbonic  acid  gas  in  the  at  mo!' pin-re,  —‘V—* 
which  would  again  combine  with  the  petals  if  it  were 
allowed  to  Hand  expofed” to  the  air. 

Tl  is  then  to  be  evaporated  till  a  thick  pellicle  ap¬ 
pears  on  its  furface,  afterwards  allowed  to  cool;  ard 
all  the  cryftals  which  have  funned  are  to  be  ftparated, 
for  they  conlift  of  foreign  falts.  I  he  evaporation  is  then 
to  be  continued  in  an  iron  pot  ;  and  during  the  pro- 
cefs,  the  pellicle  which  forms  on  the  furface  is  to  be 
carefully  taken  off  with  an  iron  fkimmer.  When  no 
more  pellicle  appears,  and  when  the  matter  ceafes  to 
boil,  it  is  to  be  taken  off  the  fire,  and  muft  be  conftant* 
ly  agitated  while  cooling  with  an  iron  fpatula.  It  is 
then  to  be  diffolved  in  double  its  own  weight  of  cold 
water.  1  his  folution  is  to  be  filtered  and  evaporated 
in  a  glafs  retort  till  it  begins  to  depofite  regular  cryftals. 

If  the  mafs  confolidates  ever  fo  little  by  cooling,  a  fmali 
quantity  of  water  is  to  be  added,  and  it  muff  be  heated 
again.  When  a  fufficient  number  of  cryftals  have  been 
formed,  the  liquor  which  fwims  over  them,  and  which 
has  affumed  a  very  brown  colour,  muft  be  decanted  off, 
and  kept  in  a  well-clofed  bottle  till  the  brown  matter 
has  fubfided,  and  then  it  may  be  evaporated  as  before* 
and  more  cryftals  obtained.  The  cryftals  may  then  be 
diffolved  in  pure  water.  By  this  procefs,  which  was 
invented  by  Mr  Lowitz  of  Peterfburgh  *,  potafs  may*  Nichdfa 
be  obtained  in  a  ftate  of  the  greateft  purity.  Thei.  164. 
fhape  of  its  cryftals  is  very  different,  according  to  the 
way  in  -which  they  have  been  produced.  When  allow¬ 
ed  to  form  in  the  cold,  they  are  o&aliedrons  in  gioups, 
and  contain  0.43  of  water  :  When  formed  by  evapora¬ 
tion  on  the  fire,  they  affume  the  figure  of  very  thin 
tranfparent  blades  of  extraordinary  magnitude,  which, 
by  an  affemblage  of  lines  crofiing  each  other  in  prodi¬ 
gious  numbers,  prefent  an  aggregate  of  cells  or  cavities, 
commonly  fo  very  clofe,  that  the  veffel  may  be  invert¬ 
ed  without  lofing  one  drop  of  the  liquid  which  it  con¬ 
tains  f.  A  ^ 

Pure  potafs  is  fo  exceedingly  corrofive,  that  when" 
applied  to  any  part  of  the  body,  it  deftroys  it  almoft 
inftantaneoufly.  On  account  of  this  propeity,  it  has 
been  called  cauflic ,  and  is  often  ufed  by  furgeons  under 
the  name  of  the  potential  cautery ,  to  open  abfeefles,  and 
deftroy  ufelefs  or  hurtful  excrefcences. 

As  potafs  is  never  obtained  at  firft  in  a  ftate  of  373 
rity,  but  always  combined  with  carbonic  acid,  it  was^^Af  ** 
long  before  chemifts  underftood  to  what  the  changes  the  caufeof 
produced  upon  it  by  lime  were  owing.  According  tolfscau^*' 
fome,  it  was  deprived  of  a  quantity  of  mucilage,  inc* 
which  it  had  formerly  been  enveloped  ;  while,  accord 


1  -  r  •;  .  r  •  ,1  Vfr  T.  .  6  ?  wulLa  u  uda  rormeriy  Deen  enveloped:  while,  accord- 

bt  feparated  by  diffolving  U,  and  mixing  ing  to  others,  it  was  rendered  more  aftive  by  being 
\uth  it  an  equal  quantity  of  lime  made  into  a  naftp  mnrP  rnrmyiinnf A  4-  _ _ z'  t\  tm  1 


with  it  an  equal  quantity  of  lime  made  into  a  pafte 
with  water.  The  lime  has  a  greater  affinity  for  carbo¬ 
nic  acid  gas,  and  therefore  combines  with  it ;  and  the 
puie  potafs  remains  diffolved  in  the  water,  and  may  be 
feparated  from  the  lime  by  filtrating  the  mixture.  This 


more  comminuted.  At  laft,  in  1756,  Dr  Black  pulT- 
lifhed  the  celebrated  experiments  which  we  have  fo  of¬ 
ten  mentioned  ;  in  which  he  proved,  by  the  moll  inge¬ 
nious  and  fatisfadory  analyfis,  that  the  potafs  which  the 
woild  had  confidered  as  a  fimple  fubftance,  was  really  a 

compound. 


(l)  See  a  paper  by  Margueron  on  this  fubjea,  Ann.  de  Chim.  xxi.  174. 

t  f  131  P;fu  'SJ?  kll.°"n  t0  t,le  a"clent  Oauls  and  Germans,  cannot  be  doubted,  as  they  were  the  inven- 

tors  of  leap,  which,  Pliny  informs  us,  they  compofed  of  afhes  and  tallow.  Thefe  allies  (for  he  mention’  the 

a  eso  tie  eech  tree  particularly)  were  nothing  elfe  but  potafs  ;  not,  however,  in  a  ftate  of  puiity.  P Unit  lib. 
kind  of  afoes. 1  *  t0°’  mentl0aed  AriltoPhailes  and  Plato,  appears  to  have  been  a  ley  made  of  the  fame 
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lie  compound,  eonfifting  of  potafs  and  carbonic  acid  ;  that 
—  j  lime"  deprived  ii  of  this  acid;  and  that  it  became  more 
aftive  by  becoming  more  fimple.  _ 

[,  While  Dr  Black  was  thus  occupied  in  Scotland,  Mr 
'  *  Meyer  was  employed  in  Germany  in  the  fame  releaiches; 

*  "■  from  which,  however,  he  drew  very  different  couclu- 
fions.  His  Effays  on  Lime  appeared  in  1764.  Pour¬ 
ing  hi  to  lime  water  a  folution  of  potafs  (carlo,,  at  of  po- 
||  tctfs ),  he  obtained  a  precipitate,  which  he  fouad  not  to 
differ  from  lime-ftone.  the  alkali  had  therefore  de¬ 
prived  the  lime  of  its  caufticity  and  its  aftive  properties; 
and  thefe  very  properties  it  had  itfelf  acquired.  From 
which  he  concluded,  that  the  caufticity  of  lime  was  mv- 
inf  to  a  particular  acid  with  which  it  had  combined 
during  its  calcination.  The  alkali  deprived  the  lime  of 
this  acid,  and  therefore  had  a  ftonger  affinity  for  it. 
To  this  acid  he  gave  the  name  of  aciclum  pingue  or  cauf. 
ticum.  It  was,  according  to  him,  a  fubtile  elaftic  mixt, 
analogous  to  fulphur,  approaching  very  nearly  to  the 
nature  of  fire,  and  actually  compofed  of  an  acid  princi¬ 
ple  and  fire.  It  was  expanfible,  compreffible,  volatile, 
aftringent,  capable  of  penetrating  all  veffels,  and  was 
the  caufe  of  caufticity  in  lime,  alkalies,  and  metals. 

|  This  theory  was  exceedingly  ingenious,  and  it  was  fup- 
ported  by  a  vaft  number  of  new  and  important  fa£ts 
i  Hut  notwithftanding  the  reputation  and  acknowledged 
gtniuf  and  merit  of  its  author,  it  never  gamed  many 
followers  ;  becaufe  the  true  theory  of  caufticity,  which 
had  been  already  publifhed  by  Dr  Black,  foon  became 
known  oa  the  continent ;  and,  notwithftanding  fome 
oppofition  at  firft,  foon  carried  conviction  into  every 
unprejudiced  mind.  Even  Mr  Meyer  hunfelf  readily 
acknowledged  its  truth  and  importance,  though  he  did 
rot  at  firft,  on  that  account,  give  up  his  own  theory'. 

When  potafs  is  expofed  to  the  aft  ion  of  fire,  it  firft 
becomes  foft,  and  melts  into  a  tranfparent  liquid  at  the 
commencement  of  ignition. 

When  expofed  to  the  air,  it  attra&s  moifture  very 
faft,  and  is  foon  converted  into  a  liquid  It  attra&s, 
at  the  fame  thne,  carbonic  acid  gas,  lor  which  it  has  a 
very  ftrong  affinity.  It  is  impnffible,  then,  to  keep 
potafs  in  a  Hate  of  purity,  except  in  very  clofe  veffels. 
r‘  It  unites  readily  with' fulpliur,  and  forms  fulphuret  of 
Lf  C,  potafs .  This  compound  may  be  formed  two  ways  ^ei¬ 
ther  by  melting  the  ingredients  together,  or  by  boiling 
them  in  water,  and  then  hitrating  the  folution.  Sul 
phuret  of  potafs  when  dry,  in  which  if  ate  it  is  obtained 
by  the  firft  procefs,  is  of  a  brown  colour.  It  is  folubie 
in  water,  and  very  foon  attracts  moilture.  bi 

While  dry  it  produces  no  change  upon  the.  air  ot 
the  atmofpliere,  as  Meffrs  Dieman,  Van  Trooftwyck, 
^  de  Nieuwland,  and  Bondt,  afcertained  by  experiment  - 
Mv.  But  whtn  moiftened  with  water,  it  very  loon  abiorbs. 
all  the  oxygen  gas  which  happens  to  be  in  the  vefld  in 
which  it  is  lncloied,  and  leaves  nothing  but  azotic  gas. 
This  fa&  was  firft  obferved  by  Scheele,  and  induced 
him  to  ufe  fulphuret  of  potafs  for  an  eudiometer,  or  m- 
ftrument  to  meafure  the  quantity  of  oxygen  contained 
in  any  given  portion  of  atmofplieric  air.  ^ 

I(  fulphuret  of  potafs  be  allowed  to  remain  motft,  an 
in  contad  with  the  atmofpliere,  it  is  gradually  convert¬ 
ed  into  fulphat  of  potafs  by  the  fulphur  comoming 
with  oxygen,  and  forming  fulpliunc  acid.  At ^ 
fame  time  the  fulphuret  emits  a  fetid  fmell,  which  is 
Jtnown  to  be  the  odour  of  fulphurated  hydrogen  gas. 
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The  fulphuret  then  decompofe3-  the  water  with  which  tAlkaj>e^J 
it  is  mixed.  Very  little  fulphmated  hydrogen  gas, 
however,  is  emitted,  except  an  acid  (the  fulphunc,  for 
inftance)  be  poured  upon  the  mixture,  and  then  it  i3 
given  out  very  copioufly.  -The  reafon  of  this  is,  that 
there  is  an  affinity  between  the  potafs  and.  this  gas. 
Accordingly  it  is  retained  by  the  potafs  after  it  is  form¬ 
ed.  But  as  the  acids  have  a  much  ftronger  affinity  for 
potafs,  as  foon  as  any  of  them  is  poured  in  the  gas  is 
obliged  to  feparate  %>  * 

If  liquid  fulphuret  of  potafs  be  kept  in  clofe  veiiels, 
it  is  not  decompofcd  except  in  part ;  becaufe  as  foon 
as  the  alkali  is  faturatcd  with  the  fulphurated  hydrogen 
gas,  the  a&ion  of  the  fulphur  on  the  water  is  at  an  end  *.  * 

The  explanation  of  the  a&ion  of  this  fulphuret  on 
the  atmofpliere,-  which  the  Dutch  chemifts  above-men¬ 
tioned  give  from  thefe  data,  is  as  follows  : 

Sulphuret  of  potafs  decompofes  water  ;  fulphurated 
hydrogen  gas  is  formed,  and  abforbed  by  the  alkali. 

This  gas  has  a  ftrong  affinity  for  oxygen,  which  it 
abforbs  from  the  atmofphere  :  the  hydrogen  combines 
with  this  oxygen,  and  forms  water ;  and  the  fulphur  is 
again  precipitated,  or  rather  left  combined  with  the  pot¬ 
afs.  Water  is  again  decompofed  by  the  attra&ion  of 
the  fulphur  for  oxygen  ;  new  fulphurated  hydrogen  gas 
is  again  formed  ;  again  abforbed  ;  again  attra&s  oxy¬ 
gen  gas  ;  and  is  again  decompofed.  And  this  procefs 
goes  on  till  the  whole  of  the  fulphur  has  combined  with 
oxygen,  and  confcquently  till  the  fulphuret  is  converted 
into  a  fulphat  f.  — The  only  part  of  this  theory  which t  Ibl*> 
requires  confirmation  is  the  a&ion  of  fulphurated  hy¬ 
drogen  gas  on  oxygen  gas,  and  the  confequcnt  forma- 
tion  of  water.  And  this  they  have  rendered  not  impro- 
bable,  by  fhewing  that  fulphurated  hydrogen  gas  com¬ 
bined  with  alkali  has  the  property  of  abforbing  oxygen 
ggs  from  the  atmofpliere  J. .  L5! 

°  Potafs  unites  with  pliofphorus  by  fufion,  and  forms ^ 
a  pho iphuret  of  potafs.  Little  is  known  concerning  phoipnuret 
its  properties,  except  that  it  produces  phofphurated  hy-of  poufs. 
drogen  gas- 

Totals  feems  alfo  capable  of  combining  with  carbon.  -  377 

Potafs  does  not  combine  with  the  metals  ;  but  it  Glafs. 
unites  with  many  of  their  oxyds.  . 

When  a  folution  of  potafs  is  boiled  upon  filica  re-  - 
cently  procured,  it  diffolves  part  of  it  As  the  (olu- 
tion  cools,  it  affumes  the  appearance  of  a  jelly,  even 

though  previoufly  diluted  with  17  times  its  own  weight  - 
r  T  *  &  Bergman* 

or  watei  -  .-  6 

When  equal  parts  of  filica  and  potafs  are  melted  to-11*  *  ' 
gether,  they  combine  and  form  glafs.  A  fubftance 
winch,  whether  we  coniider  its  hardnefs,  beauty,  and. 
tranfparency,  its  amazing  du&ility  while  hot*  or  the 
difficulty  of  decompofirig  it,  muft  be  allowed  to  be  one 
of  the  moll  ufeful  compounds  ever  invented  by  man. 

When  the  quantity  of  potafs  is  double  or  triple  that 
of  the  filica,  the  glafs  is  folubie  in  water,  and  forms 
what  is  called  liquor  filicum. 

Potafs  feems  alio  capable  of  combining  in  the  fame 
manner  with  barytes,  lime,  magnefia,  and  alumina  ;  but 
thefe  combinations  have  never  been  examined  with  at¬ 
tention.  Lime,  however,  is  often  added  to  the  mate¬ 
rials  for  making  glafs,  and  is  fuppofed  to  increafe  its 
hardnefs  and  folidity. 

The  metallic  oxyds  have  the  property  of  rendering 
glafs  more  fufibkj  and  of  communicating,  various  co* 
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lours  to  it ;  they  accordingly  very  often  make  a  part 
of  its  compofition.  The  colours  communicated  by  thefe 
oxyds  will  appear  from  the  following  table  : 

Metallic  Oxyds. 

Oxyd  of  gold  and  tin, 

Silver,  -  - 

Iron,  - 
Lead,  - 


Zinc, 
Antimony, 
Arfenic, 
Cobalt, 

Nickel,  - 
Manganefe,  - 
Turn?  ft  en,  - 
Molybdenum, 
Uranium, 
Titanium,  - 
Tellurium,  - 
Chromum,  - 


Colour  communicated  to  Glafs. 
Purple. 

Yellow  or  golden. 

Pale  green. 

Colourlefs. 

White. 

Green  (n). 

White. 

Blue. 

Blue  (o) 

Red. 

Colourlefs. 

Colourlefs. 

Grey  (opake). 

White  (opake). 

White. 

Green. 


Potafs  combines  readily  with  fixed  oils,  and  forms 
the  compound  known  by  the  name  of  foap. 

Potals  has  never  yet  been  decompofed.  Several  che- 
mifts,  indeed,  have  conjectured,  that  it  was  a  compound 
of  lime  and  azot;  and  fome  performs  have  even  endea¬ 
voured  to  prove  this  by  experiment ;  but  none  of  their 
proofs  are  at  all  fatisfaftory.  We  ought,  therefore,  in 
ftrick  propriety,  to  have  aftigned  it  a  place  in  the  firft 
part  of  this  article  :  but  this  would  have  feparated  the 
alkalies  from  each  other,  and  would  have  introduced  a 
conlulion  into  the  article,  which  would  have  more  than 
counterbalanced  the  logical  exaftnefs  of  the  arrange¬ 
ment.  Befides,  we  are  certain,  from  a  variety  of  fails, 
that  all  the  alkalies  are  compounds  :  One  of  them  has 
aftually  been  decompounded  ;  and  the  other  two  have 
been  detefted  in  the  aft  of  formation,  though  the  in¬ 
gredients  which  compofe  them  have  not  hitherto  been 
difeovered. 

Whether  potafs  contains  lime  is  a  different  queftion. 
Were  we  to  judge  from  analogy,  we  fhould  fuppofe, 
that  the  four  alkaline  earths,  and  the  three  alkalies, 
poffefs  one  common  principle.  They  have  a  great  num¬ 
ber  of  common  properties,  and  perhaps  ought  to  be 
claffed  altogether  under  the  name  of  alkalies. 

That  azot  enters  into  the  compofition  of  all  tliefe 
bodies,  as  Fourcvoy  has  conjeftured,  is  far  from  imoro- 
bable.  One  alkali,  as  we  {hall  foon  fee,  aftually  con¬ 
tains  azot.  But  no  conclufion  can  be  drawn  till  future 
difeoveries  have  lifted  off  the  veil  which  at  prefent  ob- 
flrufts  our  view. 

*  The  affinities  of  potafs  are  as  follows : 

Sulphuric  acid, 

Nitric, 

Muriatic, 

Sebacic, 

Fluoric, 

Pholphoric, 
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Oxalic, 

Tar  taro  in, 

Arfenic, 

Succinic, 

Citric, 

Formic, 

Laftic, 

Benzoic, 

Sulphurous, 

Acetous, 

Saccholaftic, 

Boracic, 

Nitrous, 

Carbonic, 

Pruflic, 

Oil, 

f  Sulphur, 

Phofphorus, 

Water. 

The  place  of  the  metallic  oxyds  has  not  yet  been 
afeertained. 


A'kali, 


Sect.  II.  Of  Soda. 

Soda,  called  mineral  alkali,  becaufe  it  is  found  in  the 
earth,  was  known  to  the  ancients  under  the  names  of 
v<V,v  and  nit  rum  (  p  )  It  was  long  confounded  with  pot¬ 
afs;  and  perhaps  was  never  properly  diftinguiftied  from  it 
till  Du  Hamel  publifhed  a  paper  on  the  fubjeft  in  1736. 

Its  properties,  while  pure,  are  precifely  the  fame  Proper*®* 
with  thole  of  potafs,  excepting  only  that  its  affinity  for  °^uda’ 
other  bodies  is  not  fo  ftrong  ;  it  does  not,  therefore, 
require  any  particular  defeription.  We  ought  to  men¬ 
tion,  however,  that  it  differs  from  potafs  in  one  particu¬ 
lar  ;  potafs  attrafts  moiftnre  in  the  air,  but  foda  parts 
with  it,  and  when  expofed  to  the  atmofphere,  foon 
crumbles  down  into  a  dry  powder. 

It  is  capable  of  combining  with  all  the  fubftances 
with  which  potafs  unites ;  but  it  forms  compounds  pof- 
feffed,  in  general,  of  very  different  properties  from  thofe 
of  the  compounds  into  which  potals  enters. 

It  is  reckoned  more  proper  than  potafs  for  forming 
glais  and  foap. 

Some  chemifts  have  fuppofed  that  it  is  compofed  of 
magnefia  and  azot  ;  but  their  proofs  are  infufticient. 

The  order  of  its  affinities  is  the  fame  with  that  of 
potafs. 


Sect.  III.  Of  Ammonia . 

Ammonia  (qJ,  volatile  alkali,  or  hartfoorn ,  as  it  is  O: 


!lC0«| 


called  in  commerce,  is  mentioned  as  early  as  the  iythofamfij 
century.  Both  Bafil  Valentine  and  Raymond  Lully nia- 


deferibed  the  methods  of  procuring  it.  Dr  Black  was 
the  fir  ft  who  diftinguiftied  pure  ammonia  from  the  car- 
bonat  of  ammonia,  or  ammonia  combined  with  carbo¬ 
nic  acid  ;  and  Dr  Prieftley  firft  difeovered  the  method 
of  obtaining  it  in  a  ftate  of  complete  purity. 

I  o  obtain  pure  ammonia,  mix  common  fal  ammoniac 
with  three  paits  of  flacked  lime  ;  apply  heat ;  and  re- 
_  ceive 


(n)  If  the  glafs  be  made  with  foda. 

(o)  But  reddifh  if  the  glafs  be  formed  of  foda.  Klaproth . 

(p)  ;he  ^F°v  °[the  Athenians  was  evidently  the  fame  fubftance  ;  and  fo  was  the  nro  of  the  Hebrews. 

.  We  have  ac5oP1fd  this  word>  w^ch  is  Dr  Black’s,  becaufe  we  think  it  preferable  to  ammoniac  or  ammo • 
ntaca7  the  words  propofed  and  ufed  by  the  French  chemifts. 
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a  ceive  the  produ&  in  a  veffel  filled  with  mercury  ft  and- 
▼  in«#  in  a  bafon  of  mercury.  A  gas  comes  e  ver,  which 
■I3”  is  pure  ammonia*.  Tins  gas  is  tranfparent  like  com- 
111  1  mon  air,  and  «s  not  condcufed  by  cold. 

:  Its  fpccitic  gravity  is  0,0007  3 2*  ^  *8  to  common 

r°'  air  as  6co  to  iooo  -f . 

ru\M  It  has  a  very  ftrong,  but  not  unpleafent  fmell.  Aiu- 
M  8  mals  cannot  breathe  it  without  death.  When  a  light¬ 
ed  candle  is  let  down  into  this  gas,  it  goes  out  ‘hree  or 
four  tin  es  iuccdfivelv ;  but  at  each  time  the  flame  is 
confide!  ably  enlarged  by  the  addition  of  another  flame 
of  a  pale  yellow  colour,  and  at  laft  this  flame  dclcends 
,t  from  the  top  of  the  veftel  to  the  bottom  t. 

Water  abforbs  this  gas  w  ith  avidity.  It  difappears 
almolt  inftantly  on  the  introduction  of  a  little  water. 
From  an  experiment  of  Dr  Prieftley,  it  appears  that 
water  faturated  with  this  gas  is  of  the  fpecific  gravity 

I  1,14^  it-  •  T  1 

Thi3  water  acquires  the  fmell  of  ammonia.  It  has 

a  very  ftrong  dipgteeable  tafte,  and  converts  vegetable 
5^  colours  to  a  green. 

Ammonia  in  the  ftate  of  gas  has  no  efred  upon  ful- 
phur  or  phofphorns.  Carbon  abforbs  it  ;  piobably 
becaufe  it  contains  water.  Neither  hydrogen  nor  azot 
produce  any  alteration  on  it 

Alcohol  and  ether  abforb  it  in  confiderable  quantity*. 
Dr  Prieftlev  dilcovered,  that  when  ele&ric  explolions 
b  were  made  to  pafs  through  this  gas,  its  bulk,  was  gra- 
fT  dually  augmented  to  thrice  the  fpace  which  it  formerly 
R  occupied.  It  was  then  moftly  converted  into  hydro¬ 
gen  gas.  lie  drfcoveved,  too,  that  heat  produced  the 
,  g  very  fame  effed  f.  Thefe  experiments  prove  that  liy- 
6  drogen  enters  as  an  ingredient  into  the  compofition  of 
ammonia. 

Mr  Scheele  obferved.  that  when  ammosia  was  treat¬ 
ed  with  the  oxyds  of  manranefe,  gold,  or  mercury,  the 
oxvds  were  reduced  ;  the  ammonia  difappeared  ;  and 
nothing  remained  but  a  quantity  of  azotic  gas.  .Thefe 
fac  ts  induced  Bergman  to  conjedure,  that  ammonia  was 
compofed  of  hydrogen  and  ?zot  :  a  conjedure  which  has 
been  fully  confirmed  by  the  experiments  of  BertholleU 
'This  ingenious  chemift  obferved,  that  if  oxy-muria- 
tic  acid  and  ammonia  be  mixed,  an  effervescence  takes 
place  ;  azot  is  dilengaged,  a  quantity  of  water  formed, 
and  the  oxy-muriaticacid  is  converted  into  common  mu¬ 
riatic  acid.  Now  the  fubftances  mixed  were  ammonia 
and  oxy- muriatic  acid,  which  is  compofed  of  oxygen 
and  muriatic  acid  the  produds  were,  mutiatic  acid, 

I  azot,  and  water,  which  is  compofed  of  oxygen  and  hy¬ 
drogen.  The  oxygen  of  the  water  was  turmfhed  by 
the  acid  ;  the  other  produds  mu  ft  have  been  furnifhed 
by  the  ammonia,  which  has  difappeared.  Ammonia, 
therefore,  mull  be  compofed  of  azot  and  hydrogen. 
Mr  Beithollet  proved,  that  ammonia  was  compofed  of 
the i e  ingredients  by  a  number  of  other  experiments. 
For  inftance,  if  the  oxyd  of  copper  be  headed  in  con* 
tad  with  ammoniacai  gas,  it  is  reftored  to  the  metallic 
ftate  ;  the  ammonia  diiappears,  a  quantity  of  water  is 
formed,  and  azotic  gas  is  difengaged  It  follows  from 
Mr  Berthollet’s  experiments,  that  ammonia  is  compofed 
\  Var.oi  121  parts  of  rzot  and  29  of  hydrogen  %.  Accord¬ 
ing  to  Dr  Auftin,  it  is  compofed  of  12  i  parts  of  azot, 
f  .  and  32  of  hydrogen  *. 

!7S3  After  the  compofition  of  ammonia  had  been  thus  af- 
certained,  it  became  a  queftion  of  fome  confequence* 
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Whether  it  could  be  formed  artificially  ?  Dr  Auftin  Alkalies.^ 
accordingly  mixed  hydrogen  and  azotic  gas  together  ^ 
in  the  proper  proportions,  and  endeavoured  to  make  Formation 
them  combine  by  the  application  of  heat,  by  electricity,  if  arnmo- 
and  by  cold  ;  but  lie  found,  that  while  thefe  two  fub-nia’ 
fiances  were  in  a  gafeous  ftate,  they  could  not  be  com¬ 
bined  by  any  method  which  he  could  devife.  It  could 
not  be  doubted,  however,  that  the  combination  often 
takes  place  when  thefe  bodies  are  prelented  to  eac*  other  _ 

in  a  different  foim.  Di  Prieftley  f  and  Mr  Kirwan  J.  had  ‘  Alr 
adually  produced  it,  even  before  its  compofition  was  J  Qn  #epa_ 
known.  Accordingly  lit  found,  that  when  tin  is  moiften-  ilc  ^tri  ^ 
ed  with  nitric  acid,  and  after  being  allowed  to  digeit  for 
a  minute  or  two,  a  little  potafs  or  lime  is  added,  ammo¬ 
nia  is  immediately  exhaled  *.  In  that  cate,  the  nitric*  Dr  Auf~ 
acid  and  the  water  which  it  contains  are  decompoled;  the?";* 
oxygen  of  each  unites  with  the  tin,  and  reduces  it  to  the 
ftate  of  an  oxyd  ;  and  at  the  fame  time  the  hydrogen  of 
the  water  combines  with  the  azot  or  the  acid,  and  forms 
ammonia,  which  is  driven  oft'  by  the  ftronger  affinity  of 
the  potafs  or  lime.  D»  Auftin  fucceeded  alfo  in  form¬ 
ing  ammonia  by  fcveral  other  methods.  He  Introduced 
into  a  glafs  tube  filled  with  mercury  a  little  azotic  gas, 
and  then  put  into  the  gas  fome  iron-  dings  moiftenedwith 
water  The  iron  decompoles  the  water  and  combines 
with  its  oxygen  ;  and  the  hydrogen  meeting  with  azot 
at  the  moment  of  its  admiffion,  combines  with  it,  and 
forms  ammonia.  This  experiment  i'hews,  that  the  ga- 
feous  ftate  oT  the  azot  does  not  prevent  its  combination 
with  hydrogen  > 

Ammonia  may  be  combined  with  fnlphur  by  mixmg  3°^ 
together  two  parts  of  muiiat  of  ammonia  (ammonia  o£  ammo- 
combined  with  muriatic  acid),  two  parts  of  lime,  andnia. 
one  part  of  fulphur^and  ditiillmg  ;  a  yellow  liquor  is 
obtained,  which  contains  fulphuret  of  ammonia.  It  is 
capable  of  cryitallizing. 

The  phofplniret  of  ammonia  is  unknown. 

Ammonia  is  capable  of  combining  with  feveral  of  the 
metallic  oxyds,  particularly  copper. 

It  combines  with  fixed  oils,  and  forms  foap. 

The  order  of  its  affinities  is  precifely  the  fame  with 
that  of  the  fixed  alkalies. 

Chap.  V.  Of  Acids* 

Substances  poffeffed  of  the  following  properties  are 
denominated  acids . 

1.  When  applied  to  the  tongue  they  excite  that  fen-  properties 

fation  which  is  called  four  or  acid.  of  acids* 

2.  They  change  the  blue  colours  of  vegetables  to  a 
red.  The  vegetable  blues  employed  for  this  purpoie 
are  generally  tincture  of  litmus  and  fyrup  of  violets  or 
of  radiihes,  which  have  obtained  the  name  of  reagents 
or  tejis .  If  thefe  colours  have  been  previoufly  converted 
to  a  green  by  alkalies,  the  acids  reftore  them  again. 

3.  They  unite  with  water  in  almoft  any  proportion. 

4.  They  comhine  with  all  the  alkalies,  and  molt  of 
the  metallic  oxyds  and  earths,  and  form  with  them  thofe 
compounds  which  are  called  neutral  /alts. 

It  muft  be  remarked,  however,  that  every  acid  does 
not  poffefs  all  thefe  properties  ;  but  all  of  them  poffefs 
a  fufficient  number  of  them  to  diftinguifh  them  from 
other  fubftances.  And  this  is  the  only  purpofe  which 
artificial  definition  is  meant  to  anfwer. 

Paracelfus  believed  that  there  was  only  one  acid  prin- 
I  ciple 
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ciple  in  nature  winch  communicated  tafle  and  fol  abili¬ 
ty  to  the  bodies  in  which  it  was  combined.  Beecher 
embraced  the  fame  opinion  ;  and  added  to  it,  that  this 
acid  principle  was  a  compound  of  earth  and  water, 
which  he  confidered  as  two  elements.  Stahl  adopted 
the  theory  of  Beecher,  and  endeavoured  to  prove,  that 
this  acid  principle  was  fulphuric  acid  ;  of  which,  ac¬ 
cording  to  him,  all  the  other  acids  were  mere  com¬ 
pounds  But  his  proofs  were  only  conjedfures  or  vague 
experiments,  from  which  nothing  could  be  deduced. 
Neverthekfs,  his  opinion,  like  every  other  which  he  ad¬ 
vanced  in  chemiftry,  continued  to  have  fupporters  for- a 
•long  time,  and  was  even  countenanced  by  Macquer, 
At  laft  its  defe&s  began  to  be  perceived,  Bergman  and 
Scheele  declared  openly  again  ft  it  ;  and  their  difeove- 
ries,  together  with  thofe  of  the  French  chemifts,  not- 
v/ithftanding  the  ill-natured  attempts  of  Monnet  to  fup- 
port  it,  demonftrated  the  falfehood  of  both  parts  of  the 
theory,  by  fhewing  that  fulphuric  acid  did  not  exift  in 
the  other  acids,  and  that  it  was  not  compoied  of  water 
.and  earth,  but  of  fulphur  and  oxygen. 

The  opinion,  however,  that  acidity  is  owing  to 
fome  principle  common  to  all  the  falts,  was  not  aban¬ 
doned.  Wallerius,  Meyer,  and  Sage,  had  advanced 
different  theories  in  fuccefiion  about  the  nature  of  this 
principle  ;  but  as  they  were  founded  rather  on  conjec¬ 
ture  and  analogy  than  direct  proof,  they  obtained  but 
few  advocates.  At  laft  Mr  Lavoifier,  by  a  number  of 
ingenious  and  accurate  experiments,  proved,  that  feveral 
combuftible  fubftances  when  united  with  oxygen  form 
acids;  that  a  great  number  of  acids  contain  oxy¬ 
gen  ;  and  that  when  this  principle  is  feparated  *rom 
them,  they  lofe  their  acid  properties.  He  conclud¬ 
ed,  therefore,  that  >the  acidifying  principle  is  oxygen, 
.and  that  acids  are  nothing  jelfe  bat  combuftible  fub¬ 
ftances  combined  with  oxygen,  and  differing  from  one 
another  according  to  the  nature  of  the  combuftible  bafe. 
This  conclufion  has  been  confirmed  by  every  fubfe- 
quent  obfervation.  All  the  acids  hitherto  analyfed 
contain  oxygen,  one  perhaps  excepted,  the  Prujfic  acid, 
which  poffeffes  properties  fo  different  from  the  reft,  that 
it  might,  without  great  impropriety,  be  placed  in  a  di- 
ftintf:  clafs.  It  is  probable,  therefore,  that  thofe  acids 
which  it  has  not  yet  been  poffible  to  decompofe  confift 
of  oxygen  combined  with  a  combuftible  bale  :  but  till 
Puis  analyfis  has  actually  been  accomplifhed,  the  theory 
of  Mr  Lavoifier  cannot  be  confidered  as  completely  de- 
monflrated  (r). 

The  acids  at  prefent  known  amount  to  about  39, 
mofLof  which  have  been  examined  within  the fe  30 
years.  Their  names  are  as  follows  :v 

.  I.  Sulphuric  acid,  8.  Phofphorous, 


2. 


Sulphurous, 

3.  Nitric, 

4.  Nitrous, 

5.  Muriatic, 

6.  Oxy-muriatic, 

7.  Phofphoric, 


9.  Boracic, 

10.  Fluoric, 

1 1 .  Carbonic, 

12.  Acetic, 

1 3  Acetous, 
14.  Oxalic, 


:  t  r  y. 

Part 

15.  Tarta rous, 

28.  Pyrotnrotifs 

4u: 

16.  Citric, 

29.  Prufiie, 

Y 

17.  Malic, 

30.  Formic, 

18.  Ladic 

3  1 .  Sebacic, 

19.  Sacchola&ic, 

32.  Bombic, 

20.  Gallic, 

33.  Zoonic, 

21.  Benzoic, 

34.  Arfenic, 

22.  Succinic, 

33.  Tungftic, 

23-  Camphoric, 

36.  Molybdic, 

24.  Suberic, 

37.  Chromic, 

25.  Laccic, 

38.  Platinic, 

26.  Pyromucous, 

39.  Stannic, 

Thefe  -acids  fhall  form  the  fubjed  of  the  following 
fedtions. 


Sect.  I.  Of  Sulphuric  Acid, 

Sulphur  combines  with  two  different  quantities  of 
'Oxygen  :  with  the  fmaller  quantity  it*  forms  fulphurous 
mid  ;  with  the  larger,  fulphuric  acid .  The  laft  of  thefe 
is  the  fubjedt  of  the  prefent  fe&ion. 

The  ancients  were  acquainted  with  fome  of  the  com*Oifc!n 
pounds  into  which  fulphuric  acid  enters  ;  alum,  for  in- off# 
ftance,  mudi  green  vitriol :  but  they  appear  to  have  beenacidi 
ignorant  of  the  acid  itfelf.  It  is  firft  mentioned  in  the 
works  ofBafft  Valentine,  which  were  published  about 
the  end  of  the  1  ;  th  century. 

It  was  for  a  long  time  obtained  by  diftilling^mvz  vi¬ 
triol,  a  fait  compofed  of  fulphuric  acid  and  green  oxyd 
of  iron  ;  hence  it  was  called  oil  of  vitriol,  and  afterwards 
vitriolic  acid .  Another  method  of  obtaining  it  was  by 
burning  fulphur  under  a  glals  bell  ;  hence  it  was  called 
alfo  oleum  fulphur is  per  tamp anam.  The  French  che- 
rnifts  in  1  7  ^  7 »  when  they  formed  a  new  chemical  no¬ 
menclature,  gave  it  the  name  of  fulphuric  acid. 

At  prefent ’it  is  generally  procured  by  burning  a  Metho 
-mixture  of  fulphur  and  nitre  in  chambers  lined  with  procurij 
lead.  The  theory  of  this  procefs  requires  no  explana¬ 
tion.  The  nitre  fupplies  a  quantity  of  oxygen  to  the 
fulphur,  and  the  air  of  the  atmofphere  furnifties  the  reft, 
i  he  acid  thus  obtained  is  not  quite  pure,  containing  a 
little  potafs.  fome  lead,  and  perhaps  alfo  nitric  and  ful- 
phurous  acids.  Thefe  acids  may  be  driven  off  by  ap¬ 
plying  for  fome  time  a  gentle  heat,  and  afterwards  the 
fulphuric  acid  itfelf  may  be  diftilled  over  pure. 

It  appears  from  an  experiment  of  Mr  Berthollet,  h*  * 
that  fulphuric  acid  contains  63,2  parts  of  fulphur,  andnent 
36,8  of  oxygen.  He  afeertained,  in  the  firft  place  *,*  M 
that  nitre  is  totally  decompofed  by  being  heated  with  Par‘  *1 
ith  of  fulphur.  He  then  mixed  together  288  grains  of 23X1 
nitre  and  72  of  fulphur ;  and  after  expofing  them  to 
a  fufficient  heat,  he  found  1  2  grains  of  fulphur  fublim- 
ed,  and  228  grains  of  iulphat  of  potafs +.  But  thef  Mt» 
fum  of  the  ingredients  was  360. grains  ;  confequently Par> 

1  20  grains  had  been  diftipated.  All  this  lofs  mull  have6°3’ 
been  fuffered  by  the  acid  of  the  nitre,  for  the  heat  was 
too  fm all  to  feparate  any  of  the  alkali.  According  to 
Mr  Ivirwan,  288  grain s-of  nitre  contain  132,96  0?  al- 
_ _  kali. 


: 

& 


(  r  )  This  theory  ' 


i  theory  has  been  carried  fo  far  by  fome  chemifts,  that  they  have  confidered  it  as  a  conchifive- proof 
that  oxygen  did  not  enter  into  the  compaction  of  a  body,  if  they  coiild  drew  that  the  body  was  not  an  acid! 
■1’hus,  according  to  them,  water  cannot  contain  oxygen,  becaufe  water  is  not  an  acid. — Rut  furely  no  theory', 
however  ingenious  and  fatisfarftcry,  can  for  a  moment  be  put  in  competition  with  experiment.  The  ways  of 
-Future  arc  aut  as  our  ways,  nor  her  thoughts  as  our  thoughts.  ~ 
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iphuric  kali,  and  155,04.  of  acid,  I55'»04~  r^°  35>°4  *— 

llAci'i  quantity  of  oxygen  furrfiftied  by  the  nitre  to  convert 

60  grains  o-  iulphur  into  acid. 

Sul  phut  ic  acid  is  a  liquid,  fomewhat  of  an  oily  con¬ 
fidence,  tranfparent  and  colourlefs  as  v/ater,  without 
any  (mell,  and  of  a  very  ftrouq  acid  tafte.  When  ap* 
plied  to  animal  or  vegetable  lubftances,  it  very  loon  de- 

ilroys  their  texture.  #  .  , 

It  always  contains  a  quantity  of  water  ;  part  of  which, 
however,  may  be  driven  off  by  the  application  of  a  mo¬ 
derate  heat.  This  is  called  concentrating  the  acid .  When 
as  much  concentrated  as  poflible,  its  fpecific  gravity  is 

2,ooo.  .  . 

It  changes  all  vegetable  blues  to  a  red,  except  indigo. 
Accoiding  to  Erxleben,  it  boils  at  546*  5  according 
to  Berzman,  at  5720. 

When  expofed  to  a  fufficient  degree  ot  cold,  it  cry- 
ftallizes  or  freezes  ;  and  after  this  has  once  taken  place, 
it  freezes  again  by  the  application  of  a  much  inferior 
cold.  Morveuu  froze  it  at  —  4°  >  lt  aftumed  the  ap¬ 
pearance  of  frozen  fnow.  Afer  the  procefs  began  it  went 
on  in  a  cold  not  nearly  fo  intenfe.  *1  he  acid  melted  flow.- 
ly  at  27,  ;  hut  it  froze  again  at  the  lame  tempera¬ 

ture,  and  took  five  days  to  melt  in  the  temperature  of 
4,0  +  Chaotal,  who  manufactured  this  acid,  once  ob- 
ferved  a  large  glafs  veffel  full  of  it  cryftallized  at  the 
temperature  of  48°.  Thefe  cryftals  were  in  groups, 
and  confided  of  flat  hexahedrai  prifms,  terminated  by 
a  fix-fided  pyramid.  They  felt  hotter  than  the  fur- 
jourr.de  rounding  bodies,  and  melted  on  being  handled  *.  Chap- 

'bsf.  xxxi.  tal  has  obferved,  that  fulphuric  acid,  m  order  to  cry- 
«...  1  _ 'T'Viio  rvKIprvn- 
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ftallize,  nuift  not  be  too  concentrated.  This  oblerva- 
tion  has  been  extended  a  good  deal  further  by  Mr  Ivcir . 
He  found,  that  fulphuric  acid,  of  the  fpecific  gravity  of 
1,780,  froze  at  4 50  ;  but  if  it  was  either  much  more 
or  much  lefs  concentrated,  it  required  a  much  greater 
cold  for  congelation  +. 

Sulphuric  acid  has  a  very  ftrong  attra&ion  tor  water. 
Neumann  found,  that  when  expofed  to  the  atmofphere 
390  it  attraded  6,25  times  its  own  weight.  Mr  Gould 

t?  affinity  found,  that  180  grains  of  acid,  when  expofed  to  the 
or  water.  atmofphere,  attraded  68  grains  of  water  the  firft  day, 
58  the  fecond,  39  the  third,  23  the  fourth,  18  the 
fifth,  and  at  laft  only  5,  4*  3»  4*  &c*  . 

*  Phil.  day  the  augmentation  was  only  half  a  grain  .  lhe 
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affinity  therefore  between  fulphiric  acid  and  water,  as  s«]f*“r,c 
is  the  cafe  in  general  with  other  fubftances,  becomes 
weaker  the  nearer  they  approach  to  faturation.  He 
does  not  fpecify  the  fpecific  gravity  of  his  acid  ;  but  as 
it  only  attraded  3,166  times  its  own  weight,  it  could 
not  have  been  very  concentrated. 

When  fulphuric  acid  is  mixed  with  water,  a  great 
quantity  of  caloric  is  evolved.  A  mixture  of  equal 
parts  of  thefe  liquids  caufes  a  heat  almoft  equal  to  that 
of  boiling  water.  Lavoifier  and  De  la  Place  found, 
that  when  2,625  lbs  troy  of  fulphuric  acid,  of  the  fpe¬ 
cific  gravity  1,87058,  was  mixed  with  1,969  lbs.  troy 
of  water,  as  much  caloric  was  evolved  as  melted  4,1226 
pounds  troy  of  ice,  or  as  much  caloric  as  the  acid  and 
water  would  have  given  out  had  they  been  heated  with¬ 
out  mixture  to  155,9°  +•  This  caloric  is  owing  chiefly,  f  Mm. 
if  not  ioltly,  to  the  increafc  of  denfity  in  the  water;  for  Par- 
when  equal  quantities  of  iulphuric  acid  and  water  are 
mixed  together,  the  fpecific  gravity  is  much  greater 
than  the  mean  and  it  has  been  formerly  fhewn,  that 
whenever  bodies  become  denier  they  give  out  caloric.  397 

Since  there  is  fuch  a  ftrong  affinity  between  fulphu- Strength o£ 
ric  acid  and  water,  and  fince  the  denlity  of  the  mixture  . 

is  different  from  the  mean  denfity  of  the  ingredients,  it  r!OUS  den- 
becomes  a  problem  of  the  greateif  importance  to  deter-  fities. 
mine  how  much  of  the  ftrongeft  iulphuric  acid  that  can 
be  prepared  exifts  in  any  given  quantity  of  fulphuric 
acid  of  inferior  fpecific  gravity,  and  which  confcquendy 
confifts  of  a  determinate  quantity  of  this  ftrong  acid  di¬ 
luted  with  water. 

This  problem  has  been  folved  by  Mr  Kirwan  %.  He  \  Trijh  . 
took  fulphuric  acid  of  the  fpecific  gravity  2,000,  which  Traflf- 1Y- 
is  the  ftrong  eft  that  can  be  procured,  tor  his  ftandard, 
and  the  point  was  to  determine  how  much  of  this  ftan¬ 
dard  acid  exifted  in  a  given  quantity  of  acid  of  inferior 
denfity. 

He  concluded,  from  a  number  of  experiments  with 
fulphuric  acid,  of  the  fpecific  gravities  1,8846,  1,8689, 

1,8042,  1,7500  (for  he  could  not  procure  an  acid  of 
the  fpecific  gravity  .2,000  at  the  temperature  of  6o°,  in 
which  his  experiments  were  performed),  that  when 
equal  parts  of  ftandard  acid  and  water  are  mixed,  the 
denfity  is  increafed  by  Tyth  part  of  the  whole  mixture. 

Then,  by  applying  a  formula  given  by  Mr  Poujet  (  s), 
he  calculated,  that  the  increafe  of  denfity,  on  mixing 
Q^q  different 


(s)  Mr  Poujet  undertook  the  examination  of  the  fpecific  gravity  of  alcohol  mixed  with  different  quantities  of 
water.  He  took  for  his  ilandard  alcohol  whofe  fpecific  gravity  was  0,8199,  at  the  temperature  of  65,75  .  He 
then  formed  ten  mixtures  ;  the  firft  containing  nine  meafures  of  alcohol  and  one  of  water,  the  fecond  eight  m  - 
fares  of  alcohol  and  two  of  water,  and  fo  on  till  the  laft  contained  only  one  meafure  of  alcohol  and  ™"®of  "?* 
ter  He  took  care  that  each  of  thefe  meafures  ffiould  contain  equal  bulks,  which  he  afcerta.ned  by  weight,  ob- 
feeing  that  a  meafure  of  water  was  to  a  meafure  of  alcohol  as  1  to  0,8.99.  Thus  .0000  grams  of  water  and 
8  99  of  alcohol  formed  a  mixture  containing  equal  bulks  of  each.  From  the  fpecific  gravity  ot  each  of  thefe 
mixtures  he  difeovered  how  much  they  had  diminilhed  in  bulk  in  confequence  of  mixture,  by  the  following 

m 'Caffing  A  the  real  fpecific  gravity  of  any  of  the  mixtures ;  B  its  fpecific  gravity  found  by  calculation,  fup- 
pofing  no  diminution  of  bulk  ?n  the* number  of  meafures  compofing  the  whole  mafs ;  »  -  *  the  number  to  which 
ft  is  reduced  in  confequence  of  mutual  penetration-it  is  evident,  fince  the  mcreafe  of  denfity  does  not  dimmiffi 

the  weight  of  the  whole  mafs,  that  n  15  =  n  —  x  X  A.  Therefore  x  ^  -  X  «>  or  (making  n  _  1 )  — 

E~~..S  ;s  therefore  the  diminution  of  volume  produced  by  the  mixture. 

A  A 


The 
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Sulphuric  <5i{Terent  quantities  of  ftandard  acid  and  water,  was  as 
y  in  the  following  table  : 


Number  of 
parts  of 
water. 

Number  of 
partsof  (lan- 
dard  acid. 

Augmenta¬ 
tion  of  den- 
fity. 

5 

95 

0,0252 

10 

90 

0,0479 

*5 

*5 

0,0679 

20 

80 

0,0856 

25 

75 

0,0699 

30 

70 

O,  I  T  I  9 

35 

65 

0,1213 

40 

60 

0,1279 

45 

55 

0,1319 

50 

50 

Oil  333 

The  firft  50  numbers  of  the  following  table  were 
formed  by  adding  thefe  augmentations  to  the  fpecific 
gravity  of  the  above  mixture  found  by  calculation,  and 
taking  the  arithmetical  mean  for  the  intermediate  quan¬ 
tities.  The  remaining  numbers  were  formed  from  ac¬ 
tual  obfervation.  He  found  by  the  firft  part  of  the 
table,  that  100  parts  of  acid,  of  the  fpecific  gravity 
1,8472,  contained  88,5  parts  ftandard,  confequently 


PartH, 

400  grains  of  this  acid  contain  354  grains  ftandard.  He  Sulphuric 
took  fix  portions  of  this  acid,  each  containing  400 
grains,  and  added  to  them  as  much  water  as  made  them 
contain  refpeft ively  48,  46,  44,42,  40,  38  grains  ftan- 
dard.  The  quantity  of  water  to  be  added  in  order  to 
produce  this  effeft,  he  found  by  the  following  method. 

Suppofe  x  ~  the  quantity  of  water  to  be  added  to  400 
parts  of  acid,  that  the  mixture  may  contain  48  per  cent, 
of  ftandard  acid.  Then  400  -f-  x  :  354  1  i  100  :  48,  and 
confequently  x  z=  337,5.  After  finding  the  fpecific 
gravity  of  thefe,  the  half  of  each  was  taken  out,  and  as 
much  water  added  ;  and  thus  the  fpecific  gravities,  cor- 
refponding  to  24,  23,  22,  21,  20,  19,  were  found. 

Then  fix  more  portions,  of  400  grains  each,  were  ta¬ 
ken,  of  the  fpecific  gravity  1,8393,  and  the  proper 
quantity  ot  water  added  to  make  them  contain  36,  34, 

32,  30,  28,  26  per  cent .  of  ftandard.  Their  fpecific 
gravities  were  found,  the  half  of  them  taken  out,  and  as 
much  water  added;  and  thus  the  fpecific  gravity  of  18, 

17,  16,  75,  14,  and  13  found.  Care  was  taken,  after 
every  addition  of  water,  to  allow  the  ingredient  fuffi- 
cient  time  to  unite. 

The  laft  1 1  numbers  were  only  found  by  analogy  % 
obferving  the  feries  of  decrement  of  the  four  laft  num¬ 
bers  before  them. 

Tablk 
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The  following  table  contains  the  refult  of  Mr  Poujet’s  experiments,  calculated  according  to  that  formula  ;  the 
whole  volume  or  n  being  =  1. 


Diminution  of 

Meafures  of 

the  whole  vo¬ 

lume  =SS  I  by 

By  calculation. 

Water. 

Alcohol. 

experiment. 

1 

9 

0,0 » 09 

0,0103 

2 

8 

0,0187 

0,0184 

3 

7 

0,0242 

0,0242 

4 

6 

0,0268 

O 

0 

to 

'-I  , 

ON 

5 

5 

0,0288 

6 

4 

0,0266 

0,0276 

7 

3 

0,0207 

0,0242 

8 

2 

0,0123 

0,0l84 

9 

I 

0,0044 

0,0103 

It  is  evident,  from  this  table,  that  the  diminution  of  the  bulk  of  the  mixture  follows  a  regular  progrefliono 
It  is  greateft  when  the  meafures  of  water  and  alcohol  are  equal,  and  diminifhes  as  it  approaches  both  ends  of  the 
feries.  Mr  Poujet  accounts  for  this  by  conceiving  the  alcohol  to  be  diffolved  in  the  water,  which  retains  a  part 
of  it  in  its  pores,  01  abforbs  it.  The  quantity  abforbed  ought  to  be  in  the  ratio  of  that  of  the  folvent  and  of  the 
body  diffolved,  and  each  meafure  of  water  will  retain  a  quantity  of  alcohol  proportional  to  the  number  of  mea- 
fures  of  alcohol  in  the  mixture.  Thus  in  a  mixture  formed  of  nine  meafures  of  alcohol  and  one  of  water,  the 
water  will  contain  a  quantity  of  alcohol  =  9 ;  in  one  of  eight  meafures  of  alcohol  and  two  of  water,  the 
water  will  contain  a  quantity  of  alcohol  ~  8.  Therefore  the  diminution  of  bulk  in  each  mixture  is  in  a  ratio 
compounded  of  the  meafures  of  alcohol  and  water  which  form  it ;  in  the  above  table,  as  1X9,  2X8,  3X7 ,  4X6, 
&c.  And  in  general,  taking  the  diminution  of  bulk  when  the  meafures  of  both  liquids  are  equal  for  a  conftant 
quantity,  and  calling  it  c}  calling  the  number  of  meafures  ny  the  number  of  meafures  of  alcohol  x}  the  increafe  of 

denfity 


3  at  II. 

lf  uphutic 
acid. 


Table  of  the  Quantify  of  Standard  Sulphuric  yield , 
Specific  Gravity  2,000  in  Sulphuric  yield  of  inferior 
Denfity ,  'Temperature  6o°. 


ico  parts,1 
at  rhefpe- 
cific  gra¬ 
vity 

Contain 
of  ttan- 
lard  acid 

100  parts, 
at  the  fpe- 
cific  gra 
vity  ( 

Contain  ’ 
of  ftan-  ! 
lard  acid1 

100  parts, 
at  the  f pa¬ 
cific  gra¬ 
vity 

Contain 
of  ft&n- 
ard  acid 

2, COO 

10© 

1,6217 

67 

1,2847 

34 

1,9859 

99 

I,6l  22 

66 

1^757 

33 

i>9719 

98 

1,6027 

65 

1,2668 

32 

i)9579 

97 

1  >593 2 

64 

1,2589 

31 

1  >9439 

96 

1,5840 

63 

1,2510 

3° 

1,9299 

95 

1,5748 

62 

1,2415 

29 

1,9168 

94 

1,5656 

61 

1,232° 

28 

1,9041 

93 

1,5564 

60 

1,22  IO 

27 

1,8914 

92 

i,5473 

59 

1,2101 

26 

1,8787 

91 

05385 

58 

1,2009 

25 

1,8660 

90 

1,5292 

57 

1,1918 

24 

1,8542 

89 

1,5202 

56 

1,1836 

23 

1,8424 

88 

1,5  1 12 

55 

1,1746 

22 

1,8306 

87 

1,5022 

54 

1,1678 

21 

1,8188 

86 

*>4933 

53 

I,l6l4 

20 

1,8070 

85 

1 ,4844 

52 

!)I5  3i 

l9 

i)7959 

84 

i,4755 

5* 

1,1398 

18 

1,7849 

83 

1,4666 

50 

I,13°9 

17 

i>7738 

82 

1,4427 

49 

1 ,1208 

16 

1,7629 

81 

I,4l89 

48 

1,1129 

*5 

i)75x9 

80 

M°99 

47 

1,101 1 

14 

1,7416 

79 

1,4010 

46 

1,0955 

1  *3 

i,73 r2 

78 

1,3875 

45 

1,0896 

12 

1,7208 

77 

1,3741 

44 

1,0833 

1 1 

1,7104 

76 

1,3663 

43 

1,0780 

10 

1,7000 

75 

t,3586 

42 

1,0725 

9 

1,6899 

74 

'>3473 

41 

1 ,0  666 

8 

1,6800 

73 

1,3360 

40 

1,0610 

7 

1,6701 

72 

i,3254 

39 

'>0555 

6 

1,6602 

71 

I>3149 

3S 

1,0492 

5 

1,6503 

7° 

I,3I02 

37 

1,0450 

4 

1,6407 

69 

i,3°56 

36 

1,0396 

3 

1,6312 

68 

1,295! 

35 

1,0343 

2 
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But  we  have  no  reafon  to  Tuppofe  that  fulphuric  acid,  Sulphuric 
at  the  denfity  2,000,  is  free  from  all  mixture  of  water  ;  AcJ  *  j 
lo  far  from  that,  v/e  know  for  certain  that  it  contains  a  ^ 
confiderable  proportion  ;  for  when  it  is  combined  with  Quantity 
other  bodies,  barytes,  for  inftance,  or  potafs,  there  is  a  pf  real  acid 
confiderable  quantity  of  water  which  remains  behind, 
and  does  not  enter  into  the  combination.  Now,  is  it  ac-^ 
pofiible  to  determine  what  would  be  the  denfity  of  ful- 
pliuric  acid,  fuppofing  it  to  be  deprived  of  all  water,  or 
at  lead  of  all  water  except  what  is  neceffary  for  its  exig¬ 
ence  as  an  acid  ?  or  to  determine,  how  much  real  acid 
exilts  in  a  given  quantity  of  ftandard  acid  ? 

Homberg  firft  attempted  to  anfwer  this  queftion.  It 
was  afterwards  undertaken  by  Bergman,  and  Wenzel, 
and  Wiegleb.  They  do  not  inform  us  of  the  quantity 
of  water  contained  in  a  given  weight  of  acid,  but  they 
put  it  in  our  power  to  find  it,  by  informing  us  how 
much  real  acid  is  neceffary  to  faturate  a  given  quantity 
of  potafs.  Their  refpe&ive  experiments  give  the  fol¬ 
lowing  numbers : 

Homb.  ]  I3erg.  ]  Wenzel  I  Wiegleb. 

S'-S  I  7S.il  S.^3 

Homberg  ufed  carbonat  of  potafs,  and  did  not  take 
into  confideration  the  carbonic  acid  driven  off  by  the 
fulphuric.  When  this  is  taken  in,  liis  number  fhould 
be  54  inftead  of  38,3. 

Now  to  difeover  the  quantity  of  real  acid  in  any  ful¬ 
phuric  acid  mixture,  we  have  only  to  find  out  how  much 
potafs  it  would  require  for  faturation.  The  differences 
between  the  above  refnlts  are  fo  great,  that  there  was 
reafon  to  fufpedt  their  accuracy.  Mr  Kirwan  therefore 
attempted  to  afeertain  the  denfity  of  pure  fulphuric 
acid  by  another  method,  and  he  rated  it  at  4,226.  As 
this  method  ha3  been  already  deferibed  in  the  article 
Chemistry  ( EncycL ),  we  cannot  enter  upon  it  here. 

At  any  rate,  it  would  be  unneedfary,  as  many  of  the 
principles  upon  which  Mr  Kirwan  went  were  erroneous, 
as  Mr  Morveau*  and  Mr  Keir  £  have  fufficieutly  fhewn;  *  Encycl. 
and  Mr  Kirwan  with  his  ufual  candour  has  accord-  art* 

ingly  abandoned  it,  and  adopted  another  method  which 
is  not  liable  to  the  fame  exceptions.  He  diffolved  15  23,5  Dictionary, 
Q^q  2  grains  art.  Acid. 


4-c , 


denfity  or  diminution  of  bulk  «  ;  we  fhatl  have  «• :  s  s :  -  :  «  —  *  X  *,  and*  =  —  X  «  *— x%  or  (making 

*  yj’g  dYmmiuion  of  bulk,  calculated  according  to  this  formula,  make  the  laft  column  of  the  above  table.  They 
correfDond  very  well  with  experiment,  while  the  meafures  of  alcohol  are  more  than  thofe  of  water,  but  not  when 
the  reverfe  is  the  cafe  This  Mr  Poujet  thinks  is  owing  to  the  attraftion  which  exifts  between  the  particles  of 
water,  and  which,  when  the  water  is  confiderable  compared  with  the  alcohol,  refills  the  union  of  the  water  with 

the  alcohol. 

By  the  formula  *  =  -  -  ”  *  the  quantity  of  alcohol  of  the  ftandard  may  be  determined  in  any  mix¬ 

ture  where  the  alcohol  exceeds  the  water. 

X,et  the  number  of  meafures,  or  the  whole  mats 
The  meafures  of  alcohol  ' 

The  diminution  of  bulk  at  equal  meafures  -  *  ' 

The  diminution  of  bulk  of  a  mixture  containing  *  meafures  of  alcohol  • 

The  fpecific  gravity  of  water  ... 

The  fpecific  gravity  of  the  alcohol  * 

The  ipecific  gravity  of  the  unknown  mixture 


S2  X 

=  4  fx- 
= 1  a 
=1  b 

-y 


*4  C  X 


Then 


!! 
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Sulphuric  grams  of  pure  carbon  at  of  potafs,  dried  In  a  red  heat,  in 
Acid-  diftilled  water.  The  whole  weighed  4570  grains.  He 
took  360  grains  of  this  mixture,  which  contained  120 
grains  of  carbonat  of  potafs,  and  fatuiated  it  with  pure 
fulphuric  acid  of  the  fpecific  gravity  1, 565*  which,  ac¬ 
cording  to  the  above  table,  contained  61  per  cent,  ©f 
dandard  acid.  The  acid  required  for  faturatmg  the  (o- 
lution  of  potafs  amounted  to  130  grains,  and  contained 
therefore  >9  of  ftandard.  The  carbonic  acid  difenga- 
ged  was  34  grains,  and  confequently  the  quantity  of  al¬ 
kali  was  120 — 34  =  86  grains.  T.he  lolution  being 
turbid,  was  diluted  with  3238  grains  of  water.  Its 
fpecific  gravity  was  then  1,013  at  the  temperature  ox 
6c°.  The  weight  of  the  whole  was  3694  grains.  Forty- 
jive  grains  of ‘fulphat  of  potafs  (potafs  combined  with 
fulphuric  acid)  diffolved  in  1017  grains  of  diddled  wa¬ 
ter,  have  the  fame  fpecific  gravity  at  the  fame  tempera¬ 
ture  ;  from  whence  it  follows,  that  the  proportion  of 
fait  in  each  was  equal.  Butin  the  lad  folution  the  quan- 
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foiidform,  or  cry  flail  used.  This,  asMorveau  has  fliewn,  is  Sulphuric 
fulphuric  acid  deprived  of  the  water  with  which  it  is  Ac1^ 
uiuaily  combined.  When  this  glacial  acid,  as  it  has 
been  called,  is  expofed  to  the  air,  it  riies  in  white 
fumes,  and  is  foon  diflipated.  This  fingular  effeft  is 
produced  by  its  violent  attraction  for  the  water  which 
exids  in  atmofpheiic  air.  When  tlirown  into  water,  it 
feizes  it  with  violence;  a  great  deal  of  caloric  is  evolved, 
fufficient,  if  the  quantity  of  water  be  not  too  great,  to 
elevate  the  whole  in  vapours  *f.  \  Encyrf, 

Sulphuric  acid  is  capable  of  decomposing  alcohol  and 
oils;  and  when  aflided  by  heat,  it  decoinpofes  aifo  fome^c.’  * 
of  the  metallic  oxyds  which  contain  the  greated  qnan-  399 

titv  of  oxvsren :  as  red  oxyd  of  lead,  black  oxyd  of  man-  Adion  of 
-  -  '•  *  '  1  r  3  this  acid 


¥ 


1 


ganefc.  It  decompofes  hkewife  all  the  fulphurets  and^  ^ 


titv  of  fait  was  -L-  of  the  whole  ;  therefore  the  quan- 

23’6  5694  M 

tity  of  fait  in  the  fir  ft  was  ~  -  159,5 2  grs-  Now 
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Dictionary, 

art.  Acid. 


of  this  weight  86  grains  were  alkali  ;  the  remainder, 
therefore,  which  amounts  to  70,52  grains,  muit  be 
acid.  But  the  quantity  of  ftandard  acid  employed  was 
79  grains ;  of  this  there  were  8J  grains,  which  did  not 
enter  into  the  combination,  and  which  mud  have  been 
pure  water:  79  parts  of  dandard  acid,  therefore,  con¬ 
tain  at  lead  8,5  parts  of  water,  and  confequently  100 
parts  of  dandard  acid  contain  10,75  parts  of  water.  It 
only  remains  now  to  confider  how  much  water  fulp  at 
of  potafs  contains.  Mr  Kirwan  thinks  it  contains  none, 
becaufe  it  lofes  no  weight  in  any  degree  of  heat  below 
ignition,  and  even  when  expofed  t©  a  red  beat  tor  halt 
an  hour  it  hardly  lofes  a  grain.  This  is  certainly  tut- 
ficient  to  prove,  at  lead,  that  it  contains  very  little  wa- 
ter  ;  and  confequently  we  may  conclude,  with  Mr  Kir- 
wan,  that  100  parts  of  fulphuric  acid,  of  the  ipecinc 
gravity  2,000,  are  compofed  pretty  nearly  of  89,25  of 
pure  acid  and  10,75  of  water.  This  method  ufed  by 
Mr  Kirwan  is  nearly  the  fame  with  that  propofed  by 
Mr  Keir*. 

It  feems  even  pofllble  to  obtain  fulphuric  acid  fiee 
from  all  the  water  that  may  not  be  neceffary  to  its  acid 
date.  When  it  is  procured  by  didillation  from  green 
vitriol,  if  the  receiver  be  changed  after  the  procefs  has 
gone  on  for  fome  time,  a  quantity  of  acid  is  obtained  in  a 


phofphurets  which  have  an  alkaline  or  earthy  balls.  bodies. 

It  oxydates  iron,  zinc,  and  n  anganefe,  in  the  cold. 

By  the  adidance  of  heat  it  oxydates  diver,  mercury, 
copper,  antimony,  bifmuth,  arfenic,  tin,  and  tellurium. 

At  a  boiling  heat  it  oxydates  lead,  cobalt,  nickel,  mo¬ 
lybdenum.  It  does  not  a£l  upon  gold,  platinum,  tung- 
den,  nor  titanium. 

It  unites  readily  with  all  the  alkalies,  the  alkaline 
earths,  alumina,  and  jargonia,  and  with  mod  of  the  me¬ 
tallic  oxyds,  and  forms  lalts  denominated  fulpbats.  Thus 
the  combination  of  lulphuiic  acid  and  foda  is  call e&ful- 
phat  of  foda  ;  the  compound  ofTulphiitio^add  and  lime, 
Julphat  of  limey  and  to  on.  It  does  not  adt  upon  filica 
nor  adamama. 

The  affinities  of  fulphuric  acid  are  as  follows  J  : 

Barytes, 

Strontites  *, 

Potafs, 

Soda, 

Lime, 

^  Magnefia, 

Ammonia, 

Alumina, 

Jargonia  f? 

Oxyd  of  zinc, 

— — —  iron, 

- - —  manganefe, 

—  - cobalt, 

- nickel, 

—  - lead, 

—  - tin, 


40J 

Its  affini¬ 
ties. 

j  See  Berg* 
man  and 
Lavoifier. 

*  Dr  Hope, 
1'ranf.  Eiiin* 
iv. 


f  Vauquelitiy 
Ann.  de 
Cbm.  Xiii. 
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copper, 

■  biimuth. 


Oxyd 


Then  fince  the  increafe  of  denfity  does  not  change  the  weight  of  the  whole,  i 

a  —  b 


x  X  *  +  £  * 


1— 4c  x  +  4c  x*  X  jr. 


Hence  x  =  0,5 

a  — 


8  c  y 

a  x  +  b  x 


v  4cy  \$cy  / 


y  —  x  —  4  c  x  ■+*  4  c  x 

And  making  a  s=  i>  b  rr  0,8199,  c  =  0,0288 
0,1801 


*  =  0,5 « 


+  /^=i + 0,5) 

V  0,1152;/  T  \o, 2304^  ”/ 


0,23045/ 

1  —  o,  1801  X _ 

y  —  *  —  0*1152  x  +  0,1 152  x2'  See  Irifh  Tranf  XII. 


Oxyd  of  antimony, 
- - arfuiic, 


— _  mercury, 
•  filver, 
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in*  to  Bergman,  is  0,00246+  ;  according  to  Laxoifier,  Su'pl 
o,oj2Ji  Clouet  and  Mo  age  found,  that  by  tire  ap¬ 
plication  of  extreme  cold  it  is  converter;  into  a  liquid. .  j.  Qn  pjec_ 


urous 

Acid. 


- - gold, 

- platinum. 

Oil, 

Water. 

Sect.  II.  Of  Sulphurous  Acid . 

I  Sulphurous  acid  is  compofed  of  fulphur  and  oxy- 
1'  .gen  combined  :  the  proportions  have  not  been  afceitaui- 
h  ed  ;  but  the  faft  itfclf,  and  that  the  quantity  of  oxy¬ 
gen  is  lefs  than  what  enters  into  fulphunc  acio,  has 


been  proved" beyond" the  poffibility  of  doubt.  Neither 
can  it  be  doubted,  though  the  tad  has  not  been  attend¬ 
ed  to,  that  in  this  ac*d  the  fulpluir  and  oxygen  mutu¬ 
ally  faturate  each  other  ;  and  that  fulphuric  acid  is  not 
compofed  of  fubhur  and  oxygen,  hut  of  iuipluirous 
acid  and  oxygen.  Phofphorus  is  capable  of  decom- 
poling  fulphuric  acid  by  the  affiftance  of  heat,  of  Si¬ 
zing  a  quantity  of  its  oxygen,  and  converting  it  into  ful- 
phurous  acid  ;  but  upon  fulphurous  acid  it  has  no 
effea  whatever*.  The  affinity  of  phofphorus,  there¬ 
fore,  for  oxygen  is  lefs  than  that  of  fulphur ;  yet  it  is 
capable  of  taking  oxygen  from  fulphunc  acid.  Is  it 
not  evident  from  this,  that  fulphuiic  acid  is  compofed 
of  fubhurous  acid  and  oxygen  ?  and  that  fulphur  has 
a  ftronger  affinity  for  oxygen  than  fulphurous  acid  has? 
For  if  both  the  acids  were  compofed  dire&ly  of  fulphur 
and  oxgen,  it  would  follow  from  experiment,  that  the 
affinity  of  phofphorus  for  oxygen  was  both  ftronger  and 
weaker  than  that  of  fulphur  ;  which  would  be  abfurd. 

Sulphurous  acid  has  been  known  fince  the  time  of 
Stahl.  Scheele  firft  difeovered  the  method  of  obtain¬ 
ing  it  in  quantities ;  and  Dr  Prieftley  ftrft  procured  it 
in  a  ftate  of  purity  ;  for  Scheele’s  acid  was  diftblved  in 
water. 

cf  Stahl’s  method  of  procuring  fulphurous  acid  was  to 

g  burn  fulphur  at  a  low  temperature,  and  expo.e  to  its 
flames  cloth  dipped  in  a  folution  of  potafs.  By  this  me¬ 
thod  he  obtained  a  combination  of  potafs  and  fulphu- 
rous  acid  ;  for  at  a  low  temperature  fulphur  forms  by 
combuftion  only  fulphurous  acid.  On  this  fait  Scheele 
poured  a  quantity  of  tartarous  acid,  and  then  applied  a 
gentle  heat.  The  fulphurous  acid  is  in  this  manner  dil- 
placed,  becaufe  its  affinity  for  potafs  is  not  fo  ftrong  as 
that  of  tartarous  acid  ;  and  it  comes  over  into  the  recei¬ 
ver  di fibbed  in  water.  It  is  >  now  commonly  procured 
by  mixing  with  fulphuric  acid  oil,  greafe, .  metals,  or 
any  other  fubftance  that  has  a  ftronger  affinity  for  oxy¬ 
gen  than  fulphurous  acid,  and  applying  a  heat  fufficient 
to  diftil  over  the  fulphurous  acid  as  it  forms.  Mr 
Berthollet  has  found,  that  fugar  is  the  beft  fubftance  to 
employ  for  this  purpofe. 

Dr  Prieftley  poured  a  little  oil  on  fulphuric  acid,  ap¬ 
plied  heat,  and  received  the  produft  in  a  glafs  jar  filled 
with  mercury.  It  was  fulphurous  acid  free  from  all 
fuperfluous  water,  and  in  a  gafeous  form. 

)er-  In  this  ftate  it  is  colourlefs  and  invifible  like  com¬ 
mon  air.  It  is  incapable  of  maintaining  combuftion  ; 
nor  can  animals  breathe  it  without  death.  It  has  a 
ftrong  and  fuffocating  odour.  It  is  this  odour  which 
burning  fulphur  exhales.  Its  Specific  gravity,  accord- 
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Dr  Prieftley  difeovered,  that  when  a  ftrong  heat  is tive  AttraS. 
applied  to  this  acid  in  clofe  veffeb,  a  quantity  of  (hi  5  >3 
plmr  is  precipitated,  and  the  acid  is  converted  into  fu 
phuric  *.  Berthollet  obtained  the  lame  refult :  but 
Fourcroy  and  Vauquelin  could  not  fucceed  +.  ii.  .-,30. 

Water  ahfotbs  this  acid  with  avidity.  According  Nidvl- 
to  Dr  Prieftley,  1000  grains  of  water,  at  the  tempera-/^ 
ture  54,5°,  abiorb  ^9,6  grains  of  this  acid.  ihe  fpe- 
cilic  gravity  of  water  faturated  with  fulphurous  acid  is 
1,040  f.  Water  in  the  ftate  of  ice  abforbs  it  very  ra-  5 

pidly,  and  is  inftantly  melted.  Water  faturated  with  ‘aim  iit 
this  acid  can  be  frozen  without  parting  with  any  of  it.  36. 

When  water,  which  has  been  faturated  with  this  acid 
at  the  freezing  temperature,  is  expoied  to  the  heat  of 
65,25°,  it  is  filled  with  a  vaft  number  of  bubbles,  which 
continually  increafe  and  rile  to  the  furface,  Thefe 
bubbles  are  a  patt  of  the  acid  feparating  front  it.  It 
freezes  a  few  degrees  below  32“  jj.  ||  Fmrcrty 

Sulphuric  acid  abfoibs  it  at  zero  ;  but  allows  great  an.! I/'b- 

r  c  quehn ,  iv*- 

part  of  it  to  eicape  at  32  .  cholfon  Ahid. 

It  reddens  tin&uie  of  turnfole  ;  but  deltroys  the  co-  * 

lour  of  fyrup  of  violets. 

It  is  decompofed  by  hydrogen  and  carbon,  and  ful- 
phurated  hydrogen  gas,  when  affifted  by  heat  \  lbld* 

Oxygen  gas  gradually  converts  it  into  fulphuric  acid; 
but  this  change  does  not  take  place  unlefs  water  be 
prefent. 

It  does  not  feem  capable  of  oxydating  any  of  the1 
metals  except  iron,  zinc,  and  manganefe. 

When  in  the  ftate  of  gas  it  is  abforbed  by  oils  and 

e%Vhen  glafs  tubes,  filled  with  fulphurous  acid  in  the 
ftate  of  gas,  are  expofed  to  a  ftrong  heat,  a  quantity  of 
fulphur  precipitates,  and  the  reft  of  the  acid  is  convert¬ 
ed  into  the  fulphuric.  #  ,  T  4°5  v 

It  combines  with  the  alkalies,  alkaline  earths,  and 
alumia,  and  many  of  the  metallic  oxyds,  and  forms  neu-lia  lons, 
tral*f?.lts,  known  by  the  name  of fulphites,  406  # 

Its  affinities,  as  far  as  they  have  been  inveftigated,  And  affint 

are  ae  follows  %  : 

Barytes, 

Dime, 

Potafs, 

Soda, 

Magnefta,  1 
Ammonia,  3 
Alumina, 

Jargon  ia*  ? 

Metallic  oxyds. 

Water, 


ties. 

J  Ibid. 


*  Vauquelln, 
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Sect.  III.  Of  Nitric  Acid, 


There  are  three  different  fubftances  compofed  of 
azot  and  oxygen,  nitric  acid ,  nitrous  acid,  and  nitrous  gas. 

The  fir  ft  contains  moft  oxygen  ;  the  laft  contains  leaft.  407 
Nitric  acid  feems  to  have  been  firft  obtained  in  a  fe- Difcovery ^ 
parate  ftate  by  Raymond  Lully,  who  was  born  at  Ma-°.fd™tnc  a* 
jorca  in  1  235.  He  procured  it  by  diftilling  a  mixture 
of  nitre  and  clay.  Bafil  Valentine,  who  lived  in  the 
1 5th  century,  deferibes  the  procefs  minutely,  and  calls 
the  acid  water  of  nitre »  It  was  afterwards  denomina- 
,  ted 


procuring 

it. 


§  Sthcele. 


>09 

Difcovery 
of  its  com¬ 
ponent 

parts. 
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^  ted  aqua  forth  and  fpirit  of  nitre.  The  name  nitric  acid 

_ C'L"  was  fir  it  given  it  in  1787  by  the  French  chemiiis. 

40S  .  Nitric  acid  is  generally  obtained  in  large  manuta&o- 

Method  of  ries  by  diitilling  a  mixture  of  nitre  (t)  and  clay;  but 
the  acid  procured  by  this  procefs  is  weak  and  impure. 
Chemiiis  generally  prepare  it  by  diitilling  three  parts 
of  nitre  and  one  of  fulphuric  acid  in  a  glafs  retort.  This 
method  was  firft  ufed  by  Glauber.  When  obtained  in 
this  manner  it  contains  fome  nitrous  acid,  which  may 
be  expelled  by  the  application  of  a  very  gentle  heat  §: 

Nitric  acid  is  one  of  the  molt  important  instruments 
of  analyfis  which  the  chemift  po  fie  lies  ;  nor  is  it  of  in¬ 
ferior  confequence  when  confidered  in  a  political  or 
commercial  view,  as  it  forms  one  of  the  molt  efiential 
ingredients  of  gunpowder.  Its  nature  and  compofi- 
tion  accordingly  have  long  occupied  the  attention  of 
philofophers.  We  ftiall  endeavour  to  trace  the  various 
fteps  by  which  its  component  parts  were  difcovered. 

As  nitre  is  often  produced  upon  the  furface  of  the 
earth,  and  never  except  in  places  which  have  a  commu¬ 
nication  with  atmofpheric  air,  it  was  natural  to  fuppofe 
that  air,  or  fome  part  of  the  air,  entered  into  the  com- 
pofition  of  nitric  acid.  Mayow  having  obferved,  that 
nitre  and  atmofpherical  air  were  both  pofiefied  of  the 
property  of  giving  a  red  colour  to  the  blood,  and  that 
air  was  deprived  of  this  property  by  combuftion  and 
refpiration — concluded,  that  nitre  contained  that  part  of 
the  air  which  fupponted  combii/lion,  and  was  tiecejjary  far 
refpiration. 

Dr  Hales,  by  applying  heat  to  nitric  acid,  and  what 
he  called  Walton  mineral ,  obtained  a  quantity  of  air  pof- 
fefled  of  fmgular  properties.  When  atmofpherical  air 
was  let  into  the  jar  which  contained  it,  a  reddifh  turbid 
fume  appeared,  a  quantity  of  air  was  abforbed,  and  the 
remainder  became  tranfparent  again  *.  Dr  Prieltley 
difcovered,  that  this  air  coukLonly  be  obtained  from 
nitric  (  u )  acid ;  and  therefore  called  it  nitrous  air .  He 
found,  that  when  this  gas  was  mixed  with  oxygen  gas, 
nitrous  acid  was  reproduced.  Here,  then,  we  find,  that 
oxygen  is  a  part  of  the  nitric  acid,  and  confequently 
that  Mayow’s  affirmation  is  verified. 

Dr  Prieltley,  however,  explained  this  fa£t  in  a  diffe¬ 
rent  manner.  According  to  him,  nitrons  gas  is  corn- 
pofed  of  nitrous  acid  and  .phlogilton.  When  oxygen 
is  added,  it  feparates  this  phlogifton,  and  the  acid  of 
courfe  is  precipitated.  This  hypothefis  was  adopted 
by  Macquer  and  Fontana;  and  thefe  three  philofophers 
endeavoured  to  fupport  it  with  their  ufual  ingenuity. 
But  there  was  one  difficulty  which  they  were  unable  to 
furmount.  When  the  two  gafes  are  mixed  in  proper 
proportions,  almoft  the  whole  affumes  the  form  of  ni¬ 
tric  acid  ;  and  the  fmall  refiduum  (T\th  part),  in  all 
probability,  or  rather  certainly,  depends  on  fome  acci¬ 
dental  impurity  in  the  oxygen  gas.  What  then  be¬ 
comes  of  the  oxygen  and  phlogilton  ?  Dr  Prieltley 
fup pofed  that  they  formed  carbonic  acid  gas  :  but  Mr 
Cavendifh  proved,  that  when  proper  precautions  are 
taken,  no  fuch  acid  appears  f. 
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Dr  Prieltley  had  procured  his  nitrous  gas  by  difiotving  Nwi  •  1 
metals  in  nitric  acid  ;  during  the  folution  of  which  a 
great  deal  of  nitrous  gas  efcape3.  He  fuppofed  that  r 
nitrous  gas  contained  phlogilton,  becaufe  the  metal  was 
oxydated  (and  confequently,  according  to  the  then  re¬ 
ceived  theory,  mu  ft  have  loft  phlogilton)  during  its  for-  j  J 
mation.  Mr  Lavoifier  proved,  that  this  fuppofition  was  i 
i  1-founded.,  by  the  following  celebrated  experiment  f.  t  '  ! 
To  945  grains  of  nitric  acid  (lpecfic  gr.  1,316)  he^r,|'i  1 
■added  1 104  grains  of  mercury.  During  the  folution  * 
273,234  cubic  inches  of  nitrous  gas  were  produced.  f  1 
He  then  diftilied  the  fait  (oxyd  of  mercury),  which  1 

had  been  formed  to  drynefs.  As  foon  as  it  became  red  f 

hot  it  emitted  oxygen  gas,  and  continued  to  do  fo  till  i 

almoft  the  whole  of  the  mercury  was  revived  :  The 
quantity  of  oxygen  emitted  was  287,742  cubic  inches.  t 

All  that  had  happened,  therefore,  during  the  folution  < 

of  the  mercury,  was  the  feparation  of  the  acid  into  two  t 

paits  ;  nitrous  gas,  which  flew  off,  and  oxygen,  which  i 

united  with  the  metal  (,x ) .  t 

Mr  Lavoifier  concluded,  therefore,  that  the  whole  of 
the  nitrous  gas  was  derived  from  the  nitric  acid ;  that 
nitric  acid  is  compofed  of  oxygen  and  nitrous  gas  ;  and  1 
that  the  proportions  are  nearly  64  parts  by  weight  of 
nitrous  gas,  and  36  of  oxygen  gas.  I  c 

But  there  was  one  difficulty  which  Mr  Lavoifier  ac-  t 

knowledged  he  could  not  remove.  The  quantity  of  t 

oxygen  obtained  by  decompoling  nitric  acid  was  often 
much  greater  than  what  was  neceffary  to  fat  urate  the 
nitrous  gas.  Mr  De  Morveau  attempted  to  account 
for  this  ;  but  without  fucccfs  §.  Nitrous  gas  itfelf  was  §  Emj&l 
evidently  a  compound  ;  but  the  difficulty  was  to  difeo-  Mdldk 
ver  the  ingredients.  Mr  Lavoifier  concluded,  from  an  ^ f 
experiment  made  by  decompofing  nitre  by  means  of  **  ,1 
charcoal,  that  it  contained  azot :  and  feveral  of  Dr 
Priellley’s  experiments  led  to  the  fame  refult.  But 
what  was  the  other  ingredient  ? 

Mr  Cavendifh  had  obferved,  while  he  was  making 
experiments  on  the  compofition  of  water,  that  fome 
nitric  acid  was  formed  during  the  combuftion  of  oxy¬ 
gen  and  hydrogen  gas,  and  that  its  quantity  was  in- 
creafed  by  adding  a  little  azot  to  the  two  gafes  before 
the  explofion.  Hence  he  concluded,  that  the  forma¬ 
tion  of  the  acid  was  owing  to  the  accidental  prefenee 
of  azotic  gas.  To  verify  this  conjecture,  he  palled  an 
electrical  ffiock  through  a  quantity  of  common  air  en- 
elofed  in  a  glafs  tube  :  the  air  was  diminished,  and  fome 
nitric  acid  formed.  He  repeated  the  experiment,  by  mix¬ 
ing  together  oxygen  and  azotic  gas  ;  and  found,  that 
when  they  bore  a  certain  proportion  to  each  other  they 
were  totally  convertible  into  nitric  acid.  In  one  experi¬ 
ment,  the  proportion  of  azot  to  oxygen  (in  bulk)  was 
as  416  to  9144  in  another,  as  1920  to  4860  *. 

Thefe  experiments  were  immediately  repeated  by 
Melfrs  Van  Marum  and  Van  Trooftwyk,  and  with  near¬ 
ly  the  fame  refult. 

The  molt  convenient  method  of  performing  them  is 
the  following  :  Take  a  glafs  tube,  the  diameter  of 

which 


If. 


(t)  Nitre  is  compofed  of  nitric  acid  and  potafs. 

*(ftU  d Or  n*tr°US  aC*d  *  ^°r  at  Per*0^  ot  Prieftley’s  difcovery  (1772)  they  were  not  accurately  diftin- 


(x)  We  have  already  mentioned,  in  a  preceding  note,  that  this  expeiiment  was  firft  made  by  Mr  Bayern  See 
.Tart  I.  chap.  111.  of  this  Article.  3 
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c  which  is  about  the  fixth  part  of  an  inch,  through  the 
1.  cork  that  fhuts  one  end  of  which  let  a  fmall  metallic 
""  conductor  pafs  with  a  ball  at  each  end.  .  Fill  this  tube^ 
with  mercury,  and  plunge  its  open  end  into  a  bafon  of 
mercury  :  then  put  into  it  a  mixture  of  0,13  of  azotic 
and  0,87  of  oxygen  gas,  till  it  occupies  three  inches  of 
the  tube  :  and  introduce  a  folution  of  potafs  till  it  fill 
half  an  inch  more.  Then,  by  means  of  the  conduc¬ 
tor,  make  electrical  cxplofions  (from  a  very  powerful 
machine)  to  pafs  through  the  tube  till  the  air  is  as 
much  diminifhed  as  poffible.  Part  of  the  potafs  will  be 
found  converted  into  nitre.  Mr  Cavendifh  a&ually 
faturated  the  potafs  with  this  acid.  Mr  Van  Marnm 
did  not,  though  a  good  deal  more  gas  had  difappeared 
than  in  the  experiments  of  Mr  Cavendifh.  This  differ¬ 
ence  evidently  depends  on  the  quantity  of  potafs  con¬ 
tained  in  a  given  weight  of  the  folution.  The  folution 
which  Mr  Van  Marum  ufed  was  no  doubt  flronger  than 
that  which  Mr  Cavendifh  employed. 

Dr  Prieftley  had  obferved  feveral  years  before  thefe 
experiments  were  made,  that  atmofpherical  air  was  di¬ 
minifhed  by  the  eledric  fpark,  and  that^uring  the  di¬ 
minution  the  infufion  of  turn  foie  became  red  ;  but  he 
concluded  merely,  that  he  had  precipitated  the  acid  of 
the  air.  Landriani,  who  thought,  on  the  contrary, 
that  carbonic  acid  gas  was  formed,  enounced  the  alte¬ 
ration  of  lime-water  by  it  as  a  proof  of  his  opinion.  It 
was  to  refute  this  notion  that  Mr  Cavendifh  undertook 
his  experiments.  He  has  fince  that  time  repeated  them 
I  with  the  fame  fuccefs  J. 

It  cannot  be  doubted,  then,  that  nitric  acid  is  com- 
I  pofed  of  azot  and  oxygen  ;  for  the  objections  of  Dr 
Prieftley  have  been  confidered  while  we  were  treating 
of  water.  Confequently  nitrous  gas  muft  alfo  be  com- 
pofed  of  the  fame  ingiedients.  According  to  Lavoi- 
fier,  nitric  acid  is  compofed  of  four  parts,  by  weight, 
of  oxygen  and  one  part  of  azot. 

Nitric  acid  is  liquid,  colourlefs,  and  tranfparent ;  but 
the  affinity  between  its  component  parts  is  fo  weak, 
that  the  aaion  of  light  is  fufficient  to  drive  off  a  part 
of  its  oxygen  in  the  form  of  gas ;  and  thus,  by  convert¬ 
ing  it  partly  into  nitrous  acid,  to  make  it  affume  a  yel¬ 
low  colour.  Its  tafte  is  exceedingly  acid  and  peculiar. 
It  is  very  corrofive,  and  tinges  the  (kin  of  a  yellow 
colour,  which  doe3  not  difappear  till  the  epideimis 
comes  off. 

It  has  a  ftrong  affinity  for  water,  and  has  never  yet 
been  obtained  except  mixed  with  that  liquid.  When 
concentrated,  it  attra&s  moifture  from  the  atmofphere, 
but  not  fo  powerfully  as  fulphuric  acid.  It  alfo  pro¬ 
duces  heat  when  mixed  with  water,  owing  evidently  to 
\\  the  concentration  of  the  water.  .  , 

li!  s;th  The  fpecific  gravity  of  the  ftrongeft  nitric  acid  that  can 
^  2nt  be  procured  is,  according  to  Rouelle,  1,58  $;  but  at 
>ra* the  temperature  of  6o°,  Mr  Kirwan  could  not  procure 

it  flronger  than  M  5  43  •  , 

Taking  this  acid  for  the  ftandard, .  Mr  Kirwan  has 
calculated  how  much  of  it  exifts  in  nitric  acid  of  infe¬ 
rior  denfity.  His  determination  may  be  feen  in  the 
following  table,  which  was  formed  precifely  in  the  fame 
manner  as  that  formerly  given  of  the  ftrength  of  fub 
phuric  acid. 
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Now,  how  much  water  does  nitric  acid  contain,  the 

denfity  of  which  is  1,5543  ?  4** 

Mr  Kirwan  dried  a  quantity  of  cryflallized  carbonat  Quantity 
of  foda  in  a  red  heat,  and  diflblved  it  in  water,  in  fuch 
proportion,  that  367  grains  of  the  folution  contame  concen— < 

50,05  of  alkali.  He  faturated  367  grains  of  this  fo- trated  ni- 
lution  with  147  grains  of  nitric  acid,  the  fpecific  gravity  trie  acid, 
of  which  was  1,2754,  and  which  therefore,  by  the  pre¬ 
ceding  table,  contained  45 ’7  Per  cen **  aci*d  ftandard. 

The  carbonic  acid  driven  off  amounted  to  14  grains. 

On  adding  939  grains  of  water,  the  fpecific  gravity  of 
the  folution,  at  the  temperature  of  58,5°,  was  1,0401. 

By  comparing  this  with  a  folution  of  nitrat  of  foda,  of 
the  lame  denfity,  precifely  in  the  manner  deferibed  for¬ 
merly  under  fulphuric  acid,  he  found,  that  the  fait  con¬ 
tained  in  it  amounted  to  of  the  whole.  There 

lOjyOl 

was  an  excefs  of  acid  of  about  two  grains.  The  weight 
of  the  whole  was  1439  grains:  The  quantity  of  fait, 

confequently,  was  =  8j>'42  grains.  The  quan¬ 

tity  of  alkali  was  50,05—14  =  36,05.  The  quantity 
of  ftandard  acid  employed  was  66, 7.  The  whole  of  which 
amounted  to  102,75  grains  ;  but  as  only  8  5,142  grains 
entered  into  the  cempofition  of  the  fait,  the  remaining 
17,608  muft  have  been  pure  water  mixed  with  the  ni¬ 
tric  acid.  But  if  66, 7  of  ftandard  acid  contain  17,608 
of  water,  100  parts  of  the  fame  acid  mult  contain 

,  n  -u.  *  Info 

26,38  .  .  .  .  ,  ,  r  Tran,.  iv» 

One  hundred  parts  of  ftandard  nitric  acid,  therefore, 
is  compofed  of  73,62  parts  of  pure  nitric  acid  and  26,38 
of  water.  But  as  Mr  Kirwan  has  not  proved  that  ni¬ 
trat  ot  foda  contains  no  water,  perhaps  the  proportion 

of 
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of  water  may  bo  greater*  He  has  rendered  it  probable, 
however,  that  nitrat  of  foda  contains  very  little  water. 

Nitric  aeid  is  decompofed  by  a  great  variety  of  fub- 
fiances.  When  poured  upon  oils,  it  lets  them  on  fire. 
This  is  occ.aiioned  by  a  decompofition  both  of  the  acid 
a;id  oil.  The  oxygen  of  the  acid  combines  with  the 
carbon  and  with  the  hydrogen  of  the  oils,  and  at  the 
fame  time  lets  go  a  quantity  of  caloric.  Hence  we  fee 
that  the  oxygen  which  enters  into  the  compofition  of 
the  nitric  acid,  ft  ill  contains  a  great  deal  of  caloric  ;  a 
faft  which  is  confirmed  by  a  great  number  of  other 
phenomena.  The  comb  lift  ion  of  oils  by  this  acid  was 
firft  taken  notice  of  by  Bomchius  and  Slare  ;  but  it  is 
probable  thft  Homberg  communicated  it  to  Slare.  In 
order  to  fet  fire  to  the  fixed  oils,  it  muft  be  mixed  with 
fome  ftilphiiric  acid  ;  the  re&fon  of  which  feems  to  be, 
that  thel’e  oils  contain  water,  which  mnfl  be  previoufly 
removed.  The  fulphuric  acid  combines  with  this  wa¬ 
ter,  and  allows  the  nitric  acid,  or  rather  the  oil  and  ni¬ 
tric  acid  together,  to  aft.  The  drying  oils  do  not  re¬ 
quire  any  fulphuric  acid  :  they  have  been  boiled,  and 
confequently  deprived  all  moiftnre.  It  fets  fire  alfo 
to  charcoal,  provided  it  be  perfeftly  dry.  This  faft 
was  firft  obferved  by  Prouft,  and  afterwards  confirmed 
by  the  Dijon  academician^.  It  fets  fire  alfo  to  zinc, 
bifmuth.  and  tin,  if  it  be  poured  on  them  in  fiifion, 
and  to  filings  of  iron,  if  they  be  perfeftly  dry  %.  In 
all  thefe  cafes,  the  acid  is  decompofed.  Sulphurated 
hydrogen  gas  alfo  takes  fire,  and  burns  with  a  ftrong 
flame  by  means  of  this  acid  f. 

It  is  capable  of  oxydating  all  the  metals  except  gold, 
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platinum  (x),  and  titanium.  It  appears,  from  the  ex¬ 
periments  of  Scheffer,  Bergman,  Sage,  and  Tillet,  that 
nitric  acid  is  capable  of  diffolving  (and  confequently  of 
oxydating)  a  very  minute  quantity  even  of  gold. 

Nitric  acid  combines  with  alkalies,  alkaline  earths, 
alumina,  and  jargonia,  and  with  the  oxyds  of  metals, 
and  forms  compounds  which  are  called  nitrats.  It  does 
not  aft  upon  filica  nor  adamanta. 

The  order  of  its  affinities  is  as  follows  : 

Barytes, 

Potafs, 

Soda, 

Strontites 

Lime, 

Magnefia, 

Ammonia, 


Vauquelin , 
Ant.  de 
dim.  xxii. 
S08. 


Alumina, 

Jargonia  J? 

Metallic  oxyds,  in  the  fame  order 
as  for  fulphuric  acid. 

W  ater. 
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Sect.  IV.  Of  Nitrous  Acid* 

If  oxygen  gas  be  mixed  with  nitrous  gas,  a  quanti- 


fart 


I 


ty  of  red  fumes  appear,  which  are  readily  abforbed  by^w  $) 
water.  Thefe  red  fumes  are  nitrous  acid,  JrUE 


partjof 


If  a  glafs  veffel  containing  nitnc  acid  be  inverted  in-dtr^ 


to  another  veffel  containing  the  fame  acid,  and  expofedcid- 
to  the  light,  the  inverted  glais  will  become  partly  full 
of  oxygen  gas,  and  at  the  fame  time  part  of  the  nitric 
acid  is  converted  into  nitrons  acid  *.  It  follows,  from  * 
this  experiment,  that  nitrous  acid  contains  lefs  oxygen 
than  nitric  acid.  Lavoilier  has  calculated,  that  it  conA'K'st 
tains  fomewhat  lefs  than  three  parts  of  oxygen  to  one 
of  azot.  ^ 

Nitrous  acid  is  of  a  brown  or  red  colour,  exceeding,  $ 
ly  volatile,  and  emitting  a  very  fuffocating  and  fcarcelydts,  1 
tolerable  odour.  When  to  this  acid  concentrated,  a 
fourth  part  by  weight  ot  water  is  added,  the  colour  is 
changed  from  red  to  a  fine  green  ;  and  when  equal 
parts  of  water  are  added,  it  becomes  blue  f .  Dr  Prieft- ,  * 
ley  obferved.  that  water  impregnated  with  this  acid  in'  ^  * 
the  ftate  of  vapour  became  firft  blue,  then  green,  and 
laftly  yellow.  A  green  nitrous  acid  became  orange- 
coloured  while  hot,  and  retained  a  yellow  tinge  when 
cold.  A  blue  acid  became  yellow  on  being  heated  in 
a  tube  hermetically  fealed.  An  orange-coloured  acid, 
by  long  keeping,  became  green,  and  afterwards  of  a 
deep  blue  ;  and  when  expoled  to  air,  refumed  its  ori¬ 
ginal  colour.  Thefe  colours  feem  to  depend  upon  the 
concentration  of  the  acid. 

Dr  Prieftley  found  that  water  abforbed  great  quan¬ 
tities  of  this  acid  in  the  ftate  of  vapour  ;  and  that  when 
fatnrated,  its  bulk  was  increafed  one-third. 

In  the  ftate  of  vapour,  it  13  abforbed  rapidly  by 
oils.  Whale  oil,  by  abforbing  it,  became  green,  thick, 
and  heavier.  It  gradually  decompofed  the  acid,  re¬ 
tained  the  oxygen,  and  emitted  the  azot  in  the  ftate  of 
gas 

It  is  abforbed  by  fulphuric  acid,  but  feemingly  with* 
out  producing  any  change  ;  for  when  water  is  poured 
into  the  mixture,  the  heat  produced  expels  it  in  the 
nfual  form  of  red  fumes  §.  The  only  fingular  circum  jlW 
fiance  attending  this  impregnation  is,  that  it  dilpofes 
the  fulphuric  acid  to  cryftallize  *.  i  his  faft,  firft  ob-*!H 
ferved  by  Dr  Prieftley  in  1777  (y),  was  afterwards p* 
confirmed  by  Mr  Cornette. 

Nitrons  acid  appears  capable  of  combining  with  mod 
of  the  bodies  with  which  nitric  acid  unites.  The  falts 
which  it  forms  are  called  nitrites. 

Its  affinities  have  never  been  accurately  examined. 
Bergman  fuppofes  them  the  fame  with  thofe  of  nitric 
acid. 

Of 


(x)  Nitre,  however,  afts  upon  platinum,  as  Mr  Tennant  has  proved.  Phil.  Tratif.  1797.  Morveau  had 
made  the  fame  obfervation  in  the  Piemens  de  Chirnie  de  V Academic  de  Dijon. 

(y)  Bernhardt,  however,  relates,  in  1765,  that  once,  when  he  was  diftilling  a  mixture  of  ten  pounds  of  nitre 
with  an  equal  quantity  of  calcined  vitriol^  which  he  had  put  into  a  retort,  to  which  was  fitted  an  adapter  be¬ 
tween  the  retort  and  the  receiver,  which  contained  a  quantity  of  water — he  obferved  a  confiderable  quantity  of 
a  white  cryftalline  fait  formed  in  the  adapter,  while  the  liquid  acid  paffed  as  ufual  into  the  receiver.  This  fait 
was  very  volatile,  fmoked  ftrongly  when  it  was  expofed  to  the  air,  and  exhaled  a  red  vapour ;  it  burnt,  to  a  black 
coal,  wood,  feathers,  or  linen,  as  fulphuric  acid  does  ;  and  where  a  piece  of  it  fell,  it  evaporated  in  form  of  a 
blood-red  vapour,  till  the  whole  of  it  difappeared.  Half  an  ounce  of  thefe  cryftals  diffolved  in  water  with  fpurt* 
ing  and  hiffing,  like  that  of  a  red  hot  iron  dipped  in  wate**,  and  formed  a  green  nitrous  acid.  Some  of  this  fait 
being  put  into  a  bottle,  which  was  not  well  flopped*  entirely  vanifhed.  Thefe  cryftals  were  evidently  the  fame 
with  Dr  Prieftley’s.  See  Keir’s  Dictionary . 
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Of  Nitrous  Gas, 

■**  Nitrous  ga$  was  fuft  obtained  by  Dr  Hales,  but 
y  its  properties  wcie  difcovered  by  Dr  Prieftley.  It  may 
s  be  procured  by  diffolving  metals  in  nitric  or  nitrous 
acid,  and  catching  the  product  by  means  of  a  pnenma- 
tic  apparatus. 

As  nitrous  acid  is  formed  by  combining  nitrous  gas 
and  oxygen,  it  is  evident  that  nitrons  gas  contains  leis 
oxygen  than  nitrous  acid.  According  to  Lavoifier,  it 
is  compofed  of  two  pfarts  of  oxygen  and  one  of  azot.v 

Nitrous  gas  is  elaftic,  and  invifible  like  common  air. 
:r"  It  extinguifhes  light,  and  inftantly  kills  all  thofe  animals 
that  are  obliged  to  breathe  it.  Its  fpecific  gravity,  ac- 
JQ.  cording  to  Mr  Kirwan,  is  0,001458  4. 

28.  J3r  Prieftley  found  that  water  was  capable  of  abforb- 
ing  about  one- tenth  of  nitrous  gas,  and  that  by  the  ab- 
>yf  iorption  it  acquired  an  aftringent  tafte  §.  Water  parts 
with  all  the  nitrous  gas  It  has  imbibed  on  being  frozen  f . 

Neither  phofphorus  nor  fulphur  feem  capable  of  de- 
compofmg  nitrous  gas. 

Mr  Linck,  profeffor  at  Roftoc,  found,  that  three 
parts  of  nitrous  gas  and  two  of  hydrogen  gas,  obtained 
by  fulphuric  acid  and  iron,  are  fcarcely,  or  not  at  all, 
diminifhed  when  expofed  to  day-light  over  water.  Com¬ 
mon  air  is  not  more  diminifhed  by  this  admixture  kept 
a  long  time  :  but  the  mixture  itfelf  of  thefe  two  gales 
is  diminilhed  by  the  addition  of  new  portions  of  nitrous 
gas.  Mr  Linck  concludes,  from  this  obfervation,  that 
part  of  the  oxygen  of  the  nitrous  gas  combined  with 
the  hydrogen  and  formed  water,  and  that  the  remaining 
oxygen  and  azot  formed  a  mixture  fimilar  to  the  air  of 
the  atmofphere.  Mr  Vauquelin  had  previoufly  made 
the  fame  obfervation.  The  affinity  of  hydrogen,  there- 
/.  fore,  for  oxygen  is  greater  than  that  of  azot  *. 
m  Oils  imbibe  nitrous  gas  with  avidity,  and  decom- 
pofe  it. 

Nitric  acid  abforbs  a  vaft  quantity  of  it,  and  is  by 
that  means  converted  into  nitrous  acid. — Sulphuric  acid 
alfo  abforbs  it. 

T  he  mod  important  property  of  nitrous  gas  is  that 
of  combining  inftantly  with  oxygen  g*s,  and  forming 
nitrous  acid,  which  is  inftantly  abforbed  by  water.  This 
property  induced  Dr  Prieftley  to  ufe  nitrous  gas  as  a 
tell  of  ihe  purity  ol  common  air.  He  mixed  together 
equal  bulks  of  thefe  fubftances,  and  judged  of  the  pu¬ 
rity  of  the  air  by  the  diminution  of  bulk.  The  appa¬ 
ratus  ufed  for  this  purpofe,  which  coniifts  of  a  gradua¬ 
te-  ted  tube,  has  been  called  a  eudiometer .  This  eudiome¬ 
ter  has  been  greatly  improved  by  Fontana,  but  it  is  Hill 
liable  to  uncertainty  in  its  application.  Perhaps  the 
beft  eudiometer  is  fulphuret  of  potals,  which,  as  Mor- 
veau  has  difcovered,  abforbs,  on  the  application  ol  heat, 
the  whole  oxygen  in  a  given  bulk  of  air  almoft  inftan- 
taneoufly. 

Dr  Prieftley  found,  that  nitrous  gas  was  decompofed 
by  pafting  ele&ric  explofions  through  it. 

Let  us  now  confider  in  what  manner  oxygen  and 
azot  are  combined  in  the  three  fubftances  which  have 
been  juft  deferibed. 

.  It  can  hardly  be  conceived  that  azot  is  capable  of 
*zot  combining  with  three  different  proportions  of  oxygen, 
;ygen and  of  being  faturated  with  each:  it  is  Purely  much 
■nbi-  more  probable,  that  in  nitrous  gas  the  oxygen  and  azot 
faturate  each  other  dire&ly  and  completely  ;  that  ni¬ 
trous  acid  Is  compofed  of  nitrous  gas  and  oxygen,  and 
Suppl.  Vol.  I.  Part  I. 
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nitric  acid  of  nitrous  acid  and  oxygen.  And  this  fup- 
pofition  is  confirmed  by  confidering  that  the  ftrength ,  ,  .  ^  j 
of  affinity  by  which  the  oxygen  is  retained  in  each  of 
thefe  fubftances  is  very  different.  Some  fubftances,  as 
light,  are  capable  of  decompofing  nitric  acid,  by  feizing 
fome  of  its  oxygen,  and  of  converting  it  into  nitrons 
acid  ;  but  they  have  no  effed  whatever  upon  nitrous 
acid  or  nitrous  gas.  Others,  as  bifmuth,  copper,  phof¬ 
phorus,  and  fulphur,  are  capable  of  decompofing  both 
nitric  and  nitrous  acids,  but  are  incapable  of  altering 
nitrous  gas :  And  others,  again,  as  carbon,  zinc,  and 
iron,  are  capable  of  decompofing  all  the  three.  Every¬ 
body  which  is  capable  of  decompofing  nitrous  acid  is 
capable  alfo  of  decompofing  nitric  acid  ;  and  every  body 
that  decompofes  nitrous  gas  is  capable  alio  ot  decom¬ 
pofing  the  other  two.  But  the  reverfc  of  this  is  not 
true.  The  affinity  of  oxygen,  then,  for  azot,  nitrous 
gas,  and  nitrous  acid,  is  different :  oxygen  lias  a  ftronger 
affinity  for  azot  than  it  has  for  nitrous  gas,  and  a 
ftronger  affinity  for  nitrous  gas  than  for  nitrous  acid. 

But  if  all  thefe  bodies  were  dired  combinations  of  azot 
and  oxygen,  how  could  this  difference  of  affinity  take 
place  ?  Is  it  reafonable  to  fuppofe,  that  a  fubftance  has 
a  ftronger  affinity  for  one  proportion  of  any  other  body 
than  for  another  proportion  ?  or  that,  if  fuch  a  difference 
exifted,  the  ftrongeft  affinity  fhonld  not  always  prevail  ? 

Mix  together  nitric  acid  and  nitrous  gas  in  proper  pro* 
portions,  and  the  whole  mixture  is  converted  into  nitrous 
acid  :  but  mix  nitrous  and  nitric  acids  together,  and 
no  change  whatever  is  produced.  In  the  fir  ft  cafe,  is 
it  not  evident  that  the  affinity  of  nitrous  gas  for  oxy¬ 
gen  is  greater  than  that  of  nitrous  acid  ;  that  therefore 
it  decompofes  the  nitric  acid,  deprives  it  of  oxygen, 
and  leaves  it  in  the  ftate  of  nitrons  acid?  But,  in  the 
fecond  cafe,  no  change  can  take  place,  becaufe  nitric 
acid  is  compofed  of  nitrous  acid  and  oxygen  ;  and  it 
would  be  abfurd  to  fuppofe,  that  nitrous  acid  has  a 
ftronger  affinity  for  oxygen  than  nitrous  acid  has.  But 
were  azot  and  oxygen  capable  of  uniting  in  various 
proportions,  why  {hould  not  a  mixture  of  nitric  and  ni¬ 
trous  acids,  or  of  nitrous  gas  and  nitrous  acid,  form  new 
fubftances  ?  And  why  are  the  only  fubftances  which 
appear  in  decompofitions  nitrous  acid  and  nitrous  gas  ? 

Surely  thefe  reafons  are  fufficient  to  (hew  us,  that  thefe 
bodies  are  combined  in  the  following  manner : 


form  nitrous  gas ; 
form  nitrous  acid ; 


Azot  and 
Oxygen 
Nitrous  gas 
and  oxygen  _ 

Nitrous  acid’l  form  n;trjc  ac;d> 
and  oxygen  3 

Perhaps  there  may  be  even  more  links  in  the  chain 
than  we  are  aware  of.  The  dephlogifticated  nitrous  air 
of  Dr  Prieftley,  which  Dieman  and  Van  Trooftwyck 
have  lately  proved  to  be  compofed  of  37  parts  of  oxy¬ 
gen  and  63  of  azot,  and  of  which  little  more  is  known 
than  that  it  fupports  flame,  is  noxious  to  animals,  ab- 
forbed  by  water,  and  only  obtained  by  means  of  fub¬ 
ftances  capable  of  decompofing  nitrous  gas— perhaps 
this  air  is  compofed  dire&iy  of  oxygen  and  azot,  ni¬ 
trous  gas  of  this  air  and  oxygen,  and  fo  on.  There 
may  be  even  links  ilHl “farther  Lack  than  that. 


Sect.  V.  Of  Muriatic  Acid .  4%% 

Difcovery 

Muriatic  acid  appears  to  have  been  known  to  Bafil0f  muriatic 
Valentine  5  but  Glauber  was  the  firft  who  extra&ed  it  acid. 

R  r  from 
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from  common  fait  by  means  of  fulphuric  acid.  Com¬ 
mon  fait  is  compofed  of  muriatic  acid  and  foda,  for 
which  laft  fubftance  fulphuric  acid  has  a  ftronger  affini¬ 
ty.  This  acid  was  firft  called  fpirit  of  fait ,  afterwards 
$  Fr<  m  mu-  mar\ne  ac'icjy  aild  now,  pretty  generally,  muriatic  acid%. 

It  is  iometimes  prepared  by  mixing. one  part  of  com¬ 
mon  fait  with  feven  or  eight  parts  of  clay,  and  diftilling 
the  mixture.  The  clay,  in  this  inftance,  isfuppofed  to 
adl  chiefly  by  means  of  the  fulphuric  acid  which  it  al¬ 
ways  contains  (z)  :  But  this  fubjeft  ftill  requires  far¬ 
ther  elucidation.  By  thefe  proceffes,  muriatic  acid  is 
obtained  diflolved  in  water.  Dr  Prieftley  difcovered, 
that  by  applying  heat  to  this  folution,  and  receiving  the 
prod  adl  in  veffds  filled  with  mercury,  a  gas  was  procu¬ 
red  ;  which  gas  is  muriatic  acid  in  a  flate  of  purity. 

Muriatic  acid  gas  is  inviflble  and  elaftic,  like  com¬ 
mon  air.  It  deflroys  life  and  extingui flies  flame.  A 
candle,  juft  before  it^goes  out  in  it,  burns  with  a  beau¬ 
tiful  green,  or  rather  light  blue  flame  ;  and  the  fame 
flame  appears  when  it  is  firft  li  hted  again 

The  fpecific  gravity  of  muriatic  acid  in  the  ftate  of 
gas  is,  according  to  Mr  Kirwanf,  0,002315,  which  is 
nearly  double  that  of  common  air. 

Water  abforbs  this  gas  with  avidity.  Ten  grains  of 
water  are  capable  of  abiorbing  ten  grains  of  the  gas. 
The  folution  thus  obtained  occupies  the  fpace  of  13,3 
grains  of  water  nearly.  Hence  its  fpecific  gravity  is 
1,50  ,  and  the  denfity  of  the  pure  muriatic  acid  in  it 

lrith  Tranf  *S  3’° 3  *  (A)* 

vol  iv/  *  As  muriatic  acid  can  only  be  ufed  conveniently  when 
diflolved  in  water,  it  is  of  much  confeqnence  to  know 
how  much  pure  acid  is  contained  in  a  given  quantity  of 
424  liquid  muriatic  acid  of  any  particular  denfity. 

Quantity  of  Now  the  fpecific  gravity  of  the  pureft  muriatic  acid 
it  contained  that  can  eafily  be  procured  and  preferved,  is  1,196  ;  it 
in  acid*  of  wou^  ’De  needle  fs.  therefore,  to  examine  the  purity  of 
any  muriatic  acid  of  fuperior  denfity.  Mr  Kirwan  cal¬ 
culated  that  muriatic  acid,  of  the  denfity  1,196,  con¬ 
tains  parts  of  acid  of  the  denfity  1,500,  which  he 
took  for  the  ftandard  ;  then,  by  means  of  experiments, 
he  formed  the  following  table  : 
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Its  proper¬ 
ties. 


*  Prieftley } 

H- ' 

t  Irijb 

Tranf.  iV. 


Kirwan, 


various 

denfitits. 


ico  part-, 
at  the  Spe¬ 
cific  gra¬ 
vity 

contain 
of  ftan¬ 
dard  acid 

too  parts, 
at  the  fpe- 
cific  gra¬ 
vity 

contain 
of  fian- 
dard  acid 

100  parts, 
at  the  fpe¬ 
cific  gra¬ 
vity 

contain 
of  ftan. 

•  lard  acid 

1,196 

49 

LM7 

37* 

1,1036 

26 

1,191 

48 

Ll4»4 

36 

1,0984 

25 

1*187 

47 

1*1396 

35 

1,0942 

24 

I»t83 

46 

LI358 

34 

1,0910 

23 

1>I79 

45 

1,1320 

33 

1,0868 

22 

I>,7  > 

44 

1,1282 

32 

1,0826 

21  . 

1,171 

43 

1,1244 

31 

1,0784 

20 

1,167 

42 

1,1206 

30 

1,0742 

*9 

1,163 

4i 

1, 1168 

29 

1,0630 

16 

'>'59 

40 

1,1120 

28 

1*0345 

10 

Li  55 
3,151 

39 

38 

00 

r>. 

O 

27 

1,0169 

5 

Muriatic  acid  (for  this  folution  of  the  acid  in  water 
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is  always  called  by  that  name)  is  generally  of  a  pale  Oxy-muta 
yellow  colour,  owing,  as  DrPrieftley  fuppofed,  to  fome  tllc  Acft 
earthy  matter  diflolved  in  it  ;  but  much  more  probably 
to  its  having  abforbed’  a  quantity  of  oxygen,  for  which 
it  has  a  ftrong  affinity.  Indeed,  that  this  is  the  eaufe 
appears  evidently  from  Dr  Prieftley’s  own  obfervations  ; 
for  it  was  deftroyed  only  by  thofe  bodies  which  had  a 
ftronger  affinity  for  oxygen.  It  is  very  volatile,  as 
might  be  expelled,  conftantly  emitting  white  fumes  of 
a  peculiar  and  unpleafant  odour.  ^ 

Muriatic  acid  is  capable,  by  the  affiftance  oflieat,  ofitsa&io* 
oxydating  the  following  metals:  Iron,  tin,  lead,  zinc,  °n  othcrj 
bifmuth,  cobalt,  nickel,  manganefe,  antimony,  arfenic.  bo^es* 
Several  of  thefe,  as  iron,  for  inftance,  it  oxydates  even 
without  the  affiftance  of  heat. 

At  a  boiling  heat,  it  oxydates  filver  and  copper.  It 
has  no  aftion  on  gold,  platinum,  mercury,  tungften, 
molybdenum,  tellurium,  titanium.  Its  aftion  on  ura¬ 
nium  has  not  been  tried. 

In  the  ftate  of  gas,  it  appears  to  decompofe  alcohol 
and  oils  by  its  affinity  for  water  *.  *  PrhUlej, 

It  is  capable  of  diffolving  a  little  fulphat  and  fluat  f 
of  lime,  and  arfeniat  of  mercury.  j"  See^* 

It  combines  with  the  alkalies,  alkaline  earths,  alu¬ 
mina,  and  jargonia,  and  with  moft  of  the  metallic  oxyds, 
and  forms  neutral  falts,  known  by  the  name  of  muriats .  426 

Morveau  firft  (hewed,  that  this  acid,  in  the  ftate  of  Deftroys. 
gas,  neutralized  putrid  miafmata,  and  by  that  means?utn<iiai1, 
deftroyed  their  bad  effe&s.  In  1773,  the  cathedral  0flmaU 
Dijon  was  fo  infedled  by  putrid  exhalations,  that  it  was 
delerted,  after  feveral  unfuccefsful  attempts  to  purify  it. 
Application  was  made  to  Mr  Morveau  to  fee  whether 
he  knew  any  method  of  deftroying  thefe  exhalations. 

He  poured  two  pounds  of  fulphuric  acid  on  fix  pounds 
of  common  fait,  contained  in  a  glafs  capfule,  which  had 
been  placed  on  a  few  live  coals  in  the  middle  of  the 
church.  He  withdrew  precipitately,  and  fhut  all  the 
doors.  The  muriatic  acid  gas  foon  filled  the  whole  ca¬ 
thedral,  and  could  even  be  perceived  at  the  door.  After 
12  hours,  the  doors  were  thrown  open,  and  a  current  of 
air  made  to  pafs  through  to  remove  the  gas.  This  de- 


bpe 


ftroyed  completely  every  putrid  odour  f 

The  affinities  of  muriatic  acid  are  as  follows  : 
Barytes, 

Potafs, 

Soda, 

Strontites 

Lime, 

Magnefia, 

Ammonia, 
v  Alumina, 

Jargonia  *, 

Metallic  oxyds  as  in  fulphuric  acid, 
Water. 


|  Jovr.it 

Ayf.  43* 

427 

Its  affinities 


|  Dr  Hfr 


Ug* 

|!  J&ii 


*pdvq 
Ann.de  ( 
Cbim. 
208. 


Sect.  VI.  Of  Oxy -muriatic  Acid . 


Put  into  a  glafs  retort  one  part  of  the  black  oxycf  pifcovery 
of  manganefe  and  three  parts  of  muriatic  acid  ;  place  an J  p^F3' 
it  in  a  fand-bath  in  fuch  a  manner  that  the  liquor  which ratlon°;J< 


rifes  up  kito  the  neck  of  the  retort  may  fall  back  again 


into 


(z)  Morveau  has  fhown,  that  even  alumina  contains  fulphuric  acid,  provided  a  precipitation,  on  adding  mu- 
riat  of  barytes,  be  a  fufficient  tell. 

(a)  For  let  D  =  the  denfity  of  a  mixture*  m  the  weight  of  the  denfer  ingredient*  ^  its  denfity*  /  the  weight  of 

2  r  an 
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ri  into  the  veffel ;  and  apply  a  frmll  receiver,  with  a  little 
!<h  water  in  it,  'luted  to  the  retort  merely  by  a  fillet  of 
“§j  brown  paper.  In  about  a  quarter  of  an  hour  the  re¬ 
ceiver  will  appear  filled  with  a  yellow-coloured  gas  ;  it 
•  is  then  to  be  removed,  and  others  applied  fucceffively 
till  the  operation  be  finifhed.  . 

This  gas  is  oxy-muriatic  acid,  firft  difeovered  by 
Sclieele,  while  he  was  making  experiments  on  manga- 
nefe,  and  called  by  him  dephh ogijlicated  muriatic  acid,  be- 
caufe  he  thought  it  muriatic  acid  deprived  of  phlo- 
gifton.  The  French  chemifts  called  it  oxygenated  muri¬ 
atic  wid,  which  Dr  Pearfon  contraded  into  oxy- muria¬ 
tic  acid ;  and  this  laft  name  we  have  adopted,  became  it 
is  fhorter  and  equally  diftinft.  .  . 

c  po-  The  true  theory  of  the  formation  and  compofition 
of  this  acid,  which  was  firft  given  by  Berthollet,  will 
appear  from  the  following  fa£t s :  T.h o.  black  oxyd  or 
manganefe  is,  during  the  procefs,  converted  into  white 
oxyd,  and  mufl  therefore  have  given  out  a  quantity  of 
oxygen.  When  oxy-muriatic  acid  diffolved  in  water  is 
prefented  to  the  light  in  a  vefTel  half  empty,  oxygen 
gas  is  difengaged  and  floats  above,  and  the  acid  is  con- 
verted  into  common  muriatic  acid  :  Confequently  oxy- 
muriatic  acid  is  compofed  of  muriatic  acid  and  oxygen. 
Black  oxyd  of  manganefe  is  compofed  of  white  oxyd 
and  oxygen  ;  muriatic  acid  has  a  flronger  affinity  for 
oxygen  than  the  white  oxyd  ;  during  the  diltillation 
the  black  oxyd  is  decompofed,  the  oxygen  combines 
with  muriatic  acid,  and  the  produd  is  oxy-munatic 

acid  gas.  T  r 

,  Lr.  Oxv-muriatic  acid  gas  is  of  a  yellow  colour,  it  lup- 
D  ports  flame,  but  cannot  be  breathed  without  proving- 
noxious.  The  death  of  the  ingenious  and  induftnous 
Pelletier,  to  whom  we  have  fo  often  referred,  was  occa- 
f, oned  by  his  attempting  to  tefpire  it.  A  consumption 
was  the  confequence  of  this  attempt,  which,  in  a  Ihort 

time,  proved  fatal.  ,  f  , 

It  does  not  unite  readily  with  water,  bcheele  found, 
that  after  {landing  12  hours  over  water,  yths  of  the  gas 
were  abforbed  :  the  remainder  was  common  air,  which 
no  doubt  had  been  contained  in  the  veffel  before  the 
operation.  Berthollet  furrounded  feveral  bottles  con¬ 
taining  it  with  ice  :  as  foon  as  the  water  in  thefe  bottles 
wa«  fattirated,  the  gas  became  concrete,  and  funk  to 
the  bottom  of  the  veffels  ;  but  thcfmalleft  heat  made  it 
rife  in  bubbles,  and  endeavour  to  efcape  in  the  form  ot 
eras  *  Weftrum  obferved  that  it  became  folid  when 
Lr**  expofed  in  large  veffels  to  the  temperature  of  40°;  and 
\  Jr  *  that  then  it  exhibited  a  kind  of  cryftalhzation  +.  The 
rique,  fpecific  gravity  of  water  faturated  with  this  gas  at  the 
1  rii .  382. 
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temperature  of  43°,  »  i.°°3  t-  Water  impregnated Oxy-muri' 

with  it  has  not  an  acid,  but  an  auftere  tafte  J,  unlike  v— ^ - , 

that  of  other  acids.  #  t  Berthollet, 

It  renders  vegetable  colours  white ,  and  not  red,  a ^  Jour,  de 
other  acids  do;  and  the  colour  thus,  deftroyed  «n  W»7«J. 
neither  be  reftored  by  acids  nor  alkalies.  It  has  the 
fame  effeas  on  yellow  wax.  If  the  quantity  of  vegetable 
colours  to  which  it  is  applied  be  fnfficiently  great,  it  is 
found  reduced  to  the  Hate  of  common  muriatic  acid. 

Hence  it  is  evident,  that  it  deftroys  thefe  colours  by 
communicating  oxygen.  This  property  has  rendered 
oxy-muriatic  acid  a  very  important  article  in  bleaching. 

Nitrous  gas,  hydrogen,  fulphur,  fulphurous  acid,  and 
phofphorus,  dtcompofe  this  acid,  by  depriving  it  of  its 
oxygen,  and  leaving  the  muriatic  acid  in  a  feparate  hate. 

Phofphorus,  however,  does  not  produce  this  effed 
readily,  except  when  affifted  by  heat  .  .  Fmyel. *  * 

When  muriatic  acid  is  mixed  with  nitric  acid,  the 
compound  has  precifely  the  fmell  and  the  qualities  of  Chimie  I. 
oxy-mnriatic.  It  can  fcarcely  be  doubted,  therefore,  251. 
that  as  far  as  it  ads  as  an  acid,  different  from  the  mix-  Nk4r^mu- 
riatic  and  the  nitric,  it  is  nothing  elfe  but  oxy-muriatic  rjatjc 

This  mixture  of  the  two  acids  was  formerly^called 
aqua  regia  ;  but  at  prefent  it  is  called  by  the  French 
chemifts  nitro-muriatic  acid.  It  is  firft  mentioned  by 
Ifaac  the  Hollander,  and  feems  to  have  been  known  be¬ 
fore  the  muriatic  acid  itfelf.  It  was  prepared  by  pour¬ 
ing  nitric  acid  on  common  fait.  T-  he  nitric  acid  de- 
compofes  the  fait,  and  part  of  it  unites  with  the  muri¬ 
atic  acid  thus  fet  at  liberty. 

Oxy-muriatic  acid  oxydates  all  the  metals  (except,  a(ftiorl 
perhaps,  titanium)  without  the  affiftance  of  heat.  on  other 

It  decompofes  red  fulphuret  of  mercury,  or  cinnabar, bodies, 
which  neither  fulphuric  nor  nitric  acid  is  able  to  ac- 
complilh  f-  .  .  t  Bergman, 

All  the  fubftances  placed  before  muriatic  acid  in  the 
table  of  the  affinities  of  oxygen,  are  capable  of  decompo- 
fing  this  acid.  Many  of  them,  when  plunged  into  it  while 
in  the  Hate  of  gas,  adually  take  fire.  Weftrum  obler- 
ved,  for  inftance,  that  when  pieces  of  wood  were  plun¬ 
ged  into  this  gas,  they  took  fire  ;  that  arfenic  burned 
with  a  blue  and  green  flame;  bifmuth,  with  a  lively 
bluilh  flame  ;  nickel,  with  a  white  flame,  bordering  on 
yellow  ;  cobak,  with  a  white  flame,  approaching  to 
blue;  zinc,  with  a  lively  white  flame;  tin,  with  a  feeble 
bluifti  flame  ;  lead,  with  a  fparkling  white  flame  ;  cop¬ 
per  and  iron,  with  a  red  flame:  that* powdered  char¬ 
coal  took  fire  in  it  at  the  temperature  of  90°,  and  that 
ammonia  produced  with  it  aloud  detonation  £.  ,  „  , 

Rrz 

Fbyfiquc, 

_  xx.xvii.  385. 
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equal  bulk  of  ™ter ,  and  <h  °f  >hc  ;  Th“  D  =  T+T'  In  ,he 

+  +  Then  D=-^  =  .,5-  Now  to  Sod  the  Cpecifie  gravle,  of  the 

m  -j-  m  —  D 5  ?  ^  j  j  

condenfed  muriatic  acid  gas,  we  have  from  the  above  equation  /  =  X)  ~  1  -5  ~  ’  a 

—  -  —  -  3,03.  See  Irifi  Tranfa8i<ms,  vol.  iv. 

I  3»3  ,  .  c  1  flap  fnnnofitioii  that  the  water  luffers  no  condenfation.  at  all — 

r„prPoS,S  «3y  Si  -0  -  “> Kdr *—  *• 

fn  Mr  Kirwan’s  firft  paper  arc  inefficient  to  prove. 
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With  alkalies,  earths,  and  metallic  oxyds,  it  is  ca¬ 
pable  of  combining  and  forming  neutral  falts,  which 
have  been  called  oxy-muriats. 

s  The  affinities  of  this  acid,  according  to  Lavoifier, 
are  as  follows : 

Alumina, 

Jargon  ia  *  ? 

Ammonia, 

Oxyd  of  antimony, 

-  Silver, 

Arfenic, 


Barytes, 
Strontites  ? 

Oxyd  of  bifmuth. 
Lime, 

Oxyd  of  cobalt, 

—  - -  Copper, 

- -  Tin, 

Iron, 


Magnefia  (b), 

Oxyd  of  manganefe, 
-  Mercury, 

—  ■  ■■  Molybdenum, 

- -  Nickel, 

- -  Gold, 

—  - -  Platinum, 

Lead, 


Potafs, 

Soda, 

Oxyd  of  tungften. 
Zinc  (c). 


The  component  parts  of  muriatic  acid  are  ftill  im¬ 
perfectly  known.  Dr  Girtanner  pretended,  about  the 
year  1 790,  that  he  had  decompofed  it;  and  that  it  con¬ 
fided  of  hydrogen  combined  with  a  greater  proportion 
of  oxygen  than  enters  into  the  compofition  of  water* 
He  palled  electrical  explofions  through  muriatic  acid, 
and  obtained  a  quantity  of  oxygen  and  hydrogen  gas. 
But  a  repetition  of  thefe  experiments  ffiewed,  that  the 
gafes  were  owing,  not  to  the  decompofition  of  the  acid, 
but  to  that  of  the  water  with  which  the  acid  was  com¬ 
bined. 

The  experiments  of  MrLambe  (d)  have  lately  opened 
a  new  and  unexpected  path,  which  leems  to  lead  direct¬ 
ly  to  the  difeovery  of  the  component  parts  of  this  acid. 
He  found,  that  when  iron  was  aCted  upon  by  fulpliu- 
rated  hydrogen  gas,  a  fubltance  was  produced  which 
poftefled  all  th§  properties  of  oxy  muriat  of  iron  (oxy- 
muriatic  acid  combined  with  iron).  The  fulphurated 
hydrogen  gas  which  he  ufed  was  obtained  from  fulphuret 
of  iron,  formed  by  fufing  equal  parts  of  iron  and  flowers 
of  fulphur;  and  it  was  extricated  by  diluted  fulphuric 
acid.  In  a  folution  of  this  gas  in  diftilled  water,  he  di¬ 
gested  iron-filings,  previoufly  purified  by  repeated  wafh- 
ings  with  diftilled  water  The  bottle  was  filled  with 
the  folution,  and  corked.  The  iron  was  prefently  aCted 
upon  ;  numerous  bubbles  arofe,  which  drove  the  cork 
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out  of  the  bottle  ;  they  were  flrongly  inflammable,  and 
probably,  therefore,  pure  hydrogen  gas.  The  liquor  Acili> 
gradually  loft  its  odour  of  fulphurated  hydrogen  gas, 
and  after  fome  days  fmelled  very  much  like  ltagnant 
rain-water.  As  the  bubbles  ceafed  to  be  produced,  it 
recovered  its  tranfparency.  On  evaporating  a  fmali 
quantity  of  this  folution  in  a  watch-glafs  to  drynefs,  a 
bitter  deliquefeent  fait  was  left  behind.  On  this  fait 
a  little  fulphuric  acid  was  dropped,  and  paper  moiften- 
ed  with  ammonia  was  held  over  the  glafs ;  white  va¬ 
pours  were  immediately  formed  over  the  glafs  ;  and 
confequently  fome  volatile  acid  was  feparated  by  the 
fulphuric  acid.  Mr  Lambe  evaporated  about  eight 
ounce-meafures  of  the  fame  liquor,  and,  as  before,  drop¬ 
ped  a  little  fulphuric  acid  on  the  refiduum  ;  a  ftrong 
efFervefcence  was  excited,  very  pungent  acid  fumes  aiote, 
which,  from  their  fmell,  were  readily  known  to  be  mu¬ 
riatic.  The  fame  truth  was  eftablifhed  beyond  a  doubt, 
by  holding  a  bit  of  paper  moiftened  with  water,  which 
made  the  vapours  vifible  in  the  form  of  a  grey  fmoke  ; 
a  di ding ui filing  charafteriftic,  as  Bergman  has  obferved,. 
of  the  muriatic  acid. —  When  manoaneie  and  mercury 
were  diffolved  in  fulphurated  hydrogen  gas,  the  falts 
formed  gave  the  fame  unequivocal  marks  of  the  pre¬ 
fence  of  muriatic  acid  +.  \  Un&% 

Shall  we  conclude  from  thefe  fa&s,  that  the  bails  of 
muriatic  acid  is  fulphurated  hydrogen  ;  that  muriatic 
acid  is  fulphurated  hydro jen  combined  with  oxygen  ; 
that  this  combination  takes  place  during  the  folution 
of  the  iron  ;  and  that  the  efcape  of  hydrogen  is  owing 
to  the  decompofition  of  the  water  ? 


4 
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Sect.  VII. 


Phofphoric  Acid . 

Phosphorus  is  capable  of  forming  combinations  nife^verv 
with  two  different  quantities  of  oxygen;  with  the  0f  phdjto 
larger  it  forms  phofphoric  ;  and  with  the  fmaller  phof-  rus. 
phorus  acid. 

Phofphoric  acid  was  unknown  till  after  the  difeovery 
of  phofphorus.  Boyle  is  perhaps  the  firft  perfon  who 
mentions  it  :  he  difeovered  it  by  allowing  phofphorus 
to  burn  (lowly  in  common  air.  But  Margraf  was  the 
firft  perfon  who  examined  its  properties,  and  difeovered 
it  to  be  a  peculiar  acid. 

It  may  be  procured  by  expofing  phofphorus  to  a  mo¬ 
derate  heat  :  the  phofphorus  takes  fire,  combines  with 
oxygen,  and  is  converted  into  an  acid. 

It  may  alfo  be  prepared  by  expofing  phofphorus  4 
during  f  me  weeks  to  the  ordinary  temperature  of  the  preparing* 
atmolphere,  even  in  winter;  when  the  phofphorus  un¬ 
dergoes  a  flow  combuftion,  and  is  gradually  changed  in¬ 
to  a  liquid  acid,  bor  this  purpofe,  it  is  ufual  to  put 
fmali  pieces  of  phofphorus  on  the  inclined  fide  of  a  glafs 
funnel,  through  which  the  liquor  which  is  formed  drops 
into  the  bottle  placed  to  receive  it.  From  one  ounce 
of  phofphorus  about  three  ounces  of  acid  liquor  may  be 
thus  prepared,  called  phofphoric  acid  by  deliquefcence. 

Scheele  has  contrived  another  mode  of  obtaining  the 
_  phofphoric 


(b)  According  to  Tromfdorf,  oXy-muriatic  acid  is  incapable  of  combining  with  magnefia.  Ann,  de  Chim . 

XXII.  2 1  o • 

(c)  Th's  is  the  order  of  the  affinities  of  nitro-muriatic  acid.  Many  fads  (fome  of  which  fhall  appear  after¬ 
war  s)  concur  to  prove  that  the  affinities  of  the  oxy-muriatic  acid  are  the  fame,  and  indeed  that  they  are  the 


fame  acids, 

(d)  Analyfis  of  the  waters  cf  two  mineral  fprings  at  Leminton  Priors.  Manchejler  Memoirs ,  vol,  V.  part  ift. 
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phofphoric  acid  from  phofphorus  without  combuftion, 
id  by  the  mere  action  of  the  nitric  acid  on  phofphorus 
Mr  Lavoifier  has  repeated  and  deferibed  this  procefs  §. 
ir  He  put  two  pounds  of  nitric  acid,  the  fpecihc  gravity 
£  of  which  was  1,29895,  into  a  retort,  the  contents  of 
17  -  which  were  equal  to  fix  or  feven  French  pints,  and  to 
which  a  balloon  was  fitted.  Havin/  placed  this  retort  in 
a  fand-bath,  and  brought  the  heat  of  the  acid  contained 
in  it  to  1 3 deg.  he  added  fucceffively  fmall  quantities 
of  phofphorus,  about  ten  01  twelve  grains  at  a  time, 
until  he  had  diffolved  2\th  oz.  At  firft.  the  effervef- 
cence  was  great,  but  at  laft  he  was  obliged  to  apply 
heat  to  effect  the  iolution.  The  operation  lafttd  17  or 
18  hours.  A  good  deal  of  nitrons  acid  had  pafied  in¬ 
to  the  receiver.  He  then  poured  the  contents  of  the 
retort  into  a  fmaller  retort,  and  evaporated  by  means  of 
a  ftron  rer  heat,  until  the  phofphoric  acid  began  to  dif- 
til  in  white  vapours.  The  remaining  acid  was  fo  thick* 
that  he  could  not  pour  it  out  of  the  retort,  and  there¬ 
fore  could  not  afeertain  its  quantity  ;  but  he  fuppofes 
it  might  be  eight  or  nine  ounces,  in  which  he  thinks 
there  were  about  2\  ounces  of  phofphoius  ;  the  re¬ 
maining  \  ounce  being  fuppokd  to  have  evaporated. 
The  quantity  of  oxygen  imbibed  he  reckons  at  3^ 
ounces,  and  the  quantity  of  water  at  about  2  ounces. 

Lavoifier  computes,  that  phofphoric  acid  contains 
100  parts  of  phofphorus  and  154  of  oxygen. 

L  The  colour  of  this  acid  is  white  ;  it  has  no  fmell, 
has  an  acid  tafte  ;  but  is  not  corrofive  (e). 

It  is  exceedingly  fixed.  When  expoled  to  the  fire 
in  a  matrafs  with  a  lorn?  neck,  it  lofesat  firft  the  greater 
part  of  its  water  \  then  an  odour  of  garlic  is  felt,,  ow¬ 
ing  to  fome  phofphorus,  from  which  it  is  exceedingly 
difficult  to  clear  it  entirely  •>  there  is  likewife  a  fmall 
quantity  of  the  acid  volatilized  along  with  the  water. 
The  liquor  then  becomes  thick  and  milky  :  fmall  lumi¬ 
nous  decrepitations  take  place  from  time  to  time,  and 
they  continue  for  fome  time  after  the  veffel  is  taken 
from  the  fire.  If  the  matter  be  then  put  into  a  cru¬ 
cible,  and  placed  among  burning  coals,  it  firft  boils  vio¬ 
lently,  and  gives  out  a  vapour  which  tinges  flame  green, 
and  is  at  latt  converted  to  a  white  tranfparent  glafs,  in. 
foluble  in  water. 

The  fpecific  gravity  of  this  acid  in  a  if  ate  of  dry- 
nefs  is  2,687  f,  that  of  phofphoric  acid  by  deliquef- 
%  IV, cence  1,417  *•  It  is  capable  of  cryftallizing  ;  its  cry- 
ilals  are  quadrangular  prifms  terminated  by  quadrangu- 
lar  pyramids. 

Phofphoric  acid  obtained  by  deliquefcence,  when 
mixed  with  an  equal  quantity  of  diiiilled  water,  acqui¬ 
red  fo  little  heat  as  to  raife  the  thermometer  only  one 
degree,  as  Mr  Sage  obferved. 

Mr  Lavoifier  raifed  Reaumur’s  thermometer  from  8° 
to  14^  or  15^  by  mixing  phofphoric  acid  boiled  to 
the  confiftence  of  a  fyrup,  with  an  equal  quantity  of 
water  ;  and  from  8°  to  32°  or  330  when  the  acid  was 
ki  as  thick  as  turpentine  *. 

*  >  Phofphoric  acid  is  capable  of  oxydating  iron,  tm, 
Jj  lead,  zinc,  antimony,  bifmuth,  manganefe.  When  fu¬ 
ll  1  fed  with  feveral  of  thefe  metals,  as  tin,  lead,  iron,  and 
e  zinc,  it  is  converted  into  phofphorus  ;  a  proof  that  they 
have  a  ftronger  affinity  for  oxygen. 
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It  does  not  aft  upon  gold,  platinum,  filver,  copper,  Boratfc 
mercury,  atfenic,  cobalt,  nickel  It  appears,  however,  ^  .  1 
to  have  fome  adion  on  gold  in  the  dry  way.  a3  it 
is  called ;  for  when  fufed  with  gold-lea1,  it  affurnes  a 
purple  colour  ;  a  proof  that  the  gold  has  been  oxydated. 

It  is  capable  of  combining  with  alkalies,  alkaline 
earths,  alumina,  and  metallic  oxyds  ;  and  of  forming 
faits,  known  by  the  name  of phofphats . 

Phofphoric  acid,  by  the  abidance  of  heat,  is  capable 
of  decompofing  glafs.  '  439  > 

Its  affinities  are  as  follows  :  *ts  affinities 

I  n  me, 

Barytes, 

StrontitesJ  f  Hope, 

Magnefia,  Tra”Axr 

t>  j  tain.  IV, 

Potals, 

Soda, 

Ammonia, 

Alumina. 

Jargoma  *r  *  Vauque- 

Metallic  oxyds,  as  in  fulphurfc  acid,  tin.  dnn  dt 
Water.  ™u 

The  Phosphorous  Aero  is  formed  when  ohofpho- 
rus  is  expofed  to  a  flow  fpontaneons  combuftion  at  the  phufpho- 
temp-erature  of  the  atmofphere;  but  it  gradually  abiorbsrousacid#. 
more  oxygen,  and  ia  converted  into  phofphoric  acid. 

Concerning  phofphorous  acid  nothing  of  any  confe- 
quence  is  at  prefent  known,  except  that  it  contains  lefs 
oxygen  than  phofphoric  acid. 


Sect.  VIII-  B oracle  Acid. 
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The  word  borax  firft  occurs  in  the  works  of  Ge*  Borax* 
ber,  an  Arabian  chemift  or  the  tenth  century.  It  is  a 
name  given  to  a  lpecies  of  white  fait  much  ufed  by  va¬ 
rious  artifts.  Its  ufc  in  folderirig  metals  appears  to 
have  been  known  to  Agricola. 

Borax  is  found  mixed  with  other  fubftances  in  Thi¬ 
bet.  It  feems  to  exift  in  fome  lands  adjacent  to  lakes, 
from  which  it  is  extraded  by  water,  and  depofited  in 
thole  lakes ;  whence  in  fummer,  when  the  water  is 
fh allow,  it  is  extraded  and  carried  off  in  large  lumps. 
Sometimes  the  water  in  thefe  lakes  is  admitted  into 
refervoirs,  at  the  bottom  of  which,  when  the  water  is 
exhaled  by  the  fummer’s  heat,  this  fait  is  found.— 

Hence  it  is  carried  to  the  Eaft  Indies,  where  it  is  in 
fome  meafure  purified  and  cryilallized  :  in  this  ft  ate  it 
comes  to  Europe,  and  is  called  tincal .  in  other  parts 
of  Thibet,  it  feems,  by  accounts  received  from  China, 
they  dig  it  out  of  the  ground  at  the  depth  of  about 
two  y aids,  where  they  find  it  in  flnall  cryitalline  maffes, 
called  by  the  Chineie  mi  poun ,  horn  poun ,  and  pin  poun  ; 
and  the  earth  or  ore  is  called  pounxa  *. 

Though  borax  has  been  in  common  ufe  for  nearly  ~  *™ra 
three  centuries,  it  wa3  only  in  1702  that  Romberg,  Dy  442 
diftilling  a  mixture  of  borax  and  green  vitriol,  difeovered  Difcovery 
the  b oracic  acid.  lie  called  it  narcotic  or  fedative  fait,  of  boracic 

Pom  a  notion  of  his,  that  it  pofleffed  the  properties  in-aci  * 
dicated  by  thefe  names.  In  his  opinion,  it  was  merely 
a  produd  of  the  vitriol  which  he  had  ufed  ;  but  Le- 
mery  the  Younger  foon  after  difeovered,  that.it  could 
likewife  be  obtained  from  borax  by  means  of  the  nitric 
and  muriatic  acids.  Geoffroi  afterwards  difeovered, 

that 


(e)  We  have  obferved,  however,  that  when  very  much  concentrated  it  deftroyed  the  texture  of  vegetable  fub. 
fiances,  paper,  for  inftance,  very  completely. 
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Boracic  that  borax  contained  foda  ;  and  at  laft  Baron  proved, 
by  a  number  of  experiments,  that  borax  was  compofed 
'  of  boracic  acid  and  foda  ;  that  it  might  be  reproduced 
by  combining  thefe  two  fubflances — and  that  therefore 
the  boracic  acid  was  not  formed  during  the  decompo¬ 
sition  of  borax,  as  former  chemifts  had  imagined,  but 
443  was  a  peculiar  (ubftance  which  pre-exifted  in  that  fait. 
Attempts  This  conclufion  has  been  called  in  queftion  by  Mr 
tbauTdoe*  Cadet  *  *  who  that  lt  wa3  compofed  of  foda, 

not  exiftin  the  *uit  rtf  able  earth  of  copper ,  another  unknown  metal ,  and 
tfa>rax;  muriatic  acid,  But  this  affertion  has  never  been  con- 
*  Jourrt.  de  firmeci  by  a  Angle  proof ;  Mr  Cadet  has  only  pro- 

Fbyf,  1782  *  oAirl  Cnmpt'impa  pnrf'ainc  pnnnPf  •  3Df 


•^bf'  x7®a'ved,  that  boracic  acid  fometimes  contains  copper  ;  and 
Beaume’s  experiments  tire  fufhcient  to  convince  us,  that 
this  metal  is  merely  accidentally  .prefent,  and  that  it  is 
probably  derived  from  the  veffels  employed  in  cryftal- 
lyzing  borax  :  That  boracic  acid  generally  contains  a 
little  of  the  acid  employed  to  feparate  it  from  the  ioda, 
with  which  it  is  combined  in  borax  :  And  that  crude 
borax  contains  a  quantity  of  earth  imperfeAly  fatura- 
ted  with  boracic  acid : — All  which  may  be  very  true  ; 
but  they  are  altogether  inefficient  to  prove  that  bora¬ 
cic  acid  13  not  a  peculiar  fubftance,  lince  it  difplays  pro¬ 
perties  different  from  every  other  body. 

*444  Meffrs  Exfchaquet  and  Struve  have  endeavoured,  an 

prove  that  other  hand,  to  prove,  that  the  phofphoric  and  bo¬ 
lt  is  phof-  racic  acids  are  the  fame.  But  their  experiments  mere- 
phoric  acidly  (hew,  that  thefe  acids  refemble  one  another  in  feveral 
particulars  ;  and  though  they  add  confiderably  to  our 
knowledge  of  the  properties  of  the  phofphoric  acid,  they 
are  quite  inadequate  to  eftabliffi  the  principle  which 
thefe  chemifts  had  in  view  ;  fince  it  is  not  fufficient  to 
•  prove  the  identity  of  the  two  acids*  to  ffiew  us  a  re- 
femblance  in  a  few  particulars,  while  they  differ  in 
many  others.  Boracic  acid  mu  ft  therefore  be  confider- 
ed  as  a  diftin  A  fubftance,  the  component  parts  of  which 
445  *  are  entirely  unknown. 

Method  of  The  eafieft  method  of  procuring  boracic  acid  is  the 
procuring  ,  following  one  :  Diffolve  borax  in  hot  water,  and  filter 
the  folution;  then  add  fulphuric  acid,  by  little  and  little, 
till  the  liquor  be  rather  more  than  fatu rated.  Lay  it 
;afide  to  cool,  and  a  great  number  of  fmall,  fhining,  la¬ 
minated  cry fials ‘will  form.  Thefe  are  the  boracic  acid. 
They  are  to  be  waffied  with  cold  water,  and  drained 
upon  brown  paper. 

This  acid  has  a  fourifh  tafte  at  firft,  then  makes  a 
bitteriffi  cooling  impreffion,  and  at  laft  leaves  an  agree¬ 
able -fweetnefs.  Its  cryftals  have  tome  refemblance  to 
fpermaceti,  and  it  has  the  fame  kind  of  feel. 

It  changes  vegetable  blues  to  red  ;  it  has  no  fmell ; 
but  when  fulphuric  acid  is  poured  on  it,  a  tranfient 
odour  of  mufk  is  produced  *.  The  air  produces  no 
change  on  it. 

According  to 'Reufs,  it  is  foluble  in  20  parts  of  cold 
water,  eight  parts  of  warm  water,  and  2,9  of  boiling 
water.  According  to  Wenzel,  960  grains  of  boiling  wa¬ 
ter  diffolve  .434  of  this  acid.  According  to  Morveau, 
one  poundof  boiling  water  diffolves  only  183  grains. 

It  is  exceedingly  fixed  when  not  combined  with  wa¬ 
ter.  When  expofed  to  a- violent  fire  it  is  converted  in¬ 
to  a  white  tranfparent  glafs  ;  which,  however,  is  foluble 
in  water,  and  produces  the  acid  again  by  evaporation. 

Boracic  acid  is  alfo  foluble  in  alcohol  $  a*nd  alcohol 
Ktrwiin't  containing  it  burns  with  a  green  flame. 
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Its  proper¬ 
ties. 


*  "Reufs 
JDc  Sale  Se- 

glut.  1778. 
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Paper  dipped  into  a  folution  of  boracic  acid  burns  Flno*  $ 
with  a  green  flame.  Acij  ; 

Though  mixed  with  fine  powder  of  charcoal,  it  is ^ 
neverthelefs  capable  of  vitrification  ;  and  with  foot  it 
melts  into  a  black  bitumen-like  mafs,  which  is,  however, 
foluble  in  water,  and  cannot  be  eafily  calcined  to  afhes, 
but  fublimes  in  part  f .  f  Keir) 

With  the  affiftance  of  a  diftilling  heat  it  diffolves  in^» 
oils,  especially  in  mineral  oils  ;  and  with  thefe  it  yields 
fluid  and  folid  produAs,  which  give  a  green  colour  to 
fpirit  of  wine. 

When  boracic  acid  is  rubbed  with  phofphorus,  it  doe3 
not  prevent  its  inflammation  ;  but  an  earthy  yellow 
matter  is  left  behind  f .  f  ^ 

It  is  hardly  capable  of  oxydating,  or  diffolving  any  447 
of  the  metals  except  iron  and  zinc,  and  perhaps  copper. 

Boracic  acid  combines  with  alkalies,  alkaline  earths, 
and  alumina,  and  moil  of  the  metallic  oxyds,  and  forms 
.compounds,  which  are  called  borats .  ^ 

Its  affinities  are  as  follows  :  Its  aM 

Lime, 

Barytes,  * 

Strontites  f  Dr  ft j 

Magnefia, 

Potafs, 

Soda* 

Ammonia, 

Oxyd  of  zinc, 

— - iron, 

-  lead, 

- - —  tin, 

„  — — .  cobalt. 


copper, 

nickel, 


mercury, 


Alumina, 

Jargonia  §9 
W  ater, 

Alcohol, 

Sect.  IX.  Fluoric  Acid, 


§  Vm  f 

tin,  M 
Cbm,  irji 

„  I 
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Mmer. h.  4*  Its  fpecific  gravity  is  1,479  f* 


The  mineral  called  Jluor  or  futfble  fpar ,  was  not  pro-p,;^ 
perly  diflinguiffied  from  other  fpars  till  Margraf  pu-offluori 
blifhed  a  differtation  on  it  in  the  Berlin  TranfaAions  for  acid. 
1768.  He  firft  proved,  that  it  contained  no  fulphuric 
acid,  as  had  been  formerly  fuppofed  ;  he  then  attempted 
-to  decompofe  it,  by  mixing  together  equal  quantities 
of  this  mineral  and  fulphuric  acid,  and  diftilling  them. 

By  this  method  he  obtained  a  white  fublimate ,  which  he 
fuppofed  to  be  the  fluor  itfelf  volatilized  by  the  acid. 

He  obferved,  with  aftoniffiment,  that  the  glafs  retort 
was  corroded,  and  even  pierced  with  holes.  Nothing 
more  was  known  concerning  fluor  till  Scheele  publiffied 
his  experiments  three  years  after ;  by  which  he  proved, 
that  it  was  compofed  chiefly  ot  lime  and  a  particular 
acid,  which  has  been  called  fluoric  acid .  ^ 

To  obtain  it,  put  eight  ounces  of  finely  powdered 
fluor  into  a  retort,  and  pour  on  it  an  equal  quantity  ofobtaioi 
fulphuric  acid,  and  lute  to  the  retort,  as  exaAly  as  pof-h* 
fible,  a  receiver  containing  eight  ounces  of  water.  Va¬ 
pours  immediately  appear  and  darken  the  infide  of  the 
veffel :  Thefe  are  the  acid  in  the  ftate  of  gas.  The  dif- 
tillation  is  to  be  conduAed  with  a  very  moderate  heat, 
not  only  to  allow  the  gas  to  condenfe,  but  alfo  to  pre¬ 
vent  the  fluor  itfelf  from  fubiiming.  After  the  pro- 

cefs, 
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cefs,  a  cruft  of  white  earth  is  found  in  the  receiver, 
l  which  has  all  the  properties  offilica. 

'*  Schede  fuppofed,  that  the  filica  produced  was  form¬ 
ed  of  fluoric  acid  and  water  ;  and  Bergman  adopted  the 
fame  opinion.  But  Wiegleb  and  Buccholz  {hewed, 
that  the  quantity  of  filica  was  exa&ly  equal  to  what 
the  retort  loft  in  weight  ;  and  Meyer  completed  the 
proof  that  it  was  derived  from  the  glafs,  by  the  follow¬ 
ing  experiment  :  He  put  into  each  of  three  equal  cylin¬ 
drical  tin  vefiels  a  mixture  of  three  oz.  of  fulphuric  acid 
and  one  oz.  of  fluor,  which  had  been  pulverized  in  a 
mortar  of  metal.  Into  the  flrft  he  put  one  oz.  of 
pounded  glafs  ;  into  the  fecond,  the  fame  quantity  of 
quartz  in  powder  ;  and  into  the  third,  nothing.  A- 
bove  each  of  the  veffels  he  hung  a  fponge  moiften- 
ed  with  water;  and  having  covered  them,  lie  expofed 
them  to  a  moderate  heat.  The  fponge  in  the  firft 
cylinder  was  covered  with  the  cruft  in  half  an  hour ; 
the  fponge  in  the  fecond  in  two  hours  ;  but  no  cruft 
was  formed  in  the  third,  though  it  was  expofed  feveral 
days.  In  confequence  of  this  deci five  experiment, 
Bergman  gave  up  his  opinion,  and  wrote  an  account  of 
Meyer’s  experiment  to  Morveau,  who  was  employed  in 
tranflating  his  works,  to  enable  him  to  correct  the  mif- 

take  in  his  note3.  # 

Soon  after  the  difeovery  of  this  acid,  difficulties  and 
doubts  concerning  its  exiftence  as  a  peculiar  acid  were 
iiV  ftarted  by  fomc  French  chemifts,  dilguifed  under  the 
name  of  Boulanger,  and  afterwards  by  Mr  Achard  and 
Mr  Monnet.  To  remove  thefe  obje&ions,  Mr  Scheele 
inftituted  and  publiffied  a  new  fet  of  experiments;  which 
not  only  completely  eftablifhed  the  peculiar  nature  of 

the  fluoric  acid,  but  once  more  difplayed  the  unrivalled 
abilities  of  the  illuftrious  difeoverer.  Thefe  impor  tant 
particulars  we  pafs  over  thus  (lightly,  becaufe  they  have- 
been  partly  treated  of  already  in  the  article  Chemistry 
15  ( Encycl.).  One  experiment,  however,  we  cannot  omit, 

by  becaufe  it  is  fufficient  of  itfclf  to  deltroy  almoft  all  the 
obje£tion3  of  his  antagonifts,  which  confided  in  at¬ 
tempting  to  prove,  that  the  fluoric  acid  was  merely  a 
modification  of  the  acid  employed  to  extract  it.  We 
ihall  give  it  in  Mr  Scheele’s  own  words. 

“  I  melted  together  (fays  he)  in  a  crucible  two 
ounces  of  finely  pulverized  fluor  ipar  with  four  ounces 
of  potafs.  As  foon  as  they  were  melted,  I  poured  put 
the  mafs,  rubbed  it,  when  it  was  become  cold-,  to  a  pow¬ 
der,  and  extraaed  the  alkali  from  it  again  by  lixivia-: 
tion  with  water.  I  evaporated  the  lixivium  to  dry- 
liefs;  and  threw  away  the  remaining  undifTolved  powder 
(which  was  only  one  of  the  component  parts  of  the  fluor, 
and  which  diffolved  readily,  and  with  effervefcence,  in 
acids)  from  its  dilution  in  which  it  may  be  precipitat- 
ed.  by  fulphuric  acid  in  the  form  of  felemte  (fulphat  ot 
lime).  Upon  a  little  of  the  dried  alkali,  put  into  a  fmall 
retort,  I  poured  fome  fulphuric  acid,  fitted  to  it  a  re¬ 
ceiver  containing  fome  water  ;  and  even  before  the  retort 
was  become  hot,  I  obferved  this  water  to  be  covered 
over  with  a  pellicle  of  filiceous  earth  :  a  certain  proof 
that  the  alkali  had  extra&ed  the  acid  from  the  fluor 
during  its  expofure  to  the  fire  with  it.  Should  Mr 
Achard,  agreeably  to  the  opinion  which  he  has  adopt- 
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ed,  conclude  from  this  experiment,  that  the  alkali  fe- 

parated  the  volatile  earth  from  the  fluor  f  f)  ;  itill  he  _  ^ 

muft  certainly  allow  this  earth  of  his  to  be  of  an  acid 
nature,  fmee  the  alkali  is  capable  of  difengaging  it  from, 
the  calcareous  earth. -The  remaining  portion  of  the 
dried  alkali  I  diffolved  again  in  water,  and  faturated  the 
fuperfluous  alkali  with  pure  nitric  acid.  After  expell¬ 
ing  from  this  faturated  folution,  by  means  of  heat,  the 
carbonic  acid  gas,  which  in  fiich  cafes  is  always  retain¬ 
ed  in- the  liquor,  I  dropped  fome  of  it  into  lime-water 
whereupon  I  obtained  a  white  precipitate,  which  was  a 
regenerated  fluor.  I  now  diffolved  fome  oxyd  of  lead 
in°vinegar,  and  continued  to  add  to  the  ley,  which  had 
been  faturated  with  nitric  acid,  as  much  of  this  folu-: 
tion  as  was  requifite,  till  all  precipitation  ceafed.  Thus 
I  transferred  the  fluor  acid  from  the  alkali  to  the  oxyd. 
of  lead  After  wafhing  the  precipitate  in  cold  water, 
and  drying  it,  I  dropped  upon  a  fmall  quantity  of  it  a 
few  drops  of  fulphuric  acid  :  a  frothing  up  immediate¬ 
ly  enfued,  accompanied  with  an  extrication  of  fluor  acid 
vapours.  But  perhaps,  in  this  cafe,  the  volatile  earth 
of  fluor  unites  with  the  fulphuric  acid,  and  converts- 
this  fixed,  or  almoft  fixed  acid  into  acid  gas.  I  can 
eafily  make  allowance  to  Dr  Prieftley  for  being  incli¬ 
ned  to  draw  fuch  a  conclufion,  fince  this  celebrated  phi- 
lofopher  does  not  pretend  to  be  a  chemift  (g).  Being 
defirous  of  feeing  whether  heat  alone  was  capable  of 
expelling  this  acid  from  the  oxyd  ot  lead,  I  put  a  little 
of  this  fluorated  oxyd  into  a  fmall  retort,  the  receiver 

to  which  contained  fome  water.  The  oxyd  was  melt¬ 
ed  ;  but  I  could  not  perceive  any  acid.  The  bottom 
of  the  retort  ,was  moreover  quite  corroded  and  diffolved, 
fo  that  the  whole  ran  into  the  fire.  Thus  the  oxyd  of 
lead  retains  this  acid  in  the. fire,  and  will  not  part  with 
!t,  unlefs  the  oxyd  is  combined  with  fome  other  fub- 
ftance.  I  therefore  rubbed  the  remainder  of  my  fluo¬ 
rated  oxyd  of  lead  with  an  equal  quantity  of  charcoal 
powder,  and  diftilled  the  mixture  in  an  open  fire  in  a 
fmall  glafs  letoit,  to  which  was  adapted  a  receiver  con¬ 
taining  fome  water.  As  foon  as  the  reduftion  of  the 
oxyd  of  lead  took  place,  the  neck  of  the  retort  became 
inc tufted  with  a  white  fublimate,  and  a  filiceous  pellicle 
appeared  upon  the  water.  The  fublimate  had  a  four  - 
talle,  becaufe  the  filiceous  earth  of  which  it  confiits  is 
penetrated  with  fluoric  acid  ;  .and  the  acid  water  in  the 
receiver  let  fall,  on  the  addition  of  volatile  alkali,  a  fill-  ^ 

ceons  earth'f.”  .  ,  t, , 

Sorry  are  we  to  add,  that  fince  . the  death,  of  this  ad-  7“'^ 
mirable  man,  to  ufe  the  words  of  Mr  Kirwan  i,  a  man  lift  tran/lj- 
as  eminent  irutke  chemical  as  Newton  in  the  mathema-  t-lQn% 
tical  branch  of  natural  philefophy,  Mr  Monnet  $  has  f  Wmeralo- 
thought  proper  to  renew  his  attacks  in  a  ftyle  of  hangh-^.  ^ 
tinefs  and  acrimony  that  infpires  infinite  diigult.  I  he  yhf  XM> 
falacy  of  his  reafoning  is  fufficiently  expofed  by  Mr  Le-ij3 
onhardi,  in  the  6th  volume  of  his  late  learned  edition  453 

of  Macquer’s  Diaionary.  hird^01" 

Fluoric  acid  may  be  obtained  m  the  form  of  gas,  by-  . 

applying  a  moderate  heat  to  fulphuric  acid  and  fluor  [ts  prt>per- 
fpar,  and  receiving  the  produa  over  mercury.  _  tics. 

This  gas  is  the  acid  in  a  ftate  of  purity.  It  is  invi- 
fible  and  elaftic  like  air ;  it  does  not  maintain  combuf- 

tvon. 
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tion,  nor  can  animals  breath  it  without  death, 
pungent  fmell,  not  unlike  that  of  muriatic  acid. 

It  is  heavier  than  common  air.  It  corrodes  the  (kin 
almoft  inftantly.  It  combines  rapidly  with  water  ;  and 
if  it  has  been  obtained  by  means  of  glafs  veffels,  it  de- 
pofits  at  the  fame  time  a  quantity  of  hlica. 

Water  impregnated  with  this  gas  does  not  freeze  at 
a  higher  temperature  than  230*. 

In  the  ftate  of  gas  this  acid  does  not  a&  upon  nitrous 
gas  nor  fulphur.  Alcohol  and  ether  abforb  it,  but  it 
does  not  alter  their  qualities  f. 

It  is  capable  of  oxydating  iron,  zinc,  copper,  andarfenic. 

It  does  not  a  &  upon  gold,  platinum,  filver,  mercury, 
lead?  tin,  antimony,  cobalt. 

It  combines  with  alkalies,  alkaline  earths,  and  alumi¬ 
na,  and  metallic  oxyds,  and  forms  compounds  denomina- 
nated  fluats. 

It  is  capable,  as  we  have  feen,  of  diffolving  filica, 
which  is  infoluble  in  every  other  acid  ;  accordingly  it 
corrodes  glafs,  This  property  has  induced  feveral  inge¬ 
nious  men  to  attempt,  by  means  of  it,  to  engrave,  or 
rather  etch,  upon  glafs. 

The  affinities  of  fluoric  acid  are  as  follows : 

Lime, 

Barytes, 

Stron cites 
Magnefia, 

Potafs, 

Soda, 

Ammonia, 

Oxyd  of  zinc, 

- manganefef , 
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$  Vauqne - 
tin,  Ann  de 
Chim .  xxii. 
30$. 


Alumina, 
Jargonia 
W  ater, 
Silica, 
Alcohol. 


iron, 

lead, 

*  tin, 

•  cobalt, 
copper, 
nickel, 
arfenic, 
bifmuth, 

■  mercury, 
filver, 
gold, 
platinum. 


Sect.  X.  Of  Car  Ionic  Acid. 


Carbonic  acid  is  compofed  of  carbon  and  oxygen 
According  to1  f  avnifi^r’c  pYnpHmfmti-  1-1,0  _ 


E  M  I  S  T  R  Y.  Pan  p; 

It  has  a  ring  certain  proceffes,  and  the  latter  gave  to  air  thus  Carbor  p 
produced  the  name  of  gas .  Boyle  called  thefe  kinds  of  Aci(l 

air  artificial  airs ,  and  fufpe&ed  that  they  might  be  dif-  y 
ferent  from  the  air  of  the  atmofphere.  Hales  afeertain- 
ed  the  quantity  of  air  that  could  be  extricated  from  a 
great  variety  of  bodies,  and  fhewed  that  it  formed  an 
effential  part  of  their  compofjtion.  Dr  Black  proved, 
that  the  fub fiances  then  called  //me,  magnefia,  and  alka¬ 
lies,  are  compounds,  confiding  of  a  peculiar  fpscies  of 
air ,  and  pure  lime,  magnefia,  and  alkali.  To  this  fpe- 
cies  of  air  he  gave  the  name  of fixed  air ,  becaufe  it  ex- 
idea  in  thefe  bodies  in  a  fixed  date.  This  air  or  gas 
was  afterwards  invedigated  by  Dr  Priedley,  and  a  great 
number  of  its  properties  afeertained.  From  thefe  pro¬ 
perties  Mr  Keirf  fil'd  concluded  that  it  was  an  acid  ;  t  Kt'rr\ 
and  this  opinion  was  foon  confirmed  by  the  experiments 
of  Beigman,  Fontana,  &c.  Dr  Priedley  at  firft  fuf- ^ 
pedled  that  this  acid  entered  as  an  element  into  the  com- 
pofition  of  atmofpherical.  air;  and  Bergman  adopting 
the  fame  opinion,  gave  it  the  name  of  aerial  acid .  Mr 
Bewdly  called  it  tnephitic  acid ,  becaufe  it  could  not  be 
refpired  without  occafioning  death  ;  and  this  name  was 
alfo  adopted  by  Morveau.  Mr  Keir  called  it  calcareous 
acid;  and  at  lad  Mr  Lavoifier,  after  difeovering  its  com- 
pofition,  gave  it  the  name  of  carbonic  acid  gas. 

The  opinions  of  chcmids  concerning  the  compofition  Theorii 
of  carbonic  acid  have  undergone  as  many  revolutions  as^tii  t 
its  name.  Dr  Priedley  and  Bergman  feem  at  firft  to  c.om^ 
have  confidered  it  as  an  element ;  and  feveral  celebrated 
chemids  maintained  that  it  was  the  acidifying  principle. 
Afterwards  it  was  difeovered  that  it  was  a  compound, 
and  that  oxygen  gas  was  one  of  its  component  parts. 

Upon  this  diicovery  the  prevalent  opinion  of  chemids 
was,  that  it  confided  of  oxygen  and  phlogidon  ;  and 
when  hydrogen  and  phlogidon  came  (according  to  Mr 
Kirwan’s  theory)  to  fignify  the  fame  thing,  it  was  of 
courfe  maintained  that  carbonic  acid  was  compofed  of 
oxygen  and  hydrogen  ;  and  though  Mr  Lavoifier  de- 
inondrated,  that  it  was  formed  by  the  combination  of 
carbon  and  oxygen,  this  did  not  prevent  the  old  theory 
from  being  maintained  ;  becaufe  carbon  was  itfelf  con¬ 
fidered  as  a  compound,  into  which  a  very  great  quan¬ 
tity  of  hydrogen  entered.  But  after  Mr  Lavoifier  had 
demondrated,  that  the  weight  of  the  carbonic  acid  pro¬ 
duced  was  precifely  equal  to  the  carbon  and  oxygen 
employed;  after  Mr  Cavendifh  had  difeovered  that 
oxygen  and  hydrogen  when  combined  did  not  form  car¬ 
bonic  acid,  but  water — it  was  no  longer  poflible  to  hefi- 
tate  that  this  acid  was  compofed  of  carbon  and  oxygen. 
Accordingly  all  farther  difpute  about  it  feems  now  at  an 
end.  At  any  rate,  as  we  have  already  examined  the 
objections  that  have  been  made  to  this  concluiion,  it 
would  be  improper  to  enter  upon  them  here. 

If  any  thing  was  ftill  wanting  to  put  this  conclu 


ccording  to1  Lavoifier’s  experiments,  the  proportions 
are  28  parts  of  carbon  and  7  2  of  oxygen.  Mr  Prouft 

informs  us,  that  there  is  alfo  a  earbonous  add  (h)  ;  but  hon  beyond  the  reach  of  doubt,  it  was  to  decom- 
with  this  acid  we  are  not  at  prefent  acquainted,  and  pound  carbonic  acid,  and  thus  to  exhibit  its  component 
cannot  therefore  defcribe  it.  parts  by  analylis  as  well  as  fynthelis.  This  has  been 

raracellus  and  Van  Helmont  were  acquainted  with  aftually  done  by -the  ingenious  Mr  Tennant.  Into  a 
«cijar  °WC  ’  C  ■  ,  t^at  a'r  extricated  from  folid  bodies  du-  tube  of  glafs  he  introduced  a  bit  of  phofphorus  and 

_ _ _  fome 


4*9 1  i 
Its  anal 
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Dffirovery 


,  (H)  ^hen  t^iere.are  two  having  the  fame  bafe,  but  containing  different  quantities  of  oxygen,  they  are 

dillmguifhed  by  their  termination.  The  name  of  that  which  contains  moft  oxygen  ends  in  ic,  the  other  in  out. 
hus  fulphuric  and  fulphurous  acids,  nitric  and  nitrous,  phofphoric  and  phofphorous,  carbonic  and  earbonous. 
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He  then  fealed  the  tube  her- 
*d.  merically,  and  applied  heat.  Phofphat  of  lime  was 
formed,  and  a  quantity  of  carbon  depofited.  .  Now 
phofphat  of  lime  is  compofed  of  phofphoric  acid  and 
lime  ;  and  phofphoric  acid  is  compofed  of  phofphorus 
and  oxygen.  The  fubftances  introduced  into  the  tube 
were  phofphorus,  lime,  and  carbonic  acid ;  and  the  fub¬ 
ftances  found  in  it  were  phofphorus,  lime,  oxygen,  and 
carbon.  The  carbonic  acid,  therefore,  rnuft  have  been 
decompofed,  and  it  mull  have  confided  of  oxygen  and 
carbon.  This  experiment  was  repeated  by  Dr  Pearfon, 
who  afcertained  that  the  weight  of  the  oxygen  and  car¬ 
bon  were  together  equal  to  that  of  the  carbonic  acid 
which  had  been  introduced  ;  and  in  order  to  fliew  that 
it  was  the  carbonic  acid  which  had  been  decompofed,  he 
introduced  pure  lime  and  phofphorus;  and  inftead  of 
obtaining  phofphat  of  lime  and  carbon,  he  got  nothing 
but  phofphuret  of  lime.  Thefe  experiments  were  alfo 
confirmed  by  Meffrs  Fourcroy,  Vauquelin,  Sylveftre,  and 
Broigniart  (i)  f. 

Carbonic  acid  may  be  obtained  by  pouring  fulphunc 
acid  upon  chalk,  and  receiving  the  produft  in  a  pneu¬ 
matic  apparatus. 

It  is  invifible  and  elaftic  like  common  air.  It  extin- 
guifhes  a  candle,  and  is  unfit  for  refpiration.  It  has  no 
fmell. 

Its  fpecific  gravity  is  0,0018$  ;  but  this  vanes  ac¬ 
cording  to  its  drynefs  or  moifture. 

It  reddens  the  tinfture  of  turnfoil,  but  no  other  ve¬ 
getable  colour*.  c 

Atmofpheric  air  contains  about  part  of  this 
gas(x).  ...  . 

Water  abforbs  it  by  agitation,  or  by  allowing  it  to 
remain  long  in  contaft  with  it.  At  the  temperature  of 
41 0  water  abforbs  its  own  bulk  of  this  gas.  The  fpe¬ 
cific  gravity  of  water  faturated  with  it  is  1,0015.  This 
water,  at  the  temperature  of  350,  has  little  tafte;  but  if  it 
be  left  a  few  hours  in  the  temperature  of  88u,  it  affumes 
an  agreeable  acidity,  2nd  a  fparkling  appearance  f. 

Ice  abforbs  no  carbonic  acid ;  and  if  water  contain¬ 
ing  it  be  frozen,  the  whole  feparates  in  the  aft  of  free¬ 
zing  $. 

This  gas  alfo  feparates  from  water  at  the  boiling 
temperature  j| . 

Alcohol  and  oil  of  turpentine  abforb  double  their 
weight  of  this  gas  ;  olive  oil  its  own  bulk.  Ether 
f  mixes  with  it  in  the  Hate  of  gas$. 

Phofphorus  fufFera  no  change  in  this  gas  except  it 
contains  a  mixture  of  oxygen  gas  ^[.  It  has  an  affinity 
|j,Arw£o/-for  C0mm0n  air.  Bergman  left  a  bottle  of  it  uncorked, 
J6Ur~  and  found*  that  in  a  few  days  it  contained  nothing  but 
common  air.  Common  air,  indeed,  has  fo  ftrong  an  af¬ 
finity  for  this  gas,  that  it  attrafts  it  from  water,  as  Mr 
Welter  has  obferved  *. 
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It  is  abforbed  by  red  hot  charcoal,  as  Morozzo  and  Acetous 
La  Metherie  have  {hewn.  .  ,  A^ld>  « 

It  is  capable  of  combining  with  alkalies,  alkaline  earths, 
and  alumina,  and  feveral  metallic  oxyds,  and  of  form*  Com¬ 
ing  compounds  known  by  the  name  of  carbmats .  It  pounds, 
has  110  affinity  for  jargonia,  according  to  Klaproth*  y*  Joum.de 
but,  according  to  Vauquelin,  it  has  f  .  Phyf.xxxvU 

Its  affinities,  as  arranged  by  Bergman,  are  as  follows  :  j.  Jnju  ^ 
Barytes,  Chim.  xxii. 

Lime,  204. 

Stronlites  $,  . 

Potafs, 

Soda,  J  i)r  Hops. 

Magnefia, 

Alumina, 

Metallic  oxyds,  as  in  fulpkuric  acid,  y  ^ r 
Oxygen  gas  ||,  ter. 

Water, 

Alcohol, 

Sect.  XI.  Of  Acetous  Acid . 

Acetous  acid  or  vinegar  was  known  many  ages  be¬ 
fore  the  difeovery  of  any  other  acid,  thofe  only  except¬ 
ed  which  exift  ready  formed  in  vegetables.  It  is  men¬ 
tioned  by  Mofes,  and  indeed  feems  to  have  been  in  com¬ 
mon  ufe  among  the  Ifraelites  and  other  eaftern  nations 
at  a  very  early  period. 

The  methods  of  procuring,  purifying,  and  concen¬ 
trating  this  acid,  have  been  already  given  in  the  articles 
Chemistry,  Fermentation,  and  Vinegar  ( EucycL ) 
and  cannot  therefore  be  repeated  in  this  place. 

It  has  been  afcertained  beyond  a  doubt,  that  this 
acid  is  compofed  of  carbon,  hydrogen,  and  oxygen  ; 
bnt  neither  the  manner  in  which  thefe  fubftances  are 
combined,  nor  their  proportions,  have  been  accurately 
afcertained.  #  463  > 

Acetous  acid,  as  commonly  prepared,  is  very  fluid,  Lowitz’s 
has  a  pleafant  fmell,  and  an  acid  tafte.  It  reddens  ve-  obtaining 
getable  colours.  In  this  ftate  it  is  mixed  with  a  great  pure  ace- 
proportion  of  water  ;  but  Mr  Lowitz  of  Peterfburghastous  acid, 
difeovered,  that  it  may  be  obtained  in  a  folid  cryftalli- 
zed  form.  Of  this  curious  and  inftruftive  procefs  we 
{hall  tranferibe  his  own  account  *.  *  CrelVs 

“  I  have  long  been  accuftomed  (fays  he)  to  prepare  Journal^ 
concentrated  vinegar  by  congelation  in  the  following  man-  ^*4*’ 
ner :  I  freeze  a  whole  barrel  of  vinegar  as  much  as  poffible, 
then  diftil  the  remaining  unfrozen  vinegar  in  a  water- 
bath  ;  by  which  means  I  at  firft  efpecially  colleft  the 
fpirituous  etherial  part  ;  the  vinegar,  which  next  comes 
over,  I  freeze  again  as  much  as  poffible,  and  afterwards 
purify  it,  by  diftillihgit  again  with  three  or  four  pounds 
of  charcoal  powder.  Thus  I  never  fail  to  get  a  very 
pure,  fweet-fmelling,  highly  concentrated  vinegar ;  the 
agreeable  odour  of  which,  however,  may  be  ftiil  further 
S  s  improved 


(1)  Count  Muffin-Pufchin  having  boiled  a  folution  of  carbonat  of  potafs  on  purified  phofphorus, .  obtained 
carbon.  This  he  confidered  as  an  itiftance  of  the  decompofition  of  carbonic  acid,  and  as  a  confirmation  of  the 
experiments  related  in  the  text.  See  Arm.  de  Chim .  xxv.  105. 

(k)  At  leaft  near  the  furface  of  the  earth.  Lamanon,  Mongez,  and  the  other  unfortunate  philofophers  who 
accompanied  La  Peroufe  in  his  laft  voyage,  have  rendered  it  not  improbable  that  at  great  heights  the  quantity 
of  this  gas  is  much  fmaller.  They  could  deteft  none  in  the  atmofphere  at  the  fummit  of  the  Peak  of  Teneriffe# 
See  Lamanon’s  Memoir  at  the  end  of  La  Peroufe’ s  V oyage. 
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Acetous  Improved  by  the  addition  of  a  proper  quantity  of  the 
,  Ac^*  ,  etherial  liquor  colle&ed  at  the  beginning  of  the  firft  di¬ 
ftillation,  but  which  mull  be  previouOy  dephlegmated 
by  two  or  three  rectifications. 

“  After  the  diftillation  in  the  water-bath*  was  over, 
that  no  vinegar  might  be  loft,  I  ufed  to  move  the  retort, 
with  the  charcoal  powder  which  remained  in  it,  to  a 
fand  bath  ;  and  thus  I  obtained,  by  means  of  a  ftrong 
fire,  a  few  ounces  more  of  a  remarkably  concentrated 
vinegar,  which  was  of  a  yellow  colour. 

“  Having  collected  about  ten  ounces  of  this  concen¬ 
trated  vinegar,  I  expofed  it  laft  winter  in  the  month  of 
December  to  a  cold  equal  to  — 2  2° ;  in  which  fituation 
it  fhot  into  cryflals  from,  every  part.  I  let  what  re¬ 
mained  fluid  drop  away  from  the  cry  Hals  into  a  bafon 
placed  underneath,  firft  in  the  cold  air,  and  afterwards 
at  the  window  within  doors.  There  remained  in  the 
bottle  fnow- white  finely  foliated  cry  Hals,  clofely  accu¬ 
mulated  one  upon  the  other,  and  which  I  at  firll  took 
to  be  nothing  but  ice:  on  placing  them  upon  the  warm 
(love,  they  diflolved  into  a  fluid  which  was  perfe&ly  as 
limpid  as  water,  had  an  uncommonly  ftrong,  highly 
pungent,  and  almoft  fuffocating  acetous  fmell,  and  in 
the  temperature  of  — 370  immediately  congealed  into 
a  folid  white  cryftallized  mafs,  refembling  camphor. 

“  After  l  had  obferved  that  vinegar  in  this  ftate  is  of 
*  fiich  an  extraordinary  ftrength  and  purity  as  to  be  in  its 
higheft  degree  of  perfection,  I  took  all  pofiible  pains  to 
find  out  a*,  method  of  obtaining  all  the  acetous  acid  in 
the  ftate  of  glacial  vinegar. 

“  To  avoid  circumlocution,  I  fhall  denote  the  ftrength 
of  each  fort  of  vinegar,  which  it  was  neceffary  for  me 
to  know  in  my  experiments,  by  degrees,  which  1  afeer- 
tain  in  the  following  manner :  viz.  to  one  drachm  of 
vinegar  I  add,  drop  by  drop,  a  clear  folution  of  equal 
parts  of  carbonat  of  potafs  and  water,  till  all  at  qnce  a 
cloudinefs  or  precipitation  appears.  Although,  on  the 
appearance  of  this  fign,  the  acid  is  already  fuperfatu- 
rated  with  the  alkali,  yet  it  feems  to  me  to  be  a  more 
accurate  teft  for  afeertaining  its  ftrength  than  the  ceffa- 
tion  of  effervefcence  ;  for,  as  the  point  of  faturation  ap¬ 
proaches,  the  effervefcence  becomes  fo  imperceptible, 
that  it  is  almoft  impofiible  to  determine  with  precifion 
when  it  is  really  at  an  end.  Now,  every  five  drops  of 
the  alkaline  folution,  which  I  find  it  neceffary  to  add  to 
the  vinegar  till  the  precipitation  takes  place,  I  reckon 
as  one  degree.  Thus,  for  example,  if  a  determinate 
quantity  of  vinegar  requires  25  drops  for  that  effedl,  I 
denote  its  ftrength  by  five  degrees.  This  is  about  the 
ftrength  of  good  diftilled  vinegar. 

“  1  call  that  vinegar  which,  in  confequence  of  its 
concentration,  is  capable  of  cryftallizing  in  a  great  de¬ 
gree  of  cold,  cryjlallizable  vinegar  ;  the  cryftals  of  vine¬ 
gar,  feparated  after  the  cryftallization  is  completed  from 
the  remaining  fluid  portion,  I  call  glacial  vinegar  ;  and, 
laftlv,  to  the  fluid  refiduum  I  give  the  name  of  mother- 
ley  of  vinegar . 

“  From  a  great  number  of  experiments,  I  have  found 
that  vinegar  muft  have  at  leaft  24  degrees  of  concentra¬ 
tion  before  it  can  be  brought  to  cryftallize  by  expofure 
to  the  moft  intenfe  cold.  Vinegar  muft  be  of  the  ftrength 
of  4  2  degrees  at  leaft,  in  order  to  become  glacial  vine¬ 
gar  ;  viz.  in  this  ftate  of  concentration  it  has  the  pro¬ 
perty  of  cryftallizing  in  a  degree  of  cold  not  exceeding 
that  in  which  water  begins  to  freeze. 
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u  I  have  found  that  charcoal,  on  being  dill  Hied  with  Accu»  ^ 
vinegar  in  a  water-bath,  poffeffes  the  Angular  and  hi-  *. 

therto  unknown  property  of  imbibing  a  certain  quan-  |~ 

tity  of  the  acetous  acid  in  a  very  concentrated  ftate,  and 
of  retaining  it  fo  ftrongly,  that  the  acid  cannot  be  fe¬ 
parated  from  it  again  but  by  the  application  of  a  con- 
fiderably  greater  degree  of  heat  than  that  of  boiling 
water.  Upon  this  circnmftance  is  founded  the  new 
method  which  I  have  dilcovered  of  concentrating  vine¬ 
gar,  fo  as  to  obtain  all  its  acid  in  the  pureft  ftate,  viz . 
that  of  a  glacial  vinegar. 

“  Let  a  barrel  of  vinegar  be  concentrated  by  freezing 
in  the  manner  above  deferibed,  and  let  the  concentrated 
vinegar  thus  obtained,  free  from  all  inflammable  or  fpi- 
rituons  parts,  be  put  into  two  retorts  :  Add  to  each  of 
them  five  pounds  of  good  charcoal  reduced  to  a  fine 
powder,  and  fubjeft  them  to  diftillation  in  a  water. bath. 

When  no  more  drops  of  vinegar  come  over,  put  the 
diftilled  liquor  into  two  frefli  retorts  ;  and  after  adding 
five  pounds  of  charcoal  powder  to  each,  proceed  as  be¬ 
fore  to  the  diftillation  in  a  water- bath.  In  the  mean 
while,  the  two  firft  retorts  are  to  be  placed  in  a  fand-  ] 

bath,  that,  by  means  of  a  brifk  fire,  the  cryftallizable 
vinegar,  which  is  retained  in  the  apparently  dry  chaiv 
coal  powder,  may  be  expelled  from  it.  The  heat  muft 
be  ftrong  enough  to  make  the  drops  follow  one  another 
every  two  fcconds ;  and  when,  in  this  degree  of  heat, 

20  feconds  intervene  between  each  drop,  the  vinegar 
which  has  been  collected  muft  be  removed ;  for  what 
follows  is  hardly  any  thing  elfe  but  mere  water.  In 
this  manner  about  fix  ounces  and  a  half  of  cryftallizable 
vinegar,  which  is  generally  of  the  ftrength  of  between 
36  and  40  degrees,  may  be  colle&ed  from  each  retort. 

As  foon  as  the  diftillation  by  the  water- bath  in  the  two  ]  Lf 

retorts  is  over,  the  diftilled  liquor  is  to  be  poured  back 
again  into  the  firft  retorts  upon  the  charcoal  powder, 
which  remains  in  them,  and  which  has  been  already 
ufed  ;  and  from  each  of  thefe  retorts  the  remaining 
cryftallizable  vinegar  (which  generally  amounts  to  a 3, 
much  as  the  firft  quantity)  is  to  be  abftradled  by  diftil¬ 
lation  in  a  fand'bath.  Thefe  operations  may  be  alter¬ 
nately  repeated  till  all  the  acid  of  the  vinegar  which  % 

had  been  concentrated  by  freezing  is  converted  into 
cryftallizable  vinegar  ;  or  until  the  diftilled  liquor,  con- 
ftantly  becoming  weaker  and  weaker  at  every  repeti¬ 
tion  of  the  diftillation,  comes  over  at  length  in  the  ftate 
of  mere  water,  which,  with  the  above  mentioned  quan¬ 
tity  of  charcoal  powder,  generally  happens  at  the  fourth  j 

or  fifth  diftillation.  Now,  in  order  to  obtain  the  great- 
eft  part  of  the  pure  acid  contained  in  the  cryftallizable 
vinegar  in  the  form  of  glacial  vinegar,  it  muft  be  fet  to 
cryftallize  in  a  great  degree  of  cold  ;  and  the  mother- 
ley  muft  be  afterwards  thoroughly  drained  from  the  gla¬ 
cial  vinegar,  by  letting  it  drop  from  the  cryftals,  firft 
in  the  cold,  and  then  in  the  room  before  the  window. 

The  mother-ley  may  be  rendered^  further  cryftallizable, 
by  diflilling  it  with  a  little  charcoal  powder;  the  weak¬ 
er  part,  which  comes  over  firft,  being  put  afide.  But 
if  a  perfon  wifhes  to  keep  the  cryftallizable  vinegar  for 
other  purpofes,  and  without  feparating  any  glacial  vine¬ 
gar  from  it,  he  muft  diftil  the  whole  of  it  again  with 
charcoal  powder  in  a  fand-bath. 

“  I  have  found  by  accurate  experiments,  that,  by 
means  of  this  curious  procefs,  ten  pounds  of  vinegar 
concentrated  by  freezing  to  the  90th  degree,  may  be 
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made  to  yield  38  ounce*  of  cryflallizable  vinegar,  from 
which  20  ounces  of  glacial  vinegar  may  be  obtained. . 

“  What  conftitutes  the  excellence  of  this  method  is, 
that  the  concentration  and  purification  are  effedled  by 
tone  and  the  fame  medium,  viz.  the  charcoal  powder  ; 
in  confequence  of  which,  both  intentions  are  fulfilled  at 
the  fame  time. 

“  Lad  year,  after  much  refle&ion,  I  was  fo  happy 
■zs  to  find  out  another  very  tffe&ual  method  of  fepara- 
»ting  the  acetous  acid  from  the  other  fubftances  com¬ 
bined  with  it,  fo  as  to  obtain  it  at  once  in  the  date  of  a 
glacial  vinegar  of  the  greated  poffible  ftrength.  The 
(eparating  medium  which  I  thought  of  is  fulphat  of 
potafs  fuptrfaturated  with  fulphuric  acid  ;  a  fait  in 
which,  conformably  to  my  purpofe,  the  fulphuric  acid 
exids  in  a  perfectly  dry  and  dephlegmated  date. 

“  By  means  of  this  fait  a  highly  concentrated  gla¬ 
cial  vinegar  may  be  obtained  in  the  following  manner : 

“  Let  three  parts  of  acetated  foda,  prepared  with  vi¬ 
negar  diddled  over  charcoal,  and  evaporated  to  perfeft 
drynefs,  be  melted  in  a  flrong  heat ;  then  pour  it  out, 
and  rub  it  to  a  very  fine  powder.  Mix  this  powder 
very  accurately  with  eight  parts  of  fuperfaturated  ful¬ 
phat  of  potafs  that  has  been  previoufly  well  dried,  and 
in  like  manner  reduced  to  a  fine  powder ;  put  the  whole 
into  a  retort,  and  didil  with  a  gentle  heat,  in  fuch 
manner,  that  along  with  the  drops  fome  vapours  alfo 
may  be  perceived  to  come  out  of  the  neck  of  the  re¬ 
tort  ;  but  by  no  means  fo  that  the  receiver  {hall  be  fill¬ 
ed  with  thefe  vapours.  Notwithdanding  the  moderate 
heat,  the  vinegar  comes  over  very  fad,  and  the  quantity 
of  glacial  vinegar,  of  the  drength  of  54  degrees,  which 
is  thus  obtained,  amounts  to  nearly  two  parts.” 

Acetous  acid  is  capable  of  oxydating  iron,  zinc,  lead, 
nickel,  tin,  copper. 

It  does  not  a&  upon  gold,  filver,  platinum,  mercury, 
bifmuth,  cobalt,  antimony,  arfenic. 

It  combines  with  alkalies,  alkaline  earths,  and  alumi¬ 
na,  and  metallic  oxyds,  and  forms  compounds  known 
by  the  name  of  acetites .  / 

Its  affinities  are  as  follows  ; 
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Sect.  XII.  Of  Acetic  Acid 

If  acetite  of  copper  be  diddled,  an  acid  comes  over 
of  a  more  pungent  fmell  than  acetous  acid,  capable  of 
crydallizing,  and  having  a  dronger  affinity  for  other 
bodies  than  acetous  acid.  It  is  called  acetic  acid,  and  13 
fuppofed  to  contain  a  larger  proportion  of  oxygen  than 
acetous  acid.  This  additional  dofe  it  is  fuppofed  to  re¬ 
ceive  from  the  oxyd  of  copper,  which  during  the  pro. 
cefs  is  reduced  to  the  metallic  date.  It  can  hardly  Lc* 
doubted  that  the  glacial  vinegar  of  Lowitz,  defeibed  in 
the  preceding  fe&ion,  is  really  acetic  acid,  though  it 
would  perhaps  be  difficult  to  explain  its  formation.  Its  * 
affinities  are  the  fame  with  thofe  of  the  acetous  acid. 

Sect.  XIII.  Of  Oxalic  Acid. 

Sugar,  a  well  known  fubdance  extra&ed  from  the 
fugar-cane,  appears  to  have  been  ufed  in  the  Ead  at  a 
verv  early  period ;  but  it  made  its  way  vvedward  very 
(lowly.  As  a  medicine,  it  is  mentioned  by  Diofcorides; 
but  it  was  not  in  common  ufe  in  Europe  till  after  the 
14th  century.  .  466 

It  has  been  proved  that  fugar  is  compofed  of  oxygen,  C(  mpoG- 
carbon,  and  hydrogen.  Lavoifier  concluded,  from  a  long  n  of  fu- 
feries  of  delicate  experiments,  that  it  confids  of  8  parts Sar* 
of  hydrogen,  64  of  oxygen,  and  28  of  carbon.  a6j 

From  fugar,  by  a  particular  procefs,  an  acid  has  been  Dlfcovery 
obtained  called  oxalic  acid ,  becaufe  it  exids  ready  form- of /xalic 
ed,  as  Scheele  lias  proved,  in  the  oxalis  acetofella ,  oracld* 
wood  forrel.  At  fir  it,  however,  it  was  called  the  acid 
of  fugar,  or  the  faccharine  acid . 

As  the  earlied  and  bed  account  of  the  oxalic  acid 
was  publidred  by  Bergman,  he  was  for  a  long  time 
reckoned  the  difeoverer  of  it ;  but  Mr  Ehrhart,  one  of 
Scheele's  intimate  friends,  informs  us,  that  the  world  is 
indebted  for  its  knwledge  of  this  acid  to  that  illuftrious 
cheinift*,  and  Hermdadt  and  Wedrum  affign  the  dif- 
covery  to  the  fame  author  +.  The  aflertions  of  thefe^^J^ 
gentlemen,  who  had  the  bed  opportunity  of  obtaining, 
accurate  information,  are  certainly  fufficient  to  eftablifh  Fart  i. 

the  fad,  that  Scheele  was  the  real  difeoverer  of  oxalic  P-5  4. 

7  f  Heir  s 

acid.  .  .  .  Dictionary* 

Bergman  gives  us  the  following  procels  tor  obtaining  46g 
this  acid.  “  Put  one  ounce  of  white  fugar  powdered  Method  o£ 
into  a  tubulated  retort,  with  three  ounces  ot  drong  ni-procurwg 
trie  acid,  the  fpecific  gravity  of  which  is  to  that  oflt‘ 
water  as  1,567.  When  the  folution  is  over,  during 
which  many  fumes  of  the  nitrous  acid  efcape,  let  a  re¬ 
ceiver  be  fitted,  and  the  liquor  made  to  boil,  by  which 
abundance  of  nitrous  gas  is  expelled.  When  the  liquor 
in  the  retort  acquires  a  reddiffi  brown  colour,  add  three 
ounces  more  of  nitric  acid,  and  continue  the  boil¬ 
ing  till  the  fumes  ceafe,  and  the  colour  of  the  liquor 
vanifhes.  Then  let  the  contents  of  the  retort  be  emp¬ 
tied  into  a  wide  veffel ;  and,  upon  cooling,  a  c-ytfalli- 
zation  will  take  place  of  {lender,  quadrilateral  prifmg, 
which  are  often  affixed  to  each  other  at  an  angle  of  45°. 

Thefe  cryftals,  colle&ed  and  dried  on  blotting  paper, 
will  be  found  to  weigh  il  dr.  19  gr.  By  boiling  the 
remaining  lixivium  with  two  ounces  ol  nitric  acid  in 
the  retort,  till  the  red  fumes  almoft  difappear,  and  by 
repeating  the  cryflallization  as  before,  4  dr.  I3gr. 
folid  acid  will  be  obtained.  If  the  procefs  be  repeated 
S  3  2  once 
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once  more  upon  the  refiduum,  which  has  now  a  gluti- 
nous  confidence,  with  the  fuccdfive  additions  of  fmall 
quantities  of  nitric  acid,  amounting  in  all  to  two  oun¬ 
ces,  a  faline  brown  deliqnefcent  mafs  will  be  formed, 
weighing  half  a  dram,  of  which  about  a  half  will  be 
lolt  by  a  farther  purification.  The  cryftals  obtained 
thus  at  different  times  may  be  purified  by  folution  and 
cryflallization,.  and  by  digeft'ing  the  laft  lixivium  with 
lome  nitric  acid,  and  evaporation  with  the  heat  of  the 
fun.” 

By  the  fame  procefs  Bergman  obtained  it  from  gum 
arabic,  alcohol,  and  honey  ;  Scheele,  Iiermfladt,  Wef- 
trum,  Hoffman,.  &c.  from  a  great  variety  of  other  ve- 
gatable  produ&ions  ;  and  Berthollet  from  a  great  num¬ 
ber  of  animal  fubftances. 

It  is  of  great  confequence  not  to  ufe  too  much  nitric 
acid,  otherwife  the  quantity  of  oxalic  acid  will  be  dimi- 

*Berrman  r j  5  */  a  very  great  quantity  of  nitric  acid  be 

uied,  no  oxalic  acid  will  be  obtained  at  all  *  On  the 
contrary,  if  too  fmall  a  quantity  of  nitric  acid  be  ufed, 
4/7  a  j*  a.C1C*  °^tainec^  not  be  the  oxalic,  but  the  tarta- 
r^y^.rGusf,  Wethink  we  have  obferved,  that  a  confiderably 
larger  proportion  of  oxalic  acid  may  be  obtained  by 
pouring  nitric  acid  on  fugar,  and  allowing  thefe  fubflan- 
ces  to  a  a  upon  each  other  while  cold.  When  the  pro¬ 
cefs  is  conducted  in  that  manner,  hardly  any  thing  fepa- 
rates  but  nitrous  gas.  °  r 

.  0xalic  acid  is  capable  of  cryflallization,  or  rather  it 
is  generally  obtained  in  that  ftate.  Its  cryflals  are  qua- 

trilateral  prifms,  the  ends  of  which  often  terminate  in 
+  Hergman,  ridges  £ . 

They  are  foluble  m  their  own  weight  of  boilino-  wa¬ 
ter  :  water  at  the  temperature  of  65,7«  diffolves  half  its 
weight  of  them.  The  fpecific  gravity  of  the  folution 
is  t,°593  IN  One  hundred  parts  of  boiling  alcohol  dif¬ 
folves  56  parts  of  thefe  cryftals  ;  but  at  a'mean  tempe¬ 
rature  only  40  parts  §.  They  are  not  eafily  foluble  in 
ether  Fixed  and  volatile  oils  diffolve  them,  and  they 
may  be  ^gain  obtained  by  gentle  evaporation.  Too 
violent  a  heat  would  fublime  the  acid  itfelf. 

Oxalic  acid  has  a  very  acrid  tafte  when  it  is  concen¬ 
trated,  but  a  very  agreeable  acid  tafte  when  fulficiently 
diluted  with  watery.  3 

It  changes  all  vegetable  blues  except  indigo  to  a  red 
Une  grain  of  cryftaUized  acid,  diffolved  in  1920  grains 
of  water,  reddens  the  blue  paper  with  which  lugar  loaves 
are  wrapt:  one  grain  of  it,  diffolved  in  3600  grains  of 
water,  reddens  paper  ftained  with  turn  foie*.  Accord¬ 
ing  tc  Morveau,  one  part  of  the  cryftaUized  acid  is 
lufxLCient  to  communicate  a  fenfible  acidity  to  2633 
parts  of  water -j'.  3 

Its  fixity,  is  fuch,  that  none  of  it  is  fublimed  when 
water  containing  it  in  folution  is  raifed  to  the  boilinn- 
temperature.  6 

When  this  cryftaUized  acid  is  expofed  to  heat  in  an 
open  veffe ,  there  anfes  a  fmoke  from  it,  which  afFeds 
difagreeably  the  nofe  and  lungs.  The  refiduum  is  a 
powder  of  a  much  whiter  colour  than  the  acid  had  been 
•By  this  procefs  it  lofes  Aths  of  its  weight ;  but  foon 
lecovers  them  again  on  expofure  to  the  air.  When  di- 
Killed,  it  fir  ft  lofes  its  water  of  cryflallization,  then  li¬ 
quifies  and  becomes  brown  ;  a  little  phlegm  paffes  over 
a  white  faline  cruft  fublimes,  fomc  part  of  which  paffes 
into  the  receiver;. but  the  greateft  part  of  the  acid  is 
-eitroyed,  leaving  in  the  retort  a  mafs  of  the  whole, 


II  Hid. 


§  ibid. 


IT  Ifni. 


1  S  t  II  y. 

which  has  an  empyreumatic  frnell,  blackens  fulphuric  Tan, 
acid,  renders  nitric  acid  yellow,  and  diffolves  in  muria-  Ac, 
tic.  acid  without  alteration.  That  part  of  the  acid — r 
which  fublimes  is  unaltered.  When  this  acid  is  diftil- 
led  a  fecond  time,  it  gives  out  a  white  fmoke,  which 
condenfmg  in  the  receiver,  produces  a  colourltfs  uucry- 
itallizable  acid,  and  a  dark  coloured  matter  remains  be¬ 
hind*.  During  all  this  diftillation  a  vaft  quantity  of  ela-*  Stm 
ftic  vapour  makes  its  efcape.  From  279  grains  of  ox- 
alic  acid,  Bergman  obtained  1*9  cubic  inches  of  ™ 
half  of  which  was  carbonic  acid  and  half  hydrogen! 
Fontana  from  an  ounce  of  it  obtained  430  cubic  inches 
of  gas,  one-third  of  which  was  carbonic  acid,  the  reft 
hydrogen.  From  thefe  facts,  it  is  evident  that  oxalic- 
acid  is  compofed  of  oxygen,  hydrogen,  and  carbon  ;  but 
the  proportions  are  ftill  unknown. 

When  nitric  acid  is  frequently  diftilled  off  oxalic 
acid,  acetous  acid  is  produced  *  The  fulphuric  acid, 
when  concentrated,  feeros  to  produce  the  feme  effeft 
Muriatic  and  acetous  acids  diffolve  oxalic  acid,  but 
without  -altering  it  f.  ,  „ 

.  L-r 1C  caPa^le  °*  oxyftating  lead,  copoer,  iron  4 70 

tin,  bilmuth,  nickel,  cobalt,  zinc,  mangande  "  Mtsadlioa 

arfenfc  °CS  ^  UP°"  ^  Platinum>  mercury,  Wia" 

Oxalic  acid  combines  with  alkalies,  alkaline  earths, 
and  alumina,  and  metallic  oxyds,  and  forms  felts  known 
by  the  name  of  oxalats. 

Its  affinities,  according  to  Bergman,  are  as  follows: 

Lime, 
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Magnefia, 

Potafs, 

Soda, 

Ammonia, 

Alumina, 

Jargonia  f|  ? 

Metallic  oxyds  as  in  fulphuric  acid. 

Water, 

Alcohol. 
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Sect.  XIV. 
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f  Encycl. 
Method. 
art  Acids 
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Of  T art arous  Acid . 

Tartar,  or  cream  of  tartar  as  it  is  commonly  called  D:,i7* 
when  pure,  has  occupied  the  attention  of  chemifts  for  of  urtarTw 
ieveral  centuries.  Duhamel  and  Groffe,  and  after  them  acid 
Margraf  and  Rouelle  the  Younger,  proved,  that  it  was 
compofed  of  an  acid  united  to  potafs ;  but  Scheele  was 
the  hrft  who  obtained  this  acid  in  a  feparate  ftate.  He 
communicated  his  procefs  for  obtaining  it  to  Retzius, 
who  publifhed  it  in  the  Stockholm  Tranfa&ions  for 
11  confifted  in  boiling  tartar  with  lime,  and 
in  decompofing  the  tartrite  of  lime  thus  formed  by 
means  of  fulphuric  acid.  J 

.  1  h!s  acid’  ,by  a  gentIe  evaporation,  yields  cryftals  fo  U,  tluper- 

irregular  in  tfieir  figure,  that  every  chemift  who  has’ies- 
treated  of  this  fubjeCt  has  given  a  different  defeription  *  Berman, 
According  to  Bergman,  they  generally  con- hi. 30S. 
lilt  ol  divaricating  lamellae  *  ;  according  to  Vail  Pack-  f  !)t  Sa,e 
en,  they  affume  ofteneft  the  form  of  long  pointed  E^’“ 
prifms  f  j  Spielman  and  CorvinusJ  obtained  them  in  1 Zlilta 
groupes,  fome  of  them  lance-fhaped,  others  needle form-  de  lartaro, 
ed,  others  pyramidal.  Morveau  obtained  them  needle- 5  ^ncyd* 
form  §.  They  do  not  experience  any  change  in  the  air;  *£*££ 

1  3,3.'* 


n 


j  Iff  CHEM 

C  c  heat  decompofes  them.  In  the  open  fire  they  burn 
/  i-  without  leaving  any  other  refiduum  than  a  coal,  which 
r  — 'generally  contains  a  little  lime||.  In  clofe  veflels,  the 
PT*’  product  is  carbonic  acid  and  hydrogen  gasf .  If  the 

proper  quantity  of  nitric  acid  be  diftilled  off  the  cryftals, 
p  nan  they  are  converted  into  oxalic  acid,  and  the  nitric  acid, 
Ir"  as  ufual,  paffes  into  the  nitrous  acid  *.  Hence  it  is  evi- 
Ir  W/dent  that  tartarous  acid  alfo,  like  the  four  former,  is 
l!/-  c®mpofed  of  oxygen,  hydrogen,  and  carbon  ;  but  the 
w  proportions  are  equally  unafcei  tained. 

This  acid,  when  in  cryftals,  diffolves  readily  in  wa¬ 
ter.  Bergman  obtained  a  lolution,  the  fpecific  gravity 
J,  wtt,  of  which  was  i^of.  Morveau  obferved,  however, 
5  that  cryftals  formed  fpor.taneoufly  in  a  folution,  the  fpe¬ 
cific  gravity  of  which  was  1,084. 

\  >n  It  has  a  very  ffiarp  acid  tafte,  and  reddens  vegetable 
0  r  blues. 

Tartarous  acid  does  not  oxydat  gold,  filver,  platinum, 
lead,  biimutli,  nor  tin,  and  hardly  antimony  an  J  nickel. 

It  combines  with  alkalies,  alkaline  earths,  and  alu¬ 
mina,  and  metallic  oxyds,  and  forms  falts  known  by  the 
name  of  tartrltes . 

[j  i-  The  order  of  its  affinities  is  the  fame  as  that  given 
t;  for  oxalic  acid  ;  except  that,  according  to  JLavoifier, 
the  oxyd  of  filver  comes  before  that  of  mercury. 

Sect.  XV.  Of  Citric  Acid \ 

■iof  Chemists  have  always  confidered  the  juice  of  oran- 
ges  and  lemons  as  a  peculiar  acid.  This  juice  contains 


a  quantity  of  mucilage  and  water,  which  render  the  acid 
impure,  and  fubje&  to  fpontaneous  decompofition.  Mr 
Georgius  took  the  following  method  to  feparate  the 
mucilage.  He  filled  a  bottle  entirely  with  lemon-juice, 
corked  it,  and  placed  it  in  a  cellar ;  in  four  years  the 
liquid  was  become  as  limpid  as  water,  a  quantity  of  mu¬ 
cilage  had  fallen  to  the  bottom  in  the  form  of  flakes, 
and  a  thick  cruft  had  formed  under  the  cork.  He  ex- 
pofed  this  acid  to  a  cold  of  23'',  which  froze  a  great 
part  of  the  water,  and  left  behind  a  ftrong  and  pretty 
holm  pure  acid  *.  It  was  Scheele,  however,  that  firft  point¬ 
ed  out  a  method  of  obtaining  this  acid  perfedly  pure. 
He  faturated  lemon-jnice  with  lime,  edulcorated  the 
precipitate,  which  confifted  of  citric  acid  and  lime,  fepa- 
rated  the  lime  from  it  by  diluted  fulphuric  acid,  cleared 
it  from  the  fulphat  of  lime  by  repeated  filiations  and 
evaporation  ;  then  evaporated  it  to  the  confidence  of  a 
fyrup,  and  fet  it  by  in  a  cool  place  :  a  quantity  of  cry- 
Its  flals  formed,  which  were  pure  citric  acid')'.  It  exifts 
ready  formed  alfo  in  the  juices  of  the  following  berries  : 
Vaccinium  occicoccos ,  vaccinium  <vitis  idaa^  prunus  padus , 
fc,  folanum  dulcamara ,  rofa  canina\ ,  cherries  §. 

Scheele  advifes  the  ufe  of  an  excefs  of  fulphuric  acid, 
in  order  to  infure  the  reparation  of  all  the  lime  ;  but, 
according  to  Dize,  this  excefs  is  neceffary  for  another 
oL  purpofe  ||.  A  quantity  of  mucilage  ftill  adheres  to  the 
°ur~  citric  acid  in  its  combination  with  lime,  and  fulphuric 
acid  is  neceffary  to  decompofe  this  mucilage,  which,  as 
Fourcroy  and  Vauquelin  have  proved,  it  is  capable  of 
doing.  His  proof  of  the  prefence  of  mucilage  is,  that 
when  the  folution  of  citric  acid  in  water,  which  he  had 
obtained,  was  fufficiently  concentrated  by  evaporation, 
it  affumed  a  brown  colour,  and  even  became  black  to- 
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wards  the  end  of  the  evaporation.  The  cryftals  alfo 
were  black.  By  repeated  folutions  and  evaporations, 
this  black  matter  was  feparated,  and  found  to  be  car¬ 
bon.  Hence  he  concluded  that  mucilage  had  been  pre- 
fent  ;  for  mucilage  is  compofed  of  carbon,  hydrogen, 
and  oxygen  ;  fulphuric  acid  caufes  the  hydrogen  and 
oxygen  to  combine  and  form  water,  and  the  carbon  re¬ 
mains  behind.  It  is  not  certain,  however,  as  Mr  Ni- 
cholfon  remarks  very  juftly  j*,  that  the  fulphuric  acid  j^icbol/irti 
may  not  a&  upon  the  citric  acid  itielf,  and  that  the 7  1  * 
carbon  may  not  proceed  from  the  decompoiition  of  it  ; 
at  leaft  the  experiments  of  Mr  Dize  are  infufficient  to 
prove  the  contrary.  In  that  cafe,  the  fmaller  the  excefs 
of  fulphuric  acid  ufed  the  better.  .  477 

The  cryftals  of  citric  acid  are  rhomboidal  prifms,  the  Its  proper- J 
fides  of  which  are  inclined  to  each  other  in  angles  oftl€s 
about  120  and  60  degrees,  terminated  at  each  end  by 
four  trapezoidal  faces,  which  include  the  folid  angles  J.  t  Dizet 
They  are  not  altered  by  expofure  to  the  air. 

An  ounce  of  diftilled  water,  at  the  temperature  of 
the  atmofphere,  diffolves  one  ounce  and  two  drams  of 
cryftallized  citric  acid;  and  during  the  folution  the  tem¬ 
perature  is  lowered  2Q,7 e°.  Boiling  water  diffolves. 
twice  its  weight  of  this  acic  J.  y 

Citric  acid  has  a  very  acid  tafte;  it  turns  vegetable 
blues  to  a  red.  .  .  .  478 

It  is  capable  of  oxydating  iron,  zinc,  tin.  It  does  Its  a&ion 
not  a&  upon  gold,  filver,  platinum,  mercury,  bifmuth,™^hcr 
antimony,  arfenic. 

It  combines  with  alkalies,  alkaline  earths,  and  alu¬ 
mina,  and  metallic  oxyds,  and  forms  falts  known  by  the 
name  of  citrats . 

Fire  decompofes  this  acid,  converting  it  into  an  aci¬ 
dulous  phlegm,  carbonic  acid  gas,  and  carbonated  hy¬ 
drogen  gas  Its  folution  in  water  is  alfo  gradually  de- 
compofed,  if  accels  of  air  be  permitted.  It  is  evident* 
therefore,  that  this  acid  is  alfo  compofed  of  oxygen,  hy¬ 
drogen,  and  carbon. 

Scheele  faid  that  he  could  not  convert  it  into  oxa¬ 
lic  acid  by  means  of  nitric  acid,  as  he  had  done  fe- 
veral  other  acids  ;  but  Weftrum  affirms,  that  this  con- 
verfion  may  be  efFe&ed ;  and  thinks  that  Scheele  had 
probably  failed  from  having  ufed  too  large  a  quantity  of 
nitric  acid,  by  which  he  had  proceeded  beyond  the  con- 
verfion  into  oxalic  acid,  and  had  changed  the  citric 
acid  into  vinegar  ;  and  in  fupport  of  his  opinion,  lie 
quotes  his  own  experiments  :  from  which  it  appeared 
that,  by  treating  fixty  grains  of  citron  acid  with  diffe¬ 
rent  quantities  of  nitric  acid,  his  produdts  were  very  dif¬ 
ferent.  Thus  with  200  grains  of  nitric  add  he  got  30 
grains  of  oxalic  acid;  with  300  grains  of  nitric  acid  he 
obtained  only  15  grains  of  the  oxalic  acid  ;  and  with 
600  grains  of  nitric  acid  no  veftige  appeared  of  the 
oxalic  acid.  On  diftilling  the  produ&s  ol  thefe  experi¬ 
ments,  efpecially  of  the  laft,  he  obtained  vinegar  mixed 
with  nitric  acid.  479 

The  affinities  of  this  acid  a>e  as  follows  *:  Its  affini* 

Lime  (l), 

TWvtes  See  Btrim 

^ai7te.8’  ,  man  and 

Strontltesf,  Lavoifter . 

Magnefia,  *  Dr  Hofa 

Potafs,  TrnrJ.M* , 

Soda,lv‘ 


(l)  Mr  De  Breffey  places  barytes  before  lime. 


326 

Malic 

Acid. 

* . .  y  >|J 

t  Lavoificr* 


!  lid. 


$1J. 

t  Vauquelin , 
Ann.  de 
Chzm.  xxii. 
ao8. 


CHEMI 

Soda, 

Ammonia, 

Oxyd  of  zinc, 

- manganefej, 

- - iron, 

■  lead, 

■ - cobalt, 

- - copper, 

• - arfenic, 

- mercury 
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Alumina 
Jargonia^J  ? 
Water, 
Alcohol. 

Sect.  XVT. 


>  antimony  |j, 
filver, 
gold, 
platinum, 
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Of  Malic  Acid . 

Scheele  difcovered  a  peculiar  acrd  in  the  juices  of 
feveral  fruits,  which,  becaufe  it  is  found  moll  abundant- 
ly  in  apples,  has  been  called  malic  acid. 

He  obtained  it  by  the  following  procefs.  Saturate 
the  juice  of  apples  with  potafs,  and  add  to  the  folution 
acetite  of  lead  till  no  more  precipitation  enfues.  Waft 
the  precipitate  carefully  with  a  fuflicient  quantity  of 
water ;  then  pour  upon  it  diluted  fulphuric  acid  till  the 
mixture  has  a  perfectly  acid  tafte,  without  any  of  that 
fweetnefs  which  is  perceptible  as  long  as  any  lead  re- 
mains  difTolved  in  it ;  then  feparate  the  fulphat  of  lead, 
which  has  precipitated,  by  filtration,  and  there  remains 
behind  pure  malic  acid  *. 

This  acid  is  contained  in  the  berries  of  the  barberis 
vulgaris ,  the  fambucus  nigra ,  the  primus  fpinofa ,  the 
forbus  aucuparia ,  and  the  prunus  domejlica  f. 

If  nitric  acid  be  diftilled  with  an  equal  quantity  of 
fugar,  till  the  mixture  affumes  a  brown  colour  (which 
r  is  a  fign  that  all  the  nitric  acid  has  been  abftra&ed  from 
it),  this  fubftance  will  be  found  of  an  acid  tafte;  and 
after  all  the  oxalic  acid  which  may  have  been  formed 
is  feparated  by  lime-water,  there  remains  another  acid, 
which  may  be  obtained  by  the  following  procefs  :  Sa¬ 
turate  it  with  lime,  and  filter  the  folution  ;  then  pour 
upon  it  a  quantity  of  alcohol,  and  a  coagulation  takes 
place.  This  coagulum  is  the  acid  combined  with 
lime.  Separate  it  by  filtration,  and  edulcorate  it  with 
frefti  alcohol  ;  then  diftblve  it  in  diftilled  water,  and 
pour  in  acetite  of  lead  till  no  more  precipitation  enfues. 

I  he  precipitate  is  the  acid  combined  with  lead,  from 
which  it  may  be  feparated  by  diluted  fulphuric  acid. 

It  polieiles  all  the  properties  of  malic  acidj.  This 
acid,  therefore,  may  be  obtained  from  fugar ;  and  it 
may  be  converted  into  oxalic  acid,  by  drilling  off  it  the 
l>lrfLJ,iVroP*r.  quantity  of  nitric  acid  §. 

^  j’/r  aC^  bears  a  ftron£  refemblance  to  the  citric,  but 
4Sz  diners  from  it  in  the  folic  -  mg  particulars  : 

Its  proper-  j.  The  citric  acid  (hoots  into  fine  cryftals,  but  this 
acid  does  not  cryftailize. 

2.  The  fait  formed  fiom  the  citric  acid  with  lime  is 
almolt  infoluble  in  boiling  water  ;  whereas  the  fait  made 
with  malic  acid  and  the  fame  bails  is  readily  foluble 
by  boiling  water. 

3.  Maiic  acid  precipitates  mercury,  lead,  and  fil¬ 
ler.  from  the  nitrous  acid,  and  alio  the  folution  of  gold 
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when  diluced  with  water;  whereas  citric  acid  does  not  1. 
alter  any  of  thefe  folutions 

3.  Malic  ?.cid  feems  to  have  a  lefs  affinity  than  ci- w" 
trie  acid  for  lime;  for  when  a  folution  of  lime  in  the 
former  acid  is  boiled  one  minute  with  a  fait  formed 
from  volatile  alkali  and  citric  acid,  a  decompofition  takes 
pl?.ce,  and  the  latter  acid  combir.ea  with  the  lime  and 
is  precipitated. 

The  malic  acid  combines  with  alkalies,  alkaline  earths,  Its  cl 
and  alumina,  and  metallic  oxyds,  and  forms  (alts  knovv^uticl 
by  the  name  of  malats.  u 

Its  affinities  have  not  yet  been  afeertained. 

S  e  c  T.  X  VI I.  Of  La  flic  Acid \ 

1  f  milk  be  kept  for  fome  time  it  becomes  four.  The 
acid  which  then  appears  in  it  was  firft  examined  by 
Scheele,  and  found  by  him  to  have  peculiar  properties. 

1 1  is  called  la&ic  acid.  In  the  whey  of  milk  this  acid  is 
raixed  with  a  little  curd,  fome  phoiphat  of  lime,  fugar 
of  milk,  and  mucilage.  All  thefe  muft  be  feparated 
before  the  acid  can  be  examined.  Scheele  accomplifhed 
this  by  the  following  procefs  :  & 

Evaporate  a  quantity  of  four  whev  to  an  eighth  part,  M«h 
and  then  filtrate  it :  this  feparates  the  clieefy  part  Sa-obtair 
turate  the  liquid  with  lime-water,  and  the  phofphat  ofia&c 
lime  precipitates.  Filtrate  again,  and  dilute  the  liquid 
with  three  times  its  own  bulk  of  water;  then  let  fall  in- 
to  it  oxalic  acid,  drop  by  drop,  to  precipitate  the  lime 
which  it  has  dilfolved  from  the  lime-water  :  then  add 
a  very  i'mall  quantity  of  lime-water,  to  fee  whether  too 
much  oxalic  acid  has  been  added.  If  there  has,  oxalat 
ot  lime  immediately  precipitates.  Evaporate  the  folu¬ 
tion  to  the  confiltence  of  honey,  pour  in  a  fuflicient 
quantity  of  alcohol,  and  filtrate  again  ;  the  acid  pafl'es 
through  diffolyed  in  the  alcohol,  but  the  fugar  of  milk 
and  every  other  fubftance  remains  behind.  Add  to  the 
folution  a  fmall  quantity  of  water,"  and  diflil  with  a  (mail 
heat,  the  alcohol  paffes  over,  and  leaves  behind  the  lactic 
acid  difTolved  in  water  *m  #  ^  , 

This  acid  is  incapable  of  cryftallizing :  when  evapo-  Sukhl, 
rated  to  drynefs,  it  deliquefces  again  in  the  air  f .  Tmf.  * 


}  MJ. 
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When  diftilled,  water  comes  over  firft,  then  a  weak  .g?0, 
acid  referobling  the  tartaious,  then  an  empyreuniatic  oil  485 
mixed  with  more  of  the  fame  acid,  and  lallly  carbonic  hi  propJ 
acid  and  hydrogen  gas — there  remains  behind  a  fmall  ties’ 
quantity  of  coal  }  m 

The  combinations  which  this  acid  forms  with  alka-  4»6 
lies,  earths,  and  metallic  oxyds,  are  called  lattals.  Comb“i 
Its  affinities,  according  to  Bergman,  are  as  follows  :  ‘'M, 
Barytes,  Aud  affi-j 

Potafs,  ties, 

Soda, 

Ammonia, 

Lime, 

Magnefia, 

Alumina, 

Jargon iaf  ? 

Metallic  oxyds  as  in  fulphuric  acid. 

Water, 

Alcohol. 


§  fesfjt, 

Ann  dt 
dim.  XI 


Sect.  XVIII. 


Of.  Sacchol attic  yield. 

If  a  quantity  of  frefh  whey  of  milk  be  filtrated,  and  Sugfrof 
then  evaporated  by  a  gentle  fire  till  it  is  of  the  confift-"1^ 
ence  of  honey,  and  afterwards  allowed  to  cool,  a  folid 

mafs 
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i>  ic*  mafsis  obtained,  Tf  this  be  diffolved  in  water,  clarified 
A With  the  white  of  eggs,  filtrated,  and  evaporated  to  the 
M  ~  confidence  of  a  fyrup,  it  depofits  on  cooling  a  number 
of  brilliant,  white,  cubic  cry  dais,  which  have  a  fweet 
tade,  and  for  that  reafon  have  been  called  fugar  of  milk, 
Fabricius  Barth  ole  t,  an  Italian,  was  the  fird  European 
who  mentioned  this  fugar.  He  defcribed  it  in  his  En~ 
cyclopedia  Hermetic o  dogmatic a ,  publifhed  at  Boulognia 
in  1619;  but  it  feems  to  have  been  known  in  India 
long  before  that  period. 

f  of  After  Mr  Scheele  had.  obtained  oxalic  acid  from  fu- 
U  x  gar,  he  wifhed  to  examine  whether  the  fugar  of  milk 
would  furnifh  the  fame  produd.  Upon  four  ounces 
lC  of  pure  fugar  of  milk,  finely  powdered,  he  poured  12 
ounces  of  diluted  nitric  acid,  and  put  the  mixture  in  a 
large  glafs  retort,  which  lie  placed  in  a  land  bath. 
A  violent  effervefeence  enfuing,  he  was  obliged  to  re- 
.  move  the  retort  from  the  fand-bath  till  the  commotion 
ceafed.  He  then  continued  the  didillation  till  the  mix¬ 
ture  became  yellow.  As  no  crydals  appeared  in  the  li¬ 
quor  remaining  in  the  retort,  after  danding  two  days  he 
repeated  the  didillation  as  before,  with  the  addition  of 
eight  ounces  of  nitric  acicf,  and  continued  the  opera¬ 
tion  till  the  yellow  colour,  which  had  difappeared  on 
addition  of  the  nitrous  acid,  returned.  The  liquor  in 
the  retort  contained  a  white  powder,  and  when  cold 
was  obferved  to  be  thick.  Eight  ounces  of  water  were 
added  to  dilute  this  liquor,  which  was  then  filtrated, 
by  which  the  white  powder  was  feparated;  which  being 
edulcorated  and  dried  weighed  'ji dr.  The  filtrated  fo- 
lution  was  evaporated  to  the  confidence  of  a  fyrup,  and 
again  fubje&ed  to  didillation,  with  four  ounces  of  ni¬ 
tric  acid  as  before.;  after  which,  the  liquor,  when  cold, 
was  obferved  to  contain  many  fmall,  oblong,  four  cry¬ 
dals,  together  with  fome  white  powder.  This  powder 
being  feparated,  the  liquor  was  again  diddled  with  more 
nitric  acid  as  before;  by  which  means  the  liquor  was 
rendered  capable  of  yielding  crydals  again;  and  by  one 
didillation  more,  with  more  nitrous  acid,  the  whole  of 
the  liquor  was  converted  into  crydals.  Thefe  crydals, 
added  together,  weighed  five  drams  ;  and  were  found, 
upon  trial,  to  have  the  properties  of  the  oxalic  acid. 

Mr  Scheele  next  examined  the  properties  of  the  white 
powder,  and  found  it  to  be  an  acid  of  a  peculiar  nature; 
he  therefore  called  it  the  acid  of  fugar  of  milk .  It  is 

*  now  called  the  faccholaftic  acid . 

J  er‘  According  to  Scheele,  it  is  foluble  in  60  parts  of  its 
>  weight  of  boiling  water  ;  but  Melds  Hermdadt*  and 

*  Morveauf  found,  that  boiling  water  only  difiolved  -g-^th 
part:  it  depofited  about  ^th  part  on  cooling  in  the  form 

i*  of  crydals  J. 

u]e.  The  folution  has  an  acid  tade,  and  reddens  the  infu- 
i  fion  of  turnfole  §.  Its  fpecific  gravity,  at  the  tempe- 
tyuatr, rat ure  of  5 3,7°,  is  r,ooi5  ||. 

*  When  diddled,  it  melts  very  readily,  becomes  black, 
and  frothes  ;  a  brown  fait  fublimes  into  the  neck  of  the 
retort,  which  has  the  odour  of  a  mixture  of  amber  and 
benzoin,  having  an  acid  tade,  eafily  foluble  in  alcohol, 
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with  greater  difficultly  in  water,  and  burning  in  the  fire 
with  a  flame.  There  paffes  into  the  receiver  a  brown  li-  ^ 

quid,  having  fome  of  this  fait  dilfolved  in  it  :  There  re¬ 
mains  behind  a  coal «[[,  which  Hermdadt  found  to  contain  J.^*^** 
a  frnall  quantity  of  lime.  Concentrated  fulphuric  acid  di¬ 
ddled  on  this  fait  becomes  black,  frothes,  and  decom- 
pofes  it  *.  *  Id,  ibid, 

Mr  Hermdadt  of  Berlin  had  mstde  fimilar  experiments  49 1 
on  fugar  of  milk  at  the  fame  time  with  Scheele,  and  with 
fimilar  refults  ;  but  he  concluded,  that  the  white  pow-  cl{piove  itr 
der  which  he  obtained  was  nothing  elfe  than  oxalat  ofexiftencc* 
lime  with  excefs  of  acid,  as  indeed  Scheele  himfelf  did 
at  fird.  After  he  became  acquainted  with  Scheele’s 
conclufions,  he  publifhed  a  paper  in  defence  of  his  own 
opinion;  but  his  proofs  are  very  far  from  eftablifhing  it, 
or  even  rendering  its  truth  probable.  He  acknowledges 
himfelf,  that  he  has  not  been  able  to  decompofe  this  fup* 
pofed  fait :  he  allows  that  it  pofleffes  properties  diftindh 
from  the  oxalic  acid  ;  but  he  afcribes  this  difference  to 
the  lime  which  it  contains  ;  yet  all  the  lime  which  he 
could  difcover  in  240  grains  of  this  fait  was  only  20 
grains  ;  and  if  the  alkali  which  he  employed  was  a  car- 
bonat  (as  it  probably  was),  thefe  20  mud  be  reduced  to> 

11.  Now  Morveau  has  die wn,  that  oxalic  acid,  con¬ 
taining  the  fame  quantity  of  lime,  exhibits  very  different 
properties.  Befides,  this  acid,  whatever  it  is  when  uni¬ 
ted  with  lime,  is  feparated  by  the  oxalic,  and  mud 
therefore  be  different  from  it,  as  it  would  be  abfurd  to 
fuppofe  that  an  acid  could  difplace  itfelf*.  The  fac .  *  Uforveatr, 
choladtic  acid  mud  therefore  be  confidered  as  a  diftindt  MaLk  i, 
acid,  as  it  poffcffes  peculiar  properties.  p.  291. 

Its  compounds  with  alkalies,  earths,  and  metallic  491 
oxyds,  are  denominated  faccholats.  Itscom-^ 

Its  affinities,  according  to  Bergman,  are  as  follows  : 

Lime, 

Barytes, 

Magnefia, 

Potafs, 

Soda, 

Amrponia, 

Alumina, 

Jargon  ia  f  ?  f Vaurptelin^ 

Metallic  oxyds  as  in  fulphuric  acidy  (ffm 
Water,  2o8. 

Alcohol. 

SgCT.  XIX.  Of  Gallic  Acid. 

There  is  an  excrefcence,  known  by  the  name  of  «w/Nut  gall?. 
gall,  which  grows  on  fome  fpecies  of  oaks*  This  fub- 
dance  contains  a  peculiar  acid,  called  from  that  circum- 
danc e  gallic  acid,  the  properties  of  which  were  fird  ex¬ 
amined  with  attention  by  the  commifiioners  of  the  aca-. 
demy  of  Dijon  ;  and  the  refult  of  their  experiments, 
was  publifhed  in  T777,  in  the  third  volume  of  their  Ele¬ 
ments  of  Chemidry.  In  thefe  experiments,  however, 
they  employed  the  infufion  of  galls,  in  which  the  acid 
is  combined  with  the  tanning  principle  (m).  It  was 
referved  for  Scheele  to  obtain  it  in  a  date  of  purity. 


He 


(m)  A  fubdance  lately  difcovered  by  French  cbemids,  which  exids  alfo  iri  oak-bark,  and  every  other  body 
which  may  be  fubdituted  for  that  bark  in  the  operation  of  tanning.  It  refembles  the  refins  in  many  properties 
but  its  diftinguifhing  property  is  that  of  forming  with  glue  a  compound  infoluble  in  water.  When  a  little  of 
the  deco&ion  of  glue  is  dropped  into  an  infufion  of  nut-galls,  a  white  curdy  precipitate  is  indantly  feen  :  This 
is  the  tanning  principle  combined  with  glue.  The  name  tanning  principle  has  been  applied  to  it,  becaufe  tanning 
confids  in  combining  this  principle  with  Jkins}  by  which  they  are  converted  into  leather. 
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He  obferved,  in  an  infufion  of  galls  made  with  cold 
(  water,  a  fediment,  which  proved  on  examination  to 
have  a  cryftalline  form  and  an  acid  tafte.  By  letting 
an  infufion  of  galls  remain  a  long  time  expofed  to  the 
air,  and  removing  now  and  then  the  mouldy  fkin  which 
formed  on  its  furface,  a  large  quantity  of  this  fediment 
was  obtained  ;  which  being  edulcorated  with  cold  wa¬ 
ter,  rediffolved  in  hot  water,  filtrated  and  evaporated  very 
flowly,  yielded  an  acid  fait  in  cryftals  as  fine  as  fand  *. 

There  is  a  fhorter  method  of  obtaining  this  acid  in 
a  ftill  purer  date  than  Scheele  obtained  it. 

Pour  fulphuric  ether  on  a  quantity  of  powdered  galls, 
and  allow  it  to  remain  a  few  hours  ;  by  which  time  it 
becomes  coloured.  Put  this  tin#ure  into  a  retort,  and 
diftil  off  the  ether  with  a  fmall  heat.  The  refiduum 
poffefles  the  colour  and  brittlenefs  of  a  refin,  and  has  all 
the  chara#ers  of  Rouelle’s  re  fiduous- extra#  ;  it  does 
not  altra#  moifture  from  the  atmofphere.  Diffolve  it 
in  its  own  weight  of  water,  and  add  fulphuric  add, 
drop  by  drop,  till  the  liquor  has  become  of  a  manifeftly 
acid  tafte.  It  caufes  a  white  precipitate,  which  be¬ 
comes  coloured,  and  is  immediately  rediffolved.  At  the 
end  of  fome  hours  a  refinous.  matter  will  have  precipi¬ 
tated.  Decant  off  the  fluid,  dilute  it  with  half  its  weight 
of  water,  filtrate  and  evaporate  it  tooths  in  a  moderate 
heat ;  add  pure  barytes  till  the  liquor  is  no  longer  ca¬ 
pable  of  decomposing  muriat  of  barytes;  then  filtrate 
it  again  ;  and  on  evaporation  in  a  moderate  heat  fmall 
white  prifmatic  cryftals  of  gallic  acid  are  formed  on  the 
fides  of'  the  veffel  f. 

It  appears  from  the  experiments  of  Deyeux,  that  the 
.  fubftance  extracted  from  nut-galls  by  ether  does  not  dif¬ 
fer  much  from  the  extra#  by  water  Probably,  then, 

•  the  only  reafon  for  employing  ether  is  the  fmall  heat 
neceffary  for  evaporating  it. 

There  is  dill  another  method  of  obtaining  this  acid. 
Diftil  nut-galls  in  a  ftrong  heat,  a  white  fubftance  fu- 
blimes,  which  cryftallizes  in  the  form  of  needles  :  This 
is  gallic  acid.  If  the  cryftals  are  impure,  they  may  be 
purified  by  a  fecond  fublimation  :  but  the  heat  muft 
not  be  too  violent,  otherwife  the  cryftals  will  melt  in¬ 
to  a  brown  mafs  *.  This  procefs  was  difeovered  bv 
Scheele.  Y 

But  the  mod  elegant  method  of  obtaining  gallic  acid 
is  that  of  Mr  Prouft.  When  a  folution  of  muriat  of  tin  is 
poured  into  an  infufion  of  nut-galls,  a  copious  yellow  pre¬ 
cipitate  is  inftantly  formed,  confifting  of  the  tanning  prin¬ 
ciple,  combined  with  the  oxyd  of  tin.  After  diluting  the 
liquid  with  a  fufficient  quantity  of  water  to  feparate 
any  portion  of  this  precipitate  which  the  acids  might 
hold  in  folution,  the  precipitate  is  to  be  feparated  by 
filtration.  The  liquid  contains  gallic  acid,  muriatic 
acid  and  muriat  of  tin.  To  feparate  the  tin,  a  quan¬ 
tity  of  fulphurated  hydrogen  gas  is  to  be  mixed  with 
the  liquid.  Sulphuret  of  oxyd  of  tin  is  precipitated 
under  the  form  of  a  brown  powder.  The  liquid  is  then 
to  be  expofed  for  fome  days  to  the  light,  covered  with 
paper,  till  the  fuperfluous  fulphurated  hydrogen  gas  ex- 
hales.  After  this,  it  is  to  be  evaporated  to  the  proper 
degree  of  concentration,  and  put  by  to  cool  Cryftals 
of  gallic  acid  are  depofited.  Tliefe  are  to  be  feparated 
by  filtration,  and  wafhed  with  a  little  cold  water.  The 
evaporation  of  the  reft  of  the  liquid  is  to  be  repeated 
till  all  the  gallic  acid  is  obtained  from  it  f. 
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The  gallic  acid  thus  obtained  has  a  very  acid  tafte,  C 
and  reddens  vegetable  colours.  It  is  foluble  in  ti  parts  A 
of  boiling  water,  and  in  1 2  parts  of  water  at  the  tem-  — 
peraturc  of  the  atmofphere.  Alcohol  diflblves  one.;,s4S 
fourth  of  its  weight  of  this  acid  at  the  temperature  of  tie/' 
the  atmofphere.  When  boiling  hot,  it  diffiilves  a  quan- 
tity  equal  to  its  own  weight. 

When  placed  upon  burning  coals,  gallic  acid,  takes 
fire,  and  at  the  fame  time  diffufes  a  very  ftrong  odour, 
which  has  fomething  aromatic  in  it.  When  llronglv 
heated,  it  melts,  boils,  becomes  black,  is  diffipated,  and 
leaves  a  quantity  of  charcoal  behind  it.  When  diftilh 
ed,  a  quantity  of  oxygen  gas  is  difengaged,  an  acid  li¬ 
quor  is  found  in  the  receiver,  with  fome  gallic  acid  not 
decompofed,  and  there  remains  in  the  retort  a  quantity 
of  carbon.  If  what  has  paffed  into  the  receiver  he 
more  oxygen  gas  is  obtained,  fome  gallic 
acid  ftill  lublimes,  and  a  quantity  of  carbon  remains  in 
the  retort.  By  repeated  diftillations  the  whole  of  the 
acid  may  be  decompofed.  This  decompofition  may  be 
more  eaiily  accompliffied  by  diftilling  repeatedly  a  folu¬ 
tion  of  gallic  acid  in  water.  The  produas  are  oxy. 
gen  gas,  charcoal,  and  an  acid  liquor. 

From  thefe  experiments,  Mr  Deyeux,  who  perform- It*™ 
ed  them,  has  concluded,  that  gallic  acid  is  compofed  of  ton. 
oxygen,  and  a  much  larger  proportion  of  carbon  than 
enters  into  the  compofition  of  carbonic  acid.  But  this 
conclufion  is  not  warranted  by  the  analyfis ;  for  Mr 
Deyeux  did  not  find  that  the  quantity  of  oxygen  <ra3 
and  carbon  obtained  was  equal  to  that  of  the  gallic  acid 
decompofed  :  and  in  the  acid  liquor  which  came  over, 
there  evidently  exifted  a  quantity  of  water,  which 
doubtlefs  was  formed  during  the  diftfllation.  Scheele, 
by  treating  gallic  acid  with  nitric  acid  in  the  ufual  man¬ 
ner,  converted  it  into  oxalic  acid.  Now  it  is  certain, 
that  oxalic  acid  contains  hydrogen  as  well  as  carbon 
It  cannot  be  doubted,  then,  that  gallic  acid  is  compo- 
fed  of  oxygen,  hydrogen,  and  carbon,  in  proportions 
not  yet  ascertained.  But  Mr  Deyeux  has  proved,  that 
the  quantity  of  carbon  is  very  great,  compared  with 
that  or  the  hydrogen. 

Gallic  acid  combines  with  alkalies,  earths,  and  me- 
tallic  oxyds,  and  forms  compounds,  known  by  the  name 
of  gallats . 

Its  affinities  have  not  yet  been  determined  ;  but  oxyd 
of  iron  feems  to  have  a  ftronger  affinity  for  it  than  for 
any  other  fubftance  ;  for  gallic  acid  is  capable  of  taking 
it  from  every  other  acid.  In  confequence  of  this  pro¬ 
perty,  the  infufion  of  galls  is  employed  to  deteft  the 
prefence  of  iron  in  any  liquid.  As  foon  as  it  is  poured 
in,  1-  iron  be  p refen t,  a  black  or  purple  colour  is  pro¬ 
duced.  r 

Sect.  XX.  Of  Benzoic  acid • 

Benzoin  or  benjamin  (as  it  is  fometimes  called)  is  a 
kind  of  refin  brought  from  the  Eaft  indies  ;  obtained,  B 
according  to  Dr  Dryander,  from  the  ftyrax  benzoe,  a 
tree  which  grows  the  ifland  of  Sumatra.  This  fub- 
ftance  confifts  partly  of  a  peculiar  acid,  deferibed  as 
long  ago  as  1608  by  Blaife  de  Vigenere,  in  his  Trea- 
tifeon  Fire  and  Salt,  under  the  name  of  flowers  of  ben- 
zom  becaufe  it  was  obtained  by  fublimation.  This 
acid,  which  is  now  called  the  benzoic  acid,  may  be  fu- 
blimed  from  benzoin  by  heat;  or  it  maybe  obtained  by 

Scheele’s 
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Scheme's  prccefs,  which  has  been  defcribed  in  the  ar- 


ji'f-  tide  Chemistry  ( Encycl. ). 

Benzoic  acid  has  little  or  none  of  the  peculiar  odour 
Hrtjes  which  diftinguifhes  bepzoin.  Its  tafte  is  not  acid,  but 
zoic  fweet'fh  and  very  pungent  *.  It  hardly  affefts  the  in- 
fulion  of  violets  ;  but  it  reddens  that  of  turnfole,  efpe- 
II  "Vi'aUf  dally  if  that  infufion  be  hot  f.  Heat  volatilizes  this 
acid,  and  makes  it  give  out  a  ftrong  odour,  which  ex- 
B,i.  cites  coughing.  When  expofed  to  the  heat  of  the 
*  blow-pipe  in  a  filler  fpoon,  it  mdts,  becomes  as  fluid 

■  as  water,  and  evaporates  without  taking  fire.  It  only 

burns  when  in  contadl  with  flame,  and  then  it  leaves 
no  refidimm  behind.  When  thrown  upon  burning  coals, 
it  rifes  in  a  white  fmoke.  When  allowed  to  cool  after 
being  melted,  it  hardens,  and  a  radiated  emit  forms  on 

/,  ,  its  fui facet. 

It  fuffers  no  other  alteration  in  the  air  than  lofing 
the  little  of  the  odour  of  benzoin  which  remained  to 
I  it  ^ 

JLrvtJU, 1L 

Cold  water  difiolves  no  fenfible  quantity  of  it  ;  but 
it  is  fohihle  enough  in  hot  water  :  480  grains  of  boil¬ 
ing  water  diflolve  20  grains  of  it ;  19  of  thefe  are  de¬ 
posited,  when  the  water  cools,  in  long,  (lender,  flat,  fea- 
,  ten-  ther-like  cryfHls  f. 

Concentrated  fulphuric  acid  diflblves  it  without  heat 
or  any  other  change,  except  becoming  fomewhat  brown  : 
when  water  is  poured  into  the  folution,  the  benzoic 
acid  feparates  and  coagulates  on  the  furfacc  without 
l  any  alteration  4.  Nitric  acid  prefents  precifely  the 
fame  phenomena,  and  alfo  the  fulphurous  and  nitrous 
acids.  Neither  the  muriatic,  the  oxy-muriatic,  nor  the 
phofphoric  acids  diflolve  it.  The  acetous,  formic,  and 
lebacic  acids,  when  hot,  diflolve  it  precifely  as  water 
1  does;  but  it  cryfialiizes  again  when  thefe  acids  cool  []. 

Alcohol  diflblves  it  copioufly,  and  lets  it  fall  on  the 
u  addition  of  water  *. 

Little  is  known  refpe&ing  its  bafe. 

It  combines  with  alkalies,  earths,  and  metallic  oxyds, 

[  and  forms  falts,  known  by  the  name  of  benvoats. 
i  e8.  Its  affinities,  from  the  experiments  of  Trommfdorf, 
appear  to  be  as  follows  : 

White  oxyd  of  arfenic, 

Potafs, 

Soda, 

Ammonia, 

Barytes, 

Lime, 

Magnefia, 

Alumina, 

“  7ue-  jargoiiia  J  ? 


de 

«  xxii. 


Water, 

Alcohol, 

Sect.  XXI.  Of  Succinic  Jlcid. 


\ 
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Amber  is  a  well-known  brown,  tranfparent,  inflam¬ 
mable  body,  pretty  hard,  and  fufceptible  of  polifh, 
found  at  lome  depth  in  the  earth,  and  on  the  feacoaft 
of  feveral  countries.  It  was  in  high  eftimation  among 
the  ancients  both  as  an  ornament  and  a  medicine. — 
When  this  fub fiance  is  drftilled,  a  volatile  fait  is  obtain¬ 
ed,  which  is  mentioned  by  Agricola  under  the  name  of 
fait  of  amber  ;  but  its  nature  was  long  unknown.  Boyle 
}  'feam  was  the  firft  who  difeovered  that  it  was  an  acid  *.  From 
J1  by  fuccinum ,  the  Latin  name  of  amber,  this  acid  has  recei- 
c  iii.  Ved  the  appellation  of  fuccinic  acid . 
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It  is  obtained  by  the  following  procefs  :  Fill  a  re*  Camphoric 
tort  half  way  with  powdered  amber,  and  cover  the  pow-  t  Acid~  , 
der  with  a  quantity  of  dry  fand  ;  lute  on  a  receiver, 
and  diftil  in  a  fand-bath  without  employing  too  much  Method  of 
heat.  There  pafies  over  firft  an  infipid  phlegm  ;  then  obtaining 
a  weak  acid,  which,  according  to  Scheele,  is  the  ace-**' 


fuccinic 
acid. 


tous  f  ;  then  the  fuccinic  acid  attaches  itfelf  to  the  |  Beaman's 
neck  of  the  retort  ;  and  if  the  diftillation  be  continued,  Notes’ on 
there  comes  over  at  laft  a  thick  brown  oil,  which  has  Scbejper. 
an  acid  tafte. 

<  The  fuccinic  acid  is  at  firft  mixed  with  a  quantity  of 
oil.  Perhaps  the  beft  method  of  purifying  it  is  that 
recommended  by  Pott,  to  diflolve  it  in  hot  water,  and 
to  put  upon  the  filter  a  little  cotton,  previoufly  moif- 
tened  with  oil  of  amber  ;  this  fubftance  retains  mofl  of 
the  oil,  and  allows  the  folution  to  pafs  clear.  The 
acid  is  then  to  be  cryftallized  by  a  gentle  evapora¬ 
tion.  And  this  procefs  is  to  be  repeated  till  the  acid 
be  quite  pure.  The  cryftals  are  white,  fhining,  and  504 
of  a  foliated  triangular  prifmatic  form  :  they  have  an  ProPcr* 
acid  tafte,  but  are  not  corrofive  :  they  redden  tin&ure ties* 
of  turnfole  ;  but  have  little  effedt  on  that  of  violets. 

They  fublime  when  expofed  to  a  confiderable  heat, 
but  not  at  the  heat  of  a  water-bath.  In  a  fand  bath 
they  melt,  and  then  fublime  and  condenfe  in  the  upper 
part  of  the  veflfel ;  but  the  coal  which  remains  fhews 
tha*  they  are  partly  decompofed  *.  *  pott . 

One  part  of  this  acid  diflblves  in  96  parts  of  water 
at  the  temperature  of  50°,  according  to  Spieiman  t  Jnfl-  Cljcm* 
in  24  parts  at  the  temperature  of  52°,  ar.d  in  2  parts  $  Xli* 
of  water  at  the  temperature  of  21 2°,  according  to 
Stockar  de  Neuforn  f  ;  but  the  greateft  part  cryftal-  f  De  Sued - 
lizes  as  the  water  cools.  According  to  Roux,  how-«o. 
ever,  it  ftill  retains  more  of  the  acid  than  cold  water  is 
capable  of  diffolving  J.  t  Morveaut 

240  grains  of  boiling  alcohol  diflolve  177  of  this  acid; 
but  cryftals  again  fhoot  as  the  folution  cools  *.  *  Wenzel. 

The  combinations  of  this  acid  are  called  fuccinats .  Combina- 

Its  component  parts  are  ftill  unknown.  t;„ns  an(j 

Its  affinities,  according  to  Morveau,  are  as  follows  :  affinities. 
Barytes, 

Lime, 

Potafs, 

Soda, 

Ammonia, 

Magnefia, 

Alumina, 

Jargonia  j*  ?  \V 

Metallic  oxyds,  as  in  fulphuric  acid,  lLn.\  Ann\fs 
J  r  9  Cbim.  xxiu 

Water,  a0S. 

Alcohol. 


Sect.  XXII.  Of  Camphoric  jdcid. 


Camphor  is  a  well-known  white  cryftalline  fubftance,  Camphor* 
of  a  llrong  tafte  and  fmell,  obtained  from  a  fpecies  of 
laurel  in  the  Eaft  Indies  ;  and  Mr  Prouft  has  fhown 
that  feveral  volatile  oils  contain  a  confiderable  quantity 
of  it  *.  It  is  fo  volatile,  that  it  cannot  be  melted  in  *  Ann  dg 
open  veflels,  and  fo  inflammable,  that  it  burns  even  on  chm.  iv. 
the  fiirface  of  water. 

When  camphor  is  fet  on  fire  in  contadl  with  oxygen 
gas,  it  burns  with  a  very  brilliant  flame  ;  much  caloric 
is  difengaged,  water  is  formed,  the  inner  furface  of  the 
vefiel  is  covered  with  a  black  matter,  which  Is  undoubt¬ 
edly  carbon,  and  a  quantity  of  carbonic  acid  gas  is  alfo 
T  t  produced 
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Camphoric  prodac^df.  Hence  it  follows,  that  it  is  compofed  of 
v  Ac^'  .hydrogen  and  carbon,  at  leaft  principally. 
j^La  Grange ,  ^  one  Part  camphor  and  fix  parts  of  pulverifed 

Ann.  de  clay  be  mixed  together,  by  means  of  alcohol,  in  a  mor- 
Gkim*  xxiii.  tar,  the  mixture  made  up  into  balls,  and  when  dry  put 
3 S3*  into  a  retort,  and  diftilled  by  a  moderate  heat — a  quan¬ 

tity  of  oil  comes  over,  and  there  remains  in  the  retort 
a  black  fubftance,  which  confifts  of  the  clay  intimately 
mixed  with  a  quantity  of  carbon.  If  the  fire  be  not 
cautioufly  managed,  a  quantity  of  camphor  alfo  fu- 
blimes.  By  this  procefs,  camphor  is  decompounded, 
and  feparated  into  oil  and  carbon. 

122,248  parts  of  camphor 

produced  45,856  parts  of  oil 
and  30,571  of  carbon. 


Part! 


J  ibid. 

50  7 
Oil  of  cam¬ 
phor. 


I  Ann,  de 
Clhn .  xxiii. 

w- 


508 

Camphoric 
acM 


*  Kofegar - 
ten,  de  Cum- 
phora,  l$c. 

i;Sj. 


4  Ann.  de 
Ckim,  ibid. 


5©9 

Its  proper¬ 
ties 

*  Kofegar - 
ten. 

\La  Grange, 


f  Kofegar - 

ten, 

*  Bouillon 
ha  Grange , 
Ann  de 

Cbim,  xxvii 
40. 


Total  76,427 
Lois  45,821 

Carbonated  hydrogen  gas  and  carbonic  acid  were 
alfo  formed 

The  oil  obtained  has  the  following  properties  : 

It  has  a  fharp  caiiftic  tafte,  and  leaves  upon  the 
tongue  a  fenfe  of  coldnefs.  It  has  an  aromatic  odour, 
approaching  to  that  of  thyme  or  rofemary.  Its  colour 
is  a  golden  yellow. 

When  expofed  to  the  air,  it  partly  evaporates,  and 
there  remains  a  thick  brown  matter  with  a  fharp  bit- 
terifh  tafte,  which  at  laft  alfo  evaporates. 

With  alkalies,  it  forms  a  foap,  which  pofTeffes  all  the 
characters  of  foaps  made  with  volatile  oils. 

Alcohol  diffolves  it  entirely  ;  and  when  water  is  add¬ 
ed  to  the  folution  it  becomes  milky,  but  no  precipitate 
is  produced  J. 

Thefe  properties  fhow  that  this  is  a  volatile  oil,  and 
confequently  it  is  probable  that  camphor  is  compofed 
of  volatile  oil  and  carbon. 

Mr  Kofegarten,  by  di Hilling  nitric  acid  off  camphor 
eight  times  fucceffively,  obtained  an  acid  in  cryftals*,  to 
which  the  name  of  camphoric  acid  has  been  given. 

His  experiments  have  been  repeated  by  Mr  Bouillon 
La  Grange.  He  mixed  together  122,284  parts  of  cam¬ 
phor  with  489,136  parts  of  nitric  acid  of  the  fpecific 
gravity  1,33,  and  diftilled  them.  Much  nitrous  and 
carbonic  acid  gas  were  difengaged,  and  part  of  the  cam¬ 
phor  was  fublimed ;  but  part  was  converted  into  an 
acid.  He  returned  the  fublimed  camphor  into  the  re¬ 
tort,  poured  on  it  the  fame  quantity  of  nitric  acid  as  at 
firft,  and  diftilled  again.  This  procefs  he  repeated  till 
the  whole  camphor  was  acidified  f .  The  quantity  of 
camphoric  acid  obtained  amounted  to  53,498.  The 
quantity  of  nitric  acid  was  2114,538. 

Camphoric  acid  thus  obtained  is  in  fnow-white  cry- 
flals,  of  the  form  of  parallelopipedons  *. 

Thefe  cryftals  efHorefce  in  the  air  J. 

Camphoric  acid  has  a  ilightly  acid  bitter  tafte,  and  a 
fmell  like  that  of  faffron. 

It  reddens  vegetable  colours. 

It  is  foluble  in  200  parts  of  cold  water,  according  to 
Kofegarten  ;  in  96  parts  of  water  at  the  temperature 
of  60,  according  to  La  Grange.  Boiling  water  dif¬ 
folves  Ath  of  its  weight  §* 

According  to  Kofegarten,  it  is  infallible  in-  alcohol ; 
according  to  La  Grange,  alcohol  diffolves  it,  and  when 
the  folution  is  left  in  contad  with  the  air  of  the  atmo- 
fphere,  the  acid  cryftallizes.  It  is  not  precipitated  from 
its  folution  in  alcohol  by  the  addition  of  water  *. 
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When  this  acid  is  placed  on  ignited  coals,  it  emits  a 
denfe  aromatic  fume,  and  is  entirely  difiipated.  By  a 
gentler  heat,  it  melts,  and  is  fublimed.  If  it  be  put 
into  a  heated  porcelain  tube,  and  oxygen  gas  be  paffed 
through  it,  the  acid  does  not  undergo  any  change,  but 
is  fublimed. 

By  mere  diftillation,  it  firft  melts  and  then  fnblimes ; 
by  which  procefs  its  properties  are  in  (time  refped 
changed.  It  no  longer  reddens  the  tin&ure  of  turnfol, 
but  acquires  a  brifk  aromatic  fmell;  its  tafte  becomes 
lefs  penetrating,  and  it  is  no  longer  foluble  either  in 
water  or  the  fulphuric  and  muriatic  acids.  Heated  ni¬ 
tric  acid  turns  it  yellow  and  diflolves  it.  Alcohol  like- 
wife  diffolves  it  ;  and  if  this  folution  be  left  in  contaft 
with  the  air  of  the  atmofphere,  it  cryftallizes. 

Camphoric  acid  does  not  produce  any  change  in  ful- 
phur  alcohol  and  the  mineral  acids  totally  diffolve  it ; 
and  fo  like  wife  do  the  volatile  and  the  fat  oils. 

Camphoric  acid  does  not  precipitate  lime  from  lime- 
water.  It  produces  no  change  on  the  folution  of  indi¬ 
go  in  fulphuric  acid. 

It  forms  combinations  with  the  alkalies,  earths,  andft  *10 
metallic  oxyds,  which  are  called  camphorats,  n^.co°® 

Its  affinities,  as  far  as  afcertained  By  La  Grange,  areaffinities 
as  follows  *•  *  Ann., 

Lime,  Chim' « 

Potafs,  v 

Soda, 

Barytes, 

Ammonia, 

Alumina, 

Magnefia, 


I 


a?. 


Sect.  XXIII.  Of  Suberic  Acid, \ 


Cork,  a  fubftance  too  well  known  to  require  any  Difcover 
defeription,  is  the  bark  of  a  tree  which  bears  the  fameoffuberi 
name.  By  means  of  nitric  acid,  Brugnatelli  convertedaci<i* 
it  into  an  acid  f ,  which  has  been  called  the  fuberic  acidr\  Cnlh 
Tom  Suber ,  the  Latin  name  of  the  cork  tree.  Several  ^nnalit 
chemifts  affirmed  that  this  acid  was  the  oxalic,  becaufe178?' 
it  pofleffed  leveral  properties  in  common  with  it.  Thefe 
affertions  induced  Bullion  La  Grange  to  undertake  a  fet 
of  experiments  on  fuberic  acid.  Thefe  experiments, 
which  have  been  publilhed  in  the  23d  volume  of  the 
Ann  ales  de  Chimie,  completely  eftablifh  the  peculiar  na¬ 
ture  of  fuberic  acid,  by  fhewing  that  it  pofTeffes  proper¬ 
ties  different  from  thofe  of  every  other  acid. 

1o  prepare  it,  a  quantity  of  found  cork  grated  down  Method  1 
lmall  is  to  be  put  into  a  retort,  fix  times  its  weight  of  preparing 
nitric  acid  of  the  fpecific  gravity  1,261  poured  uponi£* 
it,  and  the  mixture  diftilled  by  means  of  a  gentle  heat. 

Red  vapours  are  immediately  difeharged;  the  cork  fwells 
up  and  becomes  yellow,  and  as  the  diftillation  advances, 
it  finks  to  the  bottom,  and  its  furface  remains  frothy. 

If  that  froth  does  not  form  properly,  it  is  a  proof  that 
fome  part  of  the  cork  has  efcaped  the  a&ion  of  the  acid. 

In  that  cafe,  after  the  diftillation  is.  pretty  far  advanced, 
the  acid  which  has  paffed  into  the  receiver  is  to  be 
poured  back  into  the  retort,  and  the  diftillation  conti-  j 
nued  till  no  more  red  vapours  can  be  perceived  ;  and 
then  the  retort  is  to  be  immediately  taken  out  of  the 
fand-bath,  otherwife  its  contents  would  become  black 
and  adhere  to  it.  While  the  matter  contained  in  the 
retort  is  hot,  it  is  to  be  poured  into  a  glafs  veffel,  pla¬ 
ced  upon  a  fand-bath.  over  a  gentle  fire,  and  conftantly 
ftirred  with  a  glafs  rod.  By  this  means  it  becomes 

gradually 
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gradually  thick.  As  Toon  p.»  white  vapours,  exciting 
a  tickling  in  the  throat,  begin  to  difengage  themfelves, 
the  veftel  is  removed  from  the  bath,  and  the  mafs  con¬ 
tinually  ftirred  till  it  is  aim  oft  cold. 

By  this  means  an  orange  coloured  mafs  is  obtained 
of  the  confiftence  of  honey,  of  a  ftrong  and  (harp  odour 
while  hot,  but  having  a  peculiar  aromatic  fmetl  when 


coiu. 

On  this  mafs  twice  its  weight  of  boiling  water  is  to 
be  poured,  and  heat  applied  till  it  becomes  liquid  ;  and 
then  that  part  of  it  which  is  infoluble  in  water  is  to  be 
feparated  by  filtration  (n)..  The  filtered  liquor  be¬ 
comes  muddy  ;  on  cooling  it  depofits  a  powdery  fedi- 
ment,  and  a  thin  pellicle  forms  on  its  furface.  The  fe- 
diment  is  to  be  feparated  by  filtration,  and  the  liquor 
reduced  to  a  dry  mafs  by  evaporating  in  a  gentle  heat. 
This  mafs  is  fuberic  acid. .  It  is  ftill  a  little  coloured, 
owing  to  fome  accidental  mixture,  from  which  it  may 
be  purified  either  by  faturating  it  with  potafs  and  pre¬ 
cipitating  it  by  means  of  an  acid,  or  by  boiling  it  along 
with  charcoal  powder. 

Suberic  acid  thus  obtained  is  r.ot  cryftaliizable,  but 
[VP  *  when  precipitated  from  potafs  by  an  acid  it  aftumes  the 
form  of  a  powder ;  when  obtained  by  evaporation  it 

forms  thin  irregular  pellicles. 

Its  tafte  is  acid  and  (lightly  bitter ;  and  when  diiiol- 
ved  in  a  fmall  quantity  of  boiling  water  it  a&s  upon  the 
throat,  and  excites  coughing. 

It  reddens  vegetable  blues ;  and  when  dropped  into 
a  folution  of  indigo  in  fulphuric  acid  ( liquid  blue ,  as  it 
is  called  in  this  country),  it  changes  the  colour  of  the 
folution,  and  renders  it  green. 

Water  at  the  temperature  of  6o°  or  even  70  diliolves 
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only  1  -g  part  of  its  weight  of  fuberic  acid,  and  if  the 

acid  be  very  pure,  only  Part  1  boiling  water,  on 

the  contrary,  diffolves  half  its  weight  of  it. 

When  expofed  to  the  air,  it  attra&s  moifture,  efpe- 
daily  if  it  be  impure.  t  - 

When  expofed  to  the  light  of  day,  it  becomes  at  laa 
brown  ;  and  this  effed  is  produced  much  fooner  by  the 
dired  rays  of  the  fun. 

When  heated  in  a  matrafs,  the  acid  fublimes,  and  the 
infide  of  the  glafs  is  furrounded  with  zones  of  different 
colours.  If  the  fublimation  be  (topped  at  the  proper 
time,  the  acid  is  obtained  on  the  fides  of  the  veftel  m 
fmall  points  formed  of  concentric  circles-  When  ex¬ 
pofed  to  the  heat  of  the  blow-pipe  on  a  fpoon  of  pla¬ 
tinum,  it  fir  ft  melts,  then  becomes  pulverulent,  and  at 
laft  fublimes  entirely  with  a  fmell  refcmbling  that  of  le- 


bacic  acid  (o). 

It  is  not  altered  by  oxygen  gas: — the  other  acids  do 
not  diftolve  it  completely.  Alcohol  developes  an  aro¬ 
matic  odour,  and  an  ether  may  be  obtained  by  means 
of  this  acid. 

It  converts  the  blue  colour  of  nitrat  of  copper  to  a 
green  ;  the  fulphat  of  copper  alfo  to  a  green;  green  ful¬ 
phat  of  iron  to  a  deep  yellow  ;  and  fulphat  of  zinc  to 
a  golden  yellow  (p).  5I4 

It  has  no  a&ion  either  on  platinum,  gold,  or  nickel ;  its  a&ion 
but  it  oxydates  filver,  mercury,  copper,  lead,  tin,  iron,  on  other 
bifmuth,  arfenic,  cobalt,  zinc,  antimony,  manganefe,  andbotlies* 
molybdenum. 

With  alkalies,  earths,  and  metallic  oxyds,  it  forms 
compounds  known  by  the  name  of fuberats,  5T5 

Its  affinities  are  as  follows  (qJ  :  hs  affinities 

T  t  2  Barytes, 


Cs)  When  this  fubftatice  is  put  into  a  matrafs,  water  poured  on  it,  and  heat  applied,  it  melts  ;  and  when  the 
veffil  is  taken  from  the  fire  and  allowed  to  cool,  one  part  of  it,  which  is  of  the  confiftence  of  wax,  fwims  on 
the  furface  of  the  water,  and  another  part  precipitates  to  the  bottom  of  the  veflel,  and  affumes  the  appearance  o 
a  whltifh  magma!  Wh^n  this  magma  is  fejarated  by  filtration,  and  walhed  and  dned,  a  whrte  taltelefs  powder  » 
obtained,  mixed  with  ligneous  threads,  foluble  in  acids  and  alkalies. 

(o)  An  acid  which  fhall  be  afterwards  deferibed.  _ 

(?)  Owin?  perhaps  to  the  prefence  of  a  little  iron  in  the  fulphat.  ...  , 

(o  l  The  place  which  the  fuberic  acid  occupies  in  the  affinities  of  the  alkalies,  earths,  and  metallic  oxyds,  as 
far\s  this  fubjeft  has  been  inveftigated  by  Bouillon  La  Grange,  will  appear  by  the  following  tables : 

-  Soda.  Lime. 


Potass. 


Barytes- 


Sulphuric  acid. 
Nitric, 
Muriatic, 
Suberic, 

Alumina. 

Sulphuric  acid. 
*  #  # 

Oxalic, 

Suberic, 


Sulphuric  add, 
Nitric, 

Muriatic, 

Suberic. 

Ox  yd  of  Tin. 

*  *  * 
Muriatic, 
Suberic. 

Ox  yd  of  Lead. 


Sulphuric  acid. 

Oxalic, 

*  *  * 

Muriatic, 

Suberic. 

Ox  yd  of  Silver. 


Muriatic, 
*  *  * 

Sulphuric, 

Suberic. 


Oxalic  acid, 

Sulphuric, 

*  *  * 

Muriatic, 

Suberic. 

Magnesia  as  lime. 

Oxyd  of  Molybdenum. 


Suberic  acid. 

Oxyd  of  Antimony. 


Oxyd  of  Mercury. 


Sebacic  add, 
#  *  # 

Nitric, 

Suberic. 


*  #  # 
Muriatic, 
Suberic, 


Oxyd  of  Copper. 

*  *  * 

Sulphuric, 

Suberic. 


#  *  * 

Muriatic, 

Suberic, 

Manganese  the  fame. 

Oxyd 
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Difcovery 
of  white 
lac. 


Barytes, 

Potafs, 

Soda, 

Lime, 

Ammonia, 

Magnefia, 

Alumina 

Mr  Bullion  La  Grange,  to  whom  we  are  indebted 
for  all  the  fads  relative  to  this. acid,  fuppofes  that  it  is 
compofed  of  oxygen,  hydrogen,  and  carbon  :  but  Mr 
Jamefon,  in  contequence  of  the  refult  of  a  feries  of  ex¬ 
periments  which  he  made  on  charcoal,  has  been  led  to 
lufpcd  that  it  confifts  entirely  of  carbon  and  oxygen. 
Lie  found  that,  by  the  adion  of  nitric  acid  upon  char¬ 
coal,  a  .brown,  bitter,  ddiquefcent  mafs  was  formed, 
fohible  in  water,  alcohol,  and  alkalies,  and  which  emit¬ 
ted,  particularly  when  heated,  a  very  fragrant  odour. 
This  matter  was  more  or  lefs  fohible  in  water  according 
to  the  time  that  it  had  been  expofed  to  the  adion  of  the 
acid.  When. the  nitric  acid  uied  was  concentrated,  and 
confiderable  in  quantity,  part  of  the  charcoal  was  con¬ 
verted  into  an  acid,  which  pofTeffed  the  charaders  of 
the  fuberic  f. 

.Fhefe  fads  are  curious,  and  may  extend  our  know¬ 
ledge  of  the  nature  of  vegetable  acids,  but  they  are  in- 
fufficient  to  prove  the  abfence  of  hydrogen  in  fuberic 
acid,  becaufe  charcoal  cannot  eahly  be  procured  perfect¬ 
ly  free  from  hydrogen,  and  becaufe  feveral  of  the  pro¬ 
perties  of  fuberic  acid  indicate  the  prefence  of  hydrogen 
in  it,  its  becoming  brown,  for  inflance,  when  expofed 
to  the  light.  Mr  Jamefon  has  obferved,  that  the  acid 
which  exifls  ready  formed  in  peat  poflHIes  the  proper¬ 
ties  of  fuberic  acid 

Sect.  XXIV.  Of  Lactic  Acid* 

About  the  year  1786,  Lr  Anderfon  ofM.adras  men¬ 
tioned,  in  a  letter  to  the  governor  and  council  of  that 
place,  that  nefts  of  infeds,  refembling  /mail  cowry  fheils, 
had  been  brought  to  him  from  the  woods  by  the  na¬ 
tives,  who  eat  them  with  avidity.  Thefe  fuppofed  nefls 
hefoon  afterwards  difeovered  to  be  the  coverings  of  the 
females  of  an  undeferibed  fpecies  of  coccus,  which  he 
Shortly  found  means  to  propagate  with  great  facility  on 
feveral  of  the  trees  and  fhrubs  growing  in  his  neigh¬ 
bourhood  (r). 

On  examining  this  fubflance,  which  he  called  white 
lac,  he  obferved  in  it  a  very  confiderable  refemblance 
to  bees  wax  ;  he  noticed  alio,  that  the  animal  which 
fecretes  it  provides  itfelf  by  lome  means  or  other  with 
a  fmall  quantity  of  honey,  refembling  that  produced  by 
our  bees;  and  in  one  of  his  letters  he  complains,  that 
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the  children  whom  he  employed  to  gather  it  were 
tempted  by  its  fweetnefs  to  eat  fo  much  of  it  as  mate¬ 
rially  to  reduce  the  produce  of  his  crop.  Small  quan¬ 
tities  of  this  matter  were  fent  into  Europe  in  1789, 
both  in  its  natural  Hate  and  melted  into  cakes  ;  and  ih 
1793  Dr  Pearfon,  at  the  requeft  of  Sir  Jofeph  Banks, 
undertook  a  chemical  examination  of  its  qualities,  and* 
his  experiments  were  publilhed  in  the  Philofoohical 
l  raniacxions  for  i  794.  A 

•  A  P'v?  of  "'hite  lac’  from  3  to  15  grains  in  weight, , 
is  probably  produced  by  each  infed.  Thefe  pieces  are  J 
of  a  grey  colour,  opaque,  rough,  and  roundifh.  When 
white  lac  was  purified  by  being  {trained  through  muf¬ 
fin,  it  was  of  a  brown  colour,  brittle,  hard,  and  had  a 
bitterifh  tafte.  It  melted  in  alcohol,  and  in  water  of 
the  temperature  of  .45°.  In  many  of  its  properties  it 
refembles  bees  wax,  though  it  differs  in  others  ;  and 
Dr  1  earfon  fuppoles  that  both  fubltances  are  compofed 
of  the  fame  ingredients,  but  in  different  proportions. 

i  wo  thoufand  grams  of  white  lac  were  expofed  in 
fuch  a  degree  ot  heat  as  was  juft  fufficient  to  melt 
them.  As  they  grew  foft  and  fluid,  there  oozed  out 
550  grains  of  a  reddifti  watery  liquid,  which  fmelled 
like  newly  baken  bread  (  s).  To  this  liquid,  Dr  Pearfon 
has  given  the  name  of  lactic  atidf. 

It  po  (Idles  the  following  oroperties  1 

It  trnns  paper  Gained  with  turiifole  to  a  red  co^oik  the  ^mi\ 

After  being  filtered,  it  has  a  (lightly  faltifti  tafte 
bitternefs,  but  is  not  at  all  lour.  *  E 

When  heated,  it  fmells  precifely  like  newly  baken  hot  ProPertic' ! 
bread.  of  laccic 

On  (landing,  it  grows  fomewliat  turbid,  and  depo  aC‘d' 
lits  a  fmall  quantity  of  fediment.  r 

Its  fpecific  gravity  at  the  temperature  of  60 
1,025.. 

A  httleof  it  having  been  evaporated  till  it  grew  very 
turbid,  afforded  on  Handing  fmall  needle-  fhaped  cryitals 
in  mucilaginous  matter.  3 

Two  hundred  and  fifty  grains  of  it  were  poured  into  a 
very  fmall  retort  and  (Milled.  As  the  liquor  grew  warm, 
mucilage  like  clouds  appeared ;  but  as  the  heat  iucrea- 
(ed  they  disappeared  again.  At  the  temperature  of 
200  ,  the  liquor  diftilled  over  very  fall :  A  fmall  quan 
tity  of  extradive  matter  remained  behind.  The  diftil¬ 
led  liquor  while  hot  fmelled  like  newly  baken  bread,  and 
was  penealy  tranfparent  and  yellowifh.  A  fhred  of 
paper  flamed  with  turnfole,  which  had  been  put  into 
the  receiver,  was  not  reddened  ;  nor  did  another  which 
had  been  immerfed  in  a  iolution  of  fulohat  of  iron,  and 
alfo  placed  in  the  receiver,  turn  to  a  blue  colour  upon 
being  moiflened  with  the  folution  of  potafs  (t). 

— - - _ - -  About 


f  Pearfon\ 

'r 


IS 


Ox  yd  of  Iron- 


Oxyd  of  Bismuth.  Oxvd  of  Arsenic. 


*  * 

Nitric  acid, 
Suberic, 


*  *  *  *  *  * 

Sulphuric,  Muriatic, 

Suberic.  Suberic. 

/  i  ~n.  ,  S.°®ALT  and  Z,NC  fame  with  arfenic. 

biis‘  ol  fc.”  l  t SS  tr0m  *  deP?C,"i  for  lhc  P-P*  of 

“I-  f  <•».  indoor  eoch"“'  11  ™  **' 

pSHkS^t^sr  '"** the  crude  bamc‘  >  -  «  « “u.  a*  -h=„  „„iy 

(t)  A  proof  that  the  acid  was  not  the  pruffic. 
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:ic  About  one  hundred  grains  of  this  diflilled  liquid  be- 
h  {ng  evaporated  till  it  grew  turbid,  after  being  fet  by 
“"^for  anight,  afforded  acicular  cryflals,  which  under  a 
lens  appeared  in  a  group  not  unlike  the  umbel  of  parf- 
Iey.  The  whole  of  them  did  not  amount  to  the  quar¬ 
ter  of  a  grain  They  tailed  only  bitterilh. 

Another  100  grains  being  evaoorated  to  drynefs  in 
a  very  low  temperature,  a  blackifh  matter  was  left  be¬ 
hind,  which  did  not  entirely  disappear  on  heating  the 
fpoon  containing  it  very  hot  in  the  naked  fire  ;  but  on 
heating  oxalic  acid  to  a  much  Ids  degree,  it  evaporated 
and  left  not  a  trace  behind. 

Carbonat  of  lime  diffolved  in  this  diflilled  liquid  with 
effervefcence.  The  folution  tailed  hitterifh,  did  not 
turn  paper  ftained  with  turnfole  red,  and  on  adding  to 
it  carbonat  of  potafs  a  copious  precipitation  enfued. 
A  little  of  this  folution  of  lime  and  of  alkali  being  eva¬ 
porated  to  drynefs,  and  the  reliduum  made  red  hot,  no¬ 
thing  remained  but  carbonat  of  lime  and  carbonat  of 
potafs. 

This  liquid  did  not  render  nitrat  of  lime  turbid,  but 
it  produced  turbidnefs  in  nitrat  and  muriat  of  barytes. 

To  five  hundred  grains  of  the  reddifh-coloured  liquor 
obtained  by  melting  white  lac,  carbonat  of  foda  was 
added  till  the  effervefcence  ceafed,  and  the  mixture  was 
neutralifcd  ;  for  which  purpofe  three  grains  of  the  car- 
homt  were  neceffary.  During  this  combination  a  quan¬ 
tity  o:  muciliginous  matter,  with  a  little  carbQnat  of 
lime,  was  precipitated.  The  faturated  folution  being 
filtrated  and  evaporated  to  the  due  degree,  afforded  on 
Handing  deliquefcent  cryflals,  which  on  cxpofnre  to  fire 
left  only  a  rcteduum  of  carbonat  of  foda. 

Lime-water  being  added  to  this  reddifh-coloured  li¬ 
quor  produced  a  light  purple  turbid  appearance  ;  and 
on  (landing  there  were  clouds  juft  perceptible. 

Sulphuret  of  lime  occafioned  a  white  precipitation, 
but  no  fulphurated  hydrogen  gas  was  perceptible  by  the 
fmell. 

Tin&ure  of  galls  produced  a  green  precipitation. 

Sulphat  of  iron  produced  a  purplifh  colour,  but  no 
precipitation  ;  nor  was  any  precipitate  formed  by  the 
addition  firll  of  a  little  vinegar,  and  then  of  a  little  pot¬ 
afs,  to  the  mixture. 

Acetite  of  lead  occ?.f:oned  a  reddifh  precipitation, 
which  rediffolved  on  adding  a  little  nitric  acid. 

Nitrat  of  mercury  produced  a  whitifh  turbid  liquor. 

Oxalic  acid  produced  immediately  the  precipitation 
of  white  acicular  cryflals,  owing  probably  to  the  pre- 
fence  of  a  little  lime  in  the  liquid. 

Tartrite  of  potafs  produced  a  precipitation  not  un¬ 
like  what  takes  place  on  adding  tavtarous  acid  to  tar¬ 
trite  of  potafs  (u)  v  it  did  not  diffolve  again  on 
adding  potafs. 

Such  were  the  properties  of  this  acid  difeovered  by 
Dr  Pearlon.  Its  deftru&ibility  by  fire,  and  its  afford¬ 
ing  carbon,  diftinguifh  it  from  all  the  acids  defcribcd 
in  this  article  before  the  acetous ;  and  its  peculiar  imell 
when  heated,  its  precipitating  tartrite  of  potafs  with¬ 
out  forming  tartar,  its  bitterifh  taile,  and  its  being  con- 
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verted  into  vapour  at  the  temperature  of  200°,  diftin-  Pyro  u- 
guifh  it  trom  all  the  acids  hitherto  examined  *.  ° >us  A  . 

Sect  XXV.  Of  Pyromucous  Acid.  rr^‘1794. 

Pyromucous  (v)  acid  is  procured  by  diflilling  fugarf*  583- 
or  any  of  the  fv/eet  juices.  As  they  foam  very  jvietho  1  of 

the  retort  fhould  be  large,  and  f even  eighths  of  it  empty. obtaining 
A  prodigious  quantity  of  carbonic  acid  and  carbonated  pyromu- 
hydrogen  gas  is  difengaged  :  A  very  thin  light  coal  re-c  ,lls  ac^* 
mains  behind  in  the  retort.  Morveau  found  the  glafs 
of  the  retort  attacked  The  quantity  of  fugar  diftilled 
was  2304  grains  ;  the  coal  weighed  98  2  grains  There 
were  428  grains  of  a  brown  liquor  in  the  receiver,  con- 
fifbing  moiily  of  an  acid  phlegm.  This  rediflilled  gave 
3 1 3  grains  of  a  liquor  almoit  limpid,  the  fpecific  gra¬ 
vity  of  which  was  1,01x5  at  the  temperature  of  770. 

It  reddened  bine  paper.  This  acid  may  be  concentra¬ 
ted  by  freezing,  or  by  combining  it  with  fome  bafe, 
potafs,  for  inflance,  and  decompoling  the  compound  by 
a  lironger  acid,  as,  for  example,  the  fulphuric. 

It  has  a  very  (harp  tafle.  When  expofed  to  heat  inltsproper. 
open  veffels,  it  evaporates,  leaving  a  brown  fpot.  Dif-tics> 
tilled  in  clofe  veffels,  it  leaves  charcoal  behind  it. 

It  does  not  diffolve  gold  as  Schrickel  and  Lemery 
and  feveral  other  chemifls  affirmed. 

It  does  not  attack  filver  nor  mercury,  nor  even  their 
oxyds  f .  It  corrodes  lead,  and  fornvs  llyptic  and  long!  Schmid* 
cryflals.  Copper  forms  with  it  a  green  folution  :  With 
iron  it  forms  green  cryflals  with  antimony  and  zinc 
greenifh  folutions.  522 

The  compounds  which  it  forms  are  called  pyromucites .  Combina- 
Its  affinities,  according  to  Morveau,  are  as  follows  :  anc* 

Potafs,  affin,ucs* 

Soda, 

Barytes, 

Lime, 

Magnefia, 

Ammonia,, 

Alumina, 

Jargonia  f ,  f  Vauque - 

Metallic  oxyds  as  in  fulph.  acid,  lm\  dnn.  <U 

^  -rr  *  X  YYfl- 

Water, 

Alcohol. 


dim.  xxiL 
208. 


Sect,  XXVI.  Of  Pyro-Ugnous  Acid . 

It  is  well  known  that  the  fmoke  of  burning  wood  is  Method  of 
exceedingly  offenfive  to  the  eyes  :  And  chemifls  have  owning 
long  ago  obferved,  that  an  acid  might  be  obtained  bypyro-lig- 
diflilling  wood.  nuUS  ac^ 

It  is  to  Mr  Goettling,  however,  and  to  the  Dijon 
academicians,  who  repeated  his  experiment,  that  we  are 
indebted  for  wliat  knowledge  we  poffefs  ot  the  peculiar 
properties  of  this  acid,  which,  becaufe  it  is  obtained 
from  wood  by  meam  of  fire,  has  been  called  the  pyro- 
lignous  acid  (w).  It  appears  to  be  the  fame  from  what 
ever  kind  of  wood  it  is  obtained. 

Mr  Goettling  filled  an  iron  retort  with  pieces  of 
birch  tree  bark,  and  obtained  by  diflillation  a  thick, 
brown,  very  empyreumatic  acid  liquor.  This  liquor  he 

allowed 


(u)  On  this  addition,  tartar,  or  acidulated  tartrite  of  potafs,  is  foimed,  which  precipitates,  becaufe  it  is  very 
little  fohihle  in  water.  The  addition  of  potafs  diffolves  it  again. 

(v)  Morveau  called  this  acid  fyrupous  acid. 

(\v)  Goettling  called  it  ligneous  acid. 
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K  *  a^owed  to  remain  at  reft  for  three  months,  and  then  fe- 

t_ — *,  parated  from  it  a  quantity  of  oil  which  had  rifen  to  the 
t?P*  .  lifting  this  liquor  again,  and  then  fatura- 
ting  it  with  potafs,  and  evaporating  to  drynefs,  he  ob¬ 
tained  a  brown  faline  mafs ;  which,  by  being  rediffol- 
ved  in  water,  and  evaporated,  yielded  greyifh  white  cry- 
flals:  Thefe  cryftals  were  compofed  of  pyro  lignous 
acid  and  potafs.  He  poured  upon  them,  by  little  and 
little,  a  quantity  of  fulphuric  acid  ;  and  by  applying  a 
gentle  heat,  the  pyro-iignous  acid  came  over  in  confide- 
rable  purity  f . 

The  Dijon  academicians  obtained  this  acid  from 
beech  wood:  by  diftilling  55  ounces,  they  procured 
17  ounces  of  acid  ;  which,  when  rectified  by  a  fecond 
diftillation,  was  of  the  fpecific  gravity  1,02083. 

^  re^ens  vegetable  colours.:  when  expofed  to  a 
ties^  combi- fti'ong  heat,  it  takes  fire  and  is  deftroyed.  It  unites 
rations,  and  very  well  with  alcohol, 
affmues.  Its  compounds  are  called  pyro -lignites. 

Its  affinities,  as  fixed  by  Mr  Eloy  Bourfier  de  Cler- 
vaux  and  Mr  de  Morveau,  are  as  follows: 
iLime, 

Barytes, 

Potafs, 

Soda, 

JMagnefia, 

Ammonia, 

«Oxyd  of  zinc, 

- manganefe, 

iron, 

— —  lead, 

—  .  tin, 

- cobalt, 

- —  copper, 

—  - nickel, 

- - —  arfenic, 

- bifmuth. 


■%  Vauguc - 
tin,  Ann,  de 
Cbim.  xxii. 
«08. 


Alumina, 
Jargonia  f  ? 


mercury, 

antimony, 

filver, 

gold, 

platinum, 
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Sect.  XXVII.  Of  Pyro-tartarous  Acid, 

An  acid  may  alfo  be  obtained  by  diftilling  tartar  ;  it 
is  called  pyro-tartarous  acid. 

It  has  an  empyreumatic  tafte  and  odour  ;  reddens  the 
tinaure  of  turnfole  ;  but  has  no  effed  on  that  of  violets. 

Little  is  known  concerning  this  acid,  except  that 
many  of  its  properties  are  the  fame  with  thofe  of' the 
pyro  lignous  ;  and  Morveau  conjeaures,  that,  if  pro¬ 
perly  purified, .  it  would  probably  be  difeovered  to  be 
the  fame  with  it. 

The  compounds  which  it  forms  are  called  pyro-tar- 
t  rites. 

Its  affinities  are  unknown.  Morveau  fuppofes  that 
they  are  the  fame  with  thofe  of  the  pyro-iignous  acid. 

The  18  preceding  acids  are  all  (except  the  laaic 
3nd  faccholaaic)  denominated  vegetable  acids ,  becaufe 
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they  are  obtained  From  vegetable  fubftanccs.  We  have  Veg  tali 
placed  the  laaic  and  faecholaaic  acids  in  the  fame  clafs;  •vcidi.l 
becaufe  they  bear  a  ftrong  refemblance  to  vegetable 
acids,  and  becaufe  they  are  evidently  compofed  of  the 
fame  ingredients  with  them. 

Vegetable  acids  are  diflinguifhed  from  all  the  acids  Deftroye, 
described  in  the  beginning  ot  this  chapter,  by  their  de- fire, 
ftru&ibility  by  fire.  ^ 

There  is  no  circumftance  in  chemiftry  which  has  at-  Convert, 
traced  greater  attention  than  the  poffibility  of  convert- ihle  iiJt0 
ing  the  various  vegetable  acids  into  each  other  by  means c"ch  oth 
of  different  proceffes.  To  explain  what  paffes  during 
thefe  proceffes,  it  would  be  neceffary  to  know  exadfly 
the  component  parts  of  every  vegetable  acid,  the  man¬ 
ner  in  which  thefe  acids  are  combined,  and  the  affinities 
which  exift  between  each  of  their  ingredients.  This, 
however,  is  very  far  from  being  the  cafe  at  prefent! 
Though  a  vaft  number  of  experiments  have  been  made 
on  purpofe  to  throw  light  on  this  very  point,  the  diffi¬ 
culties  which  were  to  be  encountered  have  been  fo  great, 
that  no  accurate  refults  have  yet  been  obtained. 

It  follows  from  thefe  experiments,  that  all  the  vege.  Enquirvil 
table  acids  are  compofed  chiefly,  at  leaft,  of  oxygen,  hy-to  the-pr 
drogen,  and  carbon  ;  but  that  the  proportions  differ  in  portions  < 
every  individual  acid.  We  fay  chiefly,  becaufe  it  has  ',l>eir  ingI: 
been  fufpe&ed  from  fome  phenomena,  that  one  or  twod'e“t!‘ 
of  thefe  acids  contain  befides  a  little  azot.  Let  us  take, 
a  view  of  what  is  at  prefen t  known  of  the  compofition 
of  thefe  acids  in  their  order. 

1*. -As  to  carbonic  acid,  its  compofition  has  been  nf- 
certained  with  tolerable  accuracy  ;  it  confifts  of  about 
28  parts  of  carbon  and  72  of  oxygen, 

2.  By  diftilling  7680  grains  of  acetite  of  potafs,  Dr 
Iiiggens  obtained  the  following  produfts  *  : 


i  Higgini 

3862,994  grains.  Acetm 

1 473*564  Acid>y% 

1047,6018 
78,0000 
180,0000 
340,0000 
726,9402 


Potafs, 

Carbonic  acid  gas, 

Carbonated  hydrogen  gas, 

Refiduum,  confifting  of  carbon. 

Oil.  -  -  °  . 

Water,  - 

Deficiency  (x),  .  .  , 

ihis  deficiency  Dr  Higgens  found  to  be  owing  to 
a  quantity  of  water  and  oil  which  is  carried  off  by 
the  elaftic  fluids,  and  afterwards  depofited  by  them. 
He  calculated  it,  in  the  prefent  cafe,  at  700  grains 
of  water  and  26,9402  grains  of  oil.  Now,  fmee  ace¬ 
tite  of  potafs  is  compofed  of  acetous  acid  and  potafs, 
and  fince  the  whole  of  the  potafs  remained  unaltered,  it 
follows,  that  the  acetous  acid  was  converted  into  car¬ 
bonic  acid  gas,  carbonated  hydrogen  gas,  carbon,  oil, 
and  water  ;  all  of  w*hich  are  compofed  of  oxygen,  hy- 
drogen,  and  carbon.  1 

Now  1 473*5^4  Sr-  of  carbonic  acid  gas  are  compofed 
ot  1060,966  gr.  of  oxygen,  and  41 9,598  gr.  of  carbon. 

1047,6018  grains  of  carbonated  hydrogen  gas,  from 
a  comparifon  of  the  experiments  of  Dr  Higgens  and 
Lavoilier,  may  be  fuppofed  to  confift  of  about  7 14,6008 
grains  of  carbon,  and  3  3  3  >0010  of  hydrogen. 

200,9402  grains  of  oil  contain  163,4828  grains  of 
carbon  and  43,4574  grains  of  hydrogen. 

1040  grains  of  water  contain  884  grains  of  oxygen 
and  156  grams  of  hydrogen. 

- - — - -  Therefore 


(x)  For  29,  \  grams  of  oxygen  gas  had  alfo  difappeared  from  the  air  of  the  veffels. 
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Therefore  3817,006  grains  of  acetous  acid  are  com- 
pofed  of  1944,966  —  29,1  =  1915,866  grains  of 
oxygen,  532,4584  grains  of  hydrogen,  and  1368,6816 
grains  of  carbon.  Confequently  100  parts  of  acetous 
acid  are  compofed  of 

50,19  oxygen, 

13,94  hydrogen, 

35,87  carbon. 


100,00 

Thefe  numbers  can  only  be  confidered  a9  approxima¬ 
tions  to  the  truth  ;  for  the  objeft  of.Dr  Higgins  was 
not  to  afcertain  the  proportions  of  the  ingredients  which 
compofe  acetous  acid  ;  and  therefore  his  experiments 
were  not  conduced  with  that  rigid  accuracy  which 
would  have  been  neceffary  for  that  purpofe. 

It  is  extremely  probable,  that  during  the  acetous 
fermentation,  or  the  converfton  of  alcohol  into  acetous 
]  mjfadt, acid,  a  quantity  of  water  is  formed  *  ;  and  it  is  certain 
r  r  An-  t}iat  oxygen  is  abforbed.  It  follows  from  this,  that 
91  acetous  acid  contains  more  carbon  and  lefs  hydrogen 
than  alcohol  Now  we  have  reafon,  from  Lavoifier’s 
experiments,  to  believe,  that  alcohol  is  formed  of 
51,72  oxygen, 

38,40  hydrogen, 

29,88  carbon. 

Lavoifier  fappofes  that  this  acid  contains  alfo  azot. 

3.  Acetic  acid  is  fuppofed  to  oonfiil  of  the  fame 
bale  with  acetous  acid,  combined  with  a  larger  propor¬ 
tion  of  oxygen  ;  we  would  rather  fay,  that  it  is  ace¬ 
tous  acid  combined  with  oxygen. 

4.  When  oxalic  acid  is  diflilled  with  fix  times  its 
weight  of  fulphuric  acid,  the  produ&s  are  acetous  acid, 
fulphurous  acid,  carbonic  acid  gas,  and  fulphuric  acid 

^  remains  in  the  retort j*.  Hence  it  follows.,  that  oxalic 
■t  de  acid  contains  more  carbon  than  acetous  acid  ;  but  that 
V  1785. it  is  compofed  of  the  fame  ingredients.  It  has  been 
fuppofed,  that  oxalic  acid  is  compofed  of  fugar  and  oxy¬ 
gen.  Now  fugat,  according  to  Lavoifier,  is  compofed 
of 

Hydrogen,  ....  8 

Oxygen,  ...  -  64 

Carbon,  - 

Thefe  proportions  are  rather  unfavourable  to  that 
notion  ;  at  lead  if  any  dependence  can  be  put  in  the 
compofition  of  acetous  acid  as  deduced  from  the  expe¬ 
riments  of  Dr  Higgins. 

5.  Hcrmftadt  diflblved  four  ounces  of  tartarous  acid 
m  16  ounces  of  water,  and  kept  the  folution  in  a  veflel 
covered  with  paper  in  a  warm  place.  In  three  months 
the  tafte  of  the  folution  was  changed,  and  the  air  in  the 
upper  part  of  the  veffel  was  found  to  be  carbonic  acid. 
In  fix  months  the  folution  was  converted  into  acetous 
acid.  It  follows  from  this  experiment,  that  tartarous 
acid  contains  more  carbon  than  acetous  acid,  and  that 
their  ingredients  are  the  fame.  If  any  doubts  fhould 
remain,  the  following  experiment  is  fufficient  to  remove 
them.  Weftrum  mixed  ftrong  fulphuric  acid  with  tar¬ 
tarous  acid,  and  added  mangancfe  ;  acetous  acid  was 
produced,  and  a  great  quantity  of  carbonic  acid  gas 
was  difengaged.  When  nitric  acid  is  diflilled  oft  tar- 
tarous  acid,  it  is  converted  into  oxalic  acid,  as  Scheele 
firft  proved.  Hence  it  has  been  fuppofed  .  by  iome, 
that  oxalic  acid  differs  from  tartarous  merely  in  contain¬ 
ing  more  oxygen ;  but  this  is  very  far  indeed  from  be- 
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ing  proved.  According  to  Haftenfratz,  tartarous  acid 
contains  a  confiderable  quantity  of  azot.  .  #  v  — 

6.  When  citrat  of  lime  is  allowed  to  remain  in  a 
bottle  flightly  corked  along  with  a  little  alcohol,,  the 
citric  acid  is  gradually  converted  into  acetous  acid  J.f  Stahl* 
Weftrum  converted  it  into  oxalic  acid  by  means  of  ni¬ 
tric  acid. 

7.  Malic  acid  was  converted  into  oxalic  by  means  of 
nitric  acid  by  Scheele.  It  has  been  fuppofed  to  con¬ 
tain  more  oxygen  than  oxalic  acid.  Some  of  it  is. al¬ 
ways  formed  during  the  common  procefs  of  converting 
fugar  into  oxalic  acid.  Were  we  to  judge  from  an  ex¬ 
periment,  which,  however,  was  not  performed  with 
fufficient  accuracy,  we  would  conclude  that  the  bafe  of 
malic  acid  is  gum  ;  for  by  diftilling  two  parts  of  weak 
nitric  acid  off  one  part  of  gum  in  a  very  fmall  heat,  we 
obtained  a  quantity  of  acid  more  in  weight  than  the 
gum,  which  exhibited  feveral  of  the  diflinguifhing  pro¬ 
perties  of  malic  acid.  It  was  exceedingly  light,  white, 
and  fpongy,  and  attra&ed  water  very  quickly  from  the 
atmofphere,  and  could  not  afterwards  be  brought  by 
evaporation  to  its  former  ftate. 

8.  Scheele  converted  la&ic  acid  into  acetous  by 
mere  expofure  to  the  atmofphere,  ar.d  found  that  a 
quantity  of  carbonic  acid  was  difengaged.  Hence  this 
acid  is  merely  the  acetous  with  a  fmaller  proportion  of 
carbon. 

9.  The  gallic  acid,  we  have  feen,  contains  more  car¬ 
bon  than  any  of  the  others. 

10.  Nothing  is  known  concerning  the  compofition  of 
the  benzoic  and  fuccinic  acids.  Hermftadt  fays  he 
converted  benzoic  acid  to  oxalia  by  means  of  nitric  acid:' 
but  Morveau  did  not  obferve  that  any  change  was  pro¬ 
duced. 

1 1 .  The  bafe  of  camphoric  is  probably  camphor. 

Though  thefe  eighteen  are  the  only  acids  which  have 

hitherto  been  examined  with  attention,  it  cannot  be 
doubted  that  the  number  of  vegetable  acids,  either  ex- 
ifting  naturally,  or  at  lead  capable  of  being  formed  by 
art,  is  confiderably  greater.  Morveau  has  lately  ascer¬ 
tained,  that  the  red  colours  of  flowers  are  owing  to 
acids  ;  This  had  already  been  conje&ured  by  Linnaeus. 

Sect.  XXVIII.  Of  Prujftc  Acid. 

A  bout  the  beginning  of  the  prefent  century,  Diei- Difcovery 
bach,  a  chemift  of  Berlin,  wifhing  to  precipitate  a  folu-of  tvuifian 
tion  of  cochineal  mixed  with  a  little  alum  and  fu!phatb:uc* 
of  iron,  borrowed  from  Dippel  fame  potafs,  from  which 
that  chemift;  had  dijTilled  feveral  times  his  animal  oil . 

On  pouring  in  the  potafs,  Diefbach  was  furprifed  to  fee, 
inllead  of  the  red  precipitate  which  he  had  expe&ed,  a 
beautiful  blue  powder  falling  to  the  bottom  of  the  veflel. 

By  refte&ing  on- the  materials  which  he  had  employed, 
he  eaftly  difeovered  the  method  of  procuring  the  blue 
powder  at  pleafure  *.  This  powder  was  called  PruJJian  *  Stahl's 
blue ,  from  the  place  where  it  was  difeovered.  It  was^GO  &*pem 
announced  in  the  Berlin  Memoirs  for  17x0;  but  x.herim*n  *m 
procefs  was  concealed,  becaufe  it  had  become  a  lucra-  53I 
tive  article  of  commerce.  A  method  of  preparing  it,  Method  of 
however,  was  publifhed  by  Woodward  in  the  Philo fo- preparing 
phical  Tranfa&ions  for  1724,  which  he  faid  he  had  got lt- 
from  one  of  his  friends  in  Germany  This  method  \va3 
as  follows  :  Detonate  together  4  ounces  of  nitre  and  as 
much  tartar,  in  order  to  procure  an  extemporaneous  al¬ 
kali  :  then  add  4  ounces  of  dried  bullock's  blood,  mix 

the 
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the  ingredients  well  together,  and  put  them  into  a  era- 
cibie  covered  with  a  lid,  in  which  there  is  a  fmall  hole  ; 
calcine  with  a  moderate  fire  till  the  blood  emits  no  more 
fmoke  or  flame  capable  of  blackening  any  white  body 
expofed  to  it  :  increafe  the  fire  towards  the  end,  fo  that 
the  whole  matter  contained  in  the  crucible  (hall  be  mo- 
derately  but  fenfibly  red.  In  this  ftate  throw  it  into 
two  pints  of  water,  and  boil  it  for  half  an  hour.  De¬ 
cant  off  this  water,  and  continue  to  pour  on  more  till 
it  come  off  infipid.  Add  all  thefe  liquids  together,  and 
boil  them  down  to  two  pints.  Diflolve  two  ounces  of 
fulphat  of  iron  and  eight  ounces  of  alum  in  two  pints 
of  boiling  water;  mix  this  with  the  former  liquor  while 
both  are  hot.  An  effervefcence  takes  place,  and  a  pow¬ 
der  is  precipitated  of  a  green  colour  mixed  with  blue. 
Separate  this  precipitate  by  filtration,  and  pour  muria¬ 
tic  acid  upon  it  till  it  becomes  of  a  beautiful  blue  ;  then 
'walh  it  with  water  and  dry  ft. 

Different  explanations  were  given  of  the  nature  of 
this  precipitate  by  different  chemifts.  All  of  them  ac¬ 
knowledged  that  it  contained  iron,  but  to  account  for 
the  colour  was  the  difficult  point.  Brown,  and  Geof- 
froy,  and  Neumann,  difeovered  in  fucceffion,  that  a  great 
many  other  animal  fubllances  befides  blood  communica¬ 
ted  to  alkalis  the  property  of  forming  Pruffian  blue. 
Macquer  undertook  an  examination  of  this  fubftance, 
and  publifhed  the  refult  of  his  experiments  in  the  Me¬ 
moirs  of  the  French  Academy  for  1752. 

He  obferved,  that  when  alkali  is  added  to  a  folu- 
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yellow  colour,  and  loluble  in  acids ;  but  if  iron  be  pre¬ 
cipitated  from  an  acid  by  an  alkali  prepared  as  above 
deferibed,  by  calcination  with  blood  (which  has  been 
called  a  PruJJum  alkali'),  it  is  of  a  green  colour.  Acids 
diffolve  only  a  part  of  this  precipitate,  and  leave  behind 
an  infcluble  powder  which  is  of  an  intenfo  blue  colour. 
The  green  precipitate  therefore  is  compofed  of  two  dif¬ 
ferent  fubltances,  one  of  which  is  Pruffian  blue  ;  the 
other,  as  he  afeettained  by  experiment,  is  the  brown  or 
yellow  oxyd  of  iron  ;  and  the  green  colour  is  owing  to 
the  mixture  of  the  blue  and  yellow  fubllances.  When 
heat  is  applied  to  the  infoluble  precipitate,  its  blue  co¬ 
lour  is  deftroyed,  and  it  becomes  exadly  fimilar  to  com¬ 
mon  oxyd  of  iron.  It  is  compofed  therefore  of  iron  and 
feme  other  fubllance,  which  heat  has  the  property  of  dri¬ 
ving  off.  If  this  infoluble  precipitate  be  boiled  with  a 
very  pure  alkali,  it  lofes  its  blue  colour  alfo,  and  at  the 
fame  time  the  alkali  acquires  the  property  of  precipita¬ 
ting  of  a  blue  colour  folutions  of  iron  in  acids,  or  it  has 
become  precifely  the  fame  with  the  Pruffian  alkali. 

1  ruffian  blue,  therefore,  is  compofed  of  iron  and  fome¬ 
nting  which  a  pure  alkali  can  feparate  from  it,  fomething 
which  has  a  greater  affinity  for  alkali  than  for  iron. 
13y  boiling  a  quantity  of  alkali  with  Pruffian  blue,  it 
maybecompletely  faturated  with  this  fomething,  which 
we  mall  call  colouring  matter ,  and  then  it  has  loft  all 
its  alkaline  properties.  No  acid  can  feparate  this  co¬ 
louring  matter  from  iron  after  it  is  once  united  with  it. 
When  iron  diffolved  in  an  acid  is  mixed  with  an  alkali 
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■  louring  matter  (for  the  alkali  h  newfaturnted  with  it)  p.uf 
to  faturate  all  the  iron  difplaced  by  the  alkali;  a  part  of  ^ci, 
it  therefore  is  mixed  with  Pruffian  blue.  Muriatic  acid  C—Y 
difiolvea  this  oxyd,  carries  it  off,  and  leaves  the  blue  in 
a  hate  of  purity.  Such  were  the  conglufions  which 
Macquer  drew  from  his  experiments ;  experiments  which 
not  only  difeovered  the  compoiition  of  Pruffian  blue, 
but  threw  a  ray  of  light  on  the  nature  of  affinities* 
which  has  contributed  much  towards  the  advancement 
of  that  important  branch  of  chemiilry. 

The  nature  of  the  colouring  matter,  however,  was  fiill 
unknown.  Macquer  himfelf  fuppofed,  that  it  was  pure 
phlogillon  ;  but  the  opinion  was  untenable.  He  had 
ffiewn  that  it  pofTeffed  the  property  of  forming  neutral 
alts,,  and  therefore  Bergman  and  Morveau  iuioe&ed 
that  it  was  an  acid. 

Scheele  undertook  the  talk  of  examining  its  nature, 
and  publifhed  the  refult  of  his  experiments  in  the  Stock- 
holm  rranfa£tious  for  1 782. 

He  obferved,  that  the  Pruffian  alkali,  after  being  ex¬ 
pofed  for  fome  time  to  the  air,  loft  the  property  of  form¬ 
ing  Piuffian  blue  ;  the  colouring  matter  mull  therefore 
have  left  it. 

He  put  a  fmall  quantity  of  it  into  a  large  glafs  globe  n  ^ 
corked  it  up,  and  kept  it  fome  time  ;  but  no  change fedb7‘P 
was  produced  either  m  the  air  or  the  Pruffian  alkali.  Scheele. 
Something  muft  therefore  difplace  the  colou.ing  matter 
when  the  alkali  is  expofed  to  the  open  air,  which  is 
not  prefent  in  a  glafs  veffel.  Was  it  carbonic  acid  gas  1 
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faturated  with  the  colouring  matter  a  double  deromnn'  e  lron  ‘-'Pirates  the  oxygen  from  the  mercury,  in 

“■•*■***  ■J&iaafirs 


r  •  ,  .  «■  1  wuuic  uccuinpo- 

iition  takes  place,  the  acid  unites  with  the  alkali,  and 
the  colouring  matter  with  the  iron,  and  forms  Pruffian 
blue.  The  reafon  that,  in  the  common  method  of  pre¬ 
paring  1  ruffian  blue,  a  quantity  of  yellow  oxyd  is  pre¬ 
cipitated,  is,  that  there  is  not  a  fufficicnt  quantity  of  co- 


into  3  glafs  globe  filled  with  that  gas,  and  in  24  hours  the 
alkali  was  incapable  of  producing  Pruffian  blue.  It  is 
therefore  carbonic  acid  gas  which  difplaces  the  colour¬ 
ing  matter.  Pie  repeated  this  experiment  with  this  dif¬ 
ference,  that  he  hung  in  the  globe  a  bit  of  caper  which 
had  been  previoufly  dipped  into  a  folution  of  fulphat  of 
iron  and  on  which  he  had  let  fall  two  drops  of  an  alka¬ 
line  lixivium,  in  order  to  precipitate  the  iron.  This 
paper  was  taken  out  in  two  hours,  and  became  covered 
with  a  fine  blue  on  adding  a  little  muriatic  acid.  Car¬ 
bonic  acid,  then,  has  the  property  of  feparating  the  co¬ 
louring  matter  from  alkali  without  decompofing  it. 

r  £°unda]*°  t.hat  other  acids  produced  the  fame  ef-T,;;  , 
feft.  The  colouring  matter  then  may  be  obtained  per.fcgMM 
haps  in  a  feparate  Hate.  He  accordingly  made  a  mim-  feparausl. 
ber  ot  attempts  to  procure  it,  and  at  lad  difeovered  the 
follow, ng  procefs:  He  boiled  together  for  fome  minutes 
two  ounces  of  Pruffian  blue  in  powder,  one  ounce  of 
the  red  oxyd  of  mercury,  and  fix  ounces  of  water  ;  then 
paffed  the  whole  through  a  filter,  and  walked  the  refi- 
duum  with  two  ounces  of  boiling  water.  The  oxyd  of 
mercury  has  a  greater  affinity  for  the  colouring  matter 
than  the  oxyd  of  iron  ;  it  therefore  unites  with  it,  and 
forms  with  it  a  fait  foluble  in  water.  The  iron  remains 
behind  upon  the  filtir,  and  the  liquid  is  a  folution  of  the 
colouring  matter  combined  with  mercury.  He  poured 
this  folution  upon  half  an  ounce  of  pure  iron-filings,  and 
added  at  the  fame  time  three  grains  of  (ulphuric  acid, 
ihe  iron  feparates  the  oxygen  from  the  mercury,  in 

OrnPt4  tn  rnmKmp  unVk  ~  T. .  11 _  •  «  t  t 


is  precipitated  in  its  metallic  Hate,  and  leaves  behind  it 
j.ftuant'ty  Mphat  of  iron  and  of  colouring  matter 
diflolved  m  water,  but  not  combined,  as  the  colouring*- 
matter  is  unable  to  feparate  the  iron  from  the  acid*.  4*n,dt 
He  then  dtflilled  in  a  gentle  heat ;  the  colouring  mat-  chimU' u 


ter 
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flic  ter  came  over  by  the  time  that  one-fourth  of  the  liquor 
*  ^  had  palTed  into  the  receiver.  It  was  mixed,  however, 

■*  with  a  fmall  quantity  of  fulphuric  acid  ;  from  which  he 
feparated  it  by  dift  filing  a  fecond  time  over  a  quantity 
of  carbonat  of  lime.  The  fulphuric  acid  combines  with 
the  lime  and  remains  behind,  which  the  colouring  mat¬ 
ter  cannot  do,  becaufe  carbonic  acid  has  a  ftronger  affi¬ 
nity  for  lime  than  it  has.  Thus  he  obtained  the  colour¬ 
ing  matter  in  a  (late  of  purity. 

^  ipo.  It  remained  now  to  difcover  its  component  parts.  He 
p  arrs.  formed  a  very  pure  Pruffian  blue,  which  he  dillilled,  and 
increafed  the  fire  till  the  veffel  became  red.  The  fmall 
quantity  of  water  which  he  had  put  into  the  receiver 
contained  a  portion  of  the  blue  colouring  matter  and  of 
ammonia  ;  and  the  air  of  the  receiver  confided  of  azot, 
carbonic  acid  gas,  and  the  colouring  matter.  He  con¬ 
cluded  from  this  experiment,  that  the  colouring  matter 
was  compofed  of  ammonia  and  carbon.  He  mixed  to¬ 
gether  equal  quantities  of  pounded  charcoal  and  potafs, 
put  the  mixture  into  a  crucible,  and  kept  it  red  hot  for 
a  quarter  of  an  hour :  he  then  added  a  quantity  of  fal 
ammoniac  in  fmall  pieces,  which  he  pufhed  to  the  bot¬ 
tom  of  the  melted  mixture,  kept  it  in  the  fire  for  two 
minutes  till  it  had  ceafed  to  give  out  vapours  of  ammo¬ 
nia.  and  then  threw  it  into  a  quantity  of  water.  The 
folution  poffeffed  all  the  properties  of  the  Pruffian  al¬ 
kali.  Thus  Mr  Scheele  fucceeded  in  forming  the  co¬ 
louring  matter  ;  and  it  was  confidered  as  proved  that  it 
was  compofed  of  ammonia  and  carbon. 

But  after  the  publication  of  Scheele’f?  experiments, 
it  was  difeovered  that  ammonia  itfelf  is  compofed  of 
azot  and  hydrogen.  It  became  therefore  a  queftion, 
whether  ammonia  entered  into  the  compofition  of  this 
fubftance,  or  merely  its  ingredients  ?  whether  it  was 
compofed  of  ammonia  and  carbon,  or  of  azot,  hydro¬ 
gen,  and  carbon  combined  in  a  different  manner  ?  This 
point  has  been  decided  by  the  following  experiments. 
Mr  Clouet  made  a  quantity  of  ammoniacai  gas  pafs  thro* 
a  red  hot  porcelain  tube  filled  with  charcoal,  and  by 
this  procefs  formed  a  quantity  of  the  colouring  matter*. 
b  xi.  Here  the  temperature  was  io  high  that  the  ammonia 
mull  have  been  decompofed :  and  the  colouring  matter 
cannot  be  formed  by  combining  ammonia  and  charcoal 
except  at  a  temperature  equally  high.  There  is  reafon 
therefor^  to  fuppofe  that  the  ammonia  is  decompofed. 
When  oxy-muriatic  acid  is  mixed  with  the  colouring 
matter,  it  communicates  to  it  a  quantity  of  oxygen,  and 
caufes  it  in  confequence  to  affume  very  different  proper¬ 
ties.  When  a  fixed  alkali  or  lime  is  added  to  it  in  this 
Hate,  it  is  immediately  decompofed,  and  converted  into 
ammonia  and  carbonic  acid  gas.  The  colouring  mat¬ 
ter  in  this  Hate  contains  all  the  ingredients  neceffary  to 
form  thefe  two  fubftancc3,  namely,  azot,  hydrogen,  car¬ 
bon,  oxygen  ;  but  in  order  to  induce  the  ingredients  to 
form  thefe  two  compounds,  the  affiftance  of  an  alkali  or 
lime  to  combine  with  the  carbonic  acid  is  neceffary;  juft 
as  fulphur  combines  more  eafily  with  oxygen  when  united 
t  'Met  with  an  alkali  or  with  iron  than  when  feparate  *. 
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The  colouring  matter,  then,  which  we  ffiall  hence-  Prufiic 
forth  call  the  PruJJtc  acid ,  is  compofed  of  azot,  hydro-  A^-  , 

gen,  and  carbon  ;  but  the  proportions  of  thefe  ingredients 
have  not  yet  been  determined.  It  is  confidered  as  an 
acid,  though  the  prefence  of  oxyen  has  not  been  proved, 
becaufe  it  has  the  property  of  forming  neutral  falts  with 
the  fame  bafes  as  other  acids.  53 6 

The  Fruffic  acid  is  exceedingly  volatile,  and  evident- Properties 
ly  capable  ofexitlingin  a  gafeous  ftate.  It  has  a  pecu-°£.^ru^lC 
liar  odour,  not  difagreeable,  and  which  has  been  com¬ 
pared  to  the  flowers  of  the  peach.  It  has  a  fweetifh 
and  fomewhat  hot  tafle,  and  excites  cough  f.  t  ^JSe^ 

It  has  no  affinity  for  alumina  nor  for  alcohol  J.  |  Morveau. 

,  This  fubftance  differs  exceedingly  in  its  adtion  from 
all  other  acids.  .  537 

It  is  capable  of  combining,  like  them,  with  earths, Ps  a&iotr 
alkalies,  and  metallic  oxyds,  and  of  forming  compounds 
which  have  been  denominated  PruJJiats .  But  it  en-  5 
ters  much  more  readily  into  triple  compounds  with  al¬ 
kalies  or  earths,  and  metallic  oxyds,  than  into  combina¬ 
tions  with  earths  or  alkalies  feparately  ;  and  though  its 
affinity  appears  to  be  greater  for  alkalies  and  earths  than 
for  metallic  oxyds,  yet  when  in  a  free  or  gafeous  ftate  it 
does  not  enter  into  combinations  with  earths  or  alkalies 
without  difficulty,  and  it  is  feparated  from  them  much 
more  eafily  than  from  metallic  oxyd8-  Mereexpofure  to 
the  light  of  the  fun,  or  to  a  heat  of  1100,  is  fufficient 
for  that  purpofe. 

Its  affinities  are  fuppofed  to  be  as  follows  : 

Potafs, 

Soda, 

Ammonia, 

Lime, 

Barytes, 

Magnefia, 

Oxyd  of  zinc, 

■  iron, 

- manganefe, 

- - cobalt, 

. —  nickel, 

- - lead, 

- tin, 
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ties. 


*  copper, 

■  bifmuth, 

-  antimony, 
arfentc, 

-  filver, 

-  mercury, 

-  gold, 

■  platinum  (y). 
Sect.  XXIX.  Of  Formic  Acid. 
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In  the  15th  century  feveral  botanifts  obferved  with  Difcovery 
aftoniihment,  that  the  flower  of  fuccory,  when  thrown  r.^orm^c 
into  an  ant-hill,  became  as  red  as  blood:  But  it  wasaCld* 

Mr  S.  Fifher  who  firft  difeovered  that  ants  pofTeffed  a 
peculiar  acid,  which  he  obtained  by  diftilling  thefe  ani¬ 
mals.  His  experiments  were  publifhed  in  the  Philofophi- 
U  u  cal 


(y)  We  fufpe&  that  this  is  not  the  real  order  of  the  affinities  of  this  acid  ;  the  metallic  oxyds  ought  probably 
to  be  placed  before  the  alkalies  and  earths,  and  the  metallic  Pruffiats  ought  to  occupy  the  place  which  is  at  pre¬ 
rent  filled  by  the  metallic  oxyds.  The  reafens  for  this  conjedure  will  appear  afterwards.  See  Part  III.  chap.  ii. 
fed.  33.  of  this  article. 


Formic 
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cal  Tranfa&ions  for  1670.  Though  Hoffman  aftei- 
wards  repeated  his  proccfs,  little  was  known  concerning 
the  nature  of  this  acid  till  Margraf  undertook  its  exa¬ 
mination,  and  publifhed  his  experiments  in  the  Berlin 
Memoirs  for  1749. 

The  fpecies  of  ants  from  which  the  formic  acid  is 
obtained  is  the  formica  rufa ,  which  refide  moft  common¬ 
ly  in  woods,  or  at  leaft  in  elevated  and  dry  places. 
They  have  been  found  to  contain  the  great  eft  quantity 
of  acid  in  the  months  of  June  and  July.  If  at  that 
feafon  one  of  thefe  animals  be  preffed  upon  paper  tin¬ 
ged  with  turnfoie,  it  changes  the  colour  of  it  to  a  moft 
lively  red  :  they  even  fometimes  ftain  it  merely  by  crawl- 
54o  inS  Jt. 

Methods  of  There  are  two  methods  of  obtaining  the  formic  acid, 
obtaining  diftillation  and  lixiviation. 

-  When  the  firft  method  is  to  be  employed,  the  ants 
are  to  be  walked  clean,  dried  with  a  gentle  heat,  put  in¬ 
to  a  retort,  and  diftilled  with  a  moderate  heat,  gradual¬ 
ly  increafed  till  all  the  acid  has  come  over.  It  is  mix¬ 
ed  with  an  empyreumatic  oil,  from  which  it  is  feparated 
by  paffing  it  through  a  ftrainer  previoufly  moifxened 
with  water.  By  this  procefs  MefTrs  Ardviffon  and 
Oehrn  obtained  from  a  pound  of  ants  7^  ounces  of  acid, 
the  fpecific  gravity  of  which,  at  the  temperature  of  6o°, 
&  Dlfrt.cn  was  1,0075*.  Morveau  obtained  from  ag  ounces  of 
the  Acid  of  ants  23  ounces  of  pretty  ftrong  acid  f .  Margraf  added 
a  ftuantity  water>  but  it  is  evident  that  this  ferves 
merely  to  weaken  the  acid. 

When  the  other  method  is  preferred,  the  ants  are  to 
be  wafhed  in  cold  water,  put  upon  a  clean  linen  cloth, 
and  boiling  water  poured  on  them  repeatedly  till  it  can 
extrad  no  more  acid.  The  linen  is  then  to  be  fqueezed,- 
and  the  feveral  liquors  mixed  and  filtrated.  This  me¬ 
thod  was  fiift  ufed  by  Ardviffon  and  Oehrn  :  they  ob¬ 
tained  from  a  pound  of  ants  an  acid  liquor  which  had 
more  fpecific  gravity  than  common  vinegar.  It  is  to 
be  puiified  from  the  oil  which  adheres  to  it  by  repeated 
diftillations.  After  four  diftillations  the  empyreumatic 
oil  ftill  manifefts  its  prefence  by  its  fmell,  but  this  fmell 
va  nifties  if  the  acid  be  expofed  forfome  time  to  the  air; 
a  quantity  of  effential  oil,  however,  ftill  remains,  which 
cannot  be  feparated.  The  fpecific  gravity  of  the  acid 
t  Ardviffon  thus  redifiea  is  i,coii 

Hermftadt  employed  a  third  method.  He  expreffed 
the  juice  of  dry  ants,  and  by  this  means  obtained  from 
2  lbs.  of  thefe  animals  21  oz.  2  dr.  of  juice,  which  on 
diftillation  yielded  a  clear  pure  acid,  equal  in  ftrength  to 
very  concentrated  vinegar  *. 

This  acid  feems  to  be  capable  of  affirming  a  gafeous 
form';  at  leaft  Hermftadt  obferved,  that  when  lie  put 
Its  proper-  fome  of  it  into  a  bottle  with  a  glafs  ftopper,  the  ftop- 
ties.  per  was  frequently  raifed  by  an  elaftic  fluid  making 
f  Ibid.  its  efcape,  and  that  after  fome  days  it  had  loft  its  fmell  f. 

When  this  acid  is  boiled  with  nitric  acid,  a  gas  is  ex¬ 
tricated,  which  renders  lime  water  turbid,  and  has  a 
f  Ardviffon,  very  pungent  odour  j\ 
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This  acid  has  a  ftrong  but  not  unpleafant  fmell,  a 
cauftic  tafle,  and  when  much  diluted  a  pleasant  acidity. 
When  moft  concentrated,  its  fpecific  gravity  is  1,0453^. 

One  part  of  this  acid,  mixed  with  75  parts  of  water, 
gives  a  faint  *ed  to  fyrup  of  violets  ;  mixed  with  430 
parts  of  water,  it  reddens  paper  coloured  with  turnfoie; 
mixed  with  1300  parts  of  water,  it  produces  no  effed 
l  M°n'eau9  on  the  infufion  of  turnfoie  It  mixes  readily  with  al- 
^ cokcl. 


It  unites  readily  with  the  other  acids.  When  boiled 
with  fulphuric  acid,  it  becomes  black.  White  acrid  va¬ 
pours  rife  when  the  mixture  becomes  hot  ;  and  when  it 
boils,  a  gas  rifes  which  unites  with  difficulty  to  water 
and  lime-water  ;  the  formic  acid  is  again  obtained,  but 
its  quantity  is  diminifhed  §. 

Nitric  acid  decompofes  it  altogether,  and  is  itfelf 
converted  into  nitrous  acid.  Muriatic  acid  does  not  al¬ 
ter  it.  Oxy-muriatic  .ads  like  nitric  acid  *. 

Its  compounds  are  called  formiats . 

Its  affinities  are  the  fame  with  thofe  given  above  for 
the  Pruffic  acid. 
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Sect.  XXX.  Of  Sebacic  Acid. 


Chemists  had  long  fufptded  that  an  acid  could  be Difcove  L 
obtained  from  tallow,  on  account  of  the  acrid  nature  of of  kbac  U 
the  fumes  which  it  emitted  at  a  high  temperature;  butaci^ 
it  was  M.  Grutzmacher  who  firft  demonftrated  this  acid 
in  a  diiTertation  Be  OJfium  Medulla ,  publifhed  in  1  748  J.  f  Lmk 
M.  Rhodes  mentioned  it  in  1753,  arrc*  Signer  publifhed 
a  difiertation  on  it  in  1754,  and  Crell  examined  its  pro¬ 
perties  very  fully  in  two  difiertations  publifhed  in  the 
Phil.  Tranf.  for  1780  and  178?.  It  w'as  called  at  fiift 
acid  of  fat,  and  afterwards  febacic  acid. 

It  may  be  procured  by  heating  together  a  mixture 
of  fuet  and  lime.  Sebat  of  lime  is  formed,  which  may 
be  purified  by  folution  in  water.  It  is  then  to  be  put 
into  a  retort,  and  fulphuric  acid  poured  on  it.  Sebacic 
acid  pafTes  over  on  the  application  of  heat. 

Sebacic  acid  has  an  acid,  fharp,  bitterifh  tafte,  andafts 
very  pungent  fmell.  It  reddens  tindure  of  litmus. 

Heat  caufes  it  to  aflume  a  yellow  colour. 

It  oxydates  lilver,  mercury,  copper,  iron,  lead,  tin, 
zinc,  antimony,  manganefe. 

It  does  not  ad  upon  bifmuth,  cobalt,  nickel.  When 
mixed  with  nitric  acid  it  difiolves  gold. 

Its  compounds  are  called  febats . 

Its  affinities,  according  to  Morveau,  are  aa  follows  1  Com 
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Potafs, 

Soda, 

Lime, 

Magnefia, 

Ammonia, 

Alumina, 

Jargoniaf, 

Oxyd  of  zinc, 

- manganefe, 

* - —  iron, 

—  - lead, 

—  - -  tin, 

- cobalt, 
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•  copper, 

-  nickel, 

-  arfenic, 

-  bifmuth, 

-  mercury, 

■  antimony, 

■  filver. 


Sect.  XXX.  Of  Bomlyc  Acid .  , 

I 

Mr  Boissier  de  Sauvages  obferved,  that  thejuiceDifcuverf 
of  the  filkworm,  in  the  difeafe  called  in  France  mufea-  of.  bom'J* 
dine ,  was  acid;  and  Chauffier  remarked,  that  the  f:Ik-aci(3' 
worm,  after  bting  converted  into  a  butterfly,  gives  out 
2  a 


A, 


n 
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L  ?itc  a  liquor  which  turns  vegetable  blues  to  a  red.  He  found, 

[j  t.  *^at  during  the  time  that  the  animal  was  forming  its 

- - cocon,  the  acid  was  depdflted  in  a  refervoir  near  the  a- 

nus.  By  means  of  a  pair  of  fciffars  he  cohe&ed  fame 
which  reddened  blue  paper,  united  with  alkalies  with  ef- 
farvefcence,  and  even. attacked  the  fciffars.  He  after¬ 
wards  colle£led  it  by  infufmg  the  chryfalids  in  alcohol, 
which  diffolved  the  acid,  but  left  the  impurities  un¬ 
touched.  . 

Tins  acid  has  never  been  examined  with  attention  ; 

fo  that  almoft  all  its  properties  are  unknown. 

Sect.  XXXI.  Of  Zoonic  Acid. 

0f  Mr  Berthollet  has  obtained  a  peculiar  acid  by  di- 
b  lii’g  Hilling  vegetable  and  animal  lubftr.nces,  to  which  he  has 
t><  :  a’  given  the  name  of  the  %oonic  acid\ .  He  procured  it  by 
A  d  diililling  the  gluten  of  wheat,  the  yeft  of  beer,  bones,  and 
i'  xxvi.  woollen  rags  ;  and  concludes,  therefore,  that  it  may  be 
6  produced  by  the  diftillation  of  all  animal  fubftances. 

To  obtain  this  acid  pure,  he  mixed  lime  with  the  di¬ 
alled  liquid,  after  having  feparated  the  oil,  which  it 
always  contains  (for  the  oroduft  of  the  diftillation  of 
animal  fubftances  is  chiefly  oil  and  carbonat  of  ammo¬ 
nia)  He  boiled  tlvs  mixture  till  the  caibonat  of  am¬ 
monia  was  exhaled:  he  then  filtered  it,  added  a  little 
more  lime,  and  boiled  it  again  till  the  fmell  of  the  am¬ 
monia  had  gone  off  entirely.  The  liquor,  which  now- 
contained  only  zoonat  of  lime,  he  filtered  again,  am* 
then  added  a  little  water  impregnated  with  carbonic 
acid,  in  order  to  precipitate  any  lime  which  might  hap¬ 
pen  to  be  diffolved  in  the  liquid  without  being  combi¬ 
ned  with  the  zoonic  acid.  . 

After  concentrating  the  zoonat  of  lime,  he  mixed  it 
with  phofphoric  acid,  and  diftilled  it  in  a  retort.  At  a 
heat  nearly  equal  to  that  of  boiling  water,  the  zoonic 
„  acid  pafles  over  in  a  ftace  of  purity. 

I  The  zoonic  acid  has  an  odour  like  that  of  meat  when 

J''  4  *  frying,  and  it  is  aftually  formed  during  that  procefs. 

It  has  an  auftere  tafte.  .  •  .  ,  r  , 

It  gives  a  red  colour  to  paper  tinged  with  turnlole. 
With  alkalies  and  earths  it  produces  falts,  which  do 
not  appear  capable  of  cry  ftallizing.  .  . 

It  forma  a  white  precipitate  in  the  folutions  of  ace- 
tite  of  lead  and  nitrat  of  mercury. 

part  of  the  zoonic  acid  feems  to  be  deftroyed  by  the 
a&ion  of  heat  during  the  diftillation  of  the  zoonat  of 
lime  with  phofphoric  acid  :  for  the  liquor,  which  is  in 
chilli tion,  becomes  brown,  and  grows  black  at  tne  end 
of  the  operation;  hence  Mr  Berthollet  concludes  that 
the  zoonic  acid  contains  carbon.  The  zoonat  of  lilver, 
when  kept,  becomes  gradually  brown  ;  hence  he  ton- 
eludes  that  the  acid  contains  hydrogen.  Hiefe  conclu- 
fions  he  draws  from  a  very  ingenious  theory  of  Ins, 
which  has  been  already  defcribed  in  the  article  Bleach- 
Itrlklltl,  1NG  in  this  Supplement*.  _  _  .  nf 

in.de  The  five  preceding  acids  have  obtained  the  name  of 

animal  acids,  becaufe  they  are  all  obtained  from  the  am- 
?4».  mal  kingdom.  It  can  fcarcely  be  doubted  that  a  more 
r  .accurate  examination  of  animal  fubftances  wrll  add  con- 
fiderably  to  the  number  ot  tbefe  aerds. 

Sect.  XXXII.  Of  Arfenic  Acid. 

Arsensc  acid,  which  was  firft  difeovered  by  Sclieele, 
may  be  produced  by  Amply  mixing  the  white  oxyd  of 
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arfenic  with  oxy-muriatic  acid,  and  applying  a  heat  fuf- 

ficient  to  fublime  the  muriatic  acid.  The  theory  °f _ ^ - , 

this  operation  is  evident:  the  white  oxyd  Ins  a  greater  s;0 
affinity  for  oxygen  than  muriatic  acid  has  ;  of  courts  Meiho  1  of 
it  combines  with  it,  and  is  thus  converted  into  atfemc^ummg 
acid,  and  the  muriatic  acid  is  eafily  fubhmed  by  apply- 
ing  heat.  .  . 

"Landriani  has  informed  us,  that  this  acid  may  be  al- 
fo  formed  by  fubliming  feveral  times  fuccefiively  the 
white  oxyd  of  arfenic,  and  taking  care  every  time  to  re¬ 
new  the  air.  This  procefs  is  equally  limple  ;  the  oxyd 
combines  at  a  high  temperature  with  the  oxygen  of  the 
atmofahere.  551 

This  acid  is  exceedingly  fixed.  When  expofed  to  its  pn.p-r- 
the  •  air  it  attrafts  humidity,  and  at  laft  becomes  li- tie:, 
quid.  At  the  temperature  of  6o°  it  diffolves  in  two- 
thirds  of  its  weight  of  water.  Its  folution  may  be  eva¬ 
porated  to  drynefs,  and  even  converted  into  a  glafs, 
which  attra&s  moifture  from  the  air,  and  a&s  power¬ 
fully  on  the  crucible. 

It  is  poifonous  as  well  as  the  white  oxyd  of  arfe- 
,  r  *  Scbcde. 

nic  * 

When  expofed  to  a  red  heat,  it  is  partly  decompofed 
and  converted  into  white  oxyd  of  arfenic  1*.  t IJ* 

It  does  not  ad  upon  gold,  platinum,  fllver,  mer¬ 
cury.  #  . 

*  It  oxydates  copper,  iron,  lead,  tin,  zinc,  biimuth, 
antimony,  cobalt,  nickel,  manganefe,  and  arfenic,  and 
in  a  very  ftrong  heat  mercury  and  filver. 

According  to  Berthollet’s  experiments,  arfenic  acid 
is  compofed  of  eight  parts  of  white  oxyd  of  arfenic  and 
one  part  of  oxygen.  #  552 

Its  compounds  are  called  arfeniats.  it  j.  com¬ 
ils  affinities  are  as  follows  :  pounds  and 

Lime,  affinities. 

Barytes, 

Magnefia, 

Potafs, 

Soda, 

Ammonia, 

Oxyd  of  zinc, 

- - manganefe, 

- iron, 

— - lead, 

- tin, 

cobalt, 
copper, 
nickel, 
bifmuth, 
mercury-, 

-  antimony, 
filver, 
gold, 
platinum, 


Alumina, 

Jargoniaf? 

Water. 

Sect.  XXXIII.  Of  Tungjlic  Acid. 
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Tungstic  acid,  or  oxyd  of  tungften,  was  firff  dif- Properties 
covered  by  Scheele  ;  but  the  acid  which  he  examined  of  tun^ftic 
was  not  pure,  being  compofed,  as  Mr  Luyart  has  fhewn,acid* 
of  nitric  acid,  ammonia,  and  tungftic  acid.  The  real 
acid  is  infoluble  in  water,  talielefs,  and  incapable  of 
turning  vegetable  blues  red  till  it  has  been  firff  rendered 
TT  —  foluble 


U 
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Molybdic  foiuble  by  being  partly  combined  with  ammonia.  It  Is 
<U — a  beautiful  yellow  colour,  which  becomes  blue  when 
expofed  to  the  light,  or  heated  violently  in  clofe  veffels. 
It  does  not  recover  its  yellow  colour  except  by  calcina* 
tion  in  the  open  air,  and  then  increafes  in  weight. 
When  put  into  muriatic  acid  along  with  tin,  zincf  or 
iron,  the  liquor  becomes  blue  *.  Treated  with  acetous 
acid,  it  becomes  blue.  When  reduced  to  a  glafs  with 
phofphat  of  foda,  the  blue  colour  appears  and  diiap- 
pcars  according  as  the  blue  or  yellow  part  of  the  flame  is 
directed  to  it,  as  happens  to  manganefe.  Probably  this 
blue  fubfiance  is  an  oxyd  of  tungfteu  with  a  fmaller  quan¬ 
tity  of  oxygen. 

Its  compounds  are  called  tungjlats . 

Its  affinities  are  as  follows*  : 

Time, 

Barytes, 

Magnefia, 

Potafs, 

Soda, 

Ammonia, 

Alumina, 

Jargoniaf  ? 
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Of  Chromic  Acid,  Chro^ 

In  the  year  1770,  Mr  Pallas  difeovered,  in  the  gold  u- ^ 
mme  of  Berefof,  near  Ekaterimbourg  in  Siberia,  a  mi-  An5/6, 
neral  of  a  red  colour,  with  a  (hade  of  yellow,  cryftallizcd 
■  n  fmall  acute  angled  quadrangular  prifms,  fometimes  * Sibcd 
mootli,  fometimes  longitudinally  llreaked,  and  often 
hoLow.  Mr  Macquart,  profeffor  of  medicine  at  Paris 
who  in  1783  had  been  lent  to  the  north  by  the  French 
government  in  order  to  colled!  mineralogical  info-, na¬ 
tion  brought  with  him  a  quantity  of  this  mineral,  which 
has  been  dittmguifhed  by  the  name  of  red  had  ore  of  Si- 
lZ‘V  in,.‘7o’9  analyfed  four  ounces  of  it  along  with 
Mr  Vauquehn.  1  hey  found  it  to  contain. 

Lead 

Oxygen  - 


* 


Iron 
Alumina  * 
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and  a  little  filver  *. 


1  co  J 


Mr  Bindheim  of  Mofcow  analyfed  it  foon  after,  and  at  i 

inn  It-  rn  nnnHm  7 


S  e  CT.  XXX IV.  Of  Molybdlc  Acid. 

Properties  •  C.0NCRETE  molybdic  acid,  fir  ft  difeovered  by  Spheele, 
of  mniyb-  w  and  has  an  acid  but  metallic  tafte.  Its  (peciflc 
die  acid.  gravity  is  3,75  *  It  is  not  altered  in  the  air.  When 
heated  in  a  crucible  till  it  is  beginning  to  melt,  it  ex¬ 
periences  no  alteration.  It  remains  fixed  even  in  a  great 
fire  as  long  as  the  crucible  is  covered  ;  but  the  moment 
t  lf!.l'nfovered  ^  acid  rifes  unaltered  in  awhitefmoke. 
It  diflolves  in  570  parts  of  water.  The  folution  red¬ 
dens  turn  foie  ;  nitric  acid  does  not  affedt  it,  but  lulphu- 

hea^n“  r”UnatlC  ac,ds  diflblve  by  the  affiftance  of 

It  may  be  prepared  by  treating  the  ore  of  molybde¬ 
num  with  nitric  acid,  and  wafhing  the  acid  when  form- 
cd  in  water. 

^1  When  combined  with  potafs,  it  forms  a  colourlefs 

Mixed  with  filings  of  tin  and  muriatic  acid,  it  imme¬ 
diately  becomes  blue,  and  precipitates  flakes  of  the  fame 
colour,  which  difappear  after  fome  time,  if  an  excefs  of 

b,ZS  “i"  “  ,he  li’"r  “r“«  » 

With  the  foifition  of  nitrat  of  lead  it  forms  a  white 
precipitate,  foiuble  in  nitric  acid. 

When  mixed  with  a  little  alcohol  and  nitric  acid,  it 
does  not  change  its  colour. 


found  it  to  contain, 

Lead 

Molybdic  acid 
Nickel 
Oxyd  of  iron 
Air  and  water 
Silica 
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87,82 
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and  a  little  copper  and  cobalt  f. 

Vauquelin  examined  it  again  in  1797, 
that  all  the  former  analytes  were  inaccurate. 

A  hundred  parts  of  this  mineral,  reduced  to  a  fine 
powder,  were  mixed  with  300  parts  of  the  faturated 
carbonat  of  potafs,  and  about  4000  parts  of  water  ;  and 
this  mixture  was  expofed  for  an  hour  to  a  boiling  heat. 
He  obfcrved,  ill  that  when  thefe  matters  began  to  aft 
upon  each  other  there  was  produced  a  Strong  effervef- 
cence,  which  continued  a  long  time  ;  2d,  that  the  o- 
range  colour  of  the  lead  became  a  brick  red  ;  td  that 
ataceitam  period  the  whole  matter  feemeci  to  diftolve  • 
4th,  that  m  proportion  as  the  tdervefcence  advanced 
the  matter  reappeared  under  the  form  of  a  granulated 
powder,  of  a  dirty  yellow  colour  ;  5th,  that  the  J 
auumed  a  beautiful  golden  yellow  colour.  Whence 
eifervefcence  had  entirely  fubfided,  and  appeared  to  have 
no  longer  any  ad, on  on  the  fubttances,  the  liquor  was 

iiitererL  3  nr?  tVip  j.,/!  i  *  * 


f  Her!. 
found  Bnt- ,<- 


ay  1 1. 


With  a  folution  of  nitrat  of  mercury,  or  of  nitrat  of  "J®*8?’®  duft  colk&ed  on  the  paper, 

filver,  it  gives  a  white  flaky  precipitate^  f  ^  ^  h  and  dned’  il  'Sighed  no  more  than 

With  the  nitrat  of  copper  it  forms  a  ereeniffi  htp  *  '  W  potafs,  therefore,  had  taken  from  it  22  parts. 

P«‘«5;  g  *  PIeC1'  ftf  £  P°Ured  u.P°n,,the  78  parts  juft  mentioned  fome 

With  folutionsof  fulphat  of  zinc  muriat  of  hi'fmnd,  j  mtncacid,  dl,uted  m  12  parts  of  water,  which 
muriat  of  antimony,  nitrat  of  nickel  !  i  'u  Produced  a  b rifle  effervefcence.  The  greater  part  of 

ar.d  platinum,  it  produces  white  precipitates  when  th^  ^d  d!”"  was  dlf[olved  •'  lhe  b'quor  a  (Turned  no  colour, 
folutions  do  not  contain  an  excefs  of  ac  d  ^  re™d  ^  a  quantity  of  powder  o 

when  „ittbo„s,  it  g,v'°; ,  bloah  co_  rSSEStrfe  .THlror"  *■  ««>- 


lour. 


“id  *>  *»  of  »  b™‘ 

rbilofoplical  oil  11  r 

Magazine,  r^lphur  is  capable  of  partly  decompofinfr  it  bv  heat 
Its  compounds  are  called  molybdate .  ^ 

Its  affinities  are  unknown. 


i.  *8*. 


was  feparated  by  the  help  of.  fypLi,  the  ™t“ 
ed  feveral  times,  and  the  waflungs  united  with  the  iirtt 
hquor.  ihis  ref.dt.um,  dried,  weighed  no  more  than 

ha4dS.^d6;Wh,Ch  "  f0ll°WS’  tliat  nitiic  acid 

He  again  mixed  thefe  14  parts  with  42  Darts  of  the 
carbonat  of  potafs  and  the  neccfliry  quantity  of  water, 

1  and 


L'r  n. 


CHE  M 


C  5i« ic  and  then  treated  them  as  before,  and  the  phenomena 
I  h  were  the  fame.  The  liquor,  after  being  filtered,  was 
f  united  to  the  former;  and  the  reflduum,  wafhed  and 
dried,  weighed  no  more  than  two  parts,  which  were  itilL 
red  lead,  and  therefore  thrown  away. 

The  two  nitric  folutions,  united  and  evaporated,  pro¬ 
duced  92  parts  of  nitrat  of  lead,  cryft&llized  in  ocUhedra, 
perfectly  white  aud  tranfparent,  Thefe  92  parts  of  ui- 
trat  of  lead,  di  Solved  in  water,  were  precipitated  by 
a  folution  of  the  fulphat  of  foda.  This  produced  8  £ 
parts  of  the  fulphat  of  lead,  which  were  equivalent  to 
56,68  of  metallic  lead, 

nc  ifeo-  The  alkaline  liquors  were  found  to  contain  a  fait 
ry  f  compofed  of  potafs  combined  with  a  peculiar  acid, 
fVc  which  Mr  Vauquelin  afterwards  called  chromic  add . 

Thefe  liquors,  fubjedled  to  evaporation  until  a  Inline 
pellicle  was  formed  on  their  furface,  produced,  on  cool¬ 
ing,  yellow  cry  Hals  ;  among  which  there  was  carbonat 
of  potafs,  net  decorrpofed.  Thefe  cryftals  diflolved  in 
water.  and  the  folution  united  with  the  mother  water, 
the  whole  was  mixed  with  weak  nitric  acid  until  the 
curboriat  of  potafs  was  faturated.  The  liquor  then 
had  a  very  dark  orange- red  colour.  Beino  united  with 
a  folution  0:  the  muriat  of  tin,  newly  made,  it  firft  ai- 
fumed  a  brown  colour,  which  afterwards  became  green- 
ifh.  Mixed  with  a  folution  of  the  nitrat  of  lead,  it  im¬ 
mediately  produced  the  red  lead.  Laftly,  evaporated 
fpontaneoufly,  it  produced  ruby -red  cryftals,  mixed  with 
cryftals  of  the  nitrat  of  potafs.  Ninety-eight  parts  of 
this  mineral,  decompofed  as  above  mentioned,  having 
produced  81  parts  of  the  fulphat  of  lead,  10c  parts 
would  have  given  82,65,  which  are  equivalent  to  57,1 
of  metallic  lead.  “  But  admitting,  as  experiment  proves 
(lays  Mr  Vauquelin).  that  too  parts  of  lead  abforb,  in 
combining  with  acids,  12  parts  of  oxyrgen,  the  57,1  of 
metallic  lead  ought  to  contain  in  the  red  lead  6,86  of 
this  principle,  and  we  ought  to  have  for  the  minerali- 
^  zing  acid  36,4. 

y  er-  Chromic  acid  cryftallfzes  in  the  form  of  elongated 
prifms  of  a  ruby  colour. 

When  mixed  with  filings  of  tin  and  the  muriatic 
acid,  it  becomes  at  firlt  yellowifh  brown,  and  afterwards 
aflumes  a  beautiful  green  colour. 

When  mixed  with  a  little  alcohol  and  nitric  acid,  it 
immediately  affumes  a  bluifh  green  colour,  which  pre- 
ferves  the  fame  (hade  even  after  dellccation.  Ether 
alone  gives  it  the  fame  colour. 

With  a  folution  of  nitrat  of  mercury,  it  gives  a  pre¬ 
cipitate  of  a  dark  cinnabar  colour. 

*  With  a  folution  of  nitrat  or  fiiver,  it  gives  a  precipi¬ 
tate,  which,  the  moment  it  is  formed,  appears  of  a  beau¬ 
tiful  carmine  colour,  but  becomes  purple  by  expofure 
to  the  light.  This  combination,  expofed  to  the  heat 
of  the  blow-pipe,  melts  before  the  charcoal  is  inflamed. 
It  aflume?  a  hlackifh  and  metallic  appearance.  If  it 
be  then  pulverifed,  the  powder  is  (fill  purple  ;  but  af¬ 
ter  the  blue  flame  of  the  lamp  is  brought  in  contad 
with  this  matter,  it  affumes  a  green  colour,  and  the  fii¬ 
ver  appears  in  globules  difleminated  throughout  its  fub- 
ilance. 

With  nitrat  of  copper,  it  gives  a  chefnut  red  precipi- 
tate. 

With  the  folutions  of  fulphat  of  zinc,  muriat  of  b'f- 
muth,  mnnat  of  antimony,  nitrat  of  nickel  and  muriat 
of  platinum,  it  produces  yellowifh  precipitates  when 
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thefe  fclutions  do  not  contain  excels  of  acid.  With 
muriat  of  gold,  it  produces  a  greenifh  precipitate. 

When  melted  with  borax  or  glals,  it  communicates 
to  them  a  beautiful  emerald  green  colour. 

Paoer  impregnated  with  chromic  acid  aflumes  in  the 
light  a  greenifli  colour. 

When  mixed  with  muriatic  acid,  the  mixture  was 
capable  of  diflblving  gold  like  aqua  regia  ;  when  tin’s 
mixture  of  the  two  acids  is  diflilled,  ox y- muriatic  acid 
is  difengaged,  and  the  liquor  aflumes  a  very  beautiful 
green  colour. 

Sulphuric  acid,  while  cold,  produces  no  tfFedl  upon  it ; 
but  when  warmed,  it  makes  it  afTume  a  bluifh  green  co¬ 
lour,  probablyby  favouringthe  difengagernent  of  oxygen. 

When  this  acid  is  heated  along  with  charcoal,  it  is 
reduced  to  the  metal  called  chromum.  It  is  therefore 
compofed  of  this  metal  and  oxygen.  From  Vauque- 
lin’s  experiments,  it  appears  to  contain  one  part  of 
chromum  and  two  .parts  of  oxygen. 

Such  are  the  properties  of  this  acid,  as  far  as  they 
have  hitherto  been  discovered.  Vauquelin  is  the  only 
Cheniilt  who  has  examined  it;'  and  from  his  memoir  the  *  Ann.  d* 

above  account  has  been  taken  Chim.  x*v. 

1  >4.  and 

The  four  laft  deferibed  acids  are  called  metallic  acids, 
becaufe  they  are  compofed  ol  metals  and  oxygen.  i.  *7^.  ant 

It  is  believed,  that  molt  of  the  metals,  we  would  ra-361. 
tlicr  fay  of  the  metallic  oxyds,  are  capable  of  being  ^ 
converted  into  acids  by  being  combined  with -oxygen. uc 
It  is  certain  thac  this  is  the  cafe  with  platinum  ;  and 
Hermftadt,  by  diftiiling  nitric  acid  off  tin,  converted 
it  into  a  white  mafs,  foluble  in  three  parts  of  water, 
which  has  been  called  Jlannic  acidf.  Several  more  of 
the  metallic  oxyds  the  part  of  acids  :  But  no  com-  1 
plete  fet  of  experiments  on  this  important  fubjed  has 
yet  appeared. 


Chap.  VI.  Of  Affinity. 


560 


The  meaning  of  the  word  qffin.  7  has  been  already  Importance 
explained;  and  it  muft  appear  evident,  from  the  ufe  of  affinity, 
which  has  been  made  of  it  in  this  article,  that  the  con- 
fideration  ot  the  nature  of  affinity  is  the  moll  important 
part  of  chemiflrv.  “While  its  lav/s  are  unknown,  che- 
miftrv  is  not  a  fcience,  but  a  wilclemefs  of  fafis  with¬ 
out  beauty  or  regularity  :  every  thing  is  equally  per¬ 
plexing  and  incomprehenflble.  The  chemift.  inftead  of 
being  able  to  trace  the  operations  of  Nature,  is  loll  in 
an  endlefs  maze  or  uncertainty,  without  a  guide  to  con¬ 
duct  him,  or  a  ray  of  light  to  illuminate  his  fteps.  It 
is  the  knowledge  of  affinity  which  difpels  the  dark- 
nefs,  removes  the  confufion,  fhews  us  the  order  which 
ftfbfifts  in  all  the  phenomena  of  nature,  points  out  their 
dependence  on  one  another,  and  enables  us  to  diredf 
them  as  we  think  proper,  to  make  them  fubfenrent  to 
the  improvement  of  the  arts,  and  thus  to  render  them 
the  miniflers  of  onr  comforts  and  enjoyments.  56 1 

1.  When  two  bodies  are  united  together  by  affinity,  J^.n,te5 
how  lrnall  a  portion  foever  of  the  compound  we  exa- par- 
mine,  we  (hall  always  find  it  to  contain  both  of  the  in- tide, 
gredients.  From  this  it  is  evident,  that  affinity  com¬ 
bines  bodies,  particle  with  particle. 

By  particles  we  do  not  mean  what  philofophers  have 
called  atoms ,  or  the  fmalleft  parts  into  which  it  is  pof- 
fible  to  divide  matter  $  but  the  finalleft  parts  which 

make 
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make  an  Integrant  c>f  any  fuhdance.  Water,  for  in- 
Itance,  confids  of  oxygen  and  hydrogen  ;  but  when  we 
{peak  of  a  particle  of  water,  we  do  not  mean  the  oxv- 
gen  or  the  hydrogen  feparately,  but  the  fmalkft  pof- 
fible  quantity  oF  thefe  combined  in  fuch  a  manner  as  to 
form  water.  It  is  th z  integrant  particles  of  bodies  which 
are  united  by  affinity.  Thus  fulphuric  acid  is  compo¬ 
sed  of  fulphnr  and  oxygen  combined  together  ;  and 
ammonia,  of  hydrogen  and  azot  combined  in  the  fame 
manner.  Now  when  fulphuric  ac*d  and  ammonia  com¬ 
bine,  it  is  not  their  elements,  fulphnr,  oxygen  azot,  and 
hydrogen,  which  unite  together,  particle  with  parti¬ 
cle,  but  the  particles  of  the  acid  and  the  alkali  as  in¬ 
tegrants.  This  is  evident  ;  becaufe  if  thefe  fub (lances 
be  feparated  from  each  other  by  means  of  a  ftronger  af¬ 
finity,  they  arc  found  precifely  in  the  fame  date  as  be¬ 
fore  they  entered  into  combination.— When  the  fub- 
llances  which  combine  are  Jimple ,  the  ultimate  and  in. 
tegrant  particles  are  the -fame:  But  we  are  not  certain 
that  any  of  the  bodies  with  which  we  are  acquainted 
is  fimple,  in  the  drift  raid  proper  fenfeof  the  word. 

2.  What  is  this  affinity  which  unites  bodies  together? 
The  older  chemifts  thought  that  all  folverts,  or  fub- 
flances  capable  of  diffolving  others,  were  compofed  of 
particles  which  had  the  form  of  wedges  or  hooks ;  that 
folution  confided  in  the  infinuation  of  thefe  wedges  or 
hooks  between  the  particles  of  the  bodies  to  be  difiol- 
ved ;  and  that  chemical  combination  was  merely  the 
linking  of  the  different  particles  together  by  means  of 
holes  in  one  fet  of  particles,  into  which  the  hooks  or  the 
wedges  of  the  other  fet  were  thrud.  Such  explanations, 
ab.furd  as  they  may  appear,  were  fafhionable  among  che¬ 
mical  philo fophers  till  the  days  of  Sir  Ifaac  Newton, 
who  fird  aferibed  the  chemical  union  of  bodies  to  an 
attraction  between  the  particles  themfelvcs.  This  ex¬ 
planation,  after  a  violent  druggie  on  the  part  of  the 
chemids,  has  been  at  lad  unanimoufly  adopted. 

Affinity,  then,  is  an  attraction  between  the  particles 
of  different  bodies,  by  which  they  arc  drawn  towards 
one  another,  and  k*ept  united.  This  we  take  for  grant¬ 
ed,.  and  confider  as  a  faff,  without  pretending  to  ex¬ 
plain  bow  they  come  to  be  poffefied  of  this  power,  or 
bow  they  exert  it ;  both  of  which  are  evidently  beyond 
the  reach  of  the  human  underdanding. 

But  though  we  cannot  difeover  the  manner  in  which 
affinity  adts,  we  can  fee,  at  lead,  that  it  follows  certain 
laws,  and  that  they  are  invariable  ;  for  fimilar  pheno¬ 
mena  always  occur  when  the  circumflances  are  the  fame. 
Now  what  are  the  laws  which  affinity  follows  ?  There 
is  a  fpecies  cf  attradlion  which  matter  poffefles,  called 
gravitation ,  the  laws  of  which  were  irtvedigated  by  Sir 
Ifaac  Newton.  Is  affinity  the  fame  with  gravitation, 
or  does  it  follow  different  laws  ? 

Upon  a  flight  view  of  thefe  two  attractions,  their 
phenomena  appear  very  different.  Gravitation  acts  at 
very  great  diffances ;  affinity  not  until  the  bodies  are 
mixed  together;  Gravitation  adls  on  the  whole  mafs  ; 
affinity  only  on  the  particles  ;  Bodies  gravitate  to  one 
another  diredtly  as  their  maffes,  and  inverfely  as  the 
fquares  of  their  didances.  But  how  can  affinity  follow 
thefe  laws,  when  it  does  not  adl  till  the  bodies  are  ap- 
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parently  in  contadi  ?  or  Tuppofmg  that  it  does  adl,  how  a  fib 
can  they  account  for  the  phenomena  of  affinity  ?  If  '■*— -y 
barytes  be  preferred  to  a  compound  of  fulphuric  acid 
and  potafs,  the  acid  immediately  leaves  the  alkali  and 
combines  with  the  earth  :  But  had  gravitation  been 
the  only  power  adling,  ought  not  the  barytes  to  have 
united  wich  the  fulphat  of  potafs  without  producing 
any  decompoffition  ? 

Thefe  di iking  differences  have  convinced  many  phi¬ 
losophers,  as  they  feem  to  have  done  Newton  himfelf, 
that  gravitation  and  affinity  are  different  fpecies  of  at¬ 
tradlion.  Let  us  not,  however,  embrace  this  coneln- 
fion  vaguely,  or  without  affixing  a  precife  meaning  to 
our  words.  1 

Gravitation  and  chemical  affinity  are  faid  to  be  cliffe-  No^( 
rent  fpecies  of  attradlion.  But  what  is  attradlion  ?  It  is  proof  tL 
merely  a  general  fact ,  or  that  tendency  which  is  obfsrvedxt  is  ^1 
among  all  the  portions  of  matter  towards  each  other, rpnt* 
but  which  exhibits  very  different  appearances  under  -dif¬ 
ferent  circumdances.  The  tendency  of  matter  towards 
matter  at  fenfible  diftances  is  called  gravitation,  and  its 
laws  have  been  completely  invedigated  ;  but  neither 
that  tendency,  nor  thefe  laws,  have  been,  or  can  be, 
fhewn  to  be  ejffential  to  the  exidence  of  matter.  Chemi¬ 
cal  affinity  is  the  tendencyot  particles  towards  each  other 
at  tnfcnfible  didances,  or  when  thefe  particles  are  mixed 
together  ;  and  this  tendency  appears  to  be  regulated 
by  laws  different  from  thofe  of  gravitation.  Like  gra¬ 
vitation,  it  is  merely  an  obferved  faff  ;  and  however 
different  thefe  fadls  may  appear  to  be,  they  are  pro¬ 
bably  both  brought  about  by  the  fameTorces.  It  is  in¬ 
deed  true,  that  gravitation  is  dire&ly  as  the  maffes  of 
matter,  and  inverfely  as  the  fquares  of  the  didances  of 
thefe  maffes  ;  while  the  attradlion,  which  is  called  che¬ 
mical  affinity,  feems  to  obferve  very  different  rules.  But 
we  have  fhewn  elfewhere  (fee  Optics,  u  j  62 — 68,  En- 
cycL  ;  and  Boscovich  in  this  SuppL),  that  the  fame 
forces  repel  at  one  didance  and  attradl  at  another;  and 
that  they  may  produce  all  the  various,  phenomena  of 
chemical  affinity. 

The  difficulties  to  be  accounted  for  in  chemical  af¬ 
finities  are  their,  intenfity,  their  different  degrees  of 
ftrength,  and  their  being  elective,  or,  which  is  the  fame 
thing,  the  capacity  which  one  body  has  of  difplacing 
another. 

How  come  affinities,  it  may  be  afked,  to  differ  in  in- 
tenfity  ?  Perhaps  we  might  with  propriety  refer  this 
querid  to  the  ftudy  of  Bofcovich’s  curve  ;  but  as  our 
modern  chemids  are  not  generally  verfant  in  fuch  flu- 
dies,  we  beg  leave  to  obferve,  in  this  place,  that  we  have 
no  proof  whatever  of  abfolute  contadl  between  bodies.  " 

On  the  contrary,  it  is  highly  ptobable,  we  had  almod 
faid  demondrable,  that  panicles  are  in  every  indance  at 
fome  cidancc  from  one  another.  For,, on  the  fuppoff- 
tion  that  two  bodies  were  in  actual  contadl,  their  attrac¬ 
tion  for  each  other  would  not  only  be  as  great  as  pof- 
fible,.  but  as  great  as  the  attradlion  of  any  other  body 
for  either  of  them  could  pojjibly  be  ;  Confequently,  it 
neced'arily  follows,  that,  fince  bodies  chemically  com¬ 
bined  can  be  feparated,  they  are  not  in  adlual  contadl  (a); 
but  if  they  are  not  in  contadl,  their  didance  from  one 
_  another 


(a)  Perhaps  the  following  demonftration,  which  we  borrow  from  the  ingenious  Mr  Brougham,  will  render 
.XV (U.  1  m  m°re  SVldent-  In  ">■  kt  the  body  taw-for  P'W  attradion  which  at  the  diftance  of  AP  is  proper- 

tionai 
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ity.  another'  may  vary  In  different  cafes,  and  the  force 
of  affinity  will  vary  with  the  diftance,  Here  then 
is  a  reafon  why  the  affinity  of  different  bodies  va¬ 
ries  in  ftrength.  Sulphuric  acid,  lor  inftance,  has  a 
ftronger  affinity  for  barytes  than  for  lime  ;  becaufc  when 
the  combinations  are  formed,  the  diftance  between  the 
acid  and  barytes  is  not  fo  great  as  that  between  the 
acid  and  lime. 

But  why  do  the  diftances  differ  ?  If  affinity  be  the 
fame  with  gravitation,  it  mull  tend  to  bring  the  particles 
nearer  one  another  :  And  what  then  prevents  the  lime 
from  approaching  as  near  the  acid  as  the  barytes  does  ? 
We  reply,  the  jigure  of  Its  particles .  This  anfwer  was 
firft  given  to  the  queftion  by  Buffon,  and  it  is  fully  ade¬ 
quate  to  folve  the  difficulty.  The  particles  of  bodies, 
indeed,  are  a  great  deal  too  minute  for  us  to  difeover 
their  figure  by  a&ual  infoedtion  ;  but  the  phenomena 
of  cryftallization  ftiow  us  that  this  difference  a&ually 
exifts. 

The  cryftals  of  every  body  affume  a  peculiar  figure. 
Now  as  thefe  cryftals  are  all  formed  in  the  fame  man¬ 
ner,  and  by  the  fame  law,  it  is  impoffible  to  conceive 
any  other  reafon  for  their  variety  but  the  difference  in 
the  form  of  the  particles  which  compofe  them. 

But  why  does  one  body  difplace  another  ?  When  a 
particle  of  baiytes  is  brought  within  a  certain  diftance 
or  a  particle  of  fulphuric  acid  and  lime  combined  toge¬ 
ther,  affinity  ads,  and  draws  them  nearer  to  one  ano¬ 
ther  ;  and  the  barytes,  from  its  figure,  approaches  near¬ 
er  the  acid  than  the  lime  could,  and  forms  with  it  a 
compound,  the  figure  of  which  is  fnch,  relatively  to  that 
of  the  lime,  that  they  cannot  approach  within  a  finall 
enough  diftance  of  each  other  to  counteract  the  attrac¬ 
tion  of  the  earth.  Accordingly  no  compound  is  form¬ 
ed  ;  for  all  that  is  meant  by  two  particles  having  form¬ 
ed  a  compound  is,  that  their  attraction  for  each  other 
is  greater  than  the  attraction  of  the  furrounding  bodies 
6  for  either. 

*.  Having  thus  feen  that  none  of  the  phenomena  of  af- 
'y  h  pn\fy  are  inconfiftent  with  their  relulting  from  the  for- 
lera]6  ces  which  bring  about  the  phenomena  of  gravitation, 
.fame,  we  have  a  right  to  conclude,  that  it  is  at  leaft  highly 
probable,  that  all  the  motions  of  the  corporeal  world  are 
produced  by  the  fame  power  which,  though  not  eflen- 
tial  to  matter,  was  impreffed  upon  every  atom  of  it  by 
the  Great  Creator  when  he  formed  this  univerfe  ;  and 
that  as  the  effeCls  of  this  power  are  modified  according 
to  the  fituation  of  the  bodies  on  which  it  ads,  they  are 
known  by  the  different  names  of  gravity ,  adhefton ,  co- 
he/ion,  and  affinity. 

Gravity  is  the  attradion  between  bodies  fo  diftant, 
that  the  maffes  alone  influence  the  refult,  and  that  the 
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power  may  be  confidcrcd  as  placed  in  the  centre  of  the 
attrading  bodies. 

Adhesion  fuppofes  a  diftance  too  fmall  for  our 
fenfes.  It  has  been  demonftrated  to  be  proportional  to 
the  number  of  touching  points,  which  depends  upon  the 
figure  of  the  particles  that  form  the  bodies. 

Cohesion  takes  place  only  between  particles  of  the 
fame  nature.  Thefe,  inftead  of  touching  only  in  one 
fuperficies,  as  in  adhefton,  touch  in  every  point  where 
their  figure  will  allow  contad  :  confequently  the  force 
of  cohefton  alio  muft  depend  upon  the  figure  of  the  par¬ 
ticles. 


343 

Affinity. 


Affinity  unites  bodies  of  a  different  nature,  not 
merely  by  one  fuperficies,  as  adhefton  does,  but  particle 
to  particle,  like  cohejion  ;  and  the  moft  perfed  contad 
is  formed  that  the  figure  of  the  particles  will  admit. 
Therefore,  in  this  cafe  alfo,  the  intenfity  depends  upon 
the  figure  of  the  particles.  567 

3.  If  we  make  the  attempt,  we  fhall  find  that  water  Saturation 
will  not  diffoive  any  quantity  of  common  fait  that  weexpiaineci’ 
pleafe.  Water  which  refufes  to  take  up  any  more  is 
faid  to  be  faturated  with  fait.  Neither  can  we  combine 
any  quantity  of  potafs  with  a  given  portion  of  fulphu¬ 
ric  acid:  we  may  add  as  much  of  it  as  we  pleafe,  in¬ 
deed  ;  but  if  we  evaporate  the  liquid,  in  order  to  ob¬ 
tain  the  fait  in  cryftals,  we  fhall  find  that  only  part  of 
the  potafs  has  united  with  the  acid,  and  that  the  reft 
has  cryftallized  feparately.  From  thefe  examples,  it 
muft  appear  evident,  that  bodies  combine  with  one  an¬ 
other  by  affinity  only  in  certain  proportions ;  or,  which 
is  the  fame  thing,  that  a  determinate  number  of  par¬ 
ticles  of  each  of  the  ingredients  goes  to  the  formation  of 
an  integrant  particle  of  the  compound,  and  that  into 
this  integrant  no  additional  particles  of  either  ingredient 
can  be  admitted.  Let  us  fuppofe,  for  inftance,  that  the 
particles  of  fulphuric  acid  are  tetrahedrons,  and  that 
the  particles  of  potafs  are  of  fuch  a  form,  that  one  of 
them  can  attach  itfelf  to  each  of  the  fides  of  the  acid 
particle  :  In  that  cafe,  an  integrant  particle  of  fulphat 
of  potafs  would  be  compofed  of  five  particles,  one  of 
acid  and  four  of  alkali  ;  for  it  is  evident,  that  juft  four 
particles  of  potafs  would  combine  with  every  particle 
of  acid,  and  that  the  acid  would  then  be  faturated,  or, 
which  is  the  fame  thing,  would  be  incapable  of  recei¬ 
ving  any  more  alkaline  particles  into  combination  with 
it.  Let  us  fuppofe  now,  that  there  is  juft  as  much  pot¬ 
afs  as  fatuvates  the  acid  ;  if  more  acid  be  poured  in,  it 
cannot  enter  into  combination  with  the  potafs,  becaufe 
all  the  potafs  is  already  combined  with  acid. 

Thus  it  appears  evident,  from  the  nature  of  affinity, 
that  the  ingredients  in  every  combination  muft  mutual¬ 
ly  faturate  each  other,  and  that  no  more  of  either  can 

be 


tional  to  PM  ;  then  let  P  move  towards  A,  fo  as  tp  come  to  the  fituation  P  ,  and  let  the  attradion  here  be  P'M#; : 
as  it  is  continual  during  the  motion  of  P  to  F,  M  M'  is  a  curve  line.  Now  in  the  cafe  of  the  attradion 
of  bodies  for  one  another,  PM  is  lefs  than  PM'  ;  and  confequently  MM'  does  not  ever  return  into  itfelf, 
and  therefore  it  muft  go  ad  infinitum ,  having  its  arc  between  AB  and  AC,  to  which  it  approaches  as 
afymptotes,  the  abfeiffa  always  reprefenting  the  diftance,  and  the  ordinate  the  attradion  at  that  diftance.  Let 
P'  now  continue  its  motion  to  P7,  and  M'  will  move  M"  ;  and  if  P  meets  A,  or  the  bodies  come  into  perfed 
contad,  P"M 7  will  be  infinite ;  fo  that  the  attradion  being  changed  into  cohefion  will  be  infinite,  and  the 
bodies  infeparable,  contrary  to  univerfal  experience  ;-fo  that  P  can  never  come  nearer  to  A  than  a  given  di. 
fiance.  Nicho fan's  Journal }  I.  555. 


341- 

Affinity, 


•f  Ertcycl. 
Method. 
t.  j6o. 


C  I-I  E  M  I 

be  admitted  into  the  compound  than  what  is  neceffary 
to  produce  this  fat  oration.  It  follows  equally,  that 
there  can  be  no  union  without  faturation,  except  there 
be  a  deficiency  in  fome  one  of  the  ingredients  :  For 
fuppofing  that  there  rs  a  fufficient  number  of  particles 
of  potafs,  and  that  every  particle  of  fulphuric  acid  re¬ 
quires  four  of  them,  as  before,  for  faturation,  the  very 
fame  caufe  that  produces  the  union  of  one,  two,  or 
three  particles  of  potafs  with  a  particle  of  acid,  muil 
produce  the  union  of  all  the  four. 

Even  when  there  is  a  deficiency  of  one  of  the  ingre¬ 
dients,  faturation  mufl  equally  take  place  ;  for  thofc 
particles  of  acid  that  happen  to  be  neareft  the  alkali 
mud  dill  be  faturated  ;  becaufe  the  affinity  of  all  the 
acid  particles  for  alkali  was  originally  equal,  and  the 
difference  of  the  didance  mud  give  the  fuperiority  to 
thofe  that  are  neared  ;  and  thole  particles  of  acid  that 
are  once  faturated  with  potafs  cannot  be  deprived  of 
it  by  any  of  the  other  particles,  otherwife  the  affinity 
of  fome  particles  of  fulphuric  acid  for  potafs  would  be 
greater  than  that  of  others  ;  which  is  abfurd. 

It  will  no  doubt  be  obje&ed  to  all  this,  that  there 
are  innumerable  indances  of  additional  portions  of  fome 
one  of  the  ingredients  being  received  into  a  compound 
after  faturation,  and  that  fome  fubftances  feem  to  be 
equally  well  faturated  with  different  dofes  of  another. 
Oxygen,  for  indance,  combines  with  azot  in  three  dif¬ 
ferent  proportions,  and  forms  nitrous  gas,  nitrous  acid, 
and  nitric  acid.  The  metals,  too,  form,  in  the  fame 
manner,  different  oxyds ;  and  a  great  many  indances  of 
the  fame  kind  occur  among  the  neutral  falts. 

But  it  ought  to  be  remembered,  that  the  conclufions 
again  ft  which  thefe  objedions  are  urged,  are  confe- 
quences  deduced,  we  think  fairly,  from  a  proportion 
which  we  corfider  as  demon  ft  rated,  that  affinity  is  a 
f pedes  of  attraction  ( b  ) .  Thefe  phenomena  cannot  there¬ 
fore  be  admitted  as  valid  objedfons,  except  it  can  be 
{hewn  that  they  are  really  incompatible  with  thefe  coil 
clufions.  Now  that  this  is  not  the  cafe,  ha3  been  (hewn, 
in  the  mod  fa tisfaftory  manner,  by  Morveau  f.  Thefe  ap¬ 
parent  exceptions  are  owing  to  an  affinity  which  exids  be¬ 
tween  the  compound  as  an  integrant  and  one  of  its  ingre¬ 
dients,  and  are  not  indances  of  various  degrees  of  fatura¬ 
tion,  but  of  the  formation  of  new  compounds.  According 
to  this  very  ingenious  idea,  which,  we  believe,  fird  ori¬ 
ginated  with  Bergman,  and  was  hid  feen  in  its  full  ex¬ 
tent  by  Morveau,  we  have  formerly  explained  in  what 
manner  the  various  metallic  oxyds  are  formed  :  the  fird 
oxyd  is  a  compound  of  the  metal  and  oxygen  ;  the  fe- 
cond,  of  the  fird  oxyd  and  oxygen  ;  the  third,  of  the 
feeond  oxyd  and  oxygai  ;  and  fo  on.  In  the  fame 
manner  we  have  explained  the  various  combinations  of 
azot  and  oxygen  :  and  the  explanation  may  eafily  be 
extended  to  every  other  cafe.  Thefe  apparent  objec¬ 
tions,  then,  are  not  incompatible  with  the  above  con- 


S  T  R  Y.  Part] 

clufions,  but  perfe&ly  confident  with  them  ;  and  confc-  Affine 
quently  they  cannot  be  admitted  as  of  any  force.  v* 

There  is  one  phenomenon,  indeed,  which  proves,  in¬ 
dependent  of  thefe  conclufions,  that  thefe  combinations 
are  actually  formed  in  tire  manner  we  have  fuppofed, 
and  which  therefore  merits  particular  attention.  The 
phenomenon  is,  that  the  affinity  between  the  two  fimple 
jubilances*  is  ahnojl  always  greater  than  that  between 
the  compound  and  any  of  its  ingredients.  The  affini¬ 
ty,  for  in  dance,  between  azot  and  oxygen  is  greater 
than  that  between  nitrous  gas  and  oxygen  ;  and  the  af¬ 
finity  between  nitrous  gas  and  oxygen  greater  than  that 
between  nitrous  acid  and  oxygen  :  For  if  nitrous  gas  be 
mixed  with  nitric  acid,  the  whole  is  converted  into  ni¬ 
trous  acid  ;  but  no  change  whatever  is  produced  when 
nitric  and  nitrous  acids,  or  nitrous  gas  and  nitrous  acid, 
are  mixed  :  and  every  fubdance  which  is  capable  of 
decompofing  nitrous  gas  is  capable  alfo  of  decompofing 
nitrous  and  nitric  acids  ;  but  many  fub dances  are  capa- 
b}e  of  decompofing  nitrous  and  nitric  acids  which  have 
no  tiffed  upon  nitrous  gas.  In  the  fame  manner,  the 
affinity  between  fulohur  and  oxygen  is  greater  than  that 
between  fulphurous  acid  and  oxygen  :  for  when  fulphtir 
is  mixed  with  fulphuric  acid,  the  whole  is  converted 
into  fulphurous  acid  ;  but  no  change  takes  place  when 
fulphur  and  fulphurous  acid,  or  fulphurous  and  fulphu¬ 
ric  acids  are  mixed  together.  A  great  many  indances 
of  the  fame  kind  might  eafily  be  produced,  if  thefe 
were  not  fufficient  to  eflablifh  the  point.  This  curious 
fad  affords  a  very  ilrong  proof  that  the  bafes,  as  well 
as  the  quantity  of  oxygen,  is  different  in  almod  all  the 
vegetable  acids.  Did  the  tartarous,  oxalic,  and  acetous 
acids,  for  in  dance,  confrd  of  the  fame  bafe  with  various 
dofes  of  oxygen  ;  were  the  tartarous  compofed  of ,  the 
bafe  and  oxygen  ;  the  oxalic,  of  tartarous  acid  and 
oxygen  ;  the  acetous,  of  oxalic  acid  and  oxygen— -in 
that  cafe,  a  mixture  of  acetous  and  tartarous  acids 
ought  to  form  oxalic  acid :  but  that  this  does  not  happen, 
any  one  may  convince  himfelf  by  adual  experiment. 

We  do  not  mean  to  affirm,  that  this  fad,  though  it 
is  certainly  very  often  true,  holds  in  all  cafes  ;  in  fome, 
perhaps,  the  reverfe  may  be  true,  though  we  do  not 
recoiled  at  prefent  any  inflancc  of  that  kind. 

4-  Since  the  affinity  of  almoft  every  two  bodies  for  of  the 
each  other  differs  in  Jlrength  from  that  between  every  ftrength 
other  two,  it  becomes  an  important  problem  to  deter- of  affiaic* 
wine  the  jlrength  of  every  affinity  in  numbers.  The  folu- 
tion  of  this  problem  would  give  a’  clearnefs  and  preci- 
fion  to  chemiftry  equal  to  that  ofiany  other  branch  of 
natural  philofophy  whatever,  and  enable  it  ;to  advance 
with  a  degree  of  rapidity  hitherto  thought  unattain¬ 
able.  No  wonder,  then,  that  tins  problem  has  occu¬ 
pied  the  attention  of  fome  of  the  moil  eminent  phtfolo- 
phers  who  have  dedicated  their  time  to  chemiflry.  6 

If  the  obfervations  Formerly  made,  in  order  to  fhew  Atfevp* 

that  to  afceita: 


L 


(a)  Were  any  farther  proo*  of  this  propofition  required,  we  would  obferve,  that  c  oh  ft  on  ads  as  an  antagonift 
to  affinity,  and  may  be  often  rendered  fo  ftrong  as  to  prevent  affinity  from  a&ing’with  efficacy.  Thus  alumina 
andjargonia,  when  fufficiently  heated,. become  infoluble  in  acids,  without  undergoing  any  other  alteration  than 
that  of  an  mcreafe  of  cohefion  by  their  particles  being  brought  nearer  each  other  ;  for  deftroy  this  cohefion 
and  they  become  .as.  foluble  as  ever.  .Now  it  follows  from  this,  that  if  cohefion  b  *  ..attraction,  fo  muff  affinity 
The  experiments  of  Morveau,  to  be  afterwards  mentioned,  demonfirate,  that  adhefion  and  affinity  arc  produced 
by  the  fame  caufe ;  Confe quently,  if  adhefion  be  attradion,  fo  muft  affinity.  r 
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&  that  the  difference  in  the  ftrength  of  affinities  depends 
*  w  upon  the  different  forms  of  the  particle*  which  have  an 
affinity  for  each  other,  be  conclufive,  it  is  evident,  that 
the  certain  method  of  learning  the  ftrength  of  affinities 
world  be  to  difeover  the  forms  of  the  particles  of  all 
bodies.  But  no  method  has  hitherto  been  difeovered 
by  which  it  is  poffible  of  becoming  acquainted  with  the 
figuie  of  the  particles  of  bodies.  The  expeiiments  in¬ 
deed  of  the  Abbe  Hauy  (afterwards  to  be  deferibed) 
point  out  a  method  by  which  the  primary  figure  of 
cryilals  may  be  inveftigated  with  a  good  deal  of  plau¬ 
sibility  ;  but  this  leaves  the  knowledge  of  the  figure  of 
the  particles  which  compofe  thefe  cryilals  ilill  uncertain. 

As  nobody,  therefore,  has  attempted  to  take  this 
road,  in  order  to  calculate  the  ftrength  of  affinities, 
let  us  at  prefent  confider  the  different  methods  which 
have  been  propofed  for  that  purpofe,  that  we  may  lee 
whether  any  of  them  will  anfwerthe  end  intended. 

Wenzel  fuppofed,  that  the  time  taken  by  one  body 
to  diffolve  another  is  a  meafure  of  the  affinity  which 
■v  ze]  fubilfts  between  them.  But  the  hypothefis  of  that  in¬ 
i'  ’genious  philofopher  will  not  bear  the  teft  of  examina¬ 
tion ;  for  the  time  of  folution  evidently  depends  upon 
circumftances  unconne&ed  with  affinity.  The  cohefion 
of  the  body  to  be  diffolved,  and  the  nature  of  the  com¬ 
pound  formed,  mull  occafion  very  great  differences  in 
the  time  of  folution  of  different  bodies,  even  on  the  hip¬ 
po  fit  ion  that  their  affinities  were  all  the  fame. 

Fourcroy  propofed  to  mealure  the  affinity  of  bodies 
by  the  difficulty  of  feparating  them  after  they  are  com- 
'r‘  ,  bined  :  but  we  have  no  method  for  meafuring  this  dif- 
1  ficuity.  Lavoiher  and  De  la  Place,  indeed,  propofed 
caloric  for  this  purpofe  ;  but  there  are  tnany  compounds 
which  caloric  cannot  feparate,  and  it  never  produces  a 
reparation  except  by  means  of  its  affinity  for  one  or 
other  of  the  ingredients  of  the  compound.  Before  ca¬ 
loric,  therefore,  could  be  employed  as  a  meafure,  it 
would  be  neceffary  to  know  exa&ly  the  ftrength  of  its 
own  affinity  for  every  other  fubftance  ;  which  is  juft  a 
cafe  of  the  problem  to  be  refolved.  . 

Macquer  fuppofed,  that  the  affinity  of  bodies  for  one 

P  another  was  in"  the  compound  ratio  of  the  facility  of 
:r,  theirmnion,  and  the  difficulty  of  their  feparatir  n  :  But 
as  we  are  in  pofftffion  of  no  method  of  afeertaining  ei¬ 
ther  of  thefe,  it  is  evident  that  this  theory,  even  allow- 
ing  it  to  be  juft  (which  it  certainly  is  not),  could  be 
of  no  ufe  for  affifting  us  to  calculate  the  force  of  affi¬ 
nities. 

Another  method  has  been  propofed  by  the  diftin- 
guiffied  philofophical  chemift  Mr  de  Morveau  (c). 

IIU  Xn  1713*  Dr  Brook  Taylor  made  fome  experiments 
on  the  adhefion  of  furfaces  ;  and  concluded  from  them, 
that  the  force  of  adhefion  might  be  determined  by  the 
weight  neceffary  to  produce  a  feparation.  But  in  177^, 
Meffrs  La  Grange  and  Cigna,  obferving  that  the  fur- 

I  faces  of  water  and  oil  adhere  together,  and  taking  it 
for  granted  that  thefe  two  liquids  repel  each  other, 
concluded,  in  confequence,  that  their  adhefion  was  not 
owing  to  attraction  ;  and  hence  inferred,  that  adhefion, 
in  general,  is  always  owing  to  the  preffure  of  the  at- 
Suppl.  Vol.  I.  Part  I. 


mofphere,  Thi*3  conclufion  induced  Morveau  to  exav  Affinity, 
mine  the  fubje&  :  he  found,  that  adhefion  was  not  of-  ‘  J 
feCied  by  the  preffure  of  the  atmofphere  ;  for  it  required 
the  fame  weight  to  feparate  a  difk  of  glafs  (30  lines  in 
diameter)  from  the  furface  of  mercury  in  the  open  air, 
and  under  an  exhaufted  receiver.  He  obferved,  that 
the  fame  diilc  adhered  to  water  with  a  force  of  258 
grains,  and  to  the  folution  of  potafs,  though  denfer, 
only  with  a  force  of  210.  This  refult  not  only  proved 
that  adhefion  was  owing  to  attra&ion,  but  made  him 
conceive  the  poffibility  of  applying  this  method  to  the 
calculation  of  affinities  :  Fot  the  foice  of  adhefion  be¬ 
ing  neceffarily  proportional  to  the  points  of  conta&, 
and  this  being  the  cafe  alfo  with  affinity,  it  is  evident, 
that  the  adhefion  and  the  affinity  between  the  fame  fub- 
llances  are  proportional,  and  that  therefore  the  know¬ 
ledge  of  the  one  would  furniffi  us  with  the  ratio  of  the 
other, 

Struck  with  this  idea,  he  conftru&ed  cylinders  of  dif¬ 
ferent  metals,  perfectly  round,  an  inch  in  diameter  and 
the  fame  in  thicknefs,  and  having  a  fmall  ring  in  their 
upper  furface,  by  which  they  might  be  hung  exa&ly  in 
equilibrium.  He  fufpended  thefe  cylinders,  one  after 
another,  to  the  beam  of  a  balance  ;  and  after  counter- 
poifing  them  exa&ly,  applied  them  to  a  quantity  of 
mercury  placed  about  two  lines  below  them,  making 
them  Aide  along  its  furface,  to  prevent  any  air  from 
lodging  between  them  and  the  mercury.  He  then 
marked  exa&ly  the  weight  neceffary  to  overcome  their 
adhefion,  taking  care  to  change  the  mercury  after 

every  experiment.  The  table  of  the  refults  is  as  fol¬ 
lows  : 

Gold  adheres  to  mercury  with  a  force  of 
Silver,  -  -  - 

Tin, . 

Lead,  - 
Bifmuth,  - 

Platinum,  - 

Zinc,  - 

Copper,  - 

Antimony,  ..... 

Iron,  - 

Cobalt,  - 

The  differences  of  thefe  refults  cannot  be  owing  to 
the  preffure  of  the  air,  which  was  the  fame  in  all  j  no 
do  they  correfpond  to  the  denfities  of  the  metals  ;  nor 
cart  they  be  owing  to  accidental  differences  in  the  po- 
liffi  of  the  cylinders,  for  a  plate  of  rough  iron  adheres 
more  ftrongly  to  mercury  than  one  of  the  lame  diame¬ 
ter  exquifitely  poliffied; — but  they  follow  preciiely  the 
order  of  affinity,  and  therefore  may  be  confidered  as  the 
meafure  of  the  ftrength  of  the  affinity  between  thefe 
different  metals  and  mercury.  They  furniffi  us  alfo 
with  a  convincing  proof,  that  affinity  is  attraction ,  and 
the  fame  fpecies  of  attra&ion  with  adhefion  ;  and  that 
therefore,  if  the  one  be  reducible  to  gravitation,  fo  muff 
the  other. 

Mr  Achard,  convinced  of  the  importance  of  Mr  Mor- 
veau’s  obfervations,  made  a  great  many  experiments  on 
adhefion ,  and  publiffied  the  relult  of  them  in  1780.  He 
Xx  proved, 
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(c)  Now  Mr  Guyton  :  wc  have  ufed  the  old  name  all  along  in  the  text  to  avoid  ambiguity. 
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proved,  that  the  force  of  adhefion  was  not  affe&ed  by 
alterations  in  the  height  of  the  barometer,  but  that  its 
force  became  weaker  as  the  heat  of  the  fluid  increafed 
(d)  j  and  that  the  temperature  remaining  the  fame,  the 
force  of  adhefion  increafed  in  the  fame  ratio  with  the 
Surfaces  of  the  adhering  bodies.  He  made  about  600 
experiments  on  the  adhefion  of  different  fotids  and  fluids, 
proved  that  the  force  of  adhefion  did  not  depend  on  the 
densities  of  the  adhering  bodies,  nor  on  the  different 
cohefive  force  of  the  fluids  ;  and,  after  a  laborious  cal¬ 
culation,  concluded,  that  it  depended  on  the  figure  of 
the  particles,  of  the  adhering  fluid  and  folid. 

Thefe  experiments*  and  calculations  of  Mr  Achard 
are  certainly  of  importance  ;  and  we  would  have  given 
them  here,  had  not  the  objects  of  them  been  fubftances 
which  can  funiifh  but  few  data  for  calculating  the  force 
of  affinities. 

This  method  ©f  meafuring  the  force  of  affinities  feems 
to  be  an  accurate  one,  and  if  it  could  be  applied  to 
every  cafe  of  affinity,  would,  in  all  probability,  enable 
11s  to  folve  the  problem  which  we  are  now  considering  : 
But  unfortunately,  its  application  is  very  limited,  be¬ 
ing  confined  to  thofe  cafes  alone  in  which  one  of  the 
bodies  can  be  prefented  in  a  fluid,  and  the  other  in  a 
folid  Rate.  Nor  can  it  be  applied  indiTcriminately  to 
all  thofe  cafes  ;  for  whenever  the  cohefion  of  any  li¬ 
quid  is  much  inferior  to  the  force  of  its  adhefion  to  any 
folid,  the  reparation  takes  place  in  the  particles  of  the 
liquid  i rfe If,  and  consequently  we  do  not  obtain  the 
meafnre  of  its  adhefion  to  the  folid,  but  of  its  own  co¬ 
hefion,  and  that,  too,  imperfe&ly.  Thus,  for  inftance, 
Mr  Achard  found,  that  fealing-wax  adhered  to  water 
with  a  force  of  92  grains,  and  to  alcohol  only  with  a 
force  of  5  3^ths;  yet  we  know  that  fealing-wax  has  a 
greater  affinity  for  alcohol  than  for  water  ;  becaufe  al¬ 
cohol  diffolves  it,  which  water  is  incapable  of  doing. 
The  difference  in  the  refult  in  this  inftance  was  evi¬ 
dently  owing  to  the  fmaller  cohefion  of  alcohol.  Mr 
Morveau’s  method  muff  therefore  be  confined  to  thofe 
cafes  in  which  the  cohefion  of  the  liquid  is  ftronger 
than  its  adhefion  to  the  folid,  which  may  be  known 
by  the  furface  of  the  folid  not  being  moiftened  ;  and 
to  thofe  in  which  the  cohefion  is  not  much  inferior 
to  the  adhefion  ;  for  then,  it  is  evident,  that  the  force 
of  cohefion  will  be  increafed  as  the  force  of  adhefion. 

Let  us  fuppofe,  for  inftance,  that  two  folids,  A  and  B, 
are  made  to  adhere  to  the  furface  of  a  liquid,  and  that 
A  can  only  form  an  adhefion  with  50  particles  of  the 
liquid,  whilft  B  adheres  to  100;  it  is  evident,  that  a 
much  fmaller  force  will  deftroy  the  cohefion  of  the  $0 
particles  to  which  A  adheres  with  the  reft  of  the  li¬ 
quid,  than  what  will  be  required  to  deftroy  the  cohe¬ 
fion  of  the  100  particles  united  to  B  with  the  fame 
*  Ulcrveau ,  liquid  *. 

The  met^oc^  Mr  Morveau,  then,  rtiay  be  applied 
art. ’ Adhe-  accuracy  in  both  cafes;  and  when  they  occur  can 

fan.  only  be  determined  by  experiment.  It  cannot,  how¬ 

ever,  be  applied  indiferiminately  even  then  ;  for  unlefs 
the  folid  and  the  fluid  be  prefented  in  fuch  a  Rate  that 
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no  gas  is  extricated  when  the  adhefion  takes  place,  an 
accurate  judgment  cannot  be  formed  of  the  force  of  ad¬ 
hefion.  When  marble  (carbonat  of  lime),  for  inftance, 
is  applied  to  the  furface  of  fulphuric  acid,  there  is  an 
extrication  of  gas,  which  very  foon  deftroy  $  the  adhe- 
fton,  and  prevents  an  accurate  refult.  Were  it  poffible 
to  employ  quicklime  inftead  of  marble,  this  would  he 
prevented ;  or  if  this  cannot  be  accomplished,  why 
might  not  lime  be  employed,  united  with  fomeacid  that 
would  not  affume  a  gafeons  form,  and  at  the  fame  time 
has  a  weaker  affinity  than  fulphuric  acid  for  lime  ? 
Why  might  not  the  phofphat  of  lime,  -for  inftance,  be 
ufed,  which  may  be  reduced  to  a  Rate  of  harduefs  fuifi- 
ciently  great  for  the  purpofe  ?  The  extrication  of  gas, 
during  the  application  of  metals  to  the  furfaces  of  acids, 
might  be  prevented  by  oxydating  their  furfaces.  It  is 
true,  indeed,  this  could  not  be  done  with  all  the  metals, 
on  account  of  the  nature  of  the  oxyd,  but  it  might  with 
feveral ;  copper,  for  inftance,  and  filver.  It  cannot  he 
doubted,  that  by  thefe  methods,  and  other  contrivances 
that  might  be  fallen  upon,  a  fufficient  number  of  re- 
fults  might  be  obtained  to  render  this  method  of  the 
greateft  importance.  It  is  rather  furpriiing,  therefore, 
that  it  has  never  been  profecuted. 

Mr  Kirwan  has  propofed  another  method  of  folving  AndKi 
the  problem.  While  he  was  engaged  in  his  experiments wan* 
on  the  ftrength  of  acids,  he  obferved  that  the  quan¬ 
tity  of  real  acid  neceffary  to  faturate  a  given  quantity  of 
each  of  the  bafes  was  inverfely  as  the  affinity  between 
the  refpe&ive  bafes  and  the  acid  ;  and  that  the  quan¬ 
tity  of  each  of  the  bafes  neceffary  to  faturate  a  given 
quantity  of  acid  was  direftly  as  the  affinity  between  the 
bale  and  the  acid.  Thus  100  grains  of  each  of  the 
acids  require  more  alkali  for  faturation  than  lime,  and 
more  lime  than  magnefia,  as  may  be  feen  in  the  follow¬ 
ing  table : 


ico  grains  of 
Sulphuric  acid 
Nitric  acid 
Muriatic  acid 


Potafs. 

Soda. 

Lime. 

Amm. 

Map. 

Alum. 

215 

165 

IIO 

90 

80 

75 

215 

165 

96 

87 

75 

65 

215 

158 

89 

79 

7  1 

55 

d,  therefore, 

that  the  affinity  between 

of  bafes  neceffary  for  faturation.  Thus  the  affinity  be¬ 
tween  potafs  and  fulphuric  acid  is  215,  and  that  be¬ 
tween  nitric  acid  and  lime  96  *.  j  w;/< 

Weihave  mentioned  formerly,  that  the  principle  on  Twfiif' 
which  Mr  Kirwan  calculated  the  ftrength  of  the  acids 
was  founded  on  a  miftake.  It  muft  follow  of  courfe, 
therefore,  that  the  numbers  which  refult  from  it  muft 
alfo  be  wrong.  This  Mr  Kirwan  has  acknowledged, 
and  feems  to  have  given  up  all  thoughts  of  afeertain- 
ing  the  ftrength  of  affinities  by  this  method.  But 
before  it  be  abandoned  altogether,  we  wiffi  the  follow¬ 
ing  obfervations  were  confidered. 

Bergman  long  ago  eftabliftied  as  a  principle,  under  Attempt' 
the  name  of  a  chemical  paradox,  that  the  Jlrovger  any  rcmtd)r  £t 
fait  was,  the  left  of  any  other  it  required for  faturation. 

Thus,  according  to  him,  hlsme 


IOO 


(d)  Stri&ly  {peaking,  this  is  owing  not  fo  much  to  a  decreafe  of  the  force  of  adhefion,  as  of  that  of  the  cohe¬ 
fion  of  the  fluid  itfelf. 
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100  parts  of  potafs  require  78,5  Sulphuric  acid, 

64  Nitric; 

51,5  Muriatic, 

42  Carbonic. 

100  part3  of  foda  -  -  177  Sulphuric, 

135,5  Nitric,  ^ 

125  Muriatic, 

80  Carbonic. 

This  proportion,  which  has  been  admirably  illuftra- 
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ted  by  Morveauf,  evidently  refolves  itfelf  into  the  two 
following  : 

1.  A  bafe  requires  the  more  of  an  acid  for  faturation 
the Jlronger  its  affinity  for  that  acid  is. 

2.  An  acid  requires  the  more  of  any  bafe  for  fatura¬ 
tion  the  greater  affinity  it  has  for  that  bafe. 

In  order  to  judge  of  the  truth  of  the  fil'd  of  thefe 
propofitions,  let  us  examine  the  following  table,  drawn 
up  from  the  experiments  of  Bergman,  Wenzel,  and  Kir- 
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wan. 


100  parts  of 

] 

Sulphuric. 

3ergman 

Nitric. 

Muriatic- 

Sulphuric. 

Wenzel. 
Nitric,  j 

|  Muriatic 

Sulphuric. 

Kirwan. 

Nitric. 

Muriatic. 

Barytes 

15.4 

30,3 

Fotafs 

78,6 

64 

5L5 

82,4 

‘°7»7 

54 

8l,8 

87,1 

78,2 

Soda 

‘75 

135.5 

125 

125,8 

166,6  | 

83 

129,4 

136,1 

114,2 

Lime 

M3>7 

1 34>4 

7°>45 

M7>74 

195,6 

103,6 

141 

180 

86 

Magnefia 

‘73.67 

‘59>25 

82,92 

181,8 

257,‘5 

122,27 

170,5 

255 

104,275 

Ammonia 

142,42 

201,22 

96,25 

CO 

■-4 

233 

1 16 

Alumina 

2 1 1, 11 

220,2 

77,7 

68,7  I 

38,6 

It  is  evident  at  firft  fight,  that  Bergman’s  experi¬ 
ments  correfpond  exactly  with  the  propofition.  To 
faturate,  according  to  him,  100  parts  of  potafs,  re¬ 
quires  78,6  of  fulphuric  acid,  64  of  nitric,  and  51,5  of 
muriatic  acid.  There  is  only  one  deviation  from  the 
propofition  in  the  whole  table,  and  this  regards  bary¬ 
tes,  which,  according  to  him,  is  faturated  with  15,4  of 
fulphuric  and  30,8  of  muriatic  acid.  But  MrMorveau 
has  (hewn,  by  feveral  accurate  experiments,  that  bary¬ 
tes  requires  much  more  fulphuric  acid  for  faturation 
l  )d.  than  Bergman  fuppofed  $.  And  Klaproth  has  (hewn, 
&  h  that  100  parts  of  barytes  require  49,  2  of  ftrong  fulphuric 
acid  for  faturation *.  And  Dr  Withering’s  calculationf 
n  l  agrees  almod  exaftly  with  this;  nor  does  that  ot  Four- 
croy  differ  much  from  it  £.  Inftead  of  15 ,4  of  fulphu- 
I'  ric  acid,  therefore,  which,  according  to  Bergman,  are  ne- 
l^ceffiary  to  faturate  100  of  barytes,  it  fhould  be  42,8. 

*  ivt 65  The  firft  and  laft  columns  of  Wenzel  and  Kirwan’s 
experiments  agree  equally  well  with  the  propofition,  but 
the  fecond  deviates  from  it  completely.  Wenzel  pro¬ 
bably  might  have  been  mifled  by  the  manner  of  per¬ 
forming  his  experiments;  but  the  fame  obje&ion  does  not 
feem  to  lie  againft  thofe  of  Kirwan. 

It  can  fcarcely  be  doubted,  however,  to  whatever 
caufe  the  error  is  to  be  imputed,  that  the  numbers  in 
the  fecond  column  of  Mr  Kirwan’s  table  are  too  large. 
The  following  experiment  of  Morveau  is  fufficient  to 
ihew  this. 

According  to  Mr  Kirwan’s  experiments,  the  propor¬ 
tions  of  acid  and  alkali  in  the  four  following  falta  are  as 
under  : 

oil  r  r  f  Acid  IOO 
SuJphat  of  potafs  |potafg  Io8)? 


Sulphat  of  lime  | 

Nitrat  of  potafs  [pQC^fs 
Nitratoflime 

Now  when  fulphat  of  potafs  and  nitrat  of  lime  are 
mixed  together,  a  double  decompofuion  takes  place,  and 
fulphat  of  lime  and  nitrat  of  potafs  are  formed.  Let 
thefe  two  falts  be  mixed  together ;  let  the  quantity  of 
fulphat  of  potafs  be  fuch,  that  the  acid  contained  in  it 
amounts  to  100  ;  and  let  a  more  than  fufficient  quan¬ 
tity  of  nitrat  of  lime  be  added,  to  faturate  the  fulphuric 
acid  with  lime.  It  is  evident  that  for  that  purpofe  80,6 
of  lime  muft  be  prefent;  and  the  quantity  of  nitric  acid 
combined  with  thefe  80,6  muft  be  234,4.  This  quan¬ 
tity  would  require  for  faturation  195*32  of  potafs,  but 
there  are  only  108,7  in  mixture  ;  confequently 
there  ought  to  exift  in  the  mixture,  after  the  mutual 
decomposition  of  the  falts,  64,87  of  nitric  acid  in  a  ftate 
of  liberty.  Such  would  be  the  refult,  provided  Mr  Kir¬ 
wan’s  numbers  were  accurate ;  but  the  fa£t  is,  that  no 
fuch  excefs  of  acid  exifts  in  the  mixture*  ;  and  confe-*  ^nn.de 
quently  the  quantity  of  nitric  acid  contained  in  nitrat  of  Cbim.  xxv. 
lime  is  ftated  too  high  by  Mr  Kirwan.  Although  293. 
therefore  Mr  Kirwan’s  tables  do  not  coincide  with  the 
propofition  which  we  are  confidering,  this  is  not  to  be 
confidered  as  .a  proof  of  its  falfehood  ;  as  there  is  rea- 
fon,  from  the  experiment  above  defcribed,  to  fufpe£l 
fome  error  in  the  data  from  which  Mr  Kirwan  calcula¬ 
ted  the  ftrength  of  the  acids. 

The  truth  of  the  fecond  propofition  may  be  judged 
of  by  the  following  tables : 
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80,6 

IOO 

83.33 

IOO 

34>4 
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According  to  Bergman, 

loo  parts  of 

Baryt. 

Potafs. 

Soda 

Lime. 

IV%n 

Amm. 

Alum. 

Sulp.  acid 

646 

127^5 

56,5 

69>5 

578 

42 

473 

Nitric  acid 

00 

4* 

74.+ 

74*4 

62,8 

Mur.  acid 

324>7 

194 

78 

141,9 

120,5 

40 
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Table  II.  Quantity  of  Acid  neceffary  to  Saturate  loo  Affin, 
Parts  of  the  fix  Bafes , 


According  to 

Wenzel . 

;  00  parts  of 

’  Baryt. 

Potafs 

|  Soda. 

Lime. 

Majrn 

Amm. 

Alum 

Sulp.  acid 

I  20,8 

’  79» 1  e 

;  67,2 

55 

70.2 

128 

Nitric  acid 

92,7 

60 

5M 

38,8 

49.7 

"-4 

CO 

Mur.  acid  1 

183,8: 

'119,2 

96>5 

81,7! 

[103.9 

259 

According  to  . 

KlRlVAN, 

100  parts  of 

Baryt. 

Potafs 

Soda. 

Lime. 

Magn. 

Amm. 

Alum. 

Sulp.  acid 

122,2 

77.2 

70,4 

57,3 

53.3 

Nitric  acid 

1 12 

73,8 

55.5 

39>2 

44.8 

Mur.  acid 

1 68,61 

1 3  3 

112,7 

89,9 

*1? 

00 

100  parts 

iulph.  acid. 

Nitric  acid. 

Mur.  acid 

Barytes 

42,8 

38,7 

30,8 

Potafs 

■  8l 

64 

52,9 

Soda 

126,7 

101,4 

79 

Lime 

x45’7 

1 34>4 

87  >5 

Magnefia 

17^,2 

*59>25 

*°5>  4 

Ammonia 

202,6 

1 

00 

to 

4* 

I27>25 

It  appears  that  all  the  table  of  Bergman  agrees  with 
the  proposition  except  the  numbers  which  correfpond  to 
fulphat  of  foda,  fulphat  of  alumina,  nitrat  of  lime,  and 
muriat  of  ioda,  which  the  late  experiments  of  Mr  Kir- 
wan  have  fufficiently  ffiewn  to  be  inaccurate. 

Wenzel’s  table  correfponds  exadly,  except  the  co¬ 
lumns  under  ammonia  and  alumina,  which  Morveau  has 
proved  to  be  inaccurate. 

Kirwans  table  correfponds  exactly,  except  with  re¬ 
gard  to  the  quantity  of  ammonia  neceffary  to  faturate 
muriatic  acid,  which  does  not  appear  to  have  been  ac¬ 
curately  determined  by  experiment. 

Let  us  therefore  take  the  truth  of  thefe  two  propo- 
fmons  for  granted,  and  let  us  coofider  every  deviation 
from  them  as  an  error  ;  and  let  us  fee  whether  they 
w.11  enable  us  to  difcover  the  abfolute  affinity  of  ful- 

JjafeT*  nltnC’  Sn^  munatlc  acids,  for  their  refpective 


Table  I.  Quantity  of  Bafe  neceffary  to  Saturate  iCO 
Parts  of  the  three  Acids, 


100  parts 

Barytes 

!  ’otafs. 

Soda. 

Lime, 

Magu, 

Amm 

Sulph.  acid 

233>3 

I23>3 

78,7 

68,3 

56,8 

49»3 

i  Nitric  acid 

258,4 

148,4 

95.6 

74.4 

62,8 

5*4,8 

Muriat.  acid 

324.7 

188,8 

126,1 

116,7 

00 

rC 

C\ 

78,5 

The  firft  of  thefe  tables  reprefents  the  affinity  be- 
tween  the  fame  acid  and  its  various  bales  ;  and  the  fe- 
cond  that  of  the  bafes  for  the  different  acids.  If  it  were 
required  to  know  the  ratios' of  the  affinity  which  diffe¬ 
rent  bafes  have  for  any  particular  acid,  the  firft  table, 
fuppofmg  it  accurate,  would  give  it  exactly.  In  like 
manner,  if  it  were  required  to  know  the  ratios  of  the 
affinity  of  the  acids  for  the  various  bales,  we  would  find 
.them  in  the  fecond  table. 

But  if  we  wilhed  to  know  what  was  the  affinity  be-  J?6 
tween  one  acid  and  bafe,  compared  with  that  between 
another  acid  and  a  different  bale  ;  or  if  we  wanted  to  of  affinity 
have  not  the  relative  but  the  abfolute  affinity  between 
two  bodies  it  is  plain  that  we  could  not  find  it  in  either 
of  the  tables  ;  for  the  abfolute  affinity  mult  confift  of 
two  things,  the  affinity  which  the  acid  has  tor  the  bafe, 
and  the  affinity  which  the  bafe  has  for  the  acid.  Now 
the  firft  table  gives  tis  the  one  of  thefe,  and  the  fecond 
the  other  ;  fo  that  in  order  to  reprefent  affinity  in  ab¬ 
folute  numbers,  the  two  tables  mult  be  multiplied  into 
one  another.  This  was  the  miftake  into  which  Mr  Kir- 
wan  fell.  His  method  confided  merely  in  condruding  a 
table  like  our  firft,  which  (fuppofingthe  numbers  accu¬ 
rate)  gave  only  the  affinity  between  the  bafes  and  the 
fame  acid,  but  left  out  the  affinity  between  the  different 
acids  and  the  fame  bafe  ;  confequently  the  different*  co¬ 
lumns  could  not  be  compared  with  each  other. 

It  is  evident,  however,  that  if  the  tables  were  multi¬ 
plied  together  in  their  prefent  date,  they  could  not  pof- 
fibly  give  an  accurate  table  of  affinities.  For  that  pur* 
pole,  it  is  neceffary  to  put  the  fame  number  in  the  firft 
column  of  each  table,  and  then  to  fubftitute  other  num¬ 
bers  in  the  remaining  columns,  having  the  fame  ratio  to 
one  another  with  the  numbers  in  the  original  columns. 

T  his  is  done  in  the  following  tables. 

Table  I.  Ratios  of  the  Affinity  of  fix  Bafes  for  three 
Acids . 


Barytes 

Potafs. 

Soda. 

L.  me. 

Ma^n. 

j  Amm. 

Sulph.  acid 

100,00 

52,83 

33,73 

29,27 

24>34 

2  1,12 

Nitric  acid 

1 00,0c 

57,43 

36,98 

28,77 

24,28 

II 

Mur.  acid 

100,00 

58,11 

38,81 

35,70 

29,94 

24>15 

Table 
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■,  Table  IT.  Ratios  of  the  Ajfnhy  of  three  Acids  for 
y  S  fix  Bafes . 


>ufi)h  acid 

Nitric  acid. 

Mur.  t.i 

Barytes 

T  00,00 

90,42 

74*54 

Potafs 

100,00 

79, 01 

6  5. 3 3 

Soda 

100,00 

80,03 

<52.35 

Lime 

100,00 

92,24 

60,05 

Magnefia 

100,00 

9°>34 

CO 

Ammonia 

100,  0 

90,02 

62,77 

Table  III.  Affinity  between  three  Acids  and fix  Bafes 
in  Abfolute  Numbers. 


Sulph. ac  d 

Nitric  cd 

Mur.  acid. 

Barytes 

ICOOO 

9042 

7454 

Potafs 

528  ‘ 

4537 

3794 

Soda 

3373 

2969 

2419 

Lime 

2927 

2653 

2143 

Magnefia 

2434 

2193 

1786 

Ammmonia 

2112 

1763 

15 15 

On  the  fuppofition  that  the  two  propofitions  men¬ 
tioned  above"  were  ftriftly  true,  and  that  the  numbers 
which  we  fixed  upon  were  p-ecifely  the  quantities  of 
acid  and  bale  necettary  to  iatnrate  each  other  recipro¬ 
cally,  this  la  ft  table  would  reprefent  accurately  in  num¬ 
bers  the  ftrength  of  the  affinities  of  the  three  acids  for 
each  of  the  fix  bafes  refpc&ively. 

We  mud  acknowledge,  however,  that  the  truth  of 
thefe  propofitions  has  not  hitherto  by  any  means  been 
fufficiently  proved  ;  but  a  great  number  of  fads  concur 
to  render  them  exceedingly  probable,  and  highly  wor¬ 
thy  of  the  attention  of  chemical  philofophers.  And  we 
hope  that  the  method  propofed  by  Morveau,  and  which 
had  been  previotifly  pradifed  by  Richter,  of  verifying 
theoretical  calculations  of  the  compoiition  of  the  falls, 
by  mixing  together  two  falts  which  mutually  decom- 
pofe  each  other,  and  ascertaining  whether  the  refult 
correfponds  with  calculation,  will  be  lollowtd  out,  and 
that  it  will  be  the  means  of  enfuring  more  accuracy 
than  it  has  hitherto  been  poffible  to  obtain. 

No  one  will  fufpebt  that  any  thing  which  has  here 
been  faid  is  meant  as  a  reftedion  on  the  ingenious  che 
jnift8  who  have  attempted  to  folve  this  mofl  difficult  of 
all  chemical  problems,  the  proportion  of  the  ingredients 
which  enter  into  the  compofit’on  of  the  falts  Mr  Kir- 
wan,  in  particular,  is  entitled  to  the  greateft  praife  for 
the  perfevering  induftry  with  which  he  has  profecuted 
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the  fubjed,  for  the  candour  which  he  has  difplayed,  t  AfTmny-  ^ 
and  for  the  new  rout  which  he  has  opened  to  the  che¬ 
mical  philofopher.  Though  this  problem  has  not  hi¬ 
therto  been  folved,  and  though  the  difficulties  which 
furiound  it  are  almott  infurmountable,  we  may  hope 
much  from  the  general  fenle  which  is  at  prefent  enter- 
tained  of  its  importance,  and  from  the  zeal  and  abilities 
of  thofe  philofophers  who  have  particularly  turned  their 
attention  to  it. 

In  the  mean  time,  the  following  table  of  the  ftrength 
of  affinities  by  Morveau,  though  the  numbers  be  arbi¬ 
trary,  will  be  found  of  very  great  ufe  f-  '  . 

J  |  Encycl . 


Sufi  h. 
acid 

Nirric 

acid. 

Muriat. 

acid. 

Acetous 

acid 

Carbonic 

^.cid. 

14 

M  etbod. 

Chim.  i.  773 
>77 

rveau’s 
table  of 
affinity. 

Barytes 

66 

62 

28 

Potafs 

62 

58 

32 

26 

9 

Soda 

58 

5° 

31 

25 

8 

Lime 

54 

44 

24 

x9 

12 

Ammonia 

Magnefia 

46 

38 

2  I 

20 

4 

50 

4° 

22 

17 

6 

Alumina 

40 

36 

ia 

1 5 

2(d) 

5.  Although  every  chemical  combination  is  produced 
by  the  fame  general  law,  yet  as  their  phenomena  vary 
iomewhat  according  to  circumttances,  affinities  have,  578 
for  the  fake  of  greater  perfpicuity,  been  divided  intoTlnee 
claffes.  Thefe  c lattes  may  be  reduced  to  three— fimple,  °^a^‘ 

compound ,  and  difpofing  affinities. 

The  firf  clafs  comprehends  all  thofe  cafes  in  which  Viz  fimple 
only  two  bodies  combine  together  ;  as,  for  inttance,  ini- affinity, 
pliuric  acid  and  potafs,  oxygen  and  carbon.  The  affi 
nities  which  belong  to  this  clafs  are  known  by  the  name 
of fimple  or fngle  affinities.  Although  one  of  the  fub- 
ftances  to  be  combined  happens  to  be  already  united 
with  another  body,  the  combination  is  ftill  reckoned  a. 
cafe  of  Tingle  affinity  Thus  fuppofe  the  fulphuric  acid 
pievioufly  combined  with  magnefia,  and  forming  with 
it  the  fait  called  fulphat  of  magnefia,  as  foon  as  pot¬ 
afs  is  prefented,  the  acid  leaves  the  earth  (  which  is  pre¬ 
cipitated),  and  unites  with  the  alkali.  Even  when  three 
bodies  combine,  it  often  happens  that  the  union  is  pro¬ 
duced  merely  by  Angle  affinity.  Thus,  when  fome  pot¬ 
afs  is  dropped  into  tartarous  acid,  part  of  theacH  unites 
with  the  alkali,  and  forms  tartrite  of  potafs  ;  after  this 
the  remainder  oi  the  acid  combines  with  the  tartrite 
juft  formed,  and  compofes  a  new  fait  known  by  the 
name  of  acidulous  tartrite  of  potafs ,  or  tartar.  This  is 
evidently  nothing  elfe  than  two  inftances  of  fimple  affini¬ 
ty  immediately  following  each  other.  ,, 

When  more  than  three  bodies  are  mixed,  decompo-Conn)omi£p 
fitions  and  new  combinations  often  take  place,  whichlif5.nity9 

could 


(d)  This  tabic,  however,  does  not  correfpond  quite  accurately  to  all  the  phenomena.  For  inltance,  accord¬ 
ing  to  it,  fulphat  of  barytes  is  not  decoropofed  by  carbonat  of  foda,  although  the  contrary  takes  place  in. 

fed. 
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could  not  have  been  produced  had  the  bodies  been  pre¬ 
ferred  in  a  different  ftate.  If,  for  inftance,  into  a  fo- 
lution  of  fulphat  of  potafs  there  be  poured  nitric  acid, 
no  decomposition  is  produced,  becaufe  the  fulphuric 
acid  has  a  ftronger  affinity  for  potafs  than  nitric  acid 
has.  For  the  very  fame  reafon,  ammonia  may  be  pour¬ 
ed  into  the  folution  without  producing  any  change. 
But  if  nitrat  of  ammonia  be  poured  in,  a  decompofition 
inftantly  takes  place,  and  two  new  bodies,  fulphat  of 
ammonia  and  nitrat  of  potafs ,  are  formed.  Such  cafes  of 
decompofition  form  the  .  fecond  clafs  of  affinities.  They 
were  called  by  Bergman  cafes  of .  double  elective  attrac¬ 
tion  ;  a  name  which  is  exceedingly  proper  when  there 
are  only  four  bodies  concerned.  But  as  there  are  often 
more  than  four,  it  is  neceffary,  as  Mr  Morveau  has  ob- 
ferved,  to  employ  Tome  more  comprehenfive  term.  We 
lhall  therefore  call  the  affinities  belonging  to  this  clafs 
compound  affinities  (e)  ;  and  comprehend  under  the 
term  all  cafes  where  more  than  three  bodies  are  prefent, 
and  produce  combinations  which  would  not  have  been 
formed  without  their  united  a&ion.  In  thefe  cafes  the 
affinity  of  all  the  various  bodies  for  each  other  ads, 
and  the  refulting  combination  is  produced  by  the  adion 
of  thofe  affinities  which  are  flrongeft.  "  The  manner  in 
which  thefe  combinations  and  decompofitions  take 
place,  was  jirft  clearly  explained'  by  Dr  Black.  Let 
the  affinity  between  potafs  and  fulphuric  acid  be  =  62; 
that  between  nitric  acid  and  ammonia  =  38  ;  that  be¬ 
tween  the  fame  acid  .and  potafs  =  58  ;  and  that  be¬ 
tween  the'  fulphuric  acid  and  ammonia  =  46.  Now, 
let  us  fuppofe  that  all  thefe  forces  are  placed  fo  as  to 
draw  the  end^of •  two  cylinders  croffing  one  another, 
and  fixed  in  the  middle  in  this  manner, 

i  Potafs.  Nitric  acid. 


(100 
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ammonia,  are  divellent  affinities;  and  as  they  are  in  this 
cafe  flrongeft,  they  adually  deftroy  the  former  combil 
nations  and  form  new  ones. 

Bergman,  who  publiffied  a  great  many  cafes  of  com¬ 
pound  affinities,  employed  to  explain  them  a  method 
fomewhat  different  from  this.  He  would  have  repre¬ 
sented  the  above  cafe  in  the  following  manner : 

Nitrat  of  Potafs. 


Bart! 

affinity 


Potafs. 


Nitric  acid. 


It  is  evident,  that  as  58  and  4 6  —  104,  are  greater  than 
62  +  38  =  100,  they  would  overcome  the  other  for- 
ces  and  (hut  the  cylinders.  Juit  fo  the  affinity  between 
potafs  and  nitric  acid,  together  with  that  between  ful¬ 
phuric  acid  and  ammonia,  overcomes  the  affinity  be¬ 
tween  potaf3  and  fulphuric  acid,  and  that  between  nitric 
acid  and  ammonia,  aud  produces  new  combinations. 

In  all  cafes  of  compound  affinity,  there  are"  two 
kinds  of  affinities  to  be  confrdered  ;  ift,  Thofe  affinities 
which  tend  to  preferve  the  old  compound,  thefe  Mr  Kir- 
wan  has  called  quiefeent  affinities  ;  and  thole  which  tend 
to  deftioy  them,  which  he  has  called  divellent  affinities. 

Thus,  in  the  inftance  above  given,  the  affinity  be¬ 
tween  potafs  and  fulphuric  acid,  and  that  between  ni¬ 
tric  acid  and  ammonia,  are  quiefeent  affinities,  which 
endeavour  to  preferve  the  old  compound  ;  and  if  they  are 
flrongeft,  it  is  evident  that  no  new  compound  can  take 
place.  On  the  contrary,  the  affinity  between  potafs 
and  nitric  acid,  'and  that  between  fulphuric  acid  and 


Sulphat  of 
Potafs. 


,  Nitrat  of 
Ammonia. 


Sulph.  acid.  Ammonia. 

Sulphat  of  Ammonia. 

At  the  four  corners  of  an  imaginary  fquare  are  pla¬ 
ced  the  four  fubftances,  fo  that  one  acid  (hall  be  diago¬ 
nally  oppoffte  to  an  other.  On  the  right  and  left  fide  bf 
the  fquare  are  placed  the  old  compounds,  each  on  the 
fide  of  its  own  ingredients,  and  above  and  below  are 
placed  the  new  compounds. 

.  Mr  Elliot  improved  this  method  of  Bergman,  by  ad¬ 
ding  numbers  exprefilve  of  the  affinity  of  the  various 
fubftances.  It  is  in  cafes  of  compound  affinity  that 
the  ratios  of  affinities,  if  we  were  poffeffied  of  them, 
would  be  peculiarly  ufeful.  For  it  is  evident,  that  if 
we  knew  the  ftrength  of  affinities  in  abfolute  numbers, 
we  would  be  able  to  determine  before  hand  all  the  cafe3 
of  compound  affinity. 

If  we  knew,  for  inftance,  that  the  affinity  between 
the  muriatic  acid  and  barytes  were  =  36;  that  between 
the  fame  acid  and  potafs  =  32;  the  affinity  between 
potafs  and  carbonic  acid  =  9  ;  and  that  between  the 
fame  acid  and  barytes  sr  14  ;-we  would  be  certain,  pre- 
vious  even  to  experiment,  that  when  muriat  of  barytes 
and  carbonat  of  potafs  are  mixed,  a  double  decompofi¬ 
tion  would  take  place  ;  which  we  know  from  experi¬ 
ment  to  be  a  dually  the  cafe. 

Muriat  of  Pota&. 


Muriat  of 
Barytes, 


Muriatic 

acid, 

32 

Potafs. 

9  (43 

Barytes, 

H 

Carbonic 

.  Carbonat 
’  of  Potafs. 


46 

-v- 


acid. 


Carbonat  of  Barytes. 

Another  inftance  of  decompofition  by  compound 
affinities.  r 

_ _  Sulphat 


(e)  Morvtau  called  them  affinue  par  concours. 
2 


II 
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Salphat  of  Lime- 
- v- - - 


Sulpliat  of  Magnefia. 


35* 

Affinity. 


Culph.  acid, 

54 

Lime,  , 

l  Sulphuric 

L  acid, 

5° 

Magnefia. 

Sulphat 
of  <> 

Ammonia, 

46 

44  (9°  1 

Nitrat 
>  of 
Lime. 

Sulphat 
of  foda,  < 

\  58 

40(98 

I  Ammonia, 

38 

9* 

Nitric  ' 
acid. 

1  Soda, 

5° 

JOO 

Nitric  acid. 

Nitrat  of 
’  magnefia. 


Nitrat  of  Ammonia. 

Suppofing  Morveau’s  numbers  exa£l,  it  follows  alfo, 
even  prior  to  experiment,  that  no  decompofition  takes 
place  when  fulphat  of  lime  and  muriat  of  potafs  are 
mixed ; 


Sulphuric 
acid, 


Nitrat  of  Soda. 

When  a  new  compound  is  precipitated,  a  line  bent 1 
downwards  in  the  middle  is  to  be  placed  between  it  and 
the  fquare,  as  in  the  following  fcheme ; 

Sulphat  of  Potafs. 

-V" 


62 


Sulphat  J 
of  J  54 
Lime,  \ 


i 


Lime, 


20 

82 


Potafs. 


32  (86 


Muriatic 
acid. 


Muriat 
of 
Potafs. 


for  the  quiefeent  affinities  are  86,  and  the  divellent 
only  82. 

Nor  when  acetite  of  lime  and  muriat  of  foda  are 
mixed ; 


Acetous  acid,  25 


Soda. 


Acetite  I 

Muriat 

of  J  19 

28  (47  / 

>  of 

Lime,  \ 

i 

Soda. 

/  Lime, 

20  Muriatic  ' 

—  acid.  1 

45 

hecaufe  the  quiefeent  affinities  are  47,  and  the  divellent 
only  45.  Thefe*cafes  where  no  decompofition  takes 
place  have  been  called  by  Morveau  cafes  of  inverfe  com¬ 
pound  affinity. 

Morveau  has  propofed  the  following  improvements  in 
reprefenting  thefe  cafes  of  compound  affinities  J  : 

•*  When  decompofition  does  not  take  place,  nothing  is 
to  be  written  above  and  below  the  fquare,  as  in  the  two 
^laft  examples.  When  a  new  compound  remains  difTol- 
ved,  a  flraight  line  is  to  be  placed  between  it  and  the 
fquare,  as  in  the  following  fcheme* 


Sulph.  acid,  62  Potafs. 


Sulphat 

of 

Barytes 


65 


Barytes,  14 

76 

-v“ 


9  (74 


Carbonic 
acid. 


Carbon  at 
of 

Potafs. 


Carbonat  of  Barytes. 

When  a  new  compound  is  fublimed,  the  line  between 
it  and  the  fquare  is  to  be  pointed  upwards  in  the  middle, 
thus  ( - - - 

When  a  new  compound  is  partly  difiolved  and  partly 
precipitated,  the  line  placed  between  it  and  the  fquare 

is  to  aflume  the  following  fhape  : _ , - 

When  it  is  partly  diffolved  and  partly  fublimed,  the 

following  is  the  line  to  be  ufed  :  v — - 

The  third  dafs  of  affinities  has  been  called  by  Mr  581 
Morveau  difpojing  affinities ,  becaufe  they  difpofe  fub -Anddifpo- 
fiances  to  combine  that  would  not  otherwife  have  donefin£  afi*u*ty 
it.  Suppofe,  for  inftance,  that  fulphur  is  prefented  to 
oxygen  gas,  it  does  not  manifeft  any  affinity  for  it  ; 
but  combine  it  previoufly  with  potafs,  and  it  unites  with 
oxygen  with  avidity.  Its  previous  union  with  potafs, 
in  this  cafe,  difpofed  it  to  unite  with  oxygen.  The  caufe 
of  this  curious  affinity  is  not  yet  well  underflood.  If 
we  coiifider  what  it  was  that  prevented  the  fulphur  and 
oxygen  from  combining,  we  (hall  find,  that  it  can  only  be 
its  own  attra&ion  of  cohefion,  and  the  affinity  between 
the  oxygen  and  caloric  which  are  combined.  What¬ 
ever  then  diminifhes  this  attraction  of  cohefion,  or  of 
aggregation  as  it  has  been  called,  muft  facilitate  the  union 

of 


58* 


peraturt*  to 
•time, 
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of  the  fulpW  with  oxy  gen,  This  is  done  in  fome  mea- 
fare  by  the  potafs  Beiides,  if  affinity  depends  upon  the 
figure  of  particles,  it  is  evident,  that  there  mud  be  an 
affinity  between  the  new  compound  and  oxygen;  but  the 
moment  the  oxygen  approaches  within  a  certain  ffiitance 
of  the  fulphur,  it  unites  with  it,  as  its  affinity  is  much 
greater  for  that  fib  dance  than  for  the  compound. 

The  following  is  another  indance  of  this  curious  af¬ 
finity  :  Sugar,  as  Lavoifier  has  proved,  is  compofed  of 
oxygen,  hydrogen,  and  carbon  :  Now  if  concentrated 
fulphuric  acid  be  poured  upon  fugar,  the  oxygen  and 
hydrogen  combine,  and  form  water,  which  unites  with 
the  acid,  and  the  carbon  is  precipitated.  In  this  cafe,  the 
piefence  of  the  acid  difpofed  the  oxygen  and  hydrogen 
to  combine.  In  what  manner  this  new  combination  is 
produced,  it  would  not  be  eafy  to  explain  ;  not  by 
weakening  the  attra&ion  of  coheiion  ;  for  we  do  not  fee 
how  the  acid  could  produce  that  effeft.  The  only  ex¬ 
planation  that  can  be  given,  is  to  fuppofe  that  the  ful¬ 
phuric  acid,  when  it  approaches  within  a  certain  dif- 
tance  of  the  oxygen  and  hydrogen,  attra&s  them  ;  and 
that  this  attra&ion,  together  with  the  affinity  between 
the  oxygen  and  hydrogen,  is  greater  than  that  which 
produces  t lie  combination  between  the  ingredients  of 
the  fugar  themfelves  ;  the  confequence  of  which  mull 
be  deco inpoht ion. 

Why  bodies  6.  We  come  now  to  one  of  the  moil  difficult  quef- 

fcmlt  u  nf  tJ°nS  10  chenV^ry~ Why  do  bodies  require  different 
C,e“  um“  temperatures  in  order  to  unite  ?  and  why  docs  the  pre¬ 
fence  of  caloric  in  many  cafes  favour  or  rather  produce 
union,  while  it  prevents  or  deftroys  it  in  others  ? 

Thefc  queflior.s  were  propofed  at  the  end  of  the 
fecond  chapter  of  this  article  ;  and  we  referved  them 
for  this  place,  not  becaufe  we  hoped  to  be  able  to  an- 
fwer  them  in  a  fatisfa&ory  manner,  but  becaufe  no  in¬ 
telligible  anfwer  could  be  given  till  the  nature  of  affinity 
had  been  previoufly  confidered.  Some  fubftances,  phof- 
phorus,  for  inftance,  combine  with  oxygen  at  thecommon 
temperature  of  the  atmofphere  ;  other.?,  as  carbon,  re¬ 
quire  a  higher  temperature  ;  and  others,  as  hydrogen 
and  azotic  gas,  do  not  combine  except  at  a  very  high 
temperature.  To  what  arc  thefe  differences  owing  ? 

In  anfwer  to  this  queftion,  we  obferve,  that  the  at- 
traaion  of  cohefton  evidently  oppofes  that  of  affinity. 
Thofe  bodies  which  we  prefent  to  combine  together 
are  generally  aggregates,  or,  which  is  the  fame  thing, 
confift  of  many  fimilar  particles  united  by  cohef  on  : 
for  we  have  no  method  of  feparating  bodies  into  their 
integrant  particles,  except  affinity .  Now  we  can  con¬ 
ceive  the  attraaion  of  cohefion  between  the  particles  of 
a  body  to  be  fo  great  as  to  prevent  them  altogether 
from  obeying  the  impulfe  of  affinity.  That  this  a&u. 
ally  happens  in  fome  cafes  cannot  be  doubted  :  for  if 
pure  alumina  be  formed  into  a  pafte,  and  heated  fuffi- 
ciently,  it  becomes  fo  hard  that  no  acid  can  aa  upon  it* 
yet  its  nature  is  not  in  the  lead  changed:  by  proper  tri¬ 
turation  it  may  be  again  rendered  ioluble  ;  and  when 
precipitated  from  this  new  folution  it  has  recovered  all 
its  original  properties.  The  effea  of  the  fire,  then,  was 
merely  to  increafe  the  cohefion,  by  feparating  all  the 
water,  and  allowing  the  particles  to  approach  nearer  - 
each  other. 

It  is  evident,  that  whatever  diminifhes  the  cohefion 
which  exifts  between  the  particles  of  any  body,  mull 
tend  to  facilitate  their  chemical  union  with  the  particles 
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of  other  bodies :  this  rs  the  reafon  that  bodies  combine  Afc 
more  eafily  when  held  in  folution  by  water,  or  when  — v 
they  have  been  previoufly  reduced  to  a  fine  powder 
Now  caloric  poffeffes  the  property  of  diminifhing  Co. 
hehon.  And  one  reafon  why  fome  bodies  require  a 
high  temperature  to  caufe  them  to  combine  is,  that  at 
a  low  temperature  the  attradtion  of  cohefion  is  in  them 
fupenor  to  that  of  affinity  ;  accordingly,  it  becomes  ne¬ 
ceffary  to  weaken  that  attraftion  by  caloric  till  it  be- 
comes  inferior  to  that  of  affinity.  The  quantity  of  ca 
lone  neceffary  for  this  purpofe  muft  vary  according-  to 
the  iirength  of  the  cohefion  and  of  the  affinity  ;  it  mull 
be  inverfdy  as  the  affinity,  and  directly  as  the  coheiion. 
Where. ore,  if  we  knew  precifely  the  force  of  the  cohe¬ 
iion  between  the  particles  of  any  body,  and  of  the  af- 
finity  between  the  particles  of  that  body  and  of  anv 
other,  we  could  eafily  reduce  the  temperature  neceffary 
to  calculation.  * 

J,hat,  ca,lori5  or  temperature  ads  in  this  manner  can- 
not  be  doubted,  u  we  confider,  that  other  methods  of 
dimimlhing  the  attraftion  of  cohefion  may  be  fubfti- 
toted  for  ,t  with  fuccefs.  A  large  lump  of  charcoal, 
tor  inftance,  will  not  unite  with  oxygen  at  fo  low  a  tern- 
perature  as  the  fame  charcoal  will  do  when  reduced  to 
a  very  fine  powder ;  and  charcoal  will  combine  with 
oxygen  at  a  ftill  lower  temperature,  if  it  be  reduced  to 
its  integrant  particles,  by  precipitating  it  from  alcohol, 
as  Dr  PnefUey  did  by  palling  the  alcohol  through 
red  hot  copper  And  to  fliew  that  there  is  nothing  in 
the  nature  ol  oxygen  and  carbon  which  renders  a  high 
temperature  neceflary  for  their  union,  if  they  be  pre- 
fen  ted  to  each  other  in  different  circumflances,  they 
combine  at  the  common  temperature  of  the  atmofphere; 
tor  it  nitric  acid,  at  the  temperature  of  60°,  be  poured 
upon  charcoal  powder,  well  dried  in  a  clofe  crucible, 
the  charcoal  takes  fire,  owing  to  its  combining  with 
the  oxygen  of  the  acid  *  :  And  in  fome  other  fixations, 
carbon  is  fo  completely  divided  that  it  is  capable  of  Mu, ■an, 
combining  with  the  oxygen  of  the  atmofphere,  or, 
which  is  the  fame  thing,  of  catching  fire  at  the  com!" 
mon  temperature;  this  feems  to  be  the  cafe  with  it  in‘'  47f 
thofe  pyrophori  that  arc  formed  by  drilling  to  dry- 
nefs  [everal  of  the  neutral  falts  which  contain  acetous 
,  t-  .  I  hefe  obfcrvations  are  fufficient  to  (hew,  that  t  Mtrm 
ealone  is  in  many  cafes  neceffary  in  order  to  diminiff^i 
the  attra&ion  of  cohefion . 

But  there  is  a  difficulty  ftill  remaining.  How  comes 
it  that  certain  bodies  will  combine  with  oxygen  with¬ 
out  the  afiiftance  of  any  foreign  heat,  provided  the  com¬ 
bination  be  once  begun,  though  a  quantity  of  caloric 
is  neceffary  to  begin  the  combination  ?  and  that  other 
bodies  require  to  be  furrounded  by  a  great  quantity  of 
caloric  during  the  whole  time  of  their  combi, una  with 
oxygen  .  Alcohol,  for  initance,  if  once  kindled,  burns 
till  it  is  quite  con  I  timed  ;  and  this  is  the  cafe  with  oils 
alto,  provided  they  be  furniftied  with  a  wick. 

We  muft  obferve,  in  the  fitft  place,  that  we  would 
err  very  much,  were  we  to  fuppofe  that  a  high  tempe- 
rature  is  not  as  neceffary  to  thefe  fubftances  during 
the  whole  of  their  combuftion  as  at  the  commencement 
of  it ;  for  Mr  Monge  found,  on  making  the  trial,  that 
a  candle  would  not  burn  after  the  temperature  of  the 
am  around  it  was  reduced  below  a  certain  point. 

All  fubftances  which  continue  to  burn  after  being 
once  kindled  are  volatile,  and  they  burn  the  eafier  in 

proportion 
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;nity.  proportion  to  that  volatility.  The  application  of  a  cer- 
tarn  quantity  of  caloric  to  alcohol  volatilizes  part  of  it  ; 
that  is  to  lay,  diminiflies  the  attraftion  of  its  cohefion 
fo  much  that  it  combines  with  oxygen.  The  oxygen 
which  enters  into  this  combination  gives  out  as  much 
heat  as  volatilizes  another  portion  of  the  alcohol ;  which 
combines  with  oxygen  in  its  turn ;  more  heat  is  given  out ; 
and  thus  the  procefs  goes  on.  Oils  and  tallow  exhibit 
the  very  fame  phenomena ;  only  as  they  are  lefs  volatile, 
it  is  neceflary  to  affift  the  procefs  by  means  of  the  ca¬ 
pillary  attraction  of  the  wick,  which  confines  the  action 
of  the  caloric  evolved  to  a  fmall  quantity  of  oil,  and 
thus  enables  it  to  produce  the  proper  effeft.  In  fhort, 
then,  every  fubflance  which  is  capable  of  continuing  to 
burn  after  being  once  kindled  is  volatile,  or  capable  of 
being  converted  into  vapour  by  the  degree  of  heat  at 
firil  applied.  The  reafon  that  a  live  coal  will  not  burn 
when  Yufpcnded  infulated  in  the  air,  is  not,  as  Dr  Hut- 
tight  ton  fuppofed  §,  becaufe  its  light  is  diffipated;  but  becaufe 

Heat  the  coal  cannot  be  converted  into  vapour  by  the  de¬ 
gree  of  heat  which  it  contains,  and  becaufe  the  cohe¬ 
fion  of  its  particles  is  too  great  to  allow  it  to  combine 
with  oxygen  without  fome  fuch  change.  There  are 
fome  coals,  however,  which  contain  fuch  a  quantity  of 
bitumen  that  they  will  burn  even  in  the  fituation  iup- 
pofed  by  Dr  Hutton,  and  continue  to  burn,  provided 
they  be  furnifhed  with  any  thing  to  aft  as  a  wick.  It 
is  needlefs  to  add,  that  bitumen,  like  oil,  is  eafily  con¬ 
verted  into  vapour. 

But  this  explanation,  inflead  of  removing  our  diffi¬ 
culties,  has  only  ferved  to  increafe  them :  For  if  ca¬ 
loric  only  afts  by  diminifhing  the  attraftion  of  cohe¬ 
fion,  and  converting  thefe  fubflances  into  vapour,  why 
do  not  all  elaflic  fluids  combine  at  once  without  any 
additional  caloric  ?  why  do  not  oxygen  and  hydrogen, 
when  mixed  together  in  the  ftate  of  gas,  unite  at  once 
and  form  water  ?  and  why  do  not  oxygen  and  azot, 
which  are  con  flan  tly  in  contaft  in  the  atmofphere,  unite 
alfo  and  form  nitrous  gas  ?  Surely  it  cannot  be  the 
attraftion  of  coheflon  that  prevents  this  union.  And 
if  it  be  aferibed  to  their  being  already  combined  with 
caloric,  how  comes  it  that  an  additional  dofe  of  one  of 
the  ingredients  of  a  compound  decompofes  it  ?  Surely, 
as  Mr  Monge  lias  obferved,  this  is  contrary  to  all  the 
other  operations  in  chemiflry. 

That  the  particles  of  fluids  are  not  deflitutc  of  an 
attraftion  for  each  other,  is  evident  from  numberlefs 
fafts.  The  particles  of  water  draw  one  another  after 
them  in  cafes  ©f  capillary  attraftion  ;  which  is  proba¬ 
bly  owing  to  the  attraftion  of  cohefion.  It  is  owing 
to  the  attraction  of  cohefion,  too,  that  fmall  quantities 
of  water  form  themfelves  into  fpheres  :  Nor  is  this  at¬ 
traftion  fo  weak  as  not  to  be  perceptible,  if  a  fmall 
plate  of  glafs  be  laid  upon  a  globule  of  mercury,  the 
globule,  notwithftar.ding  the  preffiire,  continues  to  pre- 
ferve  its  round  figure.  If  the  plate  be  gradually  char¬ 
ged  with  weights  one  after  another,  the  mercury  be¬ 
comes  thinner  and  thinner,  and  extends  itfelf  in  the 
form  of  a  plate;  but  as  foon  as  the  weights  are 
removed,  it  recovers  its  globular  figure  again,  and 
pufhes  up  the  glafs  before  it.  Here  we  fee  the  at- 
Suppl.  Vol.  I.  Part  I. 

(f)  Air  brought  by  means  of  a  balloon 
gen  gas  than  the  fame  quantity  of  air  near  the  ground. 
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traftion  of  cohefion,  not  only  fuperior  to  gravita-  Affinity.  ^ 
tion,  but  actually  overcoming  an  external  force  * l  #  Morvcau* 
And  if  the  workman,  after  charging  his  plate  of  a  {finite, 
glafs  with  weights,  when  he  is  forming  mirrors,  hap-  p.  543, 
pen  to  remove  thefe  weights,  the  mercury  which  had 
been  forced  from  under  the  glafs,  and  was  going  to  fe- 
parate,  is  drawn  back  to  its  place,  and  the  glafs  again 
pufhed  up.  Nor  is  the  attraftion  of  cohefion  confined 
to  folids  and  liquids  ;  it  cannot  be  doubted,  that  it  ex- 
ifts  alfo  in  gafes  ;  at  lead  it  is  evident,  that  there  fub- 
fifts  an  attraftion  between  gafes  of  a  different  kind  : 
for  although  oxygen  and  azotic  gas  are  of  different 
gravities,  and  ought  therefore  to  occupy  different  parts 
of  the  atmofphere,  we  find  them  always  mixed  toge¬ 
ther  ;  and  this  can  only  be  aferibed  to  an  attraftion. 

And  were  we  to  allow,  with  Humbolt  and  feveral  other 
chemifls,  that  thefe  two  gafes  are  chemically  combined 
in  atmofpherical  air,  an  opinion  contradifted  by  a  late 
experiment  in  France  (f)  ;  {till  the  cxiftence  of  carbo¬ 
nic  acid  gas  in  every  part  of  the  atmofphere  cam  only 
be  aferibed  (if  the  inaccuracy  of  the  expreffion  may  be 
tolerated)  to  a  kind  of  cohefion.  And  whoever  has 
been  accuftomed  to  pneumatic  experiments  muff  have 
obferved,  that  fmall  portions  of  air ,  as  well  a?  water, 
form  themfelves  into  fpheres,  and  that  the  attraftion  of  . 
coheflon  is  fo  ftrong  in  gafes,  that  large  globules  of 
them  often  adhere  by  a  Angle  point  to  the  bottom  of 
veflfels  filled  with  heavy  fluids  ;  whereas,  had  there  been 
no  attraftion  of  cohefion,  every  part  of  the  globule 
ought  to  have  afeended  to  the  furface  of  the  fluid, 
except  the  particles  immediately  in  contaft  with  the 
veflel.  Allowing,  then,  that  there  is  an  attraftion  of 
cohefion  between  the  particles  of  gafes,  let  us  fee  whe¬ 
ther  that  will  not  affift  us  in  removing  the  difficulty. 

It  feems  evident,  in  the  firft  place,  that  the  affinity  Explained, 
between  the  bafes  of  the  gafes  under  confideration  and 
oxygen  is  greater  than  their  affinity  for  that  dofe  of  ' 

caloric  which  produces  their  elaflic  form  ;  for  when 
they  are  combined  with  oxygen,  tjie  fame  dofe  will  not 
feparate  them  again.  Let  us  take  hydrogen  for  an  in- 
flance  :  The  affinity  of  hydrogen  is  greater  for  oxygen 
than  for  the  caloric  which  gives  it  its  gafeous  form  ; 
but  the  oxygen  is  alfo  combined  with  caloric,  and  there 
extfls  an  attraftion  of  cohefion  between  the  particles  of 
the  hydrogen  gas  ;  the  fame  attraftion  fubfifts  between 
thofe  of  Oxygen  gas.  Now  the  fum  of  all  thefe  affini¬ 
ties,  namely,  the  affinity  between  hydrogen  and  calo¬ 
ric,  the  affinity  between  oxygen  and  caloric,  the  cohe¬ 
fion  of  the  particles  of  the  hydrogen,  and  the  cohefion 
of  the  particles  of  oxygen — is  greater  than  the  affinity 
between  the  hydrogen  and  oxygen  ;  and  therefore  no 
decompofition  can  take  place.  Let  the  affinity  between 


Oxygen  and  caloric  be  -  -  -  50 

Hydrogen  and  caloric  -  -  •  50 

Cohefion  of  oxygen  -  -  -  -  4 

Cohefion  of  hydrogen  -  -  -  2 

Sum  of  quiefeent  affinities,  -  •  106 

The  affinity  of  oxygen  and  hydrogen,  -  105 

The  quiefeent  affinities  being  greater  than  the  divellent 
*on  can  take  place. 

Yy  Let 


in  the  atmofphere  was  found  to  contain  lefs  oxy* 
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*A*\lty‘  ,  Let  now  a  quantity  of  caloric  be  added  to  the  oxy- 
^  gen  and  hydrogen  gap,  it  has  the  property  of  expand¬ 
ing  them,  and  of  courfe  of  diminifhmg  their  cohefion  ; 
while  its  affinity  for  them  is  fo  fmall  that  it  may  be  ne- 
gle&ed.  .Let  us  fuppofe  that  it  diminishes  the  cohehon  of 
the  oxygen  i,  and  of  the  hydrogen  alfo  i,  their  cohdioti 
will  now  be  3  and  1 ;  and  thequiefceut  affinities  being  only 
J04,  while  the  divellent  are  105,  decompofition  would 
of  courfe  take  place,  and  a  quantity  of  caloric  would 
thus  be  fet  at  liberty  to  produce  the  fame  effe&s  upon 
the  neighbouring  particles. 

Thus,  then,  caloric  adls  only  by  diminifhing  colie- 
fion  :  And  the  reafon  that  it  is  required  fo  much  in 
gafeous  fubflances,  and  in  thofe  combinations  into  which 
oxygen  enters,  is  the  ffrong  affinity  of  oxygen  and  the 
other  bafes  of  the  gafes  for  caloric  ;  for,  owing  to  the 
repulfion  which  exiffs  between  the  particles  of  that  fub- 
tile  fubflance,  an  effedf  is  produced  by  adding  large 
dofes  of  it,  contrary  to  what  happens  in  other"  cafes. 
The  more  of  it  is  accumulated,  the  ftronger  is  the  re- 
puhion  between  its  particles  ;  and  therefore  the  more 
powerful  is  its  tendency  to  fly  off:  and  as  this  tendency 
is  oppofed  by  its  affinity  for  the  body  and  the  cohe- 
ilon  of  its  particles,  it  muff  diminiffi  both  thefe  attrac¬ 
tions. 

1  hougli  we  have  thus  attempted  to  explain  what  has 
been  always  confidered  as  one  of  the  molt  difficult  pro¬ 
blems  in  chemiftry,  we  are  far  from  fuppofing  that  we 
•  have  removed  every  difficulty.  Much  ffill  remains  to 
De  done  before  the  action  of  light  and  caloric  can  be 
fully  underftood  ;  and  there  may  be  other  agents,  of 
yvhofe  exiftence  we  have  not  yet  even  conceived  the 
idea. 

One  difficulty  ffill  remains  to  be  examined.  Heat 
not  only  produces  the  combination  of  fome  bodies,  but 
alfo  occafions  the  decompofition  of  others.  How  does 
^  it  ad  in  thefe  cafes  ? 

How  heat  1  bat  many  of  thefe  decompoflons  are  produced  by 
decompofcs  chemical  affinity,  will  be  evident  from  the  following  ex- 
bodies.  amples.  4  6 

When  fulphur  and  arfenic  acid  are  expofed  to  heat, 
t  Pelletier,  fulphuret  of  arfenic  is  formed  f  evidently  by  a  kind  of 
compound  affinity. 
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Nitric  Acid  in  Vapour. 

— - Ar _ 1 _ _ 


Caloric 


Nit  Ac  acid 


n  k  Nitrat  of 

58  ( Potafs. 


Boracic  acid  55 


Potafs 


Borat  of  Potafs. 

By  the  fame  compound  affinity  boracic  acid  and 
heat  decompofe  muriat  of  foda. 

Muriatic  Acid  Gas. 

- - A _ _ _ . 


Caloric 


10  Muriatic  acid 


31 


k  Muriatof 
'  Soda. 


Boracic  acid  24 


Soda 


Borat  of  Soda, 


Oxygen  Gas. 

—■ .  A _ 


Caloric 


12 


Sulphur 


50 


Oxyge 


60 


Arfenic 


^Arfenic 

Acid. 


Sulphuret  of  Arfenic. 

In  the  fame  manner,  when  nitrat  of  potafs  and  bora- 
cic  acid  are  expofed  to  heat,  the  nitric  acid  is  volati¬ 
lized,  and  borat  of  potafs  is  left  behind. 


In  the  fame  manner,  it  would  be  eafy  to  explain  how 
all  the  decompofitions  by  the  dry  -way,  as  it  is  called 
are  produced. 

But  how  comes  caloric  to  decompofe  water  after  ha¬ 
ving  produced  the  union  of  oxygen  and  hydrogen  ? 

1  he"nroo’  We  ^avc  feen>  was  probably  brought  about 
by  the  play  of  oppofite  affinities  ;  but  in  the  feparation, 
caloric  feems  to  adt  by  its  peculiar  power,  or  the  re- 
puffion  which  exilts  between  its  particles.  When  ca¬ 
loric  combines  with  an  integrant  particle  of  water,  this 
repulfion  mull  feparate  the  component  paits  fomewhat 
from  one  another  ;  confequently  it  mutt  weaken  their 
affinity ;  for  every  increafe  of  diftance  produces  that  ef- 
fedt.  Now  let  us  fuppofe  that  the  affinity  between 
oxygen  and  hydrogen  is  105,  and  that  the  affinity  be¬ 
tween  caloric  and  each  of  thefe  bodies  is  50:  as  foon 
as  the  particles  of  oxygen  and  hydrogen  are  fo  far  fe- 
parated  from  each  other  that  their  affinity  is  lei's  than 
100,  they  will  unite  with  caloric  in  preference,  becaufe 
the  fum  of  their  affinities  for  caloric  is  equal  to  100  ; 
confequently,  whenever  that  takes  place  water  will  be 
decompofed.  Hence  we  fee  the  reafon  why  more  heat 
is  always  neceffary  to  produce  the  decompofition  of  bo- 
dies  than  what  produced  their  union. 

Caloric  poffeffes  another  lingular  property,  that  of 
changing  the  compound  affinities  of  bodies,  even  when 
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it  docs  not  appear  to  enter  as  an  ingredient.  What 
we  mean  will  appear  evident  from  the  following  ex¬ 
amples  : 

Muriat  of  ammonia,  1  ,  ~  ,  .  .  . *1 

~  ,  ■  r  r  t  decompofe  each  other  at  the 

Caibonat  or  magnefia,  3  1 

ordinary  temperature  of  the  atmofphere,  and  form  mu¬ 
riat  of  magnefia  and  carbonat  of  ammonia  :  but,  on  the 
contrary, 

Muriat  or  magnefia,  and  1  ,  r  , 

,,  .  .  c  S  decompofe  each  other  at 

Carbonat  or  ammonia,  3  1 

a  I'.igh  temperature  ;  for  indance,  at  2  1  2°.  The  pro- 
dudls  are  muriat  of  ammonia  and  carbonat  of  magne¬ 
fia  *. 

Again,  if  muriat  of  foda  and  fulphat  of  magnefia  be 
mixed  together  at  a  low  temperature,  for  inftance,  at 
zero,  they  decompofe  each  other,  and  muriat  of  mag¬ 
nefia  and  fulphat  of  foda  are  formed  ;  but  no  deeom- 
poftion  takes  place  at  a  temperature  above  3 20.— Mu¬ 
riat  of  foda,  and  fulphat  of  alumina,  exhibit  precifely 
the  fame  phenomena  f. 

Laitly,  fulphat  of  magnefia  and  carbonat  of  ammonia 
decompofe  each  other  at  the  ordinary  tcmpeiature  ;  but 
at  2120  the  carbonic  acid  flies  ofF,  and  the  remaining 
fubftances  form  a  triple  fait 

The  lail  of  thefe  phenomena  appears  owing  to  the  af¬ 
finity  between  carbonic  acid  and  caloric,  and  the  two 
firft  to  the  affinity  between  muriat  of  ammonia  and  ca¬ 
loric,  for  that  fait  is  volatilized. 

It  would  not  be  fo  eafy  to  explain  the  mutual  decom- 
pofition  of  muriat  of  foda  and  fulphat  of  magnefia  at  a 
low  temperature.  It  is  probably  connefted  with  the 
alterations  in  the  didance  of  the  ingredients  of  chemical 
compounds,  which  are  produced  by  the  prefence  and 
ab fence  of  caloiic. 

From  the  important  part  which  caloric  afts  in  chemi¬ 
cal  combinations,  Count -Rumford  has  been  lately  in¬ 
duced  to  fufpeft  that  tins  fubtile  fluid  is  the  only  agent 
by  which  they  are  produced. 

That  caloric  is  a  necejjary  agent  in  all  chemical  de- 


compofitions  and  new  combinations,  we  very  readily  al-  Affinity, 
low  ;  becaufe  we  know  no  other  caufe  except  caloric  to  ■ 

prevent  the  particles  of  bodies  from  aftual  contact ;  in 
which  cafe  decompoiltion  would  be  impoffible  :  and  if 
this  be  the  fenfe  in  which  that  ingenious  philofopher 
aferibes  chemical  combinations  to  caloric,  we  very  rea¬ 
dily  agree  with  him  ;  but  if  he  fuppofes  that  caloric  is 
the  agent  by  which  the  particles  of  bodies  are  brought 
near  each  other,  and  the  force  by  which  they  adhere  to 
one  another,  we  cannot  help  thinking  that  he  is  mifta- 
ken  :  For  that  bodies,  chemically  combined,  are  kept 
near  each  other  by  fome  force,  cannot  pofiibly  be  de¬ 
nied.  Now,  what  is  that  force  ?  We  have  faid,  after 
Newton,  an  attraction  between  the  particles  them  [elves ; 
acknowledging,  at  the  fame  time,  that  we  are  unable  to 
explain  what  that  is. 

Count  Rumford  feems  to  fuppofe  that  there  is  no 
fuch  thing  as  attraftion  between  the  particles  them- 
felves,  but  that  caloric  is  the  agent  which  keeps  them 
together,  If  fo,  how  does  cal.qric  perform  this  office  ? 

For  our  part,  we  do  not  pretend  to  underftand  it  any¬ 
more  than  the  nature  of  att  raft  ion  ;  nor  do  we  fee  that 
it  is  poffible  to  render  it  more  intelligible.  But  there 
is  another  queftion  of  ftill  greater  importance,  What  are 
the  proofs  that  caloric  is  the  only  agent  in  all  cafes  of 
chemical  combinations  ?  For  our  part,  we  can  think  of 
no  proof  that  can  render  this  opinion  in  the  fmalleft  de¬ 
gree  plaufible. 

Has  this  celebrated  and  candid  philofopher  confide r- 
ed  this  fubjeft:  with  his  ufual  accuracy  ?  If  heat  be  a 
body,  it  cannot  fureiy  be  the  caufe  of  affinity  unlefs  it 
be  poffefted  of  properties  which,  fo  far  from  being  pro¬ 
ved,  have  not  even  been  fufpefted.  On  the  contrary,  if 
it  be  a  property  of  matter,  what  property  is  it  ?  If  it 
be  a  peculiar  motion,  as  Count  Rumford  fufpefts,  we 
would  afk  if  it  be  poffible  tor  any  motion  whatever,  in¬ 
dependent  of  attraction,  to  produce  the  permanent  union 
of  two  bodies  ? 


Part  III.  Of  DOUBLY  COMPOUND  BODIES. 


THE  bodies  which  confifi:  of  combinations  of  thofe 
fubftances  that  have  been  denominated  compound , 
and  which,  for  that  rcafon,  we  have  ventured  to  call 
doully  compound  bodies ,  may  be  reduced  to  three  claftes  : 
Soaps, 

Neutral  falts, 

Hydrofulph  urets. 

Thefe  fhall  form  the  fubjeft  of  the  three  following 
chapters;  and  we  fhall  Hnifh  this  part  of  the  article  with 
fome  obfervations  on  cry  fall i zation. 

Chap.  I.  O/Soaps. 

The  compounds  into  which  oils  enter  without  de- 
compofition  have  been  denominated  foaps. 

Oils  are  capable  of  combining  with  alkalies,  earths, 
and  metallic  oxyds ;  they  are  capable  alfo  of  combining 
with  feveral  of  the  acids.  There  are  therefore  two  claffes 
of  foaps  ;  1.  Alkaline,  earthy,  and  metallic  foaps,  which 
for  the  fake  of  brevity  we  fhall  call  alkaline  foaps ;  and, 


2.  Acid  foaps.  Thefe  two  claffcs  form  the  fubjeft  of 
the  two  following  feftions. 

Sect.  I.  Of  AIL  aline  Soaps, 

As  there  are  a  great  number  of  oils,  all  or  rr.dl  of 
which  arc  capable  of  combining  with  aLkalies,  earths, 
and  oxyds,  it  is  natural  to  fuppofe  that  there  are  as  ma¬ 
ny  genera  of  alkaline  foaps  as  there  are  oils.  That 
there  are  differences  in  the  nature  of  foaps  correfpond- 
ing  to  the  oil  which  enters  into  their  compofition,  is 
certain  ;  but  thefe  differences  arc  not  of  fufficient  im¬ 
portance  to  require  very  particular  description.  We 
fhall  therefore  deferibe  all  the  alkaline  foaps  toge¬ 
ther,  and  notice,  as  we  go  along,  fome  of  the  Vioft  im¬ 
portant  differences  refultiug  from  the  oily  ingredients. 

r.  Soap  of  foda,  or  common  foap.  The  word  foap 
( fnpo,  crajrav)  firft  occurs  in  the  works  of  Pliny  and  Ga- 
Itn,  and  is  evidently  derived  from  the  old  German  word 
fpe  ( G ) .  Pliny  informs  us,  that  foap  was  firft  difeo- 
veicd  by  the  Gauls ;  that  it  was  compofed  of  tallow 
_ _  Y  y  2  and 
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(g)  Beckmann's  IBJlory  of  Inventions .  III.  239. — A  fimilar  word  is  ftill  ufed  by  the  common  people  of 
Scotland. 
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Alkaline  and  affies ;  and  that  the  German  foap  was  reckoned  the 
i>oaPs.  beR  *# 

Soap  may  be  prepared  by  the  following’  procefs.  A 
quantity  of  the  foda  of  commerce,  which  is  a  carbonat 
of  foda,  and  which  is  often  called  barilla  from  the  name 
iyittnod  ot  a  ?knt?  burning  which  it  is  procured  in  great 
forming  it.  quantities  in  Spain,  is  pounded  and  mixed  in  a  wooden 
vefTtl,  with  about  a  fifth  part  of  its  weight  of  lime, 
flacked  and  puffed  through  a  ficve  immediately  before. 
Upon  this  mixture  a  quantity  of  water  is  poured,  con- 
fiderably  more  than  what  is  fufficient  to  cover  it,  and 
allowed  to  remain  on  it  for  feveral  hours.  The  lime 
attracts  the  carbonic  acid  from  the  foda,  and  the  water 
becomes  ftrongly  impregnated  with  the  pure  alkali.  This 
water  is  then  drawn  off  by  means  of  a  flop- cock,  and 
called  th tjirjl  ley .  Its  fpecific  gravity  fhould  be  about 
1,200. 

Another  quantity  of  water  is  then  to  be  poured  up¬ 
on  the  foda,  which,  after  ftanding  two  or  three  hours, 
is  alfo  to  be  drawn  off  £y  means  of  the  flop  cock,  and 
called  the  Jecond  ley, 

Another  portion  of  water  is  poured  on  ;  and  after 
ftanding  a  fufficient  time,  is  drawn  off  like  the  other 
two,  and  called  the  third  ley. 

Another  portion  of  water  may  flill  be  poured  on,  in 
order  to  be  certain  that  the  whole  of  the  foda  is  diffol- 
ved  ;  and  this  weak  ley  may  be  put  afide,  and  employ¬ 
ed  afterwards  in  forming  the  firft  ley  in  fubfequent  ope¬ 
rations. 

A  quantity  of  oil,  equal  to  fix  times  the  weight  of 
the  foda  ufed,  is  then  to  be  put  into  the  boiler,  together 
with  a  portion  of  the  third  or  <weakefl  ley ,  and  the  mix¬ 
ture  muft  be  kept  boiling  and  agitated  conftantly  by 
means  of  a  wooden  inftrument.  The  whole  of  the  third 
ley  13  to  be  added  at  intervals  to  the  mixture  ;  and  after 
it  i3  confumed,  the  fecond  ley  muft  be  added  in  the 
fame  manner.  The  oil  becomes  milky,  combines  with 
the  alkali,  and  after  fome  hours  it  begins  to  acquire 
confidence..  A  little  of  the  JirJl  ley  is  then  to  be  added, 
not  forgetting  to  agitate  the  mixture  conftantly.  Por¬ 
tions  of  the  frrfl  ley  are  to  be  added  at  intervals  ;  the 
foapy  fubftance  acquires  gradually  greater  confiftency, 
and  at  laft  it  begins  to  feparate  from  the  watery  part 
of  the  mixture.  A  quantity  of  common  fait  is  then  to 
be  added,  which  renders  the  feparation  much  more  com. 
plete.  The  boiling  is  to  be  continued  ft  ill  for  two 
hours,  and  then  the  fire  muft  be  withdrawn,  and  the  li¬ 
quor  muft  be  no  longer  agitated.  After  fome  hours 
rcpofe  the  foap  feparates  completely  from  the  watery 
part,  and  fwims  upon  the  furface  of  the  liquor.  The 
watery  part  is  then  to  be  drawn  off;  and  as  it  contains 
a  quantity  of  caibonat  of  foda,  it  ought  to  be  referved, 
for  future  ufe. 

The  fire  is  then  to  be  kindled  again  ;  and,  in  order 
to  facilitate  the  melting  of  the  foap,  a  little  water,  or 
rather  weak  ley,  is  to  be  added  to  it.  As  foon  as  it 
boils,  the  remainder  of  the  firft  ley  is  to  be  added  to  it 
at  intervals.  When  the  foap  has  been  brought  to  the 
proper  confidence,  which  is  judged  of  by  taking  out 
fmall  portions  of  it  and  allowing  it  to  cool,  it  is  to  be 
withdrawn  from  the  fire,  and  the  watery  part  feparated 
from  it  as  before.  It  is  then  to  be  heated  again,  and  a 
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little  water  mixed  with  it,  that  it  may  form  a  proper 
pafte.  It  is  then  to  be  poured  into  the  veffels  proper 
for  cooling  it  ;  in  the  bottom  of  which  there  ought  to 
be  a  little  chalk  in  powder,  to  prevent  the  foap  from  at¬ 
taching  itfelf  to  it.  In  a  few  days  the  foap  will  have 
acquired  fufficient  confidence  to  be  taken  out,  and 
formed  into  proper  cakes  (nj. 

The  ufe  of  the  common  fait  in  the  above  procefs  is 
to  feparate  the  water  from  the  foap  ;  for  common  fait 
has  a  flronger  affinity  for  water  than  foap  has. 

Olive  oil  has  been  found  to  anfwer  beft  for  making 
foap,  and  next  to  it  perhaps  tallow  may  be  placed  :  but 
a  great  variety  of  other  oils  may  be  employed  for  that 
purpofe,  as  appears  from  the  experiments  of  the  French 
chemifts  above  quoted.  I  hey  found,  however,  that 
lintfeed  oil  and  whale  oil  were  not  proper  for  making 
hard fonps ,  though  they  might  be  employed  with  ach* 
vantage  in  the  manufacture  of  foft  foaps.  Whale  oil 
has  been  long  ufed  by  the  Dutch  for  this  laft  pur 
pofe. 

Soap  may  alfo  be  made  without  the  affiftance  of 
heat;  but  in  that  cafe  a  much  longer  time  and  a  larger 
proportion  of  alkali  is  neceffary. 

Manufacturers  have  contrived  various  methods  of  fo-Its  fophif 
phifticating  foap,  or  of  adding  ingredients  winch  in-cahon. 
create  its  weight  without  increaiing  its  value.  The 
moft  common  fubftance  ufed  for  that  purpofe  is  water; 
which  may  be  added  in  confiderable  quantities,  efpecial- 
ly  to  foap  made  with  tallow  (the  ingredient  ufed  in  this 
country),  without  diininifhing  its  conliftcncy.  This 
fraud  may  be  eafily  deteAcd,  by  allowing  the  foap  to 
lie  for  fome  time  expofed  to  the  air.  The  water  will 
evaporate  from.it,  and  its  quantity  will  be  difeovered 
by  the  diminution  of  the  weight  of  the  foap.  As  foap 
fophifticated  in  this  manner  would  lofe  its  water  by  be¬ 
ing,  kept,  manufacturers,  in.order  to  prevent  that,  keep 
their  loap  in  faturated  folations  of  common  fait ;  which 
do  not  diffolve  the  foap,  and  at  the  fame  time,  by  pre¬ 
venting  all  evaporation,  preserve,  or  rather  increafe,  the 
weight  of  the  foap.  Meffra  Darcet,  Lelievre,  and  Pel¬ 
letier,  took  two  pieces  equal  in  weight  of  foap  iophiiti- 
cated  in  this  manner,  and  placed  the  one  111  a  dry  place 
in  the  open  air,  and  the  other  in  a  faturated  folution  of 
common  fait.  After  a  month,  the  firft  had  loft  of 
ns  weight,  the  other  had  gained  about  A>°o  parts  *.  *  Amuie 
Various  other  methods  have  been  fallen  upon  to  fophif-  Cbm,  xis, 
ticate  foap  ;  but  as  they  are  not,  we  hope,  generally  33 
known,  it  would  be  doing  an  injury  to  the  public  to 
deferibe  them  here. 

Different  chemifts  have  analyfed  foap,  in  order  to  af-  Proportion 
certain  the  proportions  of  its  ingredients  ;  but  the  re- of  it*  ingre 
fult  of  their  experiments  is  various,  becaufe  they  ufed  'lients' 
foap  containing  various  quantities  of  water.  From  the 
experiments  of  Darcet,  Lelievre,  and  Pelletier,  it  ao- 
pears  that  foap  newly  made  and  expofed  to  fale  con¬ 
tains 

9,75  Oil, 

1,37  Alkali, 

4,87  Water. 

Soap  is  foluble  both  in  water  and  in  alcohol.  Its 
properties  as  a  detergent  are  too  well  known  to  require  ' 
any  defeription. 
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(h)  See  the  Memoir  of  Darcet,  Lelievre,  and  Pelletier,  in  the  Ann.  de  Chim.  XIX.  253. 
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It  is  decompofed  by  lime,  and  by  compound  affini¬ 
ty  (i)  by  fulphat  of  lime,  nitrat  of  lime,  muriat  of  lime, 
~  and  probably  all  the  falls  which  contain  lime. 

2.  Soap  of  potafs.  Potafs  may  be  fubflituted  for  fo- 
da  in  making  loap,  and  in  that  cafe  precifely  the  lame 
procefs  is  to  be  followed.  It  is  remarkable,  that  when 
potafs  is  ufed,  the  foap  does  not  affume  a  folid  form  ;  its 
con(illence  is  never  greater  than  that  of  hog’s  lard. 
This  is  what  in  this  country  is  called  foft  foap .  Its  pro¬ 
perties  as  a  determent  do  not  differ  materially  from  thofe 
of  hard  foap>  but  it  is  not  nearly  fo  convenient  for  life. 
The  alkali  employed  by  the  ancient  Gauls  and  Ger¬ 
mans  in  the  formation  of  foap  was  potafs ;  hence  we  fee 
the  reafon  that  it  is  defcribed  by  the  Romans  as  an  un- 


b  it 


&  Some  perfons  have  affirmed  that  they  knew  a  me¬ 
thod  of  making  haM  foap  with  potafs.  1  heir  method 
is  this :  After  forming  the  foap  in  the  manner  above  de¬ 
fcribed,  they  add  to  it  a  large  quantity  of  common  ialt, 
boil  it  for  fome  time,  and  the  foap  becomes  folid  when 
cooled  in  the  ufual  way.  That  this  method  may  be 
pradifed  with  fuccefs  has  been  afeertained  by  Meffrs 
Darcet,  Lelievre,  and  Pelletier;  but  then  the  hard  foap 
thus  formed  does  not  contain  potafs  but  foda:  for  when 
the  common  fait  (muriat  of  foda)  is  added,  the  potafs 
of  the  foap  decompofes  it,  and  combines  with  its  muri¬ 
atic  acid,  while  at  the  fame  time  the  foda  of  the  fait 
combines  with  the  oil,  and  forms  hard  foap  :  and  the 
muriat  of  potafs  formed  by  this  double  deccmpofition  is 
diflolved  in  the  water  and  drawn  off  along  with  it  *» 
Chaptal  has  lately  propofed  to  fnbftitute  wool  in 
place  of  oil  in  the  making  of  foap.  The  ley  is  formed 
in  the  ufual  manner,  and  made  boiling  hot,  and  fhreds 
of  woollen  cloth  of  any  kind  are  gradually  thrown  into 
it  ;  they  are  foon  diffolved.  New  portions  are  to  be 
added  fparingly,  and  the  mixture  is  to  be  conllantly  a- 
gitated.  When  no  more  cloth  can  be  diffolved,  the 
foap  is  made  f .  'This  foap  is  faid  to  have  been  tried  with 
fuccefs.  It  might  doubtlefs  be  fubllituted  for  foap  with 
advantage  in  feveral  manufactures,  provided  it  can  be 
obtained  at  a  cheaper  rate  than  the  foaps  at  pretent 
employed. 

Fifh,  too,  have  been  lately  fubflituted  for  oil  with 
equal  fuccefs.  The  only  difadvantage  which  foap  made 
in  this  manner  is  liable  to,  is  a  difagreeable  fmell,  from 
which  it  cannot  eafily  be  freed. 

3.  Soap  of  ammonia.  This  foap  was  fir  ft  particular¬ 
ly  attended  to  by  Mr  Berth ollet.  It  may  be  formed 
by  pouring  carbonat  of  ammonia  on  foap  of  lime.  A 
double  decompofition  takes  place,  and  the  foap  of  am¬ 
monia  fwims  upon  the  furface  of  the  liquor  in  the  form 
of  an  oil;  or  it  may  be  formed  with  itili  greater  eafe  by 
pouring  a  folution  of  muriat  of  ammonia  into  common 
foap  diffolved  in  water.  We  have  formed  it  often  by 
}  ballet  rowing  cauflic  ammonia  and  oil  * 
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infoluble  both  in  water  and  alcohol.  Carbonat  of  fixed 
alkali  decompofes  it  by  compound  affinity  'f*.  It  melts 
with  difficulty,  and  requires  a  ft  rung  heat.  f  Thouvcneh 

5.  Soap  of  magnelia.  t  his  foap  may  be  formed  593 

by  mixing  together  iolutions  of  common  foap  and  ful-  Soap  of 
pLtofmagucfia.  .  .  m*udia’ 

It  is  exceedingly  white.  It  is  un&uous,  dries  with 
difficulty,  and  preferves  its  whitenefs  after  deficcation. 

It  is  infoluble  in  boiling  water.  Alcohol  and  fixed  oil 
diffolve  it  in  confiderable  quantity.  Water  renders  its 
folution  in  alcohol  milky.  A  moderate  heat  melts  it ; 
a  tranfparent  mafs  is  formed,  (lightly  yellow,  and  very 
brittle  • 

6.  Soap  of  alumina.  This  foap  may  be  formed  by  594 
mixing  together  folutions  of  alum  and  of  common  foap.  of  alumi- 
It  is  ?.  flexible  foft  fubftance,  which  retains  its  fupple-  na, 

nefs  and  tenacity  when  dry.  it  is  infoluble  in  alcohol, 
water,  and  oil.  Heat  eafily  melts  it,  and  reduces  it  to 
a  beautiful  tranfparent  yellowifh  mafs  f .  f  Ibid. 

7.  Soap  of  barytes  relembles  almoft  exa&ly  the  foap  ?95 

of  lime  J.  .  X£r)teV 

8.  Soap  of  mercury. — This  foap  may  be  formed  by  ^ 
mixing  together  a  folution  of  common  foap  ana  of  cor-  of  mercu- 
rofive  muriat  of  mercury.  The  liquor  becomes  milky,*1)* 

and  the  foap  of  mercury  is  gradually  piecipitated. 

This  foap  is  vifeid,  not  eafily  dried,  lofes  its  white  co* 
lour  whtn  expofed  to  the  air,  and  acquires  a  date  co- 

deeper,  efpecially  if  ex* 

It  diffolves  very  well  in 
it  readily  becomes  loft 
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lour,  which  gradually  becomes 
pofed  to  the  fun  or  to  heat, 
oil,  but  fparingly  in  alcohol, 
and  fluid  when  heated*. 

9.  Soap  of  zinc. — This  foap  may  be  formed  by  mix-  of^zinc, 
ing  together  a  folution  of  fulphat  of  zinc  and  of  foap. 

It  is  or  a  white  colour,  inclining  to  yellow.  It  dries 
fpeedily*  and  becomes  friable  f.  f 

10.  Soap  of  cobalt.— This  foap,  made  by  mixing  n^Qf Cobalt 

trat  of  cobalt  and  common  foap,  is  of  a  dull  leaden  co¬ 
lour,  and  dries  with  difficulty,  though  its  parts  are  not 
connected.  599 

Mr  Bert  hoi  let  obferved,  that  towards  the  end  of  the  °f  nickel, 
precipitation  there  fell  down  fome  green  coagula,  much 
more  confiftent  than  foap  of  cobalt.  Thefe  he  fuppo- 
fed  to  be  a  foap  of  nickel,  which  is  generally  mixed 
with  cobalt  $  ^d. 

1 1 .  Soap  of  tin.  —  It  may  be  formed  by  mixing  com-^^0 
mon  foap  with  a  folution  of  tin  in  nitro* muriatic  acid.  * 

It  is  white.  Heat  does  not  fuie  it  like  other  metallic 
foaps,  but  decompofes  it  |[.  H 

12.  Soap  of  iron — Formed  by  means  of  fulphat  ofQf  -llon3 

iron.  It  is  of  a  reddifh  brown  colour,  tenacious,  and 
eafily  fufible.  When  fpread  upon  wood,  it  finks  in  and 
dries.  It  is  eafily  folublc  in  oil,  efpecially  of  turpen¬ 
tine.  Berthollet  propofes  it  as  a  varnifh  ^[.  T 

13.  Soap  of  copper. —  Formed  by  means  of  fulphat  of  CQppCrj 


It  has  a  more  pungent  tafte  than  common  foap. 
Water  diffolves  a  very  fmall  quantity  of  it  ;  but  it  is 
eafily  diffolved  in  alcohol.  When  expofed  to  the  air, 
it  is  gradually  decompofed. 

4.  Soap  of  lime.  This  foap  may  be  formed  by  pour¬ 
ing  lime-water  into  a  folution  of  common  foap.  It  is 


of  copper.  It  is  of  a  green  colour,  has  the  feel  of  a 
refin,  and  becomes  dry  and  brittle.  Hot  alcohol  ren¬ 
ders  its  colour  deeper,  but  fcarcely  diffolves  it.  Ether 
diffolves  it,  liquifies  it,  and  renders  its  colour  deeper  and 
more  beautiful.  It  is  very  foluble  in  oils,  and  gives 
them  a  pleafant  green  colour  §.  { 

14.  Soap  of  lead.  — It  may  be  formed  by  means  of 
_  acetitc 


Ibid : 
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Of  lead* 


M  In  this  and  the  following  chapter,  compound  affinity  is  not  taken  always  in  its  lin'd  and  proper  fenfe,  but 
is  applied  to  all  thofe  decompofitions  in  which  the.  affinities  of  more  than  three  bodies  aS. 
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15.  Soap  of  filver.- 
mtrat  of  fiivcr.  It  is 
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seethe  of  lead.  It  is  white,  tenacious,  xand  very  adhe- 
live  when  heated.  When  fufed,  it  is  tranfparent,  and 
becomes  fomewhat-yellow  if  the  heat  he  increafed  **. 

ft  may  be  formed  by  means  of 
-  -  -  at  firfl  white,  but  becomes  red- 
difh  by  expofure  to  the  air.  When  fufed,  its  furface 
becomes  covered  with  a  very  brilliant  ins  ;  beneath  the 
furface  it  is  black  f . 

16.  Soap  of  gold. —  1 1  is  at  firft  white,  and  of  the 
confidence  of  cream.  It  gradually  affumes  a  dirty  pur¬ 
ple  colour,  and  adheres  to  the  Hein  lo  that  it  is  difficult 
to  efface  the  impreflion  ;j% 

17*  Soup  of  rnanganefe. — -It  is  at  firft  white,  but  it 
manganefe.  a^umcs  ln  l*ie  ai**  a  reddifh  colour,  owing  evidently  to 
the  absorption  of  oxygen.  It  foeedily  dries  to  a  hard 
brittle  fubflance,  and  bv  liquefa&ion  affumes  a  brown 
*  HU.  black i fh  colour  * . 

yx  e  owe  the  following  ref: nous  foaps  to  Mr  Me- 
607  zaize. 

Soap  of  tur-  iS.  Soap  of  turpentine  and  potafs. —576.  grains  of 
n"aiiQtrpentine  W^e  difr°lved  in  9216  grains  of  alcohol,  and 
then  576  grains  of  potafs  were  added.  The  alcohol 
was  diffilled  off  at  a  boiling  water  heat.  There  remain- 
4  ed  in  the  retort  64.8  grains  of  a  brown  iff  foapy  matter, 
which  when  fpread  on  glafs  appeared  tranfparent.  There 
remained  alfo  nearly  the  fame  quantity  of  potafs  diffol- 
ved  in  water.  This  foap  was  put  in  a  veffel  for  fix 
weeks  ;  during  which  time  72  grains  of  folution  of  pot- 
ads  feparated  from  it.  It  had  affumed  the  confidence 
of  honey.  Its  colour  was  browner.  It  was  completely 
foluble  in  water  :  the  folution  was  milky.  It  dilTolved 
alfo  in  alcohol.  It  had  no  difagrccable  tafte.  Vinegar 
decompofed  it.  G  * 

19.  Soap  of  benzoin  and  potafs. — By  treating  9216 
giams  of  alcohol,  1728  grains  of  benzoin,  and  576 
grains  of  potafs,  as  above,  1 7  28^  grains  of  a  foap  were 
obtained,  browner  than  that  of  turoentine,  of  an  odour 
f  little  aromatic.  When  left  in  a* cellar  for  fix  weeks, 
it  became  folid.  Its  folution  in  water  was  yellowiff. 
Vinegar  decompofed  it.  This  compound  is  the  fame 
with  Staikcys  foap. 

2c.  Soap  of  balm  of  Peru  and  potafs. — 1192  grains 
of  balm,  2304  grains  of  potafs,  and  9216  grains  of  al¬ 
cohol,  produced  a  foap  of  a  rtddiff  colour,  and  pretty 
confident.  7 

2  '.•J\0apJ  of  Sl,?Jac  an  Potsfs-  -1728  gr.  of  guaiac 
was  dillolved  in  18648  grains  of  alcohol  and  the  folution 
filtered,  and  to  this  1728  grains  of  potafs  were  added, 
and  the  foap  obtained  as  above.  It  was  foil'd,  of  a  brown 
co.our  at  fiilt,  which  afterwards  became  green  on  the 
furface,  but  remained  unaltered  within.  Its  folution  in 
water  was  greenifli.  It  had  no  difagreeahle  tafte.  It 
di'h jived  in  alcohol,  and  formed  a  green  tincture.  Vine¬ 
gar  decompofed  it. 

.  22  •  lSoa?  of  fcammony  and  potafs. —By  the  above 

proeefs  a  foap  was  obtained  with  fcammony  pretty  con. 
fiflent,  of  a  brown  colour,  foluble  in  water,  and  not  de¬ 
compofed  by  the  water  of  pits  from  which  felenites  is 
obtained  It  has  no  difagreeable  tafte.  Its  folution  in 
I  Journ'  “e  alcohoi  is  of  a  deep  amber  colour  I. 

■Pbyf.  xv.  1  + 

44^*  Sfct.  II.  'Of  Acid  Soaps  t 

Method  of  Sulphuric  acid  may  be  combined  wich  oils  in  (he 
forming  following  manner :  Put  two  ounces  of  it  into  a 


60S 
Soap  of 
benzoin, 


609 
Of  baim  of 
Peru. 


6  to 
Of  guaiac, 


611 
Ami  of 
fcammony. 


I'  S  T  R  Y.  | 

oil  nearly  boiling  hot,  triturating  it  cohftantly.  A  fnb- 
iiance  is  obtained  of  the  confidence  of  turpentine.  Dif- 
folve  it  in  about  fix  ounces  of  boiling  water,  and  the 
foap  will  unite  into  a  mefg  as  the  water  cools.  If  it 
fiill  contain  an  excels  of  acid,  diflolve  it  again  in  boil¬ 
ing  water,  and  continue  this  proceis  till  the  fuao  is  per¬ 
fectly  n  cut  rallied. 

1.  Soap  of  fulphuric  acid  and  lint  feed  oil. _ Itdif*At- 

folves  entirely  in  water.  The  folution  is  opaque,  of  a  nf  Illll 
bluifh  white  colour,  vifcid,  and  frothes  when  agitated. 

*  ilcohol  dmolves  it.  i  he  folution  ?s  tranfoaient  and 
brown.  ^  Potafs  decompofes  it,  forming  fulphat  of  pot- 
nfs.  The  oil  fvvims  on  the  top,  of  the  confidence  of 
wax.  Ammonia  decompofes  it ;  and  if  too  much  be 
added  it  forms  foap  of  ammonia.  Magnefia,  lime,  ni- 
tnc^  acid,  and  muriatic  acid,  alfo  decompose  it.  Diddled, 
it  yielded  a  few  drops  of  water  and  an  oil,  which  coagu* 
lated,  and  was  of  the  confidence  of  wax.  ^  j 

2.  Soap  of  fulphuric  acid  and  oil  of  almonds.  -  So-  Of  ali 
luble  in  water;  folution  milky. — Frothes.  —  Soluble  in ol> 
alcohol  ;  folution  brown  and  tranfparent.  Potafs,  lime 
nitric  acid,  muriatic  acid,  fuiphurou3  acid  (the  oil  fepa¬ 
rated  affumed  the  confidence  of  turpentine),  tartar,  aci¬ 
dulous  oxalat  of  potafs,  ial  ammoniac,  muriat  of  lead 
and  zinc  decompofe  it.  It  is  not  decompofed  by  vi¬ 
negar,  boracic  acid,  aeetite  of  ammonia,  borax,  copper, 
tin,  noi  lead.  VTien  diddled,  there  paffed  over  a  little 
water  and  an  oil,  which  coagulated  and  fmelt  very  ran¬ 
cid  :  there  remained  behind  a  coal.  4 

3.  Soap  of  fulphuric  acid  and  olive  oil.  — It  is  brown,  Of  •£ 
and  of  the  confidence  of  wax.  Solution  in  hot  water  H. 
white,  opaque,  vifcid  ;  frothes.  Solution  in  alcohol 
tranfparent  and  brown.  Potafs,  ammonia,  magnefia, 
nitric  acid,  muriatic  acid,  vinegar,  nitre,  Pal  ammoniac,* 
aeetite  of  lead  and  white  oxyd  ot  lead  decompofe  it.  616 

4.  Soap  of  fulphuric  acid  and  butter  of  cocao. — It  is  Of  but 
hard,  and  marbled  like  Venice  foap.  Solution  in  water of coc? 
grey,  opaque,  viicid  ;  frothes.  Solution. in  alcohol  yel¬ 
low  and  tranl parent.  Potafs,  ammonia,  nitric,  muriatic, 

and  acetous  acids,  tartar,  fid  ammoniac,  tartrite  of  pot¬ 
afs,  aeetite  of  lead,  and  zinc  in  powder,  decompofe  it. 

When  diddled,  there  came  over  water,  an  oil  that  coa¬ 
gulated,  and  a  few  drops  of  a  black  oil,  which  alfo  con¬ 
gealed  :  both  were  rancid.  617 

5.  Soap  of  fulphuric  acid  and  wax. — It  is  white,  and  of  wl 
becomes  very  hard.  Its  folution  in  water  is  white,  and 
opaque,  and  frothes  :  Its  folution  in  alcohol  is  yellow 

and  tranfparent.  Potafs,  ammonia,  nitric  and  muriatic 
acids  decompofe  it.  ^ 

6.  Soap  of  fulphuric  acid  and  fpermaceti  — It  is  Of  fr e  n 
brown.  It  diffolves  in  water:  the  folution  is  milky,  ecu, 
vifcid,  and  frothes  on  agitation.  It  diffolves  in  alcohol  ; 

the  folution  is  tranfparent  and  yellow.  It  is  decompo¬ 
fed  by  as  much  alkali  as  faturates  the  acid  :  if  more*be 


acid  fcays 


glafs 


11.0.  tar>  and  add,  uy  little  and  little,  three5  ounces  of  the 


added,  it  unites  with  the  oil  and  forms  a  new  foap. 

I, line  and  magnefia  decompofe  it.  The  oil  is  alfo  ie- 
parated,  and  appears  in  the  form  of  a  coagulum  on  add- 
mg  to  the  folution  nitric  add,  muriatic  acid,  tartar, 
nitre,  nitrat  of  foda,  common  fait,  and  zinc  in  powder  ; 
but  not  on  adding  vinegar,  tin,  lead.  *  \ 

7.  Soap  of  fulphuric  acid  and  oil  of  eggs— Its  folution  „  t?of 
in  water  is  white,  opaque,  viicid  ;  frothes  :  that  in  alco- 
hoi  yellow  and  tranfparent.  Alkalies  decompofe  it  ; 
but  if  too  much  be  added  a  new  foap  is  formed.  Nitric 
and  mu  italic  acidb  leparatc  the  oil  of  the  confidence  of 


r 
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L  vv?.x,  the  firfi:  yellow,  the  la  ft'  a  deep  brown.  Nitre, 

1  fal  ammoniac,  acetite  of  lead,  iron  filings,  zinc  powder, 

/  decompcfe  it  ;  vinegar,  borax,  filings  of  lead  do  not. 

To  unite  this  acid  with  the  effential  oils,  three  ounces 
were  put  into  a  glafs  mortar,  and  four  ounces  of  the 
oil  were  added,  drop  by  drop,  and  care  taken  to  pre¬ 
vent  its  becoming  hot :  equal  parts  of  water  were  then 
poured  on,  and  the  whole  heated  fiowly  nearly  to  the 
temperature  of  boiling  water  :  on  cooling,  the  foap 
united  into  a  brown  mafs. 

■  8.  Soap  oflulphuric  acid  and  turpentine.  It  is  brown, 

and  of  the  confidence  of  foft  wax.  Its  folution  in  wa¬ 
ter  is  grey,  opaque,  vilcid  ;  frothes  :  Its  folution  in  al-' 
cohol  is  brown  and  tranfparent.  Alkalies  decompofe  it : 
with  too  much  it  forms  at  the  boiling  heat  a  new  foap. 

Nitric  and  muriatic  acids  feparated  the  oil  thicken* 
ed,  as  did  alfo  white  oxyd  of  lead,  muiiat  of  lead,  mu- 
riat  of  foda,  and  iron  filings  ;  but  acetous  acid,  boracic 
acid,  tar  trite  of  potafs,  and  tin  filings,  produced  no  fuch 
effed. 

|m-  9.  Soap  of  fulphuric  acid  and  amber  oil. — Its  folution 

c  in  water  and  alcohol  as  in  the  laft  foap.  Alkalies,  mag- 
nefia,  and  lime,  deeompofed  it.  Nitric  and  muriatic  acids 
feparated  the  oil  of  the  confiffence  of  wax.  Tartar,  fal 
ammoniac,  muriat  of  antimony,  acetite  of  lead,  iron 
filings,  deeompofed  it  ;  vinegar,  acetite  of  ammonia, 
and  lead  did  not. 

it  de  Mr  Achard,  to  w  hom  we  owe  thefe  foaps  f ,  could  not 
V*  fncceed  in  his  attempts  to  form  foaps  with  nitric  and 
muriatic  acids. 

Chap.  II.  (9/Neutral  Salts. 

i 

The  word  fait  has  been  ufed  in  chemiflry  in  a  very 
L  extenfive.  and  not  very  definite  fenfe.  Every  body 
which  is  fapid,  eafily  melted,  foluble  in  water,  and  not 
combuflible,  has  been  called  a  fait. 

Salts  were  confidered  by  the  older  chemifls  as  a  clafs 
of  bodies  intermediate  between  earths  and  winter.  Many 
difputes  arofe  about  what  bodies  ought  to  be  compre¬ 
hended  under  this  clafs,  and  what  ought  to  be  excluded 
from  it.  Acids  and  alkalies  were  allowed  by  all  to  be 
falls;  but  the  difficulty  was  to  determine  concerning 
earths  and  metals.  Several  of  the  earths  poflefs  all  the 
properties  which  have  been  aferibed  to  falts  ;  and  the 
metals  are  capable  of  entering  into  combinations  which 
poffefs  faline  properties.  It  is  needlefs  for  us  to  enter 
into  this  difpute  at  prefent,  as  we  have  taken  the  liber¬ 
ty,  in  imitation  of  fome  of  the  heft  modern  chemifls,  to 
expunge  the  clafs  of  falts  altogether,  and  to  arrange 
thofe  fubordinate  claffes,  which  are  ufually  referred  to 
3  it,  under  diflinbt  heads. 

tjfa’t  The  word  neutral  fait  was  originally  applied  exclu- 
a  d.  fivtly  to  combinations  of  acids  and  alkalies,  which  wrere 
confidered  as  fubflances  poffeffing  neither  the  properties 
of  acids  nor  alkalies,  but  properties  intermediate  between 
the  two.  But  the  word  is  now  always  taken  in  a  more 
extenfive  fenfe,  and  fi^nilies  all  compounds  formed  by 
the  combination  of  acids  with  alkalies,  earths,  or  metal¬ 
lic  oxyds.  In  thefe  compounds,  the  earth,  alkali,  or 
oxyd,  is  denominated  the  bafe.  Each  order  of  falts  is 
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denominated  after  the  acid  which  enters  into  its  eompo*  Sulphate, 
fition  ;  and  every  individual  fait  is  diftingitdhed  by  fub- 
joining  the  name  of  its  bafe.  Thus  all  the  falts  into 
which  fulphuric  acid  enters  are  called  fulphats,  and  the 
fait  formed  by  the  combination  of  fulphuric  acid  and 
potafs  is  called  fulphat  of  potafs . 

It  is  evident,  then,  that  there  muff  be  as  many  orders  of 
neutral  falts  as  there  are  acids ;  and  as  many  falts  in  each : 
order  as  there  are  alkalies,  earths,  and  metallic  oxyds, 
fuppofing  every  acid  capable  of  combining  with  every 
•  one  of  thefe  fubflances.  But  befides  thefe  fimplc  com¬ 
binations  of  one  acid  and  or.e  bafe,  there  are  others  more 
complex,  competed  of  two  acids  combined  with  one 
bafe,  or  two  bafes  combined  with  one  acid,  or  a  neutral 
fait  combined  with  an  acid  or  a  bafe.  Thefe  combina¬ 
tions  have  been  called  triple  falts  ;  and  they  increafe  the 
number  of  neutral  falts  very  confiderably. 

In  the  following  fcblions  we  fhall  take  a  fhort  view 
of  the  properties  of  the  principal  neutral  falts  at  pre¬ 
fent  known  ;  for  this  wide  and  important  region  of  che-. 
miliry  is  ftill  very  far  from  being  completely  explored. 

Sect.  I.  Of  Sulphats . 

Sulphuric  acid  is  capable  of  combining  with  all 
the  alkalies,  with  alkaline  earths,  alumina,  jargor.ia,  and 
the  greater  number  of  the  metallic  oxyds.  The  prin¬ 
cipal  neutral  falts  which  it  forms  are  as  follows :  , 

i.  Sulphat  of  potafs. —This  fait  may  be  formed  by  Sulphat  of 
faturating  diluted  potafs  with  fulphuric  acid,  and  thempotals. 
evaporating  the  folution  gently  till  cryflals  are  formed. 

It  feems  to  have  been  known  at  a  very  early  period  by 
chemifls,  and  a  great  variety  of  names  were  given  to  it, 
according  to  the  manner  of  forming  it,  or  the  fancy  of 
the  operator.  Some  of  thefe  names  were,  fpecificum 
purgans,  nitrum  fixum,  arcanum  duplication ,  panacea  hoU 
failed,  fal  els  duo  bus,  fed  polychrejl  glafcri ,  See.  ;  but  it 
was  commonly  known  by  the  name  of  vitriolated  tartar 
till  the  French  chemifls  called  it  fulphat  of  potafs ,  when 
they  formed  their  new  nomenclature  in  1787  \  k). 

When  the  folution  of  fulphat  of  potafs  is  fufficiently  ‘  ^ 
diluted,  it  affords  by  evaporation  hexahedral  pyramids,  tie 3. 
or  fhort  hexangular  prifms,  terminated  by  one  or  more 
hexangular  pyramids.  But  thefe  cryflals  vary  much  in 
their  figure,  according  to  the  care  with  which  they  are 
prepared. 

It  has  a  very  difagreeable  bitter  tafie.  Its  ipecific 
gravity  is  2,298  *.  #  <  *  Brifin, 

It  rs  foluble  in  the  temperature  of  6o°  in  16  times 
its  weight  of  water  ;  in  a  boiling  heat,  it  is  foluble  in  5 
times  its  sveightf  t 

According  to  Bergman,  it  is  compoied  01  40  parts 
of  acid,  52  parts  of  alkali,  and  8  of  water  ;  but  accord¬ 
ing  to  Kirwan,  whofe  experiment  has  been  already  de¬ 
ferred,  it  is  compofed  of  45  parts  of  acid  and  55  of 
alkali. 

It  fuffers  no  alteration  in  the  air. 

When  placed  upon  burning  coals,  it  breaks  into 
pieces  with  a  noife  reiembling  a  number  of  fmall  explo¬ 
sions  fucceeding  each  other  at  fhort  intervals  (l),  but, 
fuffers  no  other  alteration.  In  a  red  heat  it  melts. 

It  has  hitherto  been  applied  to  little  ufe.  It  is  a 
_ _  purgative. 


(k)  Bergman  called  it  alkali  vegetalile  vitriolatam ,  and  Morveau  vitriol  of  potafs >. 

(l)  This  is  called  decrepitation , 
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purgative,  but  its  difagreeable  tafte  prevents  it  from 
being  much  employed  for  that  purpofe. 

It  often  has  an  excefs  of  acid,  owing,  as  Mr  Berg¬ 
man  and  Morveau  have  very  ingenlonfly  explained,  to 
an  affinity  which  exifts  between  this  fait  and  fulphuric 
acid. 

It  is  decompofed  by  compound  affinity  by  the  fol¬ 
lowing  falls  : 

Nitrat  of  foda  (m), 

- - barytes 

- flrontitesj, 

- - ammonia, 

- - -  magnefia, 


Nitrat  of  filver, 
lead, 


•  mercury, 


Acetite  of  barytes, 
Muriat  of  lime  f , 

- lead  ||, 

* - magnefia? 

foda  ^[. 


It  is  fometimes  luminous  in  the  dark,  as  Mr  Giobert 
has  obferved  *. 

2.  oulphat  of  Foda. —  Phis  fait  was  firft  difcoverd  by 
Glauber  a  German  chemift,  and  for  that  reafon  was 
Sulphat  of  long  known  by  the  name  of  Glauber's  fait.  He  him- 
felf  called  it  fal  mirabile .  It  may  be  prepared  by  fa- 
turating  foda  with  fulphuric  acid,  but  is  more  ufually 
obtained  by  decompofmg  common  fait  in  order  to  pro¬ 
cure  muriatic  acid. 

Its  cryftals  are  tranfparent,  and  when  formed  by 
flow  evaporation,  are  fix-fided  prifms  terminated  by  di¬ 
hedral  fummits. 

Its  tafle  at  firft  has  fome  refemblance  to  that  of  com¬ 
mon  fait,  but  foon  becomes  very  difagreeably  bitter. 

It  is  foluble  in  2,67  times  its  weight  of  water  at  the 
temperature  of  6o°,  and  in  0,8  of  boiling  water. 

It  is  compofed,  according  to  Bergman,  of  27  parts 
of  acid,  15  of  alkali,  and  58  of  water;  but,  according 
to  the  experiments  of  lvirwan,  of  22  parts  of  acid,  17 
of  alkali,  and  61  of  water. 

When  expofed  to  the  air,  it  lofes  great  part  of  its 
water,  and  falls  into  a  white  powder  (n). 

When  expofed  to  heat,  it  firft  undergoes  the  watery 
fufion  (o),  then  its  water  is  evaporated,  it  is  reduced 
to  a  white  powder,  and  at  laft  in  a  red  heat  it  melts. 
Mr  Kirwan  has  obferved,  that  part  of  the  acid,  as  well 
as  the  water,  is  driven  off  by  the  application  of  a  ftrong 
heat  f . 

This  fait  is  ufed  as  a  purgative. 

It  often  combines  with  an  excefs  of  acid. 

It  is  decompofed  by  compound  affinity  by  the  fol¬ 
lowing  fubftances. 

Nitiat  of  lime, 

magnefia, 


f-  Trtjbi 

Iran/,  iv 


$  Sclec!e9 
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Muriat  of  potafs, 

- [©da, 

- - magnefia, 

-  lime  f 


Acetite  of  barytes, 

- potafs, 

■  lime, 


Carbonat  of  barytes, 
- - - potafs, 


,  3-  Sulphat  of  ammonia.— This  fait  was  difeovered 

ammonia0/  by  GJ?ubet’  and.cal!ed  b>’  him  fecret  fal  ammoniac.  It 


was  alfo  called  vk rial 'at ed  ammoniac.  It  may  be  prepa¬ 
red  by  faturating  ammonia  with  fulphuric  acid. 

Its  cryfUls  are  generally  fmall  fix- Tided  pritms,  whofe 
planes  are  unequal,  terminated  by  fix-fided  pyramids. 
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It  has  a  {harp  bitter  tafte, 

It  is  foluble  in  twice  its  own  weight  of  water  at  the  \ 
temperature  of  6o°,  and  in  its  own  weight  of  boiling 
water. 

According  to  Mr  Kirwan,  it  is  compofed  of  29,7  of 
alkali,  55,7  of  fulphuric  acid,  and  14,16  of  water  ||.  ||  /, n 

When  expofed  to  the  air,  it  flowly  attra&s  moifture. 

When  heated,  it  firft  decrepitates,  then  melts,  and  in  # 
clofe  veffels  fublimes,  but  with  fome  lofs  of  its  alkali  f .  f  K\n 
It  has  not  hitherto  been  applied  to  any  ufe.  Mmri 

It  is  apt  to  contain  an  excefs  of  acid.  ***n. 

It  is  decompofed  by  compound  affinity  by  the  fol¬ 
lowing  falts  : 


Nitrat  of  lime, 

•  magnefia, 


mercury  j 


Muriat  of  potafs, 

*  - foda, 

*  - - -  barytes, 

*  - lime, 

- magnefia. 


Acetite  of  foda, 

- barytes, 

- lime, 

•  magnefia, 


-  mercury 


Acetite  of  potafs, 
4.  Sulphat  of  barytes. 


Carbonat  of  potafs, 

— —  - foda, 

- — - - barytes, 

■ - lime, 

■  magnefia, 


*  B?rjin 
f  Delitjk 


Phofphat  of  lime  f .  , 

j  This  fubftance  was  firft  d‘S-^nn,tlc, 
covered  by  Scheele.  It  abounds  in  nature.  It  is  ge-^,v‘ 
nerally  in  the  form  of  a  hard  very  heavy  ftone.  ^*6% 8 

It  is  fometimes  found  cryftallized  ;  but  the  variety  cfSuiphat 
forms  is  fo  great  that  they  baffle  all  defeription. 

It  is  foluble  in  43,000  times  its  weight  of  water  at 
the  temperature  of  the  atmofpliere  *.  * 

Sulphuric  acid  diflblves  it  when  concentrated  and  Min.  i, 
boiling,  but  it  is  precipitated  hy  the  addition  of  wa- 
ter. 


When  expofed  to  heat  it  melts,  and,  if  the  heat  be 
very  ftrong,  gradually  diflipates.  , 

After  being  heated  red  hot,  it  has  the  property  of  Bologni 
being  luminous  in  the  dark.  This  was  firft  obferved ft^e. 
in  a  variety  of  this  fubftance  known  by  the  name  of  Bo¬ 
logna  ftone.  Lemery  informs  us,  that  this  property 
was  firft  difeovered  by  an  Italian  fhoemaker  named  Vin¬ 
cenzo  Cafciarolo.  This  man  found  a  Bologna  ftone  at 
the  foot  of  Mount  Paterno,  and  its  briglitnefs  and  gra¬ 
vity  made  him  fuppofe  that  it  contained  filver.  Having 
expofed  it  to  the  fire,  doubtlefs  in  order  to  extra&  from 
it  the  precious  metal,  he  obferved  that  it  was  luminous 
in  the  dark  Struck  with  the  difeovery,  he  repeated 
the  experiment,  and  it  conftantly  fuccceded  with  him. 

From  an  experiment  ©f  Mr  Klaproth,  it  appears  to 
be  compofed  of  33  parts  of  acid  and  77  of  barytes. 

It  is  decompofed  by  compound  affinity  by  the  fol 
lowing  falts : 

Nitrat  of  foda,  Nitrat  of  magnefia, 

- lime,  Carbonat  of  potafs, 

- ammonia,  - foda  * 


I* 


5.  Sulphat  of  lime.  This  fubftance  was' well  known  t 
to  the  ancients  under  the  name  of  gypfinn  ;  but  theSuIilhat°' 
Compofition  of  gypfum  was  not  known  till  MargrafiimC‘ 
and  Macquer  analyfed  it,  and  proved  that  it  was  eom- 
pofed  of  fulphuric  acid  and  lime.  The  artificial  com- 
_ ___  pound 


(m)  Moft  of  thefe  double  decompofitions  in  this  and  the  following  fedions  are  inferted  on-the  authority  of 

Morveau.  .  See  his  table  of  Affinity ,  page  360  of  this  article.  ; 

(n)  This  is  called  ^fflorefcing. 

(o)  When  fubftances  melt  by  means  of  the  water  they  contain  on  the  application  of  heat,  they  are  faid  to 

undergo  the  watery  fufion.  x  2 


Hi. 
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|  pound  formed  by  the  union  of  thefe  two  bodies  was 
t  formerly  called  felcnite . 

It  is  found  cryftallized  in  various  forms,  fometimes 
trnnfparent  and  fometimes  opaque;  and  when  pure  it  is 
of  a  white  colour. 

It  has  a  (lightly  naufeous  talle,  fcarcely  perceptible 
except  by  d linking  a  glais  of  water  impregnated  with 
!u  it*. 

It  Is  foluble  in  500  parts  of  water  at  the  tempera¬ 
ture  of  6o°,  but  much  more  foluble  in  boiling  water. 

It  is  compofed,  according  to  Bergman,  of  46  parts 
of  acid,  32  of  earth,  and  22  of  water  ;  according  to 
the  late  experiments  of  Mr  Kirwan,  when  fo  far  dried 
as  Rill  to  retain  its  gkiTy  appearance,  it  contains  48  of 
acid,  34  of  earth,  and  18  of  water;  which  differs  very 
little  from  the  determination  of  Bergman. 

It  is  not  affected  by  expofure  to  the  air. 

It  is  foluble  in  fulphuric  acid. 

When  expofed  to  heat,  it  undergoes  a  kind  of  wa¬ 
tery  fulion,  but  afterwards  it  cannot  be  melted  by  the 
ftrongeft  heat.  In  a  clay  crucible  indeed  it  fufes  at 
330°  Wedgewood,  owing  evidently  to  the  prefence  of 

the  clay.  ^ 

When  heated  red  hot  and  cooled,  it  is  called  plajler 
of  Paris  ;  a  fubftance  fo  ufeful  for  ca Ring  moulds',  &C. 
on  account  of  its  property  of  becoming  folid  almofl  im¬ 
mediately  when  reduced  into  a  paRe  with  water. 

By  compound  affinity  it  is  decomposed  by  the  follow¬ 
ing  lubRances : 

Acetite  of  barytes,  Carbonat  of  potafs, 

— - — —  potafs,  — - foda, 


Carbonat  of  barytes, 


magnefia  ? 
alumina  *. 


6.  Sulpbat  of  Rrontites.  This  fait,  firft  formed  by 
L  Dr  Hope,  is  a  white  powder  deRitute  of  taRe.  It  is 
foluble  in  3840  parts  of  boiling  water.  Sulphuric  acid 
di Halves  it  readily  when  affiRed  by  heat,  but  it  is  preci* 
it  pit  at ed  by  the  addition  of  water  to  the  folution  f. 

■  7.  Sulphzt  of  magiiefia.  This  fait  was  firft  obferved 

in  the  fprings  at  Epiom  in  England  by  Grew  in  J  6 7  S  5 
[  but  Dr  Black  was  the  firft  who  accurately  afeertained 
S  its  compofition.  It  has  been  called  Epfotn  fait,  fal  ca - 
tharlicus  amarus ,  and  Seydler  fait. 

It  cryftallizes  in  quadrangular  prifms,  whofe  plains 
are  equal*  furmounted  by  quadrangular  pyramids. 

It  has  an  exceffivdy  bitter  taftc. 

At  the  temperature  of  6o°  it  is  foluble  in  its  own 
weight  of  water,  and  in  ^ths  of  its  weight  of  boil¬ 
ing  water.  The  volume  of  water  is  mcreated  -^th  by 
v  adding  the  fait 

It  is  infoluble  in  alcohol. 

It  is  compofed,  according  to  Bergman,  of  19  parts 
of  earth,  33  of  acid,  and  48  of  water  ;  according  to 
Mr  Kirwan,  of  17  parts  of  earth,  29,46  of  acid,  and 
53,54  of  water. 

When  expofed  to  the  air  it  efflorefees,  and  is  reduced 
to  powder. 

When  expofed  to  heat  it  undergoes  the  watery  fu- 
£on,  and  by  iricreafing  the  temperature  its  water- is  eva- 
■Supfl.  Vol.  I.  Part  I. 
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porated,  but  it  cannot  be  decompofed  by  means  of  1 3ulpna?b.  j 
heat. 

It  is  fometimes  employed  as  a  cathartic,  but  its  chief 
ufe  is  to  furnifh  magnefia  by  its  decompofition. 

It  is  decompofed  by  compound  affinity  by  the  fol¬ 
lowing  falts. 

Muriat  of  potafs,  Acetite  of  lirne, 

- foda  ( p),  Carbonat  of  barytes, 

- lime,  - potafs, 

Acetite  of  barytes,  - - foda  *,  *  M 

- . - potafs, - ammonia  (q^).  C34 

8.  Sulpbat  of  ammonia  and  magnefia.  This  triple  3u!phat_ of 
fait  was  difeovered  by  Mr  Fourcroy.  Into  the  folution 

of  f  oo  parts  of  fulphat  of  niagnefta  in  500  parts  of  neiia™^ 
ter,  12  parts  of  ammonia  being  poured,  a  very  ftn?ll 
quantity  of  magnefia  was  precipitated,  and  a  confider- 
able  quantity  more  on  the  addition  of  another  dofe  of 
ammonia  ;  but  farther  additions  had  no  effedl.  From 
the  magnefia  precipitated,  it  appeared  that  38  parts  of 
the  fulphat  had  been  decompofed.  There  remained, 
therefore,  62  parts  in  folution,  mixed  with  a  large  quan¬ 
tity  of  ammonia.  By  evaporation,  92  parts  of  a  white 
tranfparent  lhomboidal  fait  were  obtained,  evidently 
compofed  of  fulphuric  acid,  ammonia,  and  magnefia,  in 
the  proportions  that  would  have  formed  62  parts  of  ful¬ 
phat  of  magnefia  and  30  of  fulphat  of  ammonia,  and 
probably  conlifting  of  a  combination  of  thefe  two  fub 
phatsf.  j \fnn.de 

9.  Sulpbat  of  alumina.  This  fait  may  be  formed  by  fff'  lv‘ 
diffolvlng  alumina  in  fulphuric  acid.  It  has  an  aftrin-  6.35 
gent  tafte,  is  very  foluble  in  water,  and  cryftallizes  in  Sulphat  of 
thin  plates  which  have  very  little  confiftence  *.  IAtle^mma- 
attention  has  hitherto  been  paid  to  this  fait,  which  was  AnTVe* 
never  properly  diftinguifhed  from  alum  till  two  memoirs,  dim.  xxii. 
one  by  Vauquelin  and  another  by  Chaptal,  on  the  11a-  277.  rmi 
ture  of  alum,  made  their  appearance  in  the  2  2d  volume  CifaJ'tat' 
of  the  Annales  de  Ehimie.  This  fait  generally  contains 1  ' 

an  excefs  of  acid,  and  is  not  neutralized  without  con- 
fide rable  difficulty  f .  f  ibid .  p. 

10.  Sulphat  of  alumina  and  potafs,  or  alum.  The. 277- 
<rri/TT«f<a  0f  the  Greeks,  and  the  alumen  of  the  Romans,  ^3^ 
was  a  native  fubftance,  which  appears  to  have  been 
nearly  related  to  green  vitriol  or  fulphat  of  iron  ;  and 
which  confequently  was  very  different  from  what  we  at 
prefent  denominate  alum.  From  the  refearches  of  Pro- 
feffor  Beckmann,  it  appears  that  we  owe  the  difeovery 

of  alum  to  the  Afiatics  ;  but  at  what  period,  or  by 
what  means,  the  difeovery  was  made,  is  altogether  un¬ 
known. 

It  continued  to  be  imported  from  the  Eaft  till  the 
1  ;th  century,  when  a  number  of  alum  works  were  eRa- 
bliffied  in  Italy.  In  the  16th  century  it  was  manufac-  ^ 

tured  in  Germany  and  Spain  ;  and  during  -Queen  Eli¬ 
zabeth’s  reign  an  alum  work  was  eftabliffied  in  England 
by  Thomas  Chalomer. 

The  alum  of  commerce  is  ufually  obtained  from  earths 
containing  fulphur  and  clay,  or  lulphuric  acid  and 
day.  ^ 

The  compofition‘of  alum  his  been  but  lately  under-  c^ipo- 
Z  z  ftoodfition, 


(?)  Only  belo'v  the  temperature  of  320.  Schetle,  Gren,  Ann.  de  Gliim.  xxiii. 
(oJ-Oviy  -below  the  temperature  of  2 1  2”.  Fourcroy.,  Am.  de  Chun.  ii.  291. 
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flood  with  accuracy.  It  has  been  long  known,  indeed, 
that  one  of  its  ingredients  is  fulphuric  acid  (r)  ;  and 
the  experiments  of  Geoffroy,  Hellot,  Pott,  Margraf, 
&nd  Macquer,  proved  inconteftibly  that  alumina  is  an- 
other  ingredient.  But  fulphuric  acid  and  alumina  are 
incapable  of  forming  alum  :  Manufacturers  knew,  that 
the  addition  of  a  quantity  of  potafs,  or  of  ammonia,  or  of 
fome  fubftance  containing  thefe  alkalies,  is  almoll  always 
neceffary;  and  it  was  proved,  that  in  every  cafe  in  which 
fuch  additions  are  unneceffary,  the  earth  from  which 
the  alum  is  obtained  contained  already  a  quantity  of 
potafs.  Various  conjectures  were  made  about  the  part 
which  potafs  aCts  in  this  cafe;  but  Chaptal  and  Vau- 
quelin  appear  to  have  been  the  firft  chemifts  that  afeer- 
tained  by  decifive  experiments  that  alum  was  a  triple 
ialt,  compofed  of  fulphat  of  alumina  and  of  potafs  uni¬ 
ted  together  (s). 

Alum  cryftallizes  in  large  oCtahedrons,  compofed  of 
two  tetrahedral  pyramids,  applied  to  each  other  at  their 
bafes. 

It  has  a  fweetifh  and  aftringent  tafte,  and  always  red¬ 
dens  the  tinCfure  of  turnfol. 

It  is  foluble  at  the  temperature  of  6o°,  in  from  10* 
to  ijf  times  its  ov/n  weight  of  water,  according  to  its 
purity  ;  pure  alum  being  mod  infoluble.  Seventy-five 
parts  of  boiling  water  didblve  IOO  of  alumj. 

A  hundred  parts  of  alum  contain,  according  to  Kir- 
wan,  17,62  parts  of  acid,  18  of  earth  (and  alkali),  and 
64,38  of  water  || . 

When  expofed  to  the  air  it  efilorefees  flightly. 

When  expofed  to  a  gentle  heat  it  undergoes  the  wa¬ 
tery  fufion.  A  ftrong  heat  caufes  it  to  fwell  and  foam, 
and  to  lofe  about  44  per  cent .  of  its  weight,  confiding 
chiefly  of  water  of  crydallization  §.  What  remains  is 
called  calcined  or  burnt  alum ,  and  is  fometimes  ufed  as  a 
corrofive. 

Alum  is  of  great  importance  as  a  mordant  in  dyeing, 
and  is  ufed  alfo  in  feveral  other  arts. 

By  compound  affinity  it  is  decompofed  by  the  fol¬ 
lowing  falts. 


Nitrat  of  foda, 
- lime, 


magnefia, 


Muriat  of  barytes, 
- potafs, 


Acetite  of  potafs, 

- - - foda, 

- lime, 

— - - ammonia, 

magnefia, 
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Carbonat  of  barytes, 

— - potafs, 

— — - foda, 

- - - ■  lime, 

- - - -  ammonia, 

— —  ■  —  — ■  magnefia. 

If  three  parts  of  alum  and  one  of  flour  or  fugar  be 


-  foda, 

-  lime, 

-  ammonia, 
•  magnefia. 


Acetite  of  barytes, 


S  T  R  Y.  Part,, 

melted  together  in  an  iron  ladle,  and  the  mixture  dried  S4  ■ 
till  it  becomes  blackifh  and  ceafes  to  fwell ;  if  it  be  # 

then  pounded  fmall,  put  into  a  glafs  phial,  and  placed  in  * 

a  land- bath  till  a  blue  flame  iflues  from  the  mouth  of 
the  phial,  and  after  burning  for  a  minute  or  two  be  ah 
lowed  to  cool  (t),  a  fubftance  is  obtained  known  by  the 
name  of  Homberg’s  pyrophorus ,  which  has  the  property 
of  catching  fire  whenever  it  is  expofed  to  the  open  air, 
efpecially  if  the  air  be  moift. 

This  fubftance  was  accidentally  difeovered  by  Horn- 
berg  about  the  beginning  of  the  i8th  century,  while  he 
was  engaged  in  his  experiments  on  the  human  faeces.  t 
He  had  diftilled  a  mixture  of  human  faeces  and  alum  1 
till  he  could  obtain  nothing  more  from  it  by  means  of 
heat ;  and  four  or  five  days  after,  while  he  was  taking  J 
the  refiduum  out  of  the  retort,  he  was  furprifed  to  fee  f 
it  take  firefpontaneoufly.  Soon  after  Lemery  theYoung. 
er  difeovered  that  honey,  fugar,  flour,  or  almoft  any 
animat  or  vegetable  matter,  could  be  fubilituted  for  hu¬ 
man  faeces  ;  and  afterwards  Mr  JLejoy  de  Suvigny  ffiew- 
ed  that  feveral  other  falts  containing  fulphuric  acid 
might  be  fubftituted  for  alum  *.  Scheele  proved,  that*$e< 
alum  deprived  of  potafs  was  incapable  of  forming  py .quart 
rophorus,  and  that  fulphat  of  potafs  might  be  fubftitu- 
ted  for  alum  f .  And  Mr  Prouft  has  fhewn,  that  a  num-f  Sd 
her  of  neutral  falts,  compofed  of  vegetable  acids  and  al- 
kalies,  or  earths,  when  diftilled  by  a  ftrong  fire  in  a  re- ^ 
tort,  left  a  refiduum  which  took  fire  ipontaneoufly  on 
expofure  to  the  air. 

Thefe  faSs  have  thrown  a  great  deal  of  light  on  the 
nature  of  Homberg’s  pyrophorus,  and  enabled  us  in 
fome  meafurc  to  account  for  its  fpontaneous  inflamma¬ 
tion.  .  It  has  been  afeertained,  that  part  of  the  fulphu- 
ric  acid  is  deconjpofed  during  the  formation  of  the  py¬ 
rophorus,  and  of  courfe  a  part  of  the  alkaline  bafe  be¬ 
comes  uncombined  with  acid,  and  the  carbon,  which 
gives  it  its  black  colour,  is  evidently  divided  into  verv 
minute  particles.  It  has  been  afeertained,  that  during 
the  combuftion  of  the  pyrophorus  a  quantity  of  oxygen 
is  abforbed.  The  inflammation  feems  to  be  owing  to  a 
difpofing  affinity.  Part  of  the  carbon  and  of  the  fulphur 
attraft  oxygen  from  the  atmofphere,  in  order  to  com¬ 
bine  with  the  potafs,  and  the  caloric  difengaged  pio- 
duces  a  temperature  fufficiently  high  to  kindle  the  reft 
of  the  carbon. 

Alum  is  capable  of  combining  with  alumina,  and  of 
forming  what  has  been  called  alum  faturated  with  its 
earthy  which  is  an  infoluble,  taftelefs,  earthy-like  fub* 
fiance. 

It  is  capable  alfo,  as  Chaptal  informs  us,  of  combi¬ 
ning  with  feveral  other  bafes,  and  of  forming  many 
triple  falts,  which  have  never  yet  been  examined  with 
attention  * .  *  M 

|  j  j  Cbimt, 


k 


( *0  Some  chemifts  have  thought  proper  to  call  the  fulphuric  acid,  obtained  by  diftilling  alum ,/pirit  of  alum. 

(s)  This  they  did  in  the  two  memoirs  above  quoted,  and  which  were  firft  published  in  the  2 2d  volume  of  the 
Ann  ales  de  Chimie .  An  account  of  Vauquelin’s  memoir  has  been  already  given  under  the  article  Alum  in  this 
Supplement.  Chaptal’ s  memoir  is  no  lefs  interefting.  This  celebrated  chemifl  appears,  from  the  fads  ftated  in 
the  23d  volume  of  the  Annalesy  p.  222.  to  have  made  his  difeovery  before  Vauquelin  ;  who,  however,  was  igno¬ 
rant  of  what  Chaptal  had  done,  as  he  informs  us  in  the  Ann.  de  Chim .  xxv.  107.  that  his  paper  was  read  to  the 
Inftitute  a  fortnight  before  that  of  Chaptal’s  came  to  Paris.  He  informs  us,  too,  that  Defcroifilles  had  long  be¬ 
fore  made  the  fame  difeovery,  and  that  he  had  published  it  in  Berthollet’a  Art  de  la  Teinture. 

(t)  Care  muft  be  taken  not  to  keep  it  too  long  expofed  to  the  heat. 
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v  H,  Sulphat  of  jargonia  (u).  In  order  to  combine 
-  jargonia  with  acids,  they  ffiould  be  poured  upon  it  while 
it  is  yet  moill,  after  being  precipitated  from  fome  of  its 
1  folvents  ;  for  after  it  is  dry,  acids  do  not  a£t  upon  it 
3  without  difficulty-  By  this  method  fulphat  of  jargo¬ 
nia  is  eafily  formed.  It  is  white,  and  without  fenfible 
tade.  Heat  expels  the  acid  from  it,  and  the  jargonia 
remains  in  a  date  of  purity.  At  a  high  temperature 
charcoal  converts  it  into  a  fulphuret,  which  is  foluble  in 
water,  and  which,  by  evaporation,  furnifhes  cry  dais  of 

*  hydrofulphuret  (t)  of  jargonia  f- 

„  Klaproth  informs  us,  that  with  excefs  of  acid  ful- 
phat  of  jargonia  forms  tranfparent  delliform  cry  dais,  fo¬ 
luble  in  water,  and  having  an  adringent  tade  (*. 

*  #  [2.  Sulphat  of  iron.  There  are  two  fulphats  of  iron, 

which  v/ere  firfl  accurately  diftinguifhed  by  Mr  Proud. 
The  one  contains  the  green  ox^d,  the  other  the  red 
oxyd  of  iron.  We  (hall,  in  imitation  of  Mr  Proud,  de* 
nominate  them  from  their  colours. 

^  Th e  green  fulphat  of  iron*  —  This  fait,  which  is  com- 

l  ipofed  of  fulphuric  acid  and  green  oxyd  of  iron,  is  found 
native,  and  was  known  to  the  ancients.  It  is  mention- 
t,ir  ed  by  Pliny  under  the  names  of  mijy,  fory>  calchantum* • 

'  It  was  formerly  called  green  vitriol. 

It  is  generally  prepared  by  expofing  native  fulphuret 
of  iron,  a  very  abundant  mineial,  to  air  and  moidiue. 

Its  cry  dais  are  of  a  light  green  colour,  and  in  the 
form  of  rhomboidal  parallelopipeds. 

It  has  a  (harp  adringent  tade. 

It  is  foluble  In  fix  times  its  weight  of  water  at  the 
temperature  of  6o°,  and  in  ^ths  of  its  weight  of  boil- 
m  ing  water  f. 

It  is  in  foluble  in  alcohol. 

According  to  Bergman,  it  is  compofed  of  39  parts 
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of  acid,  23  of  oxyd,  and  3$  of  water  ;  but  according  Sulphas,, 
to  Mr  Kirwan,  of  26  parts  of  acid,  28  (u)  of  oxyd, 
and  46  of  water. 

When  expofed  to  the  air,  it  effiorefce9  ;  but  if  it  be^ 
moidened,  it  is  gradually  converted  into  red  fulphat  of 
iron. 

When  heated,  it  fird  affumes  a  yellow  colour,  lofes 
its  water  and  its  acid  ;  if  the  heat  be  increafed,  no¬ 
thing  remains  but  a  yellow  powder. 

The  Pruffic  alkali  precipitates  from  the  folution  of 
this  fait  a  white  powder,  which  gradually  becomes  blue 
by  attra&ing  oxygen  § . 

It  is  ufed  in  dyeing,  and  in  making  ink,  &c. 

It  is  decompoied  by  compound  affinity,  by 
Nitrat  of  diver, 

Muriat  of  foda  *. 

The  red  fulphat  of  iron  may  be  formed  by  expofing  ^ 
a  folution  of  green  fulphat  to  the  air,  or  by  treating  it  dim.  xi. 
with  nitric  acid.  It  was  formerly  called  mother  water  of  320 

vitriol.  Rediul  bat 

Little  is  known  of  its  properties,  except  that  it  isofeiro^J  a 

deliquefcent,  incry ftallizable,  and  foluble  in  alcohol. 

It  was  fird  accurately  examined  by  Mr  Proud. 

The  green  fulphat  of  iron  generally  contains  fome  of 
it,  which  may  be  feparated  by  means  of  alcohol. 

It  is  alone  capable  of  forming  Pruffian  blue  with  the 
Pruffic  acid,  and  of  driking  a  black  colour  with  the 
gallic  acid  f.  t  Se^t 

We  have  obfervcd,  that  when  it  is  diluted  with  wa-^™ KirfTu 
ter,  and  an  excefs  of  fulphuric  acid  is  poured  in,  it  is pufs  jf,fr_ 
again  fiowly  converted  into  green  fulphat.  nal ,  1.  4^3. 

13.  Sulphat  of  zinc. —  This  fait,  according  to  the  643 
bed  accounts,  was  difcovered  at  Rammelfberg  in  Ger-S!^hat 
many,  about  the  middle  of  the  16th  century.  Many 
Z  z  2  afcribe 


(v)  Jargonia,  or,  na  the  French  chemlfls  call  it,  -zlrconia,  has  been  difcovered  in  great  abundance  in  France  by 
Morveau,  who  found  that  the  hyacinths  of  Expailly  contained  more  than  half  their  weight  of  it.  From  Vau- 

quelin’s  analyfis  they  appear  to  be  compofed  of 

32  parts  of  frlica, 

64  jargonia, 

2  oxyd  of  iron. 

Jargonia  has  been  examined  with  great  care  by  thefe  two  philofophers,  the  experiments  of  Klaproth  have 
been  confirmed,  and  feveral  new  properties  of  it  have  been  difcovered.  Perhaps  a  more  detailed  account  than 
we  have  hitherto  given  of  this  new  earth  may  not  be  unacceptable  to  our  leaders.  . 

Targonia  is  a  white  powder,  its  fpecific  gravity  is  conliderable,  it  has  a  feel  reiemblmg  that  ot  lilica,  it  has  no 
tade,  and  is  infoluble  in  water.  When  feparated  from  its  dilutions  bfpure  alkalies,  it  retains,  when  expofed  to 
the  lir  to  dry,  a  pretty  confiderable  quantity  of  water,  which  renders  it  tranfparent,  and  gives  it  a  refemblance 

to  gum  arabic  both  in  its  colour  and  fra&ure.  .  r  •  r  ,  * 

When  expofed  to  the  heat  of  the  blow-pipe  it  does  not  melt ;  but  Vauquehn  melted  it  by  expofing  it  furrounded 
with  charcoal  in  a  porcelain  crucible  to  an  intend:  heat  for  an  hour  and  a  half.  Its  fpecific  gravity  was  then  4,35, 
its  colour  was  grey,  and  its  hardnefs  fuch  that  it  was  capable  of  fcratching  glafs.  It  melts  with  borax,  and  forms 
a  tranfparent  and  colourlefs  glafs ;  but  phofphat  of  foda  and  the  fixed  alkalies  do  no^attack  it. 

It  is  infoluble  in  the  fixed  alkalies,  has  very  little  affinity  for  carbonic  acid,  and  is  precipitated  from  its  folu- 

tions  together  with  iron  by  the  Pruffic  alkali. 

Its  affiuities,  as  far  as  they  have  been  afcertained  by  Vauquehn,  are  as  follows  : 

Vegetable  acids,  order  unknown, 

Sulphuric  acid, 

Muriatic, 

Nitric. 

See  upon  this  fubjeft  the  Memoirs  of  Morveau  and  Vauquehn,  Ann .  ie  Chtm.  xxi.  72.  and  xxu.  179. 

(t)  Thefe  curious  falts  form  the  fubjeft  of  the  next  chapter.  .  ,  ..  .. 

(u)  Perhaps  the  quantity  of  oxyd  is  fomewhat  over-rated  here ;  for  before  it  was  examined  by  Mr  Kirwan,  it 
had  aiTumed  a  red  colour :  it  mull  therefore  hare  been  converted  into  the  brown  or  red  oxyd  by  attracting  oxy- 
gen  from  the  atmofphere. 


*  Schecle, 
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Sulphats.  afcrlbe  the  invention  to  Julius  Duke  of  Brunfwick. 
v,-v  .mj  Henkel  and  Newmann  were  the  firft  chemifls  who 
proved  that  it  contained  zinc  ;  and  Brandt  firft  afcer- 
^Bedmanns  tained  its  compofition  completely  {.  It  is  generally 
Hijt.  of  In-  formed  for  commercial  purpofes  from  fulphuret  of  zinc 
•uentionsy  art.  or  blende ,  as  it  is  called.  This  fait  is  called  alio  white 
Zittc-  vitriol. 

It  is  of  a  white  colour,  and  its  cryflals  are  rhomboi- 
dal  prifms,  terminated  by  quadrangular  pyramids  :  there 
is  generally  a  flight  defe&  in  two  of  the  oppofite  an- 
gles  of  the  priim,  which  produces  a  quadrangular  fee- 

£T'  l*on  ^  *  ^tS  ^Peci*^c  Sravlty  *s  2,000. 

It  has  a  fharp  flyptic  tafle. 

It  is  foluble  in  2,28  parts  of  water  at  the  tempera¬ 
ture  of  6o°  ;  but  in  a  much  fmaller  quantity  of  boiling 
*  UiJ-  water  *. 

It  is  compofed,  according  to  Bergman,  of  40  (v) 
parts  of  acid,  20  of  oxyd,  and  40  of  water  :•  Kirwan 
fuppofes,  that  it  is  compofed  of  12  parts  of  acid,  26,4 
of  zinc,  20  of  oxyd,  41,6  of  water  (w). 

According  to  Bergman,  this  fait  is  not  altered  in  the 
air  ;  others  affirm  that  it  efflorefees.  This,  no  doubt, 
depends  upon  the  place  where  it  is  kept. 

^  Heat  decompofes  this  fait. 

Sulphat  of  14T  Sulphat  of  manganefe. — This  fait  was  firft  oh- 
maugane'e.  tained  by  Scheele(x):  It  is  compofed  of  fulphuric 
acid  and  white  oxyd  of  manganefe. 

Its  cryitals  are  oblique  parallelopipeds  ;  they  are  of 
a  white  colour,  and  very  bitter  *. 

Thefe  cryflals  are  decompofed  by  a  flrong  red  heat, 
a^l  the  fulpuric  is  converted  into  fulphurous  acid  by 
the  oxyd  attracting  its  oxygen,  and  being  changed 
into  black  oxyd 

1 3.  Sulphat  of  nickel. — This  fait,  which  i3  compo¬ 
fed  of  fulphuric  acid  and  oxyd  of  nickel,  was  firft  de- 
feribed  by  Bergman.  Its  cryflals  are  in  the  form  of 
decahedrons,  compofed  of  two  quadrangular  truncated 
pyramids  ;  they  are  of  a  green  colour  f . 

16.  Sulphat  of  cobalt.  — 'This  fait  was  firft  mentioned 
by  Mr  Brandt.  Its  cryflals  are  of  a  reddifh  colour ; 
but  if  any  nickel  be  prefen t,  they  are  green. 

17.  Sulphat  of  lead. — This  fait  has  been  long  known: 
it  is  compofed  of  fulphuric  acid  and  white  oxyd  of  lead. 
The  cryflals  are  white,  fmall,  and  mod  commonly  needle - 
ffiaped;  according  to  Sage,  they  are  tetrahasdral  pri£m3. 

It  is  foluble  in  18  parts  of  water. 

Heat  decompofes  it. —  It  is  very  cauftic. 

18.  Sulphat  of  tin. — Nothing  is  known  concerning 
this  fait,  except  that  it  cryftallizes  in  fine  needles  inter- 

}  Monnet,  laced  with  one  another 

Sulphat  of  *9'  SulPhat  of  copper.— This  fait  appears  to  have 
corner.  been  known  to  the  ancients.  It  is  generally  obtained 
by  evaporating  thofe  waters  which  naturally  contain  it. 
It  is  called  alfo  blue  vitriol. 

Its  cryflals  are  of  a  deep  blue  colour  ;  they  are  in 
the  form  of  oblong  rhomboids.  Its  fpecific  gravity  is 
2,230. 

It  has  a  very  flrong  flyptic  tafle  ;  and  indeed  k  em¬ 
ployed  as  a  cauftic. 

It  is  foluble  in  four  parts  of  water  at  the  tempera- 
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ture  of  6o°  ;  but  in. a  much  fmaller  quantity  of  boiling  U^fjir 
water*.  > — 

It  is  compofed,  according  to  Bergman,  of  46  parts* 
of  acid,  26  of  oxyd  of  copper,  and  28  of  water.  Kir¬ 
wan  fuppofes  it  to  contain  27,68  of  acid,  35  of  oxyd, 
and  37,32  of  water  # 

When  expofed  to  the  air,  it  efHprefccs,  and  is  cover-  53. 
ed  with  a  yellowifh  grey  powder. 

It  requires  a  very  flrong  heat  to  decompofe  it. 

It  has  the  property  of  communicating  a  green  co¬ 
lour  to  flame. 

It  is  ufed  in  the  preparation  of  feveral  paints,  and  for 
a  variety  of  other  purpofes. 

It  is  decompofed  by  compound  affinity,  by  acetite 
of  lead. 


1- 

' 
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20.  Sulphat  of  bifmuth. — Little  is  known  of  this  -  ,*{’ 


.  Sulphat 


fait,  except  that  it  is  With  difficulty  cryftallized,  and  isbiW} 
very  deliquefcent. 


2f.  Sulphat  of  antimony.— This  fait  does  not  cry- Am 
ftallize.  It  is  eafily  decompofed  by  heat. 
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22.  Sulphat  of  arfenic. — This  fait  is  fcarcely  known. 

It  does  not  appear  to  be  cryftallizable.  It  is  decom¬ 
pofed  by  water. 

23.  White  fulphat  of  mercury.— This  fait  may  be  , 

formed  by  boiling  together  two  parts  of  mercury  and^atof 
three  of  concentrated  fulphuric  acid,  and  flopping  the^ercjrj 
procefs  whenever  the  mercury  is  converted  into  a  white 
mafs.  This  mafs,  in  order  to  remove  the  excefs  of 
acid,  is  to  be  wafhed  repeatedly  with  fmall  portions  of 
water,  till  it  ceafes  to  redden  turnfole.  The  fulphat  of 
mercury,  thus  obtained,  is  very  white.  Its  cryflals  are 
either  fmall  plates  or  prifms.  Its  tafle  is  not  very  cau¬ 
ftic.  It  is  foluble  in  yco  parts  of  water  at  the  tempe¬ 
rature  of  550,  and  in  287  parts  of  boiling  water.  It 
is  compofed  of  83  parts  of  white  oxyd  of  mercury,  12 
of  fulphuric  acid,  and  3  of  water*.  It  is  not  altered  *  Fm 
by  expofnre  to  the  air.  Heat  decompofes  it.  '  A  m  it 

This  fulphat  is  capable  of  combining  with  a  new Glim' 1 
portion  of  acid  :  It  was  in  that  ftate  before  it  was  walk* 
ed  with  water.  This  fait,  which  may  be  called  acidu * 
lous  white  fulphat  of  mercury ,  has  a  very  cauftic  tafle,  and 
is  corrofive.  It  reddens  vegetable  blues.  It  is  foluble 
in  137  parts  of  water  at  the  temperature  of  530,  and  in 
33  parts  of  boiling  water  %  , 

24.  Yellow  fulphat  of  mercury. — This  fait  may'  bom 
obtained  by  continuing  to  boil  the  preceding  mixture  of  r  6ft . 
mercury  and  fulphuric  acid  till  the  mercury  aftumes  a  yel- 
low  colour.  It  appears  to  be  compofed  of  yellow  oxyd 
of  mercuiy  and  a  fmall  portion  of  fulphuric  acid.  It  is 
foluble  in  2000  parts  of  water  at  the  temperature  of 
330,  and  in  600  parts  of  boiling  water.  The  folution 

is  eolourlefs*  It  was  formerly  called  turbith  mineral  £.  *  ^ 

25.  Sulphat  of  ammonia  and  mercury.— This  triple^ 
fait  may  be  formed  by  pouring  ammonia  into  a  folution  6ft  L- 
of  fulphat  of  mercury.  If  only  a  fmall  quantity  ofam-T^ 
monia  be  ufed,  a  copious  blackiffi  precipitate  takes 
place,  part  of  which  is  converted  into  running  mercury  r}% 
by  expofure  to  light ;  and  confequently  is  black  oxyd 
of  mercury  ;  the  remaining  part  is  the  triple  fait.  If  a 
large  quantity  of  ammonia  be  ufed,  only  the  black  oxyd 

2  ie 


(v)  There  is  evidently  fome  rniftake  in  this  flatement ;  it  does  not  correfpond  with  what  he  favs  elfewhere* 

(w)  Mineralogy ,  ii.  24.  We  do  not  underftand  this  flatement. 

(x)  Weftfeld,  indeed,  obtained  it  j  but  he  miflook  it  for  fulphat  of  magnefia. 


I* 

Hi 
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w  lat?.  is  precipitated  ;  for  the  triple  fait  is  rendered  much 
-  — more  foluble  by  an  excefs  of  ammonia.  As  this  excefs 
evaporates,  the  fait  cryftallizes.  The  cryftals  are  poly¬ 
gons,  very  brilliant  and  hard.  It  has  a  fharp,  auftere, 
metallic  tafte.  It  has  no  peculiar  odour.  It  h  fcarcely 
foluble,  except  with  excefs  of  ammonia.  It  is  compo- 
fed,  according  to  Fourcroy’s  analyfis,  of  18  parts  of 
fulphunc  acid,  33  of  ammonia,  and  39  of  oxyd  of  mer¬ 
cury.  Heat  decompofes  it.  The  produfts  obtained  by 
diddling  it  are,  a  little  ammonia,  azotic  gas,  a  little  pure 
mercury,  fome  fulphite  of  ammonia  ,  and  there  remains 
J  rcrcyy  yellow  fulphat  of  mercury  *. 

This  triple  fait  may  be  formed  alfo  by  pouring  am¬ 
monia  upon  acidulous  fulphat  of  mercury,  or  on  yellow 
1  •  fulphat  of  mercury  f. 

n  of  26.  Sulphat  of  filver. — This  fait  is  formed  by  pour- 
^  at°  ing  fulpliuric  acid  on  oxyd  of  filver.  Its  cryftals  are 
fmall  needles.  It  melts  when  expofed  to  a  ftrong  heat, 
but  does  not  fublime. 

]  man.  {s  decompofed  by  muriac  of  lead  %. 

27.  Sulphat  of  gold. — This  fait  is  unknown- 

28.  Sulphat  of  platinum. — Unknown. 

29.  Sulphat  of  tungften. —  Probably  no  fuch  combi¬ 
nation  is  pofiible. 

30.  Sulphat  of  molybdenum. — Probably  impoffible. 

6  31.  Sulphat  of  titanium. —This  fait  was  fir  ft  form- 

l:at  of  ed  by  Mr  "Klaproth.  He  formed  it  by  pouring  fulphn- 
T  tic  acid  on  the  oxyd  of  uranium.  Nothing  farther  is 

known  of  it,  except  that  its  cryftals  are  fmall,  and  of  a 
yellow  colour. 

"  5Lm,  3  Sulphat  of  titanium. —This  fait  was  firft  formed 
by  Mr  M*  Gregor.  It  does  not  appear,  from  Klaproth’s 
«  experiments,  to  be  cryftallizable. 
arum.  S3'  Sulphat  ot  tellurium. — When  one  part  of  tellu¬ 
rium  is>  mixed  cold  in  a  well  flopped  vefiel  with  a  hun¬ 
dred  parts  of  concentrated  fulphuric  p.cid,  the  latter 
gradually  affumes  a  beautiful  crimfon  red  colour :  when 
a  fmall  quantity  of  water  is  added,  drop  by  drop,  the 
colour  difappears,  and  the  metal  is  precipitated  ill  the 
form  o:  black  flakes.  The  folwtion  is  deftroyed  by 
heat,  the  colour  difappears,  and  the  metal  ieparat.es  in 
the  ftate  of  a  white  oxycl  When  fulphuric  acid  is  di¬ 
luted  with  two  or  three  parts  of  water,  and  a  fmall 
quantity  of  nitric  acid  is  added,  it  diflolves  a  confide¬ 
nce  quantity  of  telluiium.  The  folution  is  tranfpa- 
rent  and  colourlefs,  and  is  not  decompofed  by  the  addi- 
Lprcth,  t jon  0£  a  larrrer  quantity  of  water  J. 
ofi.pbicJt  ° 

l  u  So.  Sect.  II.  Of  Sulphites. 

Salts  compofed  of  fulphurous  acid  united  refpec- 
tively  with  alkalies,  earths,  or  oxyds,  are  called  fulphites. 

,  Thofe  hitherto  examined  are  the  following  : 
ph?te  of  !*  Sulphite  of  potais. — This  fait  was  firft  formed  by 
aft.  Stahl ;  but  was  firft  accurately-  deferibedby  Berthollet, 
Fourcroy,  and  Vauquelin. 

It  may  be  formed  by  pafiftng  fulplrurous  acid  into  a 
faturated  folution  of  carbonat  of  potafs  till  all  effervef- 
cence  ceafes.  The  folution  becomes  hot,  and  cryftal- 
Fourcroy,. fixes  by  cooling*. 

r*ufur  Its  cryftals  are  white  and  transparent  \  their  figure 
j  Jour  that  of  rhomboidal  plates.  Its  cryflallization  often  pre- 
517.  ferns  fmall  needles  diverging  from  a  common  centre  f. 
bid-  <  Its  tafte  is  penetrating  and  fulphurous.  At  the 
common  temperature  of  the  atmofpliere,  it  is  foluble  in 
it  own  weight  of  water,  but  much  more  fclui^je  in  boil¬ 
ing  water. 
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When  expofed  to  the  air,  it  efflovefee?,  becomes 
opaque  and  hard,  and  is  gradually  converted  into  fulphat 
of  potafs  by  abforbing  oxygen. 

When  expofed  to  a  hidden  heat,  it  decrepitates,  lofe* 
its  water:  at  a  red  heat  fome  fulphurous  vapours  are 
emitted  ;  at  laft  a  portion  of  fulphur  feparates,  and  the 
refiduum  is  fulphat  of  potafs,  with  a  flight  excefs  of  al- 
kali. 

Nitric  and  oxy-muriatic  acids  convert  it  into  fulphat 
of  potafs  by  imparting  oxygen. 

It  decompofes  the  oxyds  of  gold,  filver,  mercury* 
the  red  oxyd  of  lead,  the  black  oxyd  of  manganefe,  and 
the  brown  oxyd  of  iron.  When  the  green  oxyd  of  iron- 
and  the  white  oxyd  of  iron  are  boiled  with  it  in  water, 
and  an  acid  added,  a  precipitate  takes  place  of  thefe>  •  . 
bodies  united  to  fome  fulphur,  and  the  fait  is  convert¬ 
ed  into  a  fulphat :  at  the  fame  time  fulphurated  hydro¬ 
gen  gas  is  emitted. 

By  compound  affinity  it  is  decompofed  by 

All  falts  with  bafe  of  foda,  except  the  borat  and  car¬ 
bonat  ; 

All  metallic  falts  except  carbonats  ; 

All  neutral  falls  whofe  acid  has  a  ftronger  affinity  ^ 
for  potafs  than  fulphurous  acid  has  f.  '  ^ 0 

2.  Sulphite  of  foda.— This  fait  was  firft  accuiately  Sulphite  0* 
defciibed  by  Fourcroy  and  Vauquelin.  foda. 

It  is  white  and  perfe&ly  tranfparent.  Its  cryftals 
are  four-fided  prifms,  with  two  very  broad  Tides  and  two 
very  narrow  ones,  terminated  by  dihedral  pyramids. 

Its  tafte  is  cool  and  fulphurous. 

It  is  foluble  in  four  times  its  weight  of  cold  water, 
but  it  is  more  foluble  in  hot* water. 

It  is  compofed  of  1 3,8  parts  of  foda,  31,2  of  acid; 
and  50  of  water. 

By  expofure  to  air,  it  efEorefces,  and  is  flowly  con¬ 
verted  into  a  fulphat* 

When  expofed  to  heat,  it  undergoes  the  watery  f&- 
fion,  and  afterwards  exhibits  prepiiely  the  fame  pheno¬ 
mena  as  the  fulphite  of  potafs. 

Metallic  oxyds  and  falts  affedi  it  precifely  as  they  • 
do  fulphite  of  potafs. 

It  is  decompofed  by  compound  affinity  by  carbonat 
of  potafs,  and  the  other  falts  which  decompoie  fulphite 
of  potafs  || . 

3.  Sulphite  of  ammonia. —  This  fait  was  firft  descri¬ 
bed  by  Fourcroy  and  Vauquelin  If. 
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u'phtce  of 
ammonia. 


It  cryftallizes  in  fix  Tided  pritms  terminated  by  fix-1  t'o,,rcr*:  v, 

fided  pyramid?.  .  /;*,  MM*' 

Its  tafte  is  cool  and  penetrating  like  tnat  ot  ih your, 
other  ammoniacal  faltr,  but  it  leaves  a  iulphurous  im*  i  317. 
pieffion  in  the  mouth. 

It  is  foluble  in  its- own  weight  of  cold  water.  Its 
folubility  is  increafed  by  heat. 

It  is  compofed  of  29,07  parts  of  ammonia,  60, c6  of 
acid,  and  10,87  of  water. 

When  expofed  to  the  air,  it  attra&s  moifture,  and  is 
foon  converted  into  a  iulphat. 

Heat  volatilizes  it  without  decompofition. 

Its  habitudes  with  metallic  oxyds  and  falts  a^e  nearly  ^ 
the  fame  with  thofe  of  the  above  deferibed  fulphites,  ; ui  •  v  i - e  o£ 
only  it  is  capable  of  forming  with  feveral  of  them  triple  -barytes* 
falts  T*  4  \  , 

4.  Sulphite  of  barytes.— This  fait  was  firft  deferibed  clim 
by  Berthollet  £.  .  *  Fourcroy 

It  is  mcryftailizable;  it  has  no  perceptible  tafte;  and^  P'twque- 
is  peife&ly  infoluble  in  water  *.  hrit 

It 
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^Sulphites*  It  Is  compofed  of  59  paits  of  barytes,  39  parts  of 
V‘  v  acid,  and  2  of  water. 

It  does  not  eafily  change  into  a  fulphat  by  expofure 
t  to  air  ;  but  heat  produces  this  tffeft  J. 

^  r  Sulphite  of  lime. — This  fait  was  firft  defcribed  by 


Sulphite  of 

lime.  Berthollet  u 
fj  Ann.  de  Its  cryftals  are  fix  Tided  prifins,  terminated  each  by  a 

.  "  -  1  il  * 


Clim .  ib'd. 


^  Four c toy 


very  long  pyrami 


a nd  yauqus -  .  .  .  . '  '  i  e> 

in  the  mouth,  it  communicates  to  the  tongue  a  tafte 


j  - r  j - 

It  has  fearcely  any  tafte  ;  however,  when  kept  long 


*  Ibid . 
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which  is  manifeftly  fulphurous. 

It  is  very  fparingly  foluble  in  water,  except  with  ex¬ 
cels  of  acid. 

It  is  compofed  of  47  parts  of  lime,  48  of  fulphurous 
acid,  and  5  of  water. 

By  contact  of  air  it  is  converted  into  a  fulphat,  but 
very  flowly. 

Heat  converts  it  into  a  fulphat  by  depriving  it  of 
a  portion  of  fulphur. 

It  is  decompofed  by  compound  affinity  by 
.  Carbonates  of  alkalies,  .Fluats  of  alkalies, 
Phofphats  of  alkalies,  ■  Moil  metallic  falts  *. 
o, ,  .  .r  6.  Sulphite  of  magnefia — This  fait  was  firit  defcri- 
magncfia.  ^  by  Fourcroy  and  Vauquelin. 

Its  cryftals  are  white  and  tranfparent,  and  in  the 
form  of  depreffed  tetrahedrons. 

Its  talte  is  mild  and  earthy  at  firft,  and  afterwards 
fulphurous. 

it  is  fparingly  foluble  in  water,  except  when  there  is 
an  excels  of  acid. 

It  k  compofed  of  16  parts  of  magnefia,  39  of  acid, 
and  45  of  water. 

It  becomes  opake  when  expofed  to  tfie  air  ;  is  very 
flowly  converted  into  a  fulphat. 

By  expofure  to  heat,  it  foftens,  fwells  up,  and  be¬ 
comes  du&ile  like  gum  ;  a  ftrong  heat  decoxnpofes  it 
altogether. 

It  is  decompofed  by 
'  Alkaline  falts, 

LdTaugul  .  Eanhy  falts>  except  thofe  of  alumina  f. 

lin  ?  7-  Sulphite  of  alumina.  —  Firft  formed  by  Berthollet 

66s  It  does  not  cryftallize,  but  is  converted  into  a  foft 

Su’phite  of  du&ile  mafs.  It  is  not  foluble  in  water,  but  becomes 
alnmma.  abundantly  fo  when  there  is  an  cxcefs  of  acid. 

It  is  compofed  of  44  parts  of  alumina,  32  of  acid, 
and  24  of  water, 
f  Fourcroy  Heat  decompofes  it 

and  Kiuque-  8.  Sulphite  of  iron. — It  was  firft  formed  by  Berthol- 

ipt  J 

666  iec,T  _  . 

Sulphite  of  ltS'  cryftals  are  white,  and  have  but  very  little  of  the 
iron.  ftyptic  tafte  of  iron  falts  *. 

dec  Berthollet  aifo  formed  the  fulphites  of  zinc  and  tin, 
im.  21. $$  but  he  has  not  defcribed  them,. 


Sect.  III.  Of  Nit  rats. 
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Nitre. 


Those  falts,  in  the  compofition  of  which  the  nitric 
acid  forms  one  ingredient,  are  called  nitrats. 

i.  Nitrat  of  potafs,  nitre,  or  faitpetre. — As  this  fait 
is  produced  naturally  in  confiderable  quantities,  parti¬ 
cularly  in  Egypt,  it  is  highly  probable  that  the  ancients 
were  acquainted  with  it ;  but  fearcely  any  thing  cer¬ 
tain  can  be  collected  from  their  writings.  If  Pliny 
mentions  it  at  all,  he  confounds  it  with  foda,  which  was 
known  by  the  names  of  nitron  and  nitrum .  It  is  cer¬ 
tain,  however,  that  it  has  been  known  in  the  eaft  from 
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time  immemorial.  Roger  Bacon  mentions  this  fait  m  Nitrau, 
the  13th  century  under  the  name  of  nitre. 

It  cryftallizes  in  flender  oblong  hexagonal  prifrns,  of¬ 
ten  floated,  terminated  by  hexagonal  pyramids  oblique* 
ly  truncated.  Its  fpecific  gravity  is  1,920. 

Its  tafte  is  fharp,  bitterifh,  and  cooling. 

It  is  foluble  in  feven  times  its  weight  of  water  at  the 
temperature  of  6o°,  and  in  nearly  its  own  weight  of 
boiling  water  f.  ^  ^ 

According  to  Bergman,  it  is  compofed  of  31  parts  * 
of  acid,  61  of  potafs,  and  8  of  water  ;  but  thiVpropor- 
tion  of  acid  is  undoubtedly  too  fmall.  According  to 
Mr  Kirwan,  it  is  compofed  of  41,2  of  acid,  46,15  of 
alkali,  and  12,65  water  t*  j  Miw& 

It  is  not  altered  by  expoiure  to  the  air.  1i.  a;. 

When  expofed  to  a  ftrong  heat,  it  melts  ;  and  con¬ 
geals  by  cooling  into  an  opake  mafs,  which  has  been 
called  mineral  cryjlal.  It  the  heat  be  continued,  the 
acid  is  gradually  decompofed  and  driven  off.  When 
the  fulution  cf  nitre  is  expofed  to  a  boiling  heat,  part  of 
the  fait  is  evaporated  along  with  the  water,  as  Wallerius, 
Kirwan,  and  Lavoifier,  obferved  fuccefiively.  When 
nftie  is  expofed  to  heat  along  with  many  combuftible 
fubflance3,  its  acid  is  decompofed ;  the  combuftible  feizes 
the  oxygen,  and  at  the  fame  time  a  lively  white  flame 
appears,  attended  with  a  decrepitation  :  this  is  called 
the  detonation  of  nitre. 

Nitre  mixed  with  charcoal  and  fulphur  in  proper 
proportions  forms  gunpowder. 

Nitre  is  decompofed  by  compound  affinities  by 
Acetite  of  barytes. 

No  phenomenon  has  excited  the  attention  of  chemi-  Reprodtn- 
cal  philofophers  more  than  the  continual  reproduction*5™  » 
of  nitre  in  certain  places  after  it  had  been  extracted  fromtrc‘ 
them.  Prodigious  quantities  of  this  fait  are  neceffary 
for  the  purpofes  of  war  ;  and  as  Nature  has  not  laid  up 
great  magazines  of  it  as  (he  has  of  fome  other  falts,  this 
annual  reproduction  is  the  only  fource  from  which  it  can 
be  procured.  It  became,  therefore,  of  the  utmoft  confe- 
quence,  if  poffible,  to  difeover  the  mean 3  which  Nature 
employed  in  forming  it,  in  order  to  enable  11s  to  imitate 
her  proceffes  by  art,  or  at  leaft  to  accelerate  and  facilitate 
them  at  pleafure.  Numerous  attempts  accordingly  have 
been  made  to  explain  and  to  imitate  thefe  proceffes. 

Stahl,  fetting  out  on  the  principle  that  there  is 
only  one  acid  in  nature,  fuppofed  that  nitric  acid  is 
merely  fulphuric  acid  combined  with  phlogifton  ;  and 
that  this  combination  is  produced  by  putrefaction  :  he 
affirmed  accordingly,  that  nitre  is  compofed  by  uht- 
ting  together  potafs,  fulphuric  acid,  and  phlogifton. 

But  this  opinion,  which  was  merely  fupported  by  very 
far-fetched  analogies,  could  not  ftand  the  tell  of  a  rigo¬ 
rous  examination. 

Lemery  the  Younger  accordingly  advanefd  another  ; 
affirming,  that  all  the  nitre  obtained  exifts  previoufly 
in  animals  and  vegetables,  and  that  it  is  formed  in 
thefe  fub  fiances  by  the  proceffes  of  vegetation  and  ani- 
malization.  But  it  was  foon  difeovered  that  nitre  ex¬ 
ifts,  and  is  aCtually  formed,  in  many  places  where 
no  animal  nor  vegetable  fubftance  had  been  decompo¬ 
fed  ;  and  confequently  this  theory  was  as  untenable  as 
the  former.  So  far  indeed  is  it  from  being  true  that 
nitre  is  formed  alone  by  thefe  proceffes,  that  the  quan¬ 
tity  of  nitre  in  plants  has  been  found  to  depend  entire¬ 
ly  on  the  foil  in  which  they  grow  *.  *  BoullUb 
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tt*.  At  lad  by  the  numerous  experiments  of  feveral  French 
-  —>  philofophers.  particularly  by  thofe  of  Thonvenel,  it  was 
difeovered  that  nothing  elfe  is  neceffary  for  the  pro- 
du&ion  of  nitre  but  a  bafts  of  lime,  heat,  and  an  open, 
but  not  too  free  communication  with  dry  atmcfpheric 
air.  When  thefe  ciicumftances  combine,  the  acid  is  fir  ft 
formed,  and  afterwards  the  alkali  makes  its  appearance. 

How  the  air  furnifhes  materials  for  this  production  is 
eafily  explained,  now  that  the  component  parts  of 
the  nitric  acid  are  known  to  be  oxygen  and  azot.  But 
how  lime  contributes  to  their  union  it  is  not  fo  eafy  to 
fee.  It  is  a  difpofing  affinity,  which,  like  mod  others 
referred  to  that  fingular  claft,  our  prefent  knowledge  of 
the  nature  of  affinity  does  not  enable  us  to  explain. 

The  appearance  of  the  potafs  is  equally  extraordinary. 

If  any  thing  can  give  countenance  to  the  hypothecs, 
that  potafs  is  compofed  of  lime  and  azot,  it  is  this  iin- 
i  gular  fa  ft. 

;t  of  2.  Nitrat  of  foda.  This  fait  was  called  formerly  cu- 
d  lie  nitre. 

It  forms  rhomboid al  cryftals.  Its  fpecific  gravity  is 

1,87a  .  ,  .. 

It  has  a  cool  fliarp  tafte,  and  is  fomewhat  more  bit¬ 
ter  than  nitre. 

It  is  foluble  in  about  three  parts  of  water  at  the  tem¬ 
perature  of  6o°,  and  is  fcarcely  more  foluble  in  boiling 
water. 

It  is  compofed,  according  to  Bergman,  of  43  parts 
of  acid,  32  of  foda,  and  25  of  water.  From  an  expe¬ 
riment  formerly  deferibed,  Mr  Kirwan  concludes,  that 
k  contains  5716  5  of  acid,  and  42,3  5  of  alkali;  but  per¬ 
haps  the  proportion  of  acid  may  be  fomewhat  over-rated, 
as  no  direct  proof  has  been  brought  that  the  fait  con¬ 
tains  no  water. 

When  expofed  to  the  air  it  rather  attracts  moilture. 

Its  phenomena  in  the  fire  are  the  fame  with  thofe  of 
nitre,  only  it  does  not  melt  fo  eafily. 

It  is  decompofed  by  compound  affinity  by  the  fol¬ 
lowing  falts  : 
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Sulphat  of  barytes, 

. - - potafs, 

~ - alumina, 

Muriat  of  barytes, 

- potafs, 

■  — - -  lime, 

3.  Nitrat  of  ammonia. 


Muriat  of  ammonia, 
Acetite  of  barytes, 

- - —  potafs, 

Carbonat  of  barytes, 


TRY. 

Acetite  of  lime, 

- - - magnefia, 

alumina, 


Muriat  of  barytes, 
. .. —  —  potafs, 

- - - foda, 

4.  Nitrat  of  barytes 


Muriat  of  lime, 

- magnefia, 

- - ■  alumina, 

Carbonat  of  barytes, 

-  foda. 


This  fait  may  be  formed  intoNitrat 
hexagonal  cryftals,  but  it  requires  great  addrefs  to  pro- barytes, 
duce  them. 

It  attrads  moifture  from  the  atmofphere. 

Heat  decompofes  it,  ar.d  leaves  pure  barytes.  The 
decompofition  of  this  fait  by  heat  is  the  mod  convenient 
method  of  procuring  pure  barytes  yet  known.  It  was 
firft  propofed  by  Mr  Vauquelin. 

By  compound  affinity  it  is  decompofed  by 
Alkaline  carbonats, 

Oxalat  of  ammonia*.  _  *  forgwanj 

5.  Nitrat  of  lime.  This  fait  forms  by  cry  ftalli  7/at  ion  of 

fix-fided  prifms,  terminated  by  dehedral  pyramids,  butjimc. 
more  commonly  fmall  regular  o&ahedral  needles. 

It  has  a  (harp  bitterilh  tafte. 

It  is  foluble  in  two  parts  of  cold  water,  and  in  its 
own  weight  of  boiling  water.  ^ 

Boiling  alcohol  diifolves  its  own  weight  oF  it  *j*.  |  Bergman* 

According  to  Bergman,  it  is  compofed  of  43  parts 
of  acid,  32  of  lime,  and  25  of  water.  Kirwan  has 

found,  that  iro  paits  of  lime  require  for  faturation  180 

r  •  1  +  t  Miner.  H* 

parts  or  acid  4.  §  .  * 

Nitrat  of  lime  deliquefees  when  expofed  to  the  air. 

Heat  decompofes  it  like  all  other  nitrats. 

By  compound  affinity  it  is  decompofed  by 
Sulphat  of  barytes,  Acetite  of  potafs, 

- —  potafs,  Carbonat  of  barytes, 

- foda,  - potafs, 

- . -  ammonia, - -  foda, 

ammonia, 
alumina, 
magnefia, 

Tungftat  of  ammonia  § 


. - alumina, 

Muriat  of  barytes, 

■  potafs, 


Acetite  of  barytes, 
6.  Nitrat  of  ftrontites. 


§  Scheelc. 
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. .  This  fait  cryftallizes  with 

difficulty  intp  regular  needles.  It  was  formerly  called 
nitrum  femi'volatde)  and  nit  rum  Jlammans. 

It  has  a  (harp,  acrid,  fomewhat  urinous  tafte. 

It  is  foluble  in  about  half  its  weight  of  boiling  wa¬ 
ter. 

It  is  compofed  of  58  parts  of  acid,  about  26  of  al¬ 
kali,  and  16  of  water  *. 

When  expofed  to  the  air  it  deliquefees. 

When  expofed  to  heat,  it  firit  undergoes  the  watery 
fufion,  afterwards  detonates,  and  is  completely  decora, 
pofed.  Berthollet  has  fhewn,  that,  this  phenomenon  is 
owing  to  the  hydrogen  of  the  alkali  entering  into  com¬ 
bination  with  the  oxygen  of  the  acid,  and  forming  wa¬ 
ter,  while  the  acid  flies  off  in  a  gafeous  form. 

By  compound  affinity  it  is  decompofed  by  the  follow- 
ing  fubftances : 

Sulphat  of  barytes,  Acetite  of  barytes, 

- - — -  potafs,  ■  — —  ■" —  potafs, 

alumina*  ioda9 


- O  J  U73 

v.  This  fait,  firft  formed  by  DrNitrac  oi 

Hope,  cryftallizes  readily,  but  the  cryftals  are  very  irre-  ftrontitt*. 
gular  in  their  (hape  ;  fometimes  they  are  hexagonal 
truncated  pyramids;  fometimes  o&ahedrons,  confiding 
of  two  four-fided  pyramids  united  at  their  bafes. 

It  is  foluble  in  its  own  weight  of  water  at  the  tem¬ 
perature  of  60^,  and  in  little  more  than  half  its  weight 
of  boiling  water.  It  has  a  ftvong  pungent  tafte. 

In  a  dry  air  it  efflortfees,  but  in  a  moift  air  it  deli¬ 
quefees. 

It  deflagrates  on  hot  coals.  Siibje&ed  to  heat  in  a 
crucible,  it  decrepitates  gently,  and  then  melts.  In  a 
red  heat  it  boils,  and  the  acid  is  diffipated.  If  a  com- 
buftible  fubftance  be  at  this  time  brought  into  contact 
with  it,  a  deflagration  with  a  very  vivid  red  flame  is 
produced*.  # 

7.  Nitrat  of  magnefia.  The  compofition  of  this  falt/"**^ 
was  firft  afeertained  by  Dr  Black.  .  674 

Its  cryftals  are  quadrangular  prifms.  It  has  a  very  Nitrat  of 
bitter  tafte.  It  is  very  foluble  in  water.  Alcohol  dif-  magnefia. 
folves  -Jpth  of  its  own  weight  of  it  f.  t  *$**** 

One  hundred  parts  of  magnefia  require  255  of  nitric 
acid  for  faturation  J.  ^  I  Kirivam 

It  deliquefees  in  the  air,  according  to  Bergman  ;  but 
Dijonval  affirms,  that  he  has  procured  it  in  cryftals 
which  rather  efflorefee. 

ft 


It  is  decompofed  by  beat. 

By  compound  affinity  it  is  decompofed  by 


bulphat  of  barytes, 

►  potafs, 
foda, 

•  2mmonia, 
alumina, 


Muriat  of  lime, 
Acctite  of  barytes, 

- : -  potais, 

- foda, 

lime, 
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Its  falution  is.  exceedingly  cauftic.  When  placed 
on  burning*  coals  it  melts  and  detonates  as  it  dries.  It 
can  fcarcely  be  dried  without  being  in  fome  meafure  de- 
oompoied. 


Mrenj, 


Muriat  of  barytes, 

— - —  potrfs, 

- foda, 

8.  Nitrat  of  ammonia  and  magnefia.  This  triple  fait 
was  difcovercd  by  Mr  Fourcroy.  Into  a  faturated  fo- 


Carbonat  of  barytes, 

— - potais, 

lime. 


*  Arw.  de 
dim.  iv. 

ai  5* 

M6  , 

Nitrat  of 
alumina. 
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Nitrat  of 
vjargonia. 


.(•7$ 

N)tiat  of 
ammonia 

{in  nia&ne  Htion  of  nitrat  of  .magnefia,  containing  73  grains  of 
magnefia,  he  poured  ammonia  as  long  as  any  precipi¬ 
tate  could  be  obtained.  Twenty-one  grains  of-magne- 
fia  were  precipitated,  52  grains  remained  combined  with 
the  acid  and  the  ammonia.  He  found  that  52  grains 
of  magnefia  produced,  when  faturated  with  nitric  acid, 
2SS  grains  of  nitrat  ;  and  that  the  quantity  of  nitric 
acid  neceflary  to  faturate  2T  grains  of  magnefia,  when 
faturated  with  ammonia,  produced  84  grains  of  nitrat 
of  ammonia.  .  He  concludes,  therefore,  though  the  da- 
ta  are  not  quite  fatisfa&ory*  that  the  .triple  fait  is  com- 
pofed  of  288  grains  oLnitrat  of  magnefia,  and  84  of  ni¬ 
trat  of  ammonia  *. 

9.  Nitrat  of  alumina.  This  feems  to  have  been  (lift 
attended  to  by  Baume. 

Its  cryftals  are  pyramidal.  It  has  a  very  aflringent 
tafte.  It  is  foluble  in  water,  and  deltquefces  in  the 
air. 

10.  Nitrat  of  jargonia.  This  fait  may  be  eafily 
formed  by  pouring  nitric  acid  on  newly  precipitated 

,  jargonia.  1 

It  alw’avs  contains  an  exccfs  of  acid.  By  evapora¬ 
tion  a  yellowifh  transparent  matter  is  obtained,  exceed¬ 
ingly  tenacious  and  vifeid,  and  which  dries  with  diffi¬ 
culty.  It  has  an  aftringent  tafte,  and  leaves  on  the 
tongue  a  yifcid  matter,  owing  to  its  being  decompofed 
by  the  faliva.  It  is  only  very  fparingly  foluble  in  wa¬ 
ter  ;  the  greateft  part  remains  under  the  form  of  gelati¬ 
nous  and  tranfparent  flakes.  Like  all  the  other  falls 
into  which  jargonia  enters,  it  i5  decompofed  by  heat.  It 
is  decompofed  alfo  by  fulphuric  acid,  which  occafions  a 
white  precipitate,  foluble  in  excefs  of  acid  ;  by  carbonat 
of  ammonia,  which  produces  a  precipitate  foluble  by 
•adding  more  carbonat ;  and  by  an  irifufion  of  nut  galls 
jn  alcohol,  which  produces  a  white  precipitate,  foluble 
•in  an  excefs  of  the  infufion  \  unlefs  the  jargonia  con¬ 
tains  iron  ;  in  which  cafe  the  precipitate  is  a  greyiffi 
;blue,  and  part  of  it  remains-  iufolnble,  giving  the  liquor 
•s  blue  colour.  This  liquor,  mixed  with  carbonat  of  am- 
nioma,  produces  a  matter  purple  by  tranfmitted  light, 
but  violet  by  reflected  light.  Gallic  acid  alfo  precipi¬ 
tates  nitrat  of  jargonia  of  a  greyilh  blue,  but  the  co¬ 
lour  is  not  fo  fine.  Mod  6f  the  other  vegetable  acids 

decompofe  this  fait,  and  form  combinations  infoluble  in 
f  VdiiquiUn,  water  -K 


It  deliqtiefces  in  the  air  *.  * 

13.  Nitrat  of  manganefe.  This  fait,  compofed  of  080 
oxyd  of  manganefc  and  nitric  acid,  was  firft  examined  N  'r4t 'f 
by  bcheele.  Its  cryftals  are  fmall  and  fliiniinr  pf  a  nla'lganck 
very-bitter  tafte,  and  foluble  in  water  +.  f  ^ 

^•  Nitrat  of  cobalt.  It  is  of  a  pale  red  colour,  and 
cryltallizes  in  needles.  It  deliquefees  when  expofed  to  KI 
the  air.  Heat  decompofes  it.  When  nickel  is  prefent,  * 
tins  fait  affumes  a  green  colour.  ’ 

15.  Nitrat  of  nickel.  Its  cryftals  are  of  a  green  co  nr68\  , 
lour,  and  in  the  form  of  rliomboidal  cubes.  They  are  f 
deliquefcent,  and  are  gradually  decompofed  when  expo- 

led  to  the  air,  the  acid  leaving  them  J.  f  Serpt% 

16.  Nitrat  of  lead.  Nitric  acid  combines  with  the*'- 1('5- 
white  oxyd  of  lead.  The  cryftals  of  this  fait  are  of  a  nnt 
white  colour;  their  form  an  irregular  octagon,  or  ra-  ‘  " 
ther  truncated  hexahedral  pyramid.  When  expofed  to 

heat  it  decrepitates,  and  melts  with  a  yellowifh  flame. 

By  compound  affinity  it  is  decompofed  by 
Muriat  of  potafs, 

— - - foda, 

~~ - * —  ammonia, 

Carbonat  of  foda  §. 

17.  Nitrat  of  tin.  Tin  is-converted  into  an  acid  by  ^  684™*'  i 
nitric  acid:  it  is  not  probable,  therefore,  that  any' per-  Of  tu, 


manent  nitrat  of  tin  can  be  formed. 


1 8.  Nitrat  of  copper.  This  fait  appears  to  have  been  Ofc!ie- 
nrlt  obtained  by  Macquer.  ‘ 

Its  form,  when  properly  cryftallized,  is  an  oblong  pa¬ 
rallelogram.  It  is  of  a  fine  blue  colour.  It  is  exceed¬ 
ingly  cauftic.  It  melts  at  770  fl. .  ^  s 

It  is  deliquefcent  in  a  moift  air,  but  in- a  dry  place  is 
covered  with  a  green  efflorefcence.  It  is  very  foluble  in 
water.  Heat  decompofes  it. 

.  1 9-  Nitrat  of  bifmuth.  This  fait  cryftallizes  in  va--of biffnmL 
nous  forms  Fourcroy  obtained  it  in  flattened  rhom-  % 

boids.  It  efflorefees  in  the  air.  Water  decompofes  it. 

It  detonates  in  the  fire. 

•  io-N't]rat  of  antimony.  Little  is  known  ■  concern- of^JL 
ing  this  fait,  except  that  it  is  very  deliquefcent,  and  buy, 
decompofed  by  heat. 

a  1.  Nitrat  of  arfenic.  With  white  oxyd  of  arfenic  odmnic, 
nitric  acid  forms  a  fait  which  cryftallizes.  It  is  very 
deliquefcent.  It  does  not  detonate. 

..  “\N,trat  mercury.  This  fait  may  be  formed  by  Of  mercu. 
dillolving  mercury  m  nitric  acid.  It  cryftallizes  in  theiy,  j 
cold  in  regular  flat  1 4-fidcd  figures  ;  but  their  form  dif¬ 
fers  according  to  the  manner  m  which  the  cryftalliza- 
tion  has  been  performed.  ,  .  i 

It  Is  folublein  water. 

This  fait  is  exceedingly  cauftic.  It  detonates  on 
coals.  VV  hen  heated  in  a  crucible  it  melts,  and  is-  de- 
compoffid.  1  he  oxyd  a tt rails  oxygen  from  the -acid, 
which 'flics  oft  in  the  form  of  nitrous  gas,  and  red  oxyd 
of  mercuny  remains  behind.  1 

It  is  flovvly  decompofed  alfo  in  the  air.  It  is  decom- 
pofed  by  compound  affinity  by  * 

Sulphat  of  copper,  and  a  great  many  other  fuloh-te, 

l’hofphat  of  foda,  ‘ 

Borax.  4 
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Nitrat  of 


1 1.  Nitrat  of  iron.  The  green  oxyd  of  iron  decom- 

poies,  but -does -not  combine  with  nitric  acid.  The 
brown  oxyd  forms -with  -it  a  red  or  brown  folntion, 
which  by  evaporation  may  be  reduced  to  a  jelly,  but 
will  not  cryftallize.  '  . 

12.  Nitrat  of  zinc.  The  oxyd  of  zinc,  combines 
with. nitric  acid,  and  fprms  with  it  a  fait  which  cryftaU 
1  yes  in  eomprefled  and  ftriated  tetrahedral  priflns,  terrain 
feted  by  four  fided  pyramids. 


23.  Nitrat -©f  ammonia  and  mercury.  This  triple  Of 
iaJt  may  be  formed  by  pouri  ig  ammonia  into  a  fclu: 


1  non 

of 


6)0 
dniiiw* 
nii  aiul 
meicuiy* 


:ir. 


li.  of  nitrat  of  mercury.  If  only  enough  of  ammonia  to 
v  faturatc  the  acid  be  ufed,  the  triple  fait  precipitates  in 
the  form  of  a  white  powder;  but  with  an  excefs  of  am¬ 
monia  it  remains  difiblved,  and  forms  by  evaporation 
very  bright  polyhedral  cryflals. 

It  has  a  very  (harp  tafte.  It  isfoluble  in  1200  parts 
of  water  at  the  temperature  of  55°.  Hot  water  Se¬ 
parates  a  little  ammonia,  which  renders  it  Hill  more  in- 
loluble.  It  turns  vegetable  blues  green.  Muriatic  acid 
diflolves  it. 

According  to  Fourcroy’s  analyfis,  it  is  compofed  of 
63,20  parts  of  oxyd  of  mercury,  16  of  ammonia,  and 
15,30  of  nitric  acid  and  water. 

When  diftilled  it  yields  ammonia,  azotic  gas,  oxygen 
tf .  gas,  yellow  oxyd  of  mercury,  and  pure  mercury  *. 

24.  Nitrat  of  filver.  This  fait  may  be  formed  by 
.  r«  diffolving  filver  in  nitric  acid. 

It  forms  flat  tranfpsrent  cryflals  compofed  of  needles. 
It  is  exceedingly  cauflic.  When  melted  it  forms  a  grey 
mafs  called  lapis  inf  emails,  from  its  great  corrolivenefs. 

It  is  very  foluble  in  water.  It  is  not  altered  by  ex- 
pofure  to  the  air.  Light  decompofes  it. 

By  compound  affinity  it  is  decompofed  by 
The  fulphats, 

The  muriats. 

25.  Nitrat  of  uranium.  1  his  fait  was  firfl  formed  by 
aj  Klaproth.  Its  cryflals  are  hexagonal  plates  of  a  green- 
W*  ifh  yellow  colour.  The  largefl  were  ^ths  of  an  inch  in 
Ll th  length  and  ^th  in  breadth  f. 

,  .  ’  26.  Nitrat  of  titanium.  It  is  capable  of  cryftallizing. 

Rvii.  27.  Nitrat  of  tellurium.  The  folution  of  tellurium 
in  nitric  acid  is  tranfparent  and  colourlefs.  When  con- 
11  centrated,  it  produces  in  time  fmall  white  light  cryflals 
J  *  in  the  form  of  needles,  which  exhibit  a  dendritic  ag- 
rjm  gregation  J. 

L.  Sect.  IV.  Of  Nitrites . 

The  falts  which  the  nitrous  acid  forms  with  alkalies, 
earths,  and  metallic  oxyds,  are  denominated  nitrites . 
Very  few  of  them  have  been  examined ;  we  fhall  not 
therefore  attempt  a  defeription  of  them. 

Sect.  V.  Of  Muriats . 

Salts  into  which  the  muriatic  acid  enters  are  called 
muriats . 

of  1.  Muriat  of  potafs.  This  fait  was  formerly  called 
°  febrifuge  or  digefive  fait  of  Sylvius ,  and  regenerated fea  fait. 

Its  cryflals  are  cubes,  but  rather  irregular. . 

It  has  a  difagreeable  bitter  tafle.  Its  fpecific  gravi- 
7*.  ty  is  1,836$.  .  ,  , 

It  is  foluble  in  three  times  its  weight  of  water  at  the 
temperature  of  6o°,  and  in  double  its  weight  of  boiling 
an ,  water  ^[. 

It  is  compofed,  according  to  Bergman,  of  3  1  parts 
of  acid,  61  of  potafs,  and  8  of  water.  Kirwan  has 
found  it  to  contain  3 6  of  acid,  4^  of  alkali,  and  18  of 
int  water  ||  • 

?.  It  fuffers  little  alteration  from  expofure  to  the  air. 

When  expofed  to  heat,  it  firfl  decrepitates,  then  melts, 
and  at  laft  is  volatilized,  but  without  decompofition.. 

The  following  falts  decompofe  it  by  compound  affinity : 
Sulphat  ot  foda,  Nitrat  of  ammonia, 

- ammonia,  - magnefia, 

- - alumina,  - - alumina, 

Nitrat  of  foda, - lead. 

- - -  lime, 
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2.  Muriat  of  foda,  common  or  fea  fait. 
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This  fait  Muriats. 

has  been  known,  and  in  common  ufe,  from  the  earheit 
ages.  It  is  fometimes  called  alfo  fal gem. 
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,  _  _  Muriat  of 

Its  cryflals  are  cubes,  but  they  often  aflume  other  foda. 
forms.  Its  fpecific  gravity  is  2,120*.  *  Kirwan* 

Its  tafte  is  univerfally  known,  and  is  what  is  ftiidlly 
fpeaking  denominated  fait. 

It  is  foluble  in  2f^  times  its  weight  of  water  at  the 
temperature  of  6o°,  and  in  24-4*  its  weight  of  boiling 
water  \.  \  Bergman. 

According  to  Bergman,  it  is  compofed  of  52  parts 
of  acid,  42  of  alkali,  and  6  of  water.  According  to 
the  late  experiments  of  Mr  Kirwan,  of  40  parts  of 
acid,  3  5  of  alkali,  and  25  of  water. 

It  is  not  affe&ed  by  expofure  to  the  air.  It  ought  to 
be  obferved,  however,  that  the  muriat  of  foda  in  common 
ufe  contains,  befides  other  impurities,  a  quantity  of  niu- 
riat  of  magnefia,  which  renders  it  deliquefeent. 

When  heated  it  decrepitates.  Heat  volatilizes,  but 
does  not  decompofe  it. 

The  following  falts  decompofe  It  by  compound  affi-^ 

nity  t  *  Ann,  de 

Sulphat  of  ammonia,  Nitrat  of  filver  §,  Chim.  vi. 

- alumina,  Acetite  of  barytes,  29. 

- potafs*,  Pyrolignite  of  barytes  |l-  I  Sullen* 

- -  iron  f , - lead  ||, 


Nitrat  of  ammonia, 

- magnefia, 

- —  alumina, 


ibid  xi. 
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Carbonat  of  potafs  ( a ),  j  Morveau. 
Alum  ( b)y  §  Bergman. 

Red  oxyd  of  lead  (r). 

- lead  I, 

That  the  red  oxyd  of  lead  decompofes  this  fait  is  a 
well  known  fa£I,  and  it  has  been  confidered  as  contrary  (<0  Bergman 
to  the  laws  of  affinity.  Mr  Haffenfratz  endeavoured  to  W  ("re^' 
account  for  it  by  fuppofing  that  the  oxyd  is  com-  xxyi< 
bined  with  carbonic  acid,  and  that  therefore  it  is  a  cafe  ^7. 
of  compound  affinity.  Mr  Curaudau  has  proved  that  (0  Scheete . 
carbonic  acid,  inftead  of  promoting,  impedes  the  decom-  ^ 
pofition  ;  and  that,  in  fad,  carbonat  of  lead  is  inca-  conip0fe<i 
pable  of  decompofine  muriat  of  foda.  He  concludes,  by  red  oxyd 
therefore,  that  the  phenomenon  cannot  be  accounted  of  lead, 
for  by  the  commonly  received  laws  of  affinity  *.  Wc  W 

cannot,  however,  think,  that  the  phenomenon  is  fox^w*XlV* 
unaccountable  as  Mr  Cnraudau  fuppofes ;  for  muriatic 
acid  is  capable  of  deccmpofing  the  red  oxyd  of  lead,  of 
combining  with  part  of  its  oxygen,  and  of  being  convert¬ 
ed  into  oxy-muriatic  acid.  Now  if  oxy-muriatic  and 
nitro- muriatic  acids  be  merely  the  fame  fubftance  in  a 
different  form,  as  there  is  the  ftrongefl  reafon  for  iup- 
pofing,  the  white  oxyd  of  lead  has  a  ftroiiger  affinity  for 
it  than  foda  has,  and  ought  therefore  to  decompofe  it.  698 
3.  Muriat  of  ammonia,  or  fal  ammoniac.  This  fait  Muriat  of ' 
was  known  to  the  ancients,  and  was  called  by  them y2z/ammoma* 
ammoniac ,  becaufe  it  was  found  in  great  quantities  near 
the  temple  of  Jupiter  Ammon  in  Africa*.  *  B/iVy, 

It  affumes  the  form  of  plumofe  cryflals.  The  iridi-^!,‘ 
vidual  cryflals  are  long  hexahedral  pyramids.  Its  fpe-  Sal  Ammo- 
cific  gravity  is  i,42of.  mac.  Encyc. 

It  has  an  acrid,  poignant,  urinous  tafte.  \  Kirwan. 

It  diflolves  in  about  three  times  its  weight  of  water 
at  the  temperature  of  6o°,  and  in  a  much  fmaller  quan¬ 
tity  of  boiling  water. 

It  is  compofed,  according  to  Kirwan,  of  35  parts  of 
acid,  30  of  alkali,  and  45  of  water  J.  < 

In  its  common  form  (which  is  an  opaque  mafs)  it  is^  u^d  * 
not  affefted  by  the  air,  but  its  cryflals  are  liable  to  de¬ 
li  quefcc. 

3  A 


Heat 
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FHat  volatilizes  without  decompofing  it. 

The  following  falts  decompofe  it  by  compound  affi¬ 
nity  : 


Sulphat  of  alumina* 
Nitrat  of  foda, 
lead, 


Acetite  of  barytes, 

- potafs, 

— -  foda, 

- lime, 


Acetite  of  magnefia, 

• — - alumina, 

lead, 


P  41. 

699 

Muriat  of 
barytes, 


Nitrat  of  lime, 

- ammonia, 

- . —  magnefia, 

alumina, 


*  Dr  Pear . 

fort. 


700 

Muriat  of 


ammonia 
and  bary¬ 
tes, 

f  Ann .  de 
Chim.  iv 
8. 

701 


S  T  R  Y.  Part  l]f 

It  very  fpeedily  deliquefces  when  expofed  to  the  air. 

By  heat  it  melts  into  a  very  hard  vitrcform  fub- 
ftance. 

<  The  following  falts  decompofe  it  by  compound  affi¬ 
nity  • 


Carbonat  of  barytes, 

- - potafs, 

magnefia(y) 


Sulphat  of  foda, 

* - ammonia, 

— — - magnefia, 

alumina, 


When  this  fait  is  fublimed  .with  gold  leaf,  there  is 
found  in  the  neck  of  the  retort  an  amethyit  coloured 
matter,  bordering  on  purple,  foluble  in  water,  and  form¬ 
ing  a  purple  folution;  When  filtered  there  remains  be¬ 
hind  a  purple  powder.  This  fait  feems  from  this  tmbe 
*  Storr ,  capable  of  oxydating  gold  *. 

Crdi's  New  4.  Muriat  of  barytes.  This  fait  was  firfl  deferibed 
Difcovenesy  j^y  Bergman,  but  it  has  been  moft  particularly  attended 
art  U  to  by  Dr  Crawford. 

It  affords  oblong  fquare  cryfials. 

It  has  an  unpleafant  aftringent  tafte. 

It  is  not  very  foluble  in  water.  It  is  foluble  in  al¬ 
cohol. 

It  is-  not  altered  by  expofure  to  the  air,  nor  does  heat 
in  all  probability  decompofe  it. 

Dr  Crawford  wrote  a  treatife  on  it  in  1790,  in  which 
he- recommended  its  ufe  internally  for  fcrofulous  com¬ 
plaints.  Care  ought  to  be  taken  not  to  give  it  in  too 
large  quantities,  as,  like  the  other  compounds  of  bary¬ 
tes,  it  is  poifonous. 

The  following  falts  decompofe  it  by  compound  affi¬ 
nity  ( z  i  :  . 

Sulphat  of  foda 

■ - ammonia,. 

— -  magnefia, 

alumina, 


Nitrat  of  foda, 

• - ammonia, 

- magndia, 

- alumina, 


Carbonat  of  po-tafs, 

- ammonia  *,  *  &rj 

- barytes, 

- - - magnefia, 

alumina, 


Acetite  of  barytes, 

- - potafs, 

foda, 


Nitrat  of  foda,  Phofphat  of  lime  *. 

5.  Muriat  of  ammonia  and  barytes.  This  triple  fait 
was  firfl  diicovered  by  Fourcroy.  It  may  be  formed 
by  pouring  a  carbonat  of  ammonia  into  a  folution  of 
muriat  of  barytes.  It  is  eafily  decompofed  by  heat,  but 
none  of  the  alkalies  nor  their  carbonats  are  capable  of 
altering  it  f . 

6.  Muriat  of  lime-  This  fait  was  formerly  called 
Jlxed  ammoniac ,  becaufe  it  was  commonly  obtained  by 

Muriat  of  decompofing  fal  ammoniac  by  means  of  lime, 
lime,  jts  cryftais  are  four  fided  ftriated  prifms,  terminated 

by  a  very  fharp  pyramid  ;  but  it  is  not  eafily  cryflal- 
lized. 

Its  tafle  is  very  bitter. 

It  is  foluble  in  about  i£  parts  of  cold  water,  and  in 
lefs  than  its  own  weight  of  boiling  water.  Alcohol 
diffolves  its  own  weight  of  it. 

According  to  Bergman,  it  is  compofedof  ^i  parts 
of  acid,  44  of  lime,  and  25  of  water.  According  to 
Kir  wan,  100  parts  of  lime  require  for  faturation  86 
parts  of  muriatic  acid. 


7.  Muriat  of  ftrontites.  This  fait  was  firfl  formed  M'cl 
by  Dr  Hope.  Its  cryftais  are  very  long,  flender,  hexa-  fhomt? 
gonal  prifms.  It  has  a  peculiar,  fharp,  penetrating 
tafte: 

Three  parts  of  thefe  cryftais  are  foluble  in  two  parts 
of  water  at  the  temperature  of  6o°.  Boiling  water  dih 
folves-any  quantity  of  them  whatever. 

They  contain  42  per  cent,  of  water  of  cryftalliza- 
tion. 

They  fuffer  no  change  when  expofed  to  the  air  ex¬ 
cept  it  be  very  moift  ;  in  which  cafe  they  deliquefee. 

When  heated,  they  fkft  undergo  the  watery  fufion, 
and  are  then  reduced  to  a  white  powder.  A  very  vio¬ 
lent  heat  decompofes  this  fait. 

Muriatic  acid  precipitates  this  fait  from  its^  folution. 
in  water.  That  acid,  therefore,  has  a  ftronger  affinity 
for  water  than  the  fait  has  *.  * 

8.  Muriat  of  magnefia.  This  fait  abounds-  in 

water;  .  n 

It  is  not  eafily  cryftallized.  Bergman’s  method  wasMuriat°f 
to  evaporate  it  by  a  confiderable  heat  to  the  proper  de-mai>Defia’ 
gree  of  concentration,  and  then  to  expofe  it  to  a  huh 
den  cold.  By  this  method  he  obtained  it  in  fmall 
needles  f.  f  Bergmt, 

It  has  a  very  bitter  tafte.  It  is  foluble  in  its  own11'383’ 
weight  of  water  and  in  five  parts  of  alcohol  §.  t  Fom ™ 


r  Tranf.M* 
*ea  iv.  1 3. 


A  faturated  folution  of  it  quickly  forms  a  jelly  ;  on$.BT“ 

1  Vl  If  k  ..... _ 1 _ _ _ _  _  1  r  rt'  '  .  .11*. 


•  2>h 


which  if  hot  water  be  poured,  fpongy  maffes  are  formed 
not  even  foluble  in  muriatic  acid  *.  *  Berpa, 

It  is  compofed,  according  to  Bergman,  of  34  parts1*^* 
of  acid,  41  of  earth,  and  25  of  water.  According  ta 
Kirwan,  100  parts  of  magnefia  require  for  faturation 
104,279  of  acidf.  f  IW/J 

It  deliquefces  very  fpeedily  when  expofed  to  theTrd^'T 
air. 

A  ftrong  heat  decompofes  it.  When  dried  in  a  high 
temperature,  it  is  very  cauftic  j  Wty 

1  he  following  fub  fiances  decompofe  it  by  compound  Ann  ft 

affinity;  CtimS 

Acetite  of  potafs,.  1^:* 

- foda, 

- iilver  *,  *  top* 


Sulphat  of  foda, 

■  -  ammonia, 

alumina,. 


Nitrat  of  ammonia. 


Carbonat 


(y)  Only  at  the  common  temperature.  At  a  high  temperature  carbonat  of  ammonia  decompofes  muriat  of 

magnefia.  See  Wejtrum ,  rlnn.  de  Chim.  11.  118.  r 

(z)  Bergman  affirmed,  that  ttys  fait  decompofed  all  the  fulphats,  and  propofed  it  therefore  as  a  certain  means 
of  difcovering  the  prefence  of  fulplmnc  acid,  however  combined  in  any  folution  ;  for  the  fulphat  of  barytes  is  al- 
moft  entirely  infoluble  in  water.  But  Mr  Piffis  has  obferved,  that  it  does  not  decompofe  fulphat  of  lime  nor  of 
potafs.  See  Ann .  de  Chim .  xv.  317. 
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L  Carbonat  of  barytes,  Carbonat  of  foda, 

— '  - potafs,  - ammonia(  y) 

g.  Muriat  of  ammonia  and  magnefia.  Tlris  triple 


o 

ii  f 

»f  i 

n 


nf 


fait  was  fir  ft  mentioned,  we  believe,  by  Bergman.  It 
may  be  formed  by  pouring  ammonia  into  a  folution  of/ 
muriat  of  magnefia.  Part  of  the  magnefia  is  precipita¬ 
ted,  but  great  part  of  it  remains  diffolved,  and  com¬ 
bined  with  the  acid  and  the  ammonia.  This  triple  fait 
is  compofed,  according  to  Fourcroy,  of  *]!  parts  of  mu¬ 
riat  of  magnefia  and  27  of  muriat  of  ammonia  f . 

ic.  Muriat  of  alumina.  This  fait  cryltallizes  with 
difficulty.  It  has  an  aftringent  tafte.  Its  folution  is 
gelatinous,  and  cannot  be  filtrated  without  much  dilu¬ 
tion  in  water.  It  is  deliquefeent.  When  evaporated 
to  drynels,  it  forms  a  gummy  mafs  :  in  a  ftrong  heat  it 
is  decompofed. 

The  following  falta  decompofe  it  by  compound  affi¬ 
nity 


Nitrat  of  ammonia, 
Acetite  of  barytes, 

- potafs, 

»  ■■■  •  —  foda, 

-  — -  lime, 


Hi  of 
0|| 


Acetite  of  magnefia, 
Carbonat  of  baiytes, 

- putafs, 

— ——————  *  foda, 

- - —  ammonia. 

11.  Muriat  of  jargonia. —  This  fait  is  ealily  formed 
by  pouring  muriatic  acid  on  newly  precipitated  jar¬ 
gonia.  It  is  colourlels  ;  its  tafte  is  very  aftringent: 
by  evaporation  it  furniffies  fmall  tranfparent  cryftals  in 
needles,  which  lofe  their  tranfparence  in  the  air.  Mu¬ 
riat  of  jargonia  is  very  foluble  in  water  and  in  alcohol; 
to  the  flame  of  which  it  does  not  communicate  any  par¬ 
ticular  colour.  Heat  decompofes  it ;  and  it  is  decom¬ 
pofed  likewife  by  the  faliva  when  taken  into  the  mouth. 

When  muriat  of  jargonia  contains  a  little  filica,  it 
forms  cubic  cryftals  without  confiftence,  and  refem- 
bling  a  jelly.  Thefe  cryftals,  when  expofed  to  the 
air,  gradually  lofe  their  tranfparency,  and  diminiffi  in 
volume,  and  there  are  formed  in  the  middle  of  the  fait 
white  filky  needle-ihaped  cryftals. 

Muriat  of  jargonia  is  decompofed  by  fulphuric  acid; 
part  of  the  fulphat  precipitates,  and  part  remains  dif- 
folved  in  the  muriatic  acid.  When  this  acid  is  driven  off 
by  heat,  the  remainder  of  the  fulphat  is  gradually  depo- 
fited  :  if  the  evaporation  be  Hopped  before  the  mafs  be 
reduced  to  drynefs,  it  forms  a  kind  of  jelly  when  cold. 
It  is  alfo  decompofed  by  the  phofphoric,  citric,  tarta- 
rous,  oxalic  and  faccholadtic  acids,  which  form  withjar- 
gonia  infoluble  compounds  that  precipitate  in  white 
flakes. 

The  gallic  acid  poured  into  muriat  of  jargonia  pro¬ 
duces  a  white  precipitate  ;  but  a  green,  bordering  on 
grey,  if  the  jargonia  contain  iron  ;  .and  this  laft  pre¬ 
cipitate  becomes,  when  dry,  oSf  a  bright  black  colour, 
and  refembles  China  ink.  The  liquid  preferves  a  green- 
iffi  colour  ;  new  portions  of  gallic  acid  produce  no  far¬ 
ther  precipitation  ;  but  carbonat  of  ammonia  feparates 
in  great  abundance  a  flaky  matter  of  a  pnrpliffi  colour, 
-not  unlike  that  of  the  leys  of  wine.  From  thete  expe¬ 
riments  it  follows,  that  gallic  acid  has  a  greater  affinity 
for  jargonia  than  muriatic  acid  has  ;  and  that  the  gal- 
lats  of  jargonia  and  iron  are  foluble  in  muriatic  acid.^ 

Carbonat  of  potafs  decompofes  muriat  of  jargonia, 
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and  part  of  the  carbonic  acid  combines  with  the  earth,  Muriate 
and  renders  it  eafdy  foluble  in  acids  though  dried. 

Carbonat  of  ammonia  occafions  a  precipitate,  which 
is  moftly  diffolved  by  adding  more  carbonat. 

Pruffiat  of  mercury  produces  an  abundant  precipi¬ 
tate,  which  is  foluble  in  muriatic  acid ;  and  which  con- 
fequently  is  not  muriat  of  mercury. 

A  plate  of  zinc,  introduced  into  a  folution  of  muriat 
of  jargonia,  occafions  a  flight  effervefeence  ;  the  liquor 
becomes  milky,  and  in  a  few  days  becomes  a  white  fe- 
mitranfparent  jelly. 

Alumina  decompofes  muriat  of  jargonia  with  the 
affiftance  of  a  flight  heat;  the  alumina  diflolves,  the  li¬ 
quor  becomes  milky,  and  affumes  the  form  of  a  jelly. 

When  the  muriat  contains  iron,  it  remains  in  the  folu¬ 
tion,  and  the  precipitated  jargonia  is  quite  pure.  Here, 
then,  is  a  method  of  freeing  jargonia  from  iron*.  *^raurjuelwt 

12.  Muriat  of  iron. — Muriatic  acid  forms  with  the  Qj”m  xxii 

green  oxyd  of  iron  a  (alt  which  cryftallize3  in  flati0i. 
needles.  When  expofed  to  the  air,  they  deliquefee,  797 
and  the  green  oxyd  attradls  oxygen,  and  is  gradually  Muriat  °f 
converted  into  a  brown  oxyd.  Heat  decompofes  this iron» 
fait.  708 

13.  Muriat  of  zinc.  This  fait,  procured  by  diffol-  VTuriat  of 
ving  zinc  or  its  oxyd  in  muriatic  acid,  does  not  cryftal-zinc» 
lize.  Its  folution  is  colourlefa.  When  heated,  it  be¬ 
comes  of  a  blackifh  brown  By  diftillation,  a  part  of 

the  acid  is  feparated,  and  muriat  of  zinc  remains  be¬ 
hind  of  a  milk  white  colour,  folid,  and  formed  of  fmall 
radiated  needles.  It  attracts  moifture  in  the  air. 

14.  Muriat  of  manganefe.  Muriatic  acid  diflolves  Muriat  of 

the  white  oxyd  of  manganefe.  Its  folution  affords  by  raf'£anefe, 
evaporation  angular  ffiining  cryftals  f  :  They  are  deli- 1  Sebeek  on 
quefeent  and  foluble  in  alcohol  J.  Manga  reft, 

15.  Muriat  of  cobalt.  The  lolution  of  oxyd  of  co- \  ,/f*' ™an..s 
bait  m  muriatic  acid  is  of  a  pale  red,  except  it  be  con- 
taminated  with  nickel  or  iron,  when  it  is  greenifh.  It  710 
cryftallizes  in  fmall  needles,  which  are  very  deliquefeent.  Cobalt, 
Heat  decompofes  it. 

16.  Muriat  of  nickel.  This  fait  is  deliquefeent,  and  Nkkel, 

lofes  its  acid  when  expofed  to  the  air  «[[.  ^  Bergman^ 

17.  Muriat  of  lead.  Muriatic  acid  combines  with*’- 26s. 
oxyd  of  lead^eafily  enough  :  hut  this  fait  is  more  readi- 

ly  procured  by  pouring  muriatic  acid  into  a  folution  of  * 
nitrat  of  lead  ;  the  muriat  immediately  precipitates  in 
the  form  of  a  white  powder.  It  is  foluble  in  30  times 
its  weight  of  boiling  water ;  and  the  folution  yields  by 
evaporation  fmall,  flender,  brilliant  needles  in  bundles. 

It  is  fomewhat  deliquefeent.  When  expofed  to  heat,  - 
it  melts  into  a  brown  mafs,  formerly  called  corneous 
lead. 

It  is  decompofed  by  compound  affinity  by 
Sulphat  of  filver*, 

Carbonat  of  foda. 

18.  Muriat  of  tin.  This  fait  may  be  formed  by  dif- 
folving  tin  in  hot  muriatic  acid.  By  evaporation,  it 
affords  needle- fhaped  cryftals,  which  are  deliquefeent. 

This  fait  has  a  ftrong  affinity  for  oxygen.  It  de¬ 
compofes  oxy-muriatic,  nitric,  iulphurous,  arfenic,  mo- 
lybdic  and  tungftic  acids,  the  red  oxyd  of  mercury, 
black  oxyd  of  manganefe,  oxyd  of  antimony,  zinc,  fil- 
3  A  2  ver. 


*  Bergman. 

7l3 

Tin, 


*(-y)  Only  at  a  high  temperature.  See  Muriat  of  Ammonia, 
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('him.  xii. 
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Muriat  cf 
Ctpper, 


f  Bergman. 
71S 

Muriat  of 
bifmuth, 


716 
Antimony, 


Mercury, 
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Muriafs.  ver,  and  sold  ;  and  by  that  means  is  converted  into  oxy- 
'  v  ~  muriat  of  tin.  It  even  abforbs  oxygen  when  exposed 
*  Pettier,  to  the  air*.  Thde  eompofitions  are  doubtlefs  produ 
*nn'  de  ced  by  difpo/ing  affinity. 

rp.  Muriat  of  copper.  This  fait  may  be  formed  by 
diffolving  copper  or  its  oxyd  in  muriatic  acid. 

Its  cryftals  are  prifmatic.  It  is  of  a  beautiful  grafs 
green  colour.  It  has  a  very  aftringent  and  cauftic  tafte. 
It  delfqutfces  when  expofed  to  the  air.  A  moderate 
heat  is  fufficient  to  melt  it;  and  when  cooled  it  congeals 
into  a  mafs.  It  requires  a  ftrorig  heat  to  volatilize  it. 

It  is  decompofed  by  nitrat  of  filver  f. 

20.  Muriat  of  bifmuth.  This  fait  cryftallizes  with 
difficulty.  By  fcblimation  it  forms  a  foft  fufible  fub- 
ftance,  formerly  called  hitter  of  bifmuth . 

,  2  1.  Muriat  of  antimony.  This  fait  is  found  native. 

It  cryftallizes  in  prifms.  When  heated,  it  evaporates. 
Arfenic,  22.  Muriat  of  arfenic.  This  fait  cryftallizes;  it  is 
$  Bergman ,  very  volatile,  and  not  very  folubie,  in  water  J. 
ii  293.  23 •  Muriat  of  mercury.  This  fait  may  be  prepared 

718  by  pouring  diluted  muriatic  acid  into  a  diluted  folu¬ 
tion  of  nitrat  of  mercury :  the  muriat  of  mercury  is 
immediately  precipitated  in  the  form  of  a  white  pow¬ 
der.  Common  fait  may  be  uted  inftead  of  muriatic  acid. 
This  ialt  was  formerly  called  white  mercurial  precipitate 
and  calomel '. 

It  cryftallizes  ;  but  the  form  of  the  cryftals,  which 
are  very  fin  all,  has  not  been  determined. 

It  has  little  tafte.  It  is  almoft  infoluble  in  water. 
It  is  ufed  as  a  medicine. 

It  is  decompofed  by  fulphat  of  ammonia 
24.  Muriat  of  ammonia  and  mercury.  This  triple 
fait  was  firft  difeovered  by  Fourcroy.  It  may  be  form¬ 
ed  by  pouring  ammonia  into  afolution  of  corrofive  mu¬ 
riat  of  mercury.  It  ha3  the  appearance  of  a  white 
powder.  Its  tafte  is  at  firft  earthy,  afterwards  metallic. 

It  is  nearly  infoluble  in  water.  According  to  Fourcroy’s 
analyfis,  it  is  compofed  of  81  parts  of  oxyd  of  mercury, 
16  of  muriatic  acid,  and  3  of  ammonia. 

Heat  decompofes  it;  producing  ammonia,  azotic  gas, 
and  muriat  of  mercury. 

Sulphuric,  nitric,  and  muriatic  acids  decompofe  it  f . 

2 S\  Muriat  of  filver.  This  fait  may  be  formed  by 
diffolving  oxyd  of  filver  in  muriatic  acid,  or,  which  is 
Mihia  f  kettfr’  pouring  muriatic  acid  into  nitrat  of  filver ; 
filver13*  °  muriat  ^ver  immediately  precipitates.  It  is  very 
little  folubie  in  water ;  according  to  Monnet,  one  part 
of  it  requires  3072  parts  of  water. 

When  expofed  to  a  fmall  heat,  it  melts  into  a  grey  femi- 
tranfparent  mafs,  not  unlike  horn;  hence  it  was  formerly 
called  luna  cornea.  A  long  continued  heat  decompofes 
)t.  This  fait  is  very  cauftic  :  it  is  employed  as  an  ef- 
charotic  under  the  name  of  lunar  cauflic . 

26.  Muriat  of  titanium  has  been  formed  by  Mr  Kla¬ 
proth, 


I 
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1.  Oxy-muriat  of  poufs, 
covered  by  Mr  Bertholiet  in  1786 


Part 

This  lingular  fait  was  dif-  Oxy 
It  may  be  formed 


by  iaturating  a  folution  of  potafs  with  oxy  muriatic 


acid  gas.  By  evaporating  this  folution  in  the  dark,Oxy2p 
common  muriat  of  potafs  is  firft  obtained  :  When  it  isnatoi 
feparated,  and  the  liquor  allowed  to  cool,  oxy- muriat 
of  potafs  cryftallizes. 

Its  cryftals  are  rhomboids,  of  a  filvery  brilliancy. 

It  has  an  infipid  cooling  tafte,  refemblirig  that  of  nitre. 

It  is  ioluble  in  17  parts  of  water  at  the  temperature  of 
6d,  and  in  parts  of  boiling  water  ^f.  It  does  not^.%'1- 


deliquefee  in  the  air ;  but  light  converts  it  into  com- 


&  Bergman . 
719 

Muriat  of 
ammonia 
and  mer- 
cury, 


4  Fourcroy, 
Jinn,  de 
Cbim.  xiv. 
47- 

720 


721 

Mur:  x  of 
titanium 


mon  muriat  ^by  feparatir.g  oxygen.  '  When  heated,  it  ^ 
melts,  and  gives  out  oxygen  gas  ;  and  this  is  the  beft  ' 
method  hitherto  difeovered  of  obtaining  that  gas  in  a 
ftate  of  purity.  .  According  to  Mr  Hoyle,  it  contains 
about  half  its  weight  of  concrete  oxygen  *.  * 

When  mixed  with  charcoal,  iron,  and  many  other 
combuftibles,  and  heated,  it  detonates  with  aftoniftung 
violence.  This  property  induced  the  French  chemilts 
to  propofe  it  as  a  fubftitute  for  nitre  in  the  preparation 
of  gunpowder.  The  attempt  was  made  at  EITons  in 
]  788  ;  but  no  fooner  had  the  workmen  begun  to  tritu¬ 
rate  the  mixture  of  charcoal,  fulphur  and  oxy  inuriat, 
than  it  exploded  with  violence,  and  proved  fatal  to  Mr 
Letors  and  Mademoilelle  Chevraud.  The  force  of  this 
gunpowder  when  it  is  prepared  is  much  greater  than  that 
of  the  common  fort  of  powder  ;  but  the  danger  of  pre¬ 
paring  it,  and  even  of  nfing  it  after  it  is  prepared,  is  fo 
great,  that  it  can  hardly  ever  be  lubftituted  with  advan¬ 
tage  tor  common  gunpowder. 

Fourcroy  and  Vauquelin  afeertained  by  experiment, 
that  this  fait  exploded  when  triturated  with  fulphur, 

,  charcoal,  antimony,  arfenic,  cinnabar,  fugar,  gums,  oils, 
alcohol,  ether,  and  fuiphuret  of  iron.  When  thefe  fub- 
ftances  were  mixed,  and  ftruck  with  a  hammer,  the  ex- 
plofion  took  place.  The  theory  of  thefe  exploiions 
was  firft  pointed  out  by  Mr  Bertholiet.  The  oxygen 
of  the  oxy- muriatic  acid  combines  with  the  combuf- 
tible,  and  at  the  fame  time  lets  go  a  quantity  of  calo¬ 
ric  ;  and  trituration  or  percuffion  a&s  merely  by  bring¬ 
ing  the  particles  which  combine  within  the  fphere  of 
each  others  attra&ion. 

2.  Oxy-muriat  of  foda.  This  fait  was  difeovered  at 
the  fame  time  by  Mr  Bertholiet.  Its  properties  areriat'off( 
the  fame  with  the  laft,  except  that  it  is  too  deliquef- 
cent  to  be  ufed. 

.  .  3*  Oxy-muriat  of  ammonia.  This  combination  is 
impoffible.  The  oxy-muriatic  acid  and  ammonia  de¬ 
compofe  each  other. 

4.  Oxy-muriat  of  barytes.  ^  Thefe  falls  jvere  dif-  0xy  nnJ 

5*  - lime-  £  covered  by  Bertholiet  rut  o-  b 

6. - - - magnefia.  j  alfo.  They  all  pof-O^ liri 

fefs  the  property  of  detonating  with  combuftibles,  and  magndii 


7i3 

Oxy-mtij 


7H 


Sect.  VI. 


Of  Oxy -muriate. 

Those  falts,  into  which  the  oxy-muriatic  acid  enters 
as  an  ingredient,  are  called  oxy -muriate.  As  we  confi¬ 
de  the  nitro-muriatic  acid  to  be  precifeiy  the  fame 
voth  the  oxy-muriatic,  its  combinations  of  courfe  muft 
receive  the  fame  name. 


of  being  reduced  by  that  means  to  the  ftate  of  common 
muriats.  Mr  Tennant  has  lately  propofed  the  oxy- 
muriat  of  lime. as  a  fubftitute  for  the  other  fubitances 
forineily  ufed  in  the  new  mode  of  bleaching  ;  particu¬ 
larly  for  bleaching  printed  cottons  :  And,  as  far  as  we 
can  learn,  it  anfwers  the  purpofe  remarkably  well  (z). 

7.  Oxy  muriat  of  mercury.  This  ialt  was  formerly  0xv7^ 
called  corrofive J ultimate,  and  afterwards  corrofive  muriat  r\zt  of© 

c/cury, 


aar!tZpropofSViet.b€€n  iDf0rmed,  ^  had  bee“  b?  bleachers  in  Scotland  feme  years  before  Mr  Ten- 


it  in* 

,)ru-  of  mercury.  Berthollet  firft  pointed  out  the  nature  ot 

-  — 1  This  fait  was  mentioned  by  Rhafes  in  the  leth  cen¬ 
tury  s  and  it  feems  to  have  been  known  in  the  ealt  at 
a  mUch  earlier  petiod  (a).  The  methods  of  preparing 
it  ufed  by  the  older  chemifts  were  numerous,  complica¬ 
ted,  and  generally  concealed  as  fecrets.  We  fhall  not 

attempt,  therefore,  to  give%ny  account  ot  them  ;  and 
the  methods  ufed  by  later  chemilts  have  been  defenbed 
at  confiderable  length  in  the  article  Chemistry  (hn- 
CX  cl.  lF  815  )  ,  .  r  rr. 

'  It  may  be  prepared  by  diffolving  mercury  m  a  luitr 
cient  quantity  of  oxy-muriatic  acid,  or  by  dlffolving  red 
oxyd  of  mercury  in  common  muriatic  acid. 

When  carefully  cryftallized,  this  fait  affiimes  the 
form  of  cubes  or  oblique  parallelopipeds,  or  rather  qua¬ 
drangular  prifms,  with  iides  alternately  narrower,  and 
terminated  by  two  inclined  planes  meeting  together, 

It  has  an  exceedingly  disagreeable  metallic  tafte. 

It  is  foluble  in  19  times  its  weight  of  water  at .  the 
,lmm.  temoetature  of  So°t.  Boiling  water,  according  to  Mac- 
’  oner,  diflblves  halt  its  weight  of  it.  Alcohol,  at  the 
temperature  of  7a0,  diflblves  |ths  ot  its  weight  ot  this 

k  icquer  £ git*. 

It  does  not  attraft  moifture  from  the  air. 

It  is  foluble  in  fulphuric,  nitric,  and  muriatic  acid?. 

When  triturated  with  f  ths  of  its  weight  01  mercury 
and  a  little  water,  and  then  fublimed,  it  forms  a  white 
inf.ped  fait,  called  formerly  calomel  or  /meet  mercury  : 
This,  as  Scheele  has  proved,  is  precifely  the  fame  with 

common  muriat  of  mercury. 

The  theory  of  thefe  two  preparations  is  now  pretty 
obvious.  The  experiments  o^  Adet  and  Pelletier  have 
fhev/n,  that  oxy-muriatic  acid  may  be  obtained  from 
[  ■»  dc  corrofive  muriat  of  mercury  «J.  We  may  conclude, 
■  i- 1-  therefore,  with  confidence,  that  the  ialt  is  an  oxy-mu- 
"  sii-  Hat.  It  cannot  be  prepared  by  means  of  common  mu- 
riatic  acid,  except  with  ted  oxyd  of  mercury,  or  fome 
other  fubftarce  from  which  it  may  ablorb  oxygen. 
When  pure  mercury  is  added  to  oxy-mmiat,  it  leizes 
the  oxygen  fmm  the  oxy-muriat,  and  the  whole  is  con- 
verted  into  common  muriat. 

It  is  decompofed  by 

Tartar, 

Mofl  metals-  .  . 

,  26  8  Oxy-muriat  of  tin.  When  an  amalgam  of  tin  is 

\  ^  triturated  with  its  own  weight  of  corrof.ve  rrunat  of 
mercury,  ar.d  the  mixture  is  diftilled  in  a  gl?.fi>  reto. 
by  mean;  of  a  very  gentle  heat,  there  paffes  over  a  thick 
white  fmoke,  which  condenfes  mto  a  colourlefs  liq 
that  emits  copious  fumes,  and  has  been  called,  in  con- 
fequence,  fmoking  liquor  of  Ltlaims.  This  liquor  was 
examined  by  Mr  Adet.  He  found  that  wlienabout 
|d  part  of  water  was  added  to  this  liquor,  it  ceafed  to 
fume,  and  affumed  a  cryftaUine  form;  .that  then i  t 
might  be  even  made  red  hot  without  fubhmmg.  H  there- 
fore  owes  its  volatility  to  want  of  water,  or  « 
ftrong  attraction  for  water.  He  found  that  this 
fiance  was  capable  of  dlffolving,  and  therefore  of 
oxvdating  more  tin,  without  the  emiffion  of  any  hydro- 
gen.  an/confequemly  without  the  decompofition  of 
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water  ;  he  concluded  from  this,  that  it  was  compofed  PI‘°rPhat% 

Ann.  de 


of  oxy-muriatic  acid  and  tin  §.  This  has  been  com-  ^  ^ 
pletely  proved  by  Mr  Pelletier,  who  found,  that  when  3, 

oxyd  of  tin  was  combined  with  oxy  muriatic  acid,  it 
formed  a  compound  precifely  the  lame  with  the  mo-^  ^  ^ 

king  liquor  ot  Libavi us  *.  .  ,  Chlm.  xii. 

This  felt  may  be  prepared,  as  Pelletier  has  proved,  ^ 
by  diiTolvirig  tin  in  muriatic  acid,  and  then  faturatmg  it 
with  oxy  muriatic  acid  gas. 

It  is  ufed  in  dyeing.  _ 

9.  Oxy-muriat'  of  iron.  This  fait  is  de ’  SSrfta* 
colourlefs ;  of  a  pure  bitter  tafte,  without  any  ot  the 
fweet  aftringency  of  the  common 1  alts  of  iron  ||. 

Few  of  the  other  oxy  munats  have  been  hitherto  ex- 
amined  with  attention  :  Many  of  the  metals,  indeed,  p 
have  been  diffolved  in  aqua  regia  ;  but  m  moft  of  thele 
folutions  the  fait  produced  is  a  common  muriat.  1  he 
nitric  acid  fupplies  oxygen,  and  the  muriatic  acid  dll- 
folves  the  oxyd. 

Sect.  VII.  Of  Phofphats . 

Those  falts,  into  which  phofphoric  acid  enters  as 
an  ingredient,  are  called  phofphats .  I  his  clals  of  falts 

was  firft  difeovered  by  Margraf.  . 

,  Phofohat  of  potafs.  This  fait  cryftalltzes  in  fhort  Phofphat 
tetrahxdral  prifms,  terminated  by  quadrangular  pyra-ot  1-oui., 

mids.  ,  n-n  r  • 

It  is  very  foluble  in  cold  water,  and  fail  more  io  m 

hot  water.  #  _ 

It  decrepitates  on  ignited  coals  hke  common  ialt. 

When  a  very  ftrong  heat  is  applied,  it  melts  into  an 
opaque  vitreous  mais,  ft  ill  foluble  in  watei. 

The  following  falts  decompofe  it  by  compound  ahi- 

nity  Sulphat  of  lime,  Muriat  of  mercury, 

Nitrat  of  mercury,  Acetite  of  lead. 

1.  Phofphat  of  fid  a — Dr  Pearfon^  who  firft  formed  phofphat 
this  fait,  gives  the  following  procefs  for  preparing  u  :  of  foda, 
Diffolve  in  a  long-necked  matrafs  1 4c o  grains  of  cry- 
ftallized  carbonat  of  foda  in  2  100  grains  of  water  at  the 
temperature  of  150°.  Add  gradually  ;oo  grams  of 
phofphoric. acid  of  the  fpecific  gravity  1,85.  Boil  the 
liquor  for  fome  minutes  ;  and  while  it  is  boiling  hot, 
filtrate  it,  and  pour  it  into  a  (hallow  veffel.  Let  it  re¬ 
main  in  a  cool  place,  and  cryfials  will  continue  to  form 
for  fever al  days.  From  the  above  quantities  ot  mate¬ 
rials  he  has  obtained  from  1450  to  1550  grams  of 

cryftals.  .  ,  , 

Its  ci vitals  are  rhomboidal  prifms,  of  which  the  acute 
angles  are  60",  and  the  obtufe  angles  1 20  ,  terminated 
by  a  three- f.ded  pyramid. 

Its  tafte  is  almoft  the  fame  with  that  of  common  ialt. 

It  is  foluble  in  water.  When  expofed  to  the  air  it 

eftlorefces  .  . 

This  fait  has  been  introduced  into  medicine  as  a  pur- 
gative.  and  on  account  of  its  pleafant  tafte  has  of  late 
been  much  ufed.  It  is  tifually  taken  in  broth,  which, 
it  is  employed  to  feafon  inftead  of  common  fait. 

Hellot  remarked  a  particular  fait  in  urine,  different 
fromthofc  that  had  ufually  been  obferved,  in  1737. 

Haunt  deferibed  it  in  1741  under  the  name  offal  mi- 
1  rahila 


(l,  „  «  Sto  ,o  Junker,  .he  »=ien.,  epplied  .he  name  ..  .hi.  » ,  **  rfed  ^ 

turn  vivum* 
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Pnofph-.cs,  rabtle  perlatum,  or  wonderful  perlated fait.  It  was  call- 
~  ed Piloted  from  the  grey,  opaque,  pearl-like  colour 
which  it  aflumed  when  melted  by  the  blow  pipe.  Mar 
graf  defcribed  it  in  17 45>  found  it  would  not  yield 
phofphorus  when  treated  with  charcoal,  as  the  other 
falts  of  urine  did.  Rouelle  the  Younger  analyfed  it  in 
1776,  and  concluded  from  his  experiments  that  it  was 
:i  compound  of  phofphoric  acid  and  foda ;  but  Mr 
Proufl,  being  unable  to  obtain  phofphorus  from  it,  con¬ 
cluded,  that  it  did  not  contain  phofphoric  acid,  but 
another  acid  analogous  to  the  boracic.  To  this  fub- 
ftance,  which  Mr  -Proud  a&ually  obtained,  Bergman 
gave  the  name  o i  perlated  acid and  ■  Morveau  afterwatds 
called  it  ourettc  acid .  But  Mr  Klaproth  foon  after¬ 

wards  analyfed  it,  and  proved  that  it  confided  of  loda 
1  up erfatu rated  with  phofphoiic  acid.  Scheele  foon  af¬ 
ter  made  the  fame  dilcovery.  This  acid  of  Mr  Proud, 
then,  is  merely  phofphat  of  foda  combined  with  phof- 
phoric  acid,  or  acidulous  phofphat  of  foda. 

3.' Phofphat  of -ammonia.— This  fait  forms  oblong- 
pointed  cry  dais,  or,  as  Mr  Lavoiiier  affirms,  crydals  re- 
femblmg  thofe  of  alum. 

It  ls  foluble  in  water.  Heat  evaporates  it  fo  eafily, 
that  it  is  difficult  to  obtain  it  in  crydals  except  bv  add¬ 
ing  an  cxcefs  of  nlkali.  *  1 

Microcofmic  fait,  or  fait  of  urine,  is  merely  a  mixture 
731  of  thefe  two  lad  deferibed  falts. 

Of  barytes,  4.  Phofphat  of  barytes— This  fait  is  infoluble  in 
t  Morveau.  water  “h. 

Of  lime,  5-  Phofphat  of  lime — This  fait  is  taftelefs,  and  al- 
-n-.oit  perfectly  infoluble  in  water.  It  forms  the  bafis 
ot  bones,  and  is  therefore  often  called  earth  of  hones. 
-Wenzel  obferved  it  cryftallize  when  held  in  folution  by 
fDMsf^pb°‘hoJnC  2cid' 

Ann.  de  ♦‘bis  decompofed  by  fulphat  of  ammonia  *. 
vi-  Carbonat  of  potafsf, 

t  Bjrsman.  6.  Phofphat  of  ftrontites— Thifffl't  was  flrft  formed 
by  Ur  Hope.  It  is  a  white  powder,  foluble  in  1920 
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13.  Phofphat  of  arfenic. 


-It-  cryftallizes 


Part 

grams  hardly  foluble  in  water  f. 

14.  Phofphat  of  uranium. — Find  formed  by  Kl?n-  Ho 
It  does  not  cryftallize,  but  afTumes  the  apoear-?^1 

f  vplltvivt /Vi  \TiKifo  .1  i.i  r  1  .  .*  1  tieta 


roth. 


ance  of  yellowilh  white  flakes,  difficultly  foluble  in!im 
water.  ,  v  * 

15.  Phofphat  of  antimony  and  lime— Dr  Pearfon0f “»|] 
has  difeovered,  that  the  well-known  medicine  called  “'T  t* 

£To  SJTtr  'S  3  tn’plC  fajlt,’.C°mP°fed  of  PholphoricJamS 

in  water*  ^  antim011y>  and  ^e.  It  is  very  infoluble P°we|! 


The  remaining  phofphats  are  fcarcely  known. 

Of  Borats . 


Sect.  VIII. 
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The  compounds  into  which  the  boracic  acid  enters 
are  called  borats.  CIS 

bdfr0r%°{ P°taf3-7Thfs  falt>  f°™ed  by  combining8^ 
boiacic  acid  and  potafs,  is  very  little  known.  Baron  ^ 

firft  formed  it.  Borat  of  potals  cryftallizes,  is  foluble 
lubfcin  wiS."87  mClUd  mt0  3  Vkre°us  mafs>  f°* 

£%t££z <*. brough,0<a:l; 
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735 
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na, 
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Of  iron, 


parts  of  boiling  water  *. 

7;  Phofphat  of  magnefia— 1 This  fait  does  not  cry- 
ftaffize  except  with  excefs  of  acid,  and  then  the  cry- 
ftals  are  very  fmall.  Somewhat  longer  cryftals  may  be 
formed  by  dropping  phofphoric  acid  into  acetite  of  mag- 
nelta.  It  raoft  commonly  forms  by  evaporation  a  gum¬ 
my  mafs.  It  is  foluble  in  alcohol  f.  S 

It  Is  infoluble  in  nitric  acid.  It  melts  by  a  ftrong 
neat  into  a  porcelain-like  fubftance  *.  b 

•  r8;  PhofPhat  of  alumina— This  is  a  faline  powder 
infoluble  in  water.  Diffolved  in  phofphoric  acid,  it 
yields  a  gritty  powder,  and  a  gummy  folution,  which 
by  heat  is  converted  into  a  tranfparent  glafs 

9- Phofphat  of  iron—This  fait  is  merely  a' dry  ad- 
hehve  mafs,  infoluble  in  water,  but  foluble  in  acids. 
Itb  excefs  of  acid,  it  forms  cryftals  which  do  not  dc- 

Ze!l  gl"V7  "e  C°nVerted  i,,t0  3  Sarnet-C0' 

JO.  Phofphat  of  zinc — It  does  not  cryftallize,  but 
when  evaporated  becomes  a  gummy  mafs,  which  may 
be  melted 'int  o  a  tranfparent  giafs 

11.  Phofphat  of  manganele. — The  folution  of  the 
oxyd  of  manganefe  in  phofphoric  acid  is  reddiffi,  hut 
becomes  white  on  exposure  to  the  air. 

*  cr5SS^hat  °f  Bkkd-h  ^niik,  and  does  not 


1  U 

_737 
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738 
Of  manga-' 
nefe, 


739 
Of  nickel, 


from  the  Eaft  Indies  in  an  impure  ftate  under  the  "name 

of  borat  WhCn  PU"fied  ln  LuroPe>  k  tak«  the  name 

Its  cryftals  are  hexangularprifms,  of  which  two  fide* 
are  much  broader  than  the  remainder,  terminated  by 
trmngular  pyramids.  It  is  of  a  white  colour.  Its  foe- 
cihe  gravity  is  1,740.  ^ 

Its  tafte  is  ftyptic  and  alkaline. 

It  is  foluble  in  18  times  its  weight  of  water  of  the 

waTcr€ratUre  °f  6°°’  and  6  UmeS  *tS  we‘Sht  of  boiling 

It  is  compofed,  according  to  Bergman,  of  i  7  parts 
of  foda,  39  of  acid,  and  44  of  water. 

HighUy” expofed  t0  the air’  il  edlorefces  flow]y  and- 

Whcn  heated,  it  fweUs,  lofes  about  four-tenths  of  its 
weight,  becomes  ropy,  and  then  aflame*  the  form  of  a 
hght,  porous,  and  very  friable  mafs,  known  by  the  name 

aiiiwlttwi" tht”  "lu  in,°  * 

By  compound  affinity  it  is  decompofed  by 
Nitrat  of  mercury  *. 

,  y,le"  t"'°  P!ccfs  ?fborax  ft  rack  together  in  the 
dark,  a  fiaffi  of  light  is  emitted  f.  f  /cam, 

Borax  has  the  property  of  facilitating  the  fufion 
a  great  number  of  bodies.  This  property  renders  itJsT 

Irw'  metalf  3^  maklng’  ln  affaying  ores,  and  in  folder- 

Borax  turns  fyrup  of  violets  green  ;  it  appears  there- 
fore  to  be  fuperlaturated  with  alkali. 

■Jhc,7'  b“rat  of  foda>  or  the  fait  in  which  boracic 
acit.  and  foda  fat  urate  each  other,  has  not  yet  been  exa¬ 
minee  with  attention.  According  to  Dr  Withering 
foda  requires  twice  its  weight  of  boracic  acid  to  fatd 
rate  it. 

■44°  “• h- 

Its  dlyftals  are  polyhedral  pyramids. 

.  .I(  has  a  P0,'SRant  urinous  tafte,  and  turns  fyruo  of 
violets  green  Tt  diffiolves  readily  enough  in  water 
y  hen  expofed  to  the  air,  it  gradually  lofes  its  crvfta!  f 
line  form  and  becomes  brown  t  ’  tiemjtr], 

+  Parr  11. 

4.  Borat 


'  Bergmit, 
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„1  ».  4.  Borat  of  barytes. — Unknown. 

-  l  Borat  of  lime. — It  is  difficultly  foluble  in  water, 

I  arvj  did  not  cryftallize  with  Beaume. 

6.  Borat  of  ftrontites. — This  fait  was  firft  formed  by 
I  .  J)r  Hope. — It  is  a  white  powder,  foluble  in  about  130 

parts  of  boiling  water.  The  folution  turns  the  fyrup 
of  violets  green  *. 

7.  Borat  of  magnefia.— It  affiimes  the  appearance  of 
|  fmall  irregular  cryftals.  It  is  foluble  in  acetous  and  for- 
lie-  mio  acids.  Alcohol  decompofes  it.  It  melts  eafily  in 

the  fire  without  being  decompofed 
I*"’  8.  Borat  of  alumina. — It  does  not  cryftallize,  and  is 

j  fcarcely  foluble  in  water. 

|i-  p.  Borat  of  iron. — Its  cryftals  are  of  a  yellow  colour, 
but  the  fait  has  never  been  examined  with  attention. 

10.  Borat  of  zinc. — This  fait  does  not  appear  to  be 
5  capable  of  crvftallizing.  By  heat,  it  melts  into  a  light 

i  green  infoluble  (lag  . 

*1  1 1.  Borat  of  cobalt. — When  oxyd  of  cobalt  is  melt- 

I  ed  with  boracic  acid,  a  bluifh  grey  flag  is  produced. 

This,  by  lixiviation  and  evaporation,  yields  cryftals  ol  a 
l\  reddifh  white  colour  and  ramified  form  §. 

12.  Borat  of  nickel. —A  faline  fubftance  difficultly 

\,atl  foluble  *.  .  ,  , 

I  !  3.  Borat  of  lead.— When  boracic  acid  and  red  oxyd 

[|>  of  lead  are  melted  together,  the  product  is  a  fine  green- 
i(h  yellow,  tran (parent,  hard,  infoluble  glafs  %.  # 

14.  Borat  cf  tin.  -  When  equal  parts  of  boracic  acid 
and  tin  filings  are  melted  together,  the  produd  diffol- 
ved  in  water  yields  by  evaporation  tranfparent  white 
polyoronous  cryftals.  #  . 

J;r,  1  s*  Borat  of  copper. — When  borax  is  poured  into  a 
folution  of  fulphat  of  copper,  borat  of  copper  «  preci¬ 
pitated  in  the  form  of  a  pale  light  green  jelly,  which  when 
dried  is  with  great  difficulty  foluble  in  water.  It  eatily 
melts  into  a  dark  red  vitreous  fubftance  *.  According 
to  Palin,  by  long  trituration  of  filings  of  copper  and 
boracic  acid  in  water,  and  then  digefting  the  mixture, 
it  diffolves,  and  cryftals  may  be  obtained  from  it. 
h,  16.  Borat  of  bifmuth. — A  white  powder,  which 
N'c/-  melts  into  a  v/hice  tranfparent  permanent  glafs  f  •  . 

17.  Borat  of  arfenic. -White  oxyd  of  arlemc  and 
‘  C*  boracic  acid  form  a  fait  foluble  in  water  and  cryllal- 
lizable*. 

Sect.  IX.  Of  Fluats. 

Those  falts  into  which  fluoric  acid  enters  are  called 
.  fluats .  They  were  firft  formed  by  Scheele. 
f0(  I .  Fluat  of  potafs.  It  forms  a  gelatinous  mafs  al- 
moft  without  tafte. 

It  diffolves  readily  in  water When  expofed  to  the 
Deleon  fire  it  melts  without  any  ebu.huon 

2.  Fluat  of  foda.  This  fait  reiemblea-  exa&ly  the 

I’  Fluat  of  ammonia.  It  cry  ftallizes  in  fmall  prifms. 

1  .  It  ‘is  deliquefcent,  and  is  partly  decompofed  by  heat  . 

|  0,nf»  It  is  decompofed  by 

f'bk  Nitrat  of  mercury* 

- - - - filver, 

- - lead. 

4.  Fluat  of  barytes.  A  powder  which  requires  a  large 

quantity  of  water  to  diffolvc  it  .  ...  Tf 

5.  Fluat  of  lime.  This  fait  abounds  in  nature,  it 

is  known  by  the  name  of  fluor  fpar. 

It  cryiftallizes  moft  commonly  m  the  form  of  cubes.- 
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ce*, 

rman 


It  is  ta'lelefs  and  nearly  infoluble  in  Water.  #  #  , 

It  is  not  altered  by  the  air.  Its  fpecific  gravity  is 
about  3,1. 

When  expofed  to  a  hidden  heat  it  decrepitates.  A 
very  violent  heat  melts  it  into  a  white  opaque  mafs. 

When  reduced  to  powder  and  heated  it  becomes  phof* 
phorefcent ;  but  it  lofes  this  quality  altogether  if  it  be 
heated  red  hot. 

6.  Fluat  of  ftrontites.  This  fait  was- formed  by  Dr 

Hope:  but  its  properties  have  not  been  examined.  , 

7.  Fluat  of  magnefia.  It  is^not  foluble  in  water  ex- Magnefia, 
cept  there  be  an  excefs  of  acid.  In  that  cafe,  by  fpon- 
taneous  evaporation,  it  forms  hexagonal  prifms,  termi¬ 
nated  by  a  low  pyramid  compofed  of  three  rhomboidal 

Tides. 

Thefe  cryftals  are  hardly  foluble  in  water.  Alcohol 
diffolves  a  fmall  portion  of  them.  Heat  does  not  de- 
compofe  them  f.  _  .  t.® 

8.  Fluat  of  alumina.  A  fabric  mafs ;  which  is  fweet-  * 

ilh,  clammy,  and  gelatinous.  #  .  Alumina, 

9.  Fluat  of  filica.  Little  is  known  concerning  this  766 
Angular  combination,  except  that  .it  can  exift  in  a  ga-  silica3 
feous  form,  and  that  it  depofites  filica  in  cryftals  after  a 
certain  time. 

10.  Fluat.  of  filica  and  potafs  or  foda.  This  triple 
fait  may  be  formed  by  pouring  fixed  alkali  into  a  folu¬ 
tion  of  fluat  of  filica.  It  contains  an  excefs  of  acid. 

On  evaporation  it  yields  a  kind  of  jelly,  which  when 
dry  feparates  into  gritty  particles  like  fand.  Tt  is  fo¬ 
luble  in  96  parts  of  hot  water.  In  the  fire  it  readily 
melts  into  a  white  mafs.  If  the  heat  be  continued  the 
acid  feparates,  and  there  remains  a  tranfparent  glafs, 
which  is  foluble  in  water,  and  forms  a  liquor  filicum%.  f 

11.  Fluat  of  iron.  It  is  incry ftallizable  ;  but  when 

evaporated  leaves  a  hard  mafs.  .  £ng. 

12.  Fluat  of  zinc.  It  refembles  that  of  iron.  767 

13.  Fluat  of  manganefe.  It  may  be  formed  by  pour- Metallic 
mg  fluat  of  ammonia  into  a  folution  of  oxyd  of  zinc  iafiuats* 
any  of  the  three  mineral  acids.  It  cry  ft  alii  zes. 

14.  Fluat  of  cobalt.  A  yellow  gelatinous  mafs. 

1 5.  Fluat  of  nickel.  It  affords  green  cryftals. 

16.  Fluat  of  lead.  A  fweet  tailed  powder. 

1 7.  Fluat  of  tin.  A  naufeous  tailed  jelly. 

1 8.  Fluat  of  copper.  Blue  cryftals  5  fome  of  them 
oblong,  others  cubic. 

Fluat  of  arfenic.  Small  cryftals. 

20.  Fluat  of  mercury.  A  powder.  Before  the  blow¬ 
pipe  it  melts  into  a  yellow  glafs*  moft  of  which  evapo¬ 
rates  by  a  continued  heat  §*  1 

Sect.  X.  Of  Carbonats . 

The  compounds  into  which  the  carbonic  acid  enters 
are  called  carbonats .  They  were  firft  analyfed  by  Dr 
Black.  ##  7  6 8 

1.  Carbonat  of  potafs.  This  fait  is  formed  by  fatu-  Car  bon  at 
rating  potafs  with  carbonic  acid,  which  is  beft  done  by  P 
expoling  a  folution  of  potafs  for  a  confideiable  time  to 
carbonic  acid  gas* 

It  cryftallizes,  according  to  Bergman,  in  quadrangular 
prifms  ;  the  apexes  of  which  are  compofed  of  two  in¬ 
verted  triangles,  converging  like'  the  roof  a  houfe  *.  *  Bergman 
According  to  Pelletier  they  are  tetrahedral  rhomboidal 
prifms,  with  dihedral  fummits.  The  complete  crvftal 
has  eight  faces,  two  hexagons,  two  re&angles,  and  fourL 
rhombs  f.  ft1*" 
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Carbonats. 


M 


$  Bergman, 
j-  13 

§  felletler. 


\u. 


Sulphat  of  lime, 

• - barytes, 

— -  foda, 

ammonia, 


- magnefia, 

alumina, 


^  Bergman, 
[\Id. 


Muriat  of  barytes, 

•  - -  lime, 

■  ■  — - -  ammonia, 

•  - magnefia, 

- alumina, 

■  foda  *, 


Nitrat  of  barytes, 

- foda, 

-  ammonia, 

•  magnefia, 

•  alumina, 
Acetite  of  barytes, 
- lime, 

— ■■■'  — - —  ammonia, 

- magnefia, 

alumina, 


Oxy-muriat  of  mercury, 
Phofphat  of  lime  ||. 
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Carbonat 
of  foda, 


*  Bergman, 

i.  18. 


Nitrat  of  lime, 

When  potafs  is  faturated  with  carbonic  acid  it  al¬ 
ways  lets  fall  a  quantity  of  filica.  Mr  Pelletier  has  pro- 
pofed  this  faturation  as  the  beft  method  of  purifying 
potafs  from  that  earth. 

2.  Carbonat  of  foda.  This  fait  maybe  formed  in  the 
fame  manner  with  carbonat  of  potafs. 

Its  cryftals  are  five-fided  prifms,  with  one  of  the  an¬ 
gles  frequently  truncated,  furmounted  by  dihedral  pyra¬ 
mids  with  rhomboidal  faces. 

Its  talle  is  precifely  the  fame  with  that  of  carbonat 
of  potafs. 

It  is  foluble  in  double  its  weight  of  cold  water. 

It  is  compofed,  according  to  Bergman,  of  16  parts  of 
acid,  20  of  alkali,  and  64  of  water. 

It  efHorefces  when  expofed  to  the  air.  Heat  is  inca¬ 
pable  of  decompoiing  it  completely  *. 

.  ^  following  falls  decompofe  it  by  compound  affi¬ 
nity  * 


1 


CHE 

It  has  an  alkaline,  hut  not  a  caufHc  tafte. 

It  is  foluble  at  the  common  temperature  in  about 
four  times  its  weight  of  v/aterj.  Boiling  water  dif- 
folves  4-ths  of  its  weight  §.  Alcohol,  even  when  hot, 
does  not  diffolve  above  parts  of  it. 

According  to  Bergman,  it  is  compofed  of  48  parts  of 
potafs,  20  of  acid,  and  32  of  water.  According  to  Pel¬ 
letier,  of  43  parts  of  acid,  40  of  potafs,  and  17  of  water. 
Bergman  under-rated  the  quantityof  acid  from  not  obfer- 
ving  that  the  fait  lofes  part  of  its  acid  when  heated.  Even 
folution  in  hot  water  produces  a  feparation  of  fome 
acid  f . 

It  is  not  altered  by  expofure  to  the  air. 

Heat  deprives  it  of  its  water  and  part  of  its  acid,  but 
does  not  decompofe  it  completely.  The  following  falts 
decompofe  it  by  compound  affinity  : 


I  S  T  R  y.  Pant* 

cold  water.  Hot  water  diffolves  its  own  weight  of  it.  Uibojf 

t  a  if  10  J  _  C  .  ^  .  n 


According  to  Bergman  it  is  compofed  of  43  parts  of 
alkali,  45  of  acid,  and  i2of  water. 

hen  expofed  to  the  air  it  becomes  fomewhat  moift. 
The  fm ailed  heat  is  Efficient  to  evaporate  it. 

#  The  following  falts  decompofe  it  by  compound  affi¬ 
nity  r 


i 


Sulphat  of  alumina, 
Nitrat  of  lime, 
Muriat  of  lime, 

- - magnefia, 

— * - alumina, 

4.  Carbonat  of  barytes, 
native. 


Acetite  of  barytes, 

• - lime, 

- magnefia, 

-  ■  ■  —  alumina. 


k 


f  Bergman. 


Sulphat  of  ammonia, 

■  barytes, 
lime, 

-  magneliaj, 

■  alumina, 


t  M 

*ld. 
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Carbonat 
of  ammo¬ 
nia, 

t  Bergman , 

i.  2i. 


Muriat  of  barytes, 

-  -  ammonia, 

*  - lime, 

*  - - - magnefia, 

*  - alumina, 

3*  Carbonat  of  ammonia. 


Acetite  of  barytes, 

— — -  ammonia, 

- lime, 

- magnefia, 

alumina. 


Nitrat  of  ammonia, 

- magnefia, 

- alumina, 

leadf , 


Phofphat  of  lime*. 

This  fait  forms  o&ahe- 


dral  cryftals,  having  for  the  moftpart  their  two  opuofite 
apexes  truncated  4. 

Its  tafte  and  fmell,  though  much  weaker,  are  the 
fame  with  thofe  of  pure  ammonia.  Like  all  the  alka¬ 
line  carbonats  it  converts  vegetable  blues  to  green,  pre¬ 
cifely  as  pure  alkalies  do.  r 

It  is  foluble  in  rather  lefs  than  twice  its  weight  of 


This  fait  has  been  found  Car , 
of  baryt  * 

Its  cryftals  have  been  obferved  to  afiume  four  diffe¬ 
rent  forms  ;  double  fix  Tided  and  double  four-lided  py¬ 
ramids,  fix-fided  columns  terminated  by  a  pyramid  with 
the  fame  number  of  faces,  and  fmall  radiated  cryftals 
4-  an  inch  in  length,  and  very  thin,  appearing  to  be 
hexagonal  prifms,  rounded  towards  the  point. 

Cold  water  diffolves  part,  and  boiling  water 

tjo  j  Part  of  this  fait.  Water  faturated  with  carbo¬ 
nic  acid  diffolves  xj*th  part  *.  «  gcm  j 


According  to  Dr  Withering,  who  firft  difeovered  it  Ann'h 

iflUP  if  to  onivirw^r^  ~  f  o  _ - .  r  1  .  rCIrim.iv, 


native,  it  is  compofed  of  80  parts  of  barytes  and  20  ofPJ,“ 
acid.  Bergman  informs  us,  that  artificial  carbonat  is 
compofed  of  7  part3  of  acid,  28  of  water,  and  65  of 

,  f  Btrgm  ] 

is  not  altered  by  expofure  to  the  air.  u  ® 


It 


It  is  decompofed  by  the  application  of  a  very  violent 
heat51‘  #  #  \Drty 

By  compound  affinity  it  is  decompofed  by  the  fol- 


lowing  falts  : 

Sulphat  of  foda, 

- lime, 

- ammonia 

magnefia: 


—  alumina, 


Nitrat  of  foda, 

- lime, 

- - —  ammonia, 

- magnefia, 

5.  Carbonat  of  lime. 


Nitrat  of  alumina, 
Muriat  of  lime, 

- ammonia, 

• - magnefia, 

—  alumina, 


Acetite  of  lime, 

- - magnefia, 

• - - - alumina. 
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the  Carbonat 
of  lime, 


*  Begm 


-  —  - .  This  fubftance,  under  me 

names  of  marble,  chalk,  lime  ftone,  &c.  exifts  in  great 
abundance  in  nature,  varioufly  mixed  with  other  bodies. 

When  pure,  it  is  of  a  white  colour,  and  has  very 
little  tafte.  1 

It  is  infoluble  in  pure  water;  but  water  faturated  with 
carbonic  acid  difiolves  TrW  part  of  it ;  from  this  iolu- 
tion  it  gradually  precipitates  as  the  acid  leaves  It  in 
the  form  of  fmall  rhomboidal  cryftals  *.  ^  Dt 

It  is  compofed,  according  to  Bergman,  of  34  parts i.  ai. 
of  acid,  1 1  of  water,  and  55  of  lime. 

It  fuffers  little  or  no  alteration  by  being  expofed  to 
the  air.  r 

When  expofed  to  heat,  it  firft  lofes  its  water,  and 
afterwards  its  acid  feparates  as  the  heat  is  increafed  : 

But  to  feparate  the  acid  completely,  a  very  ftrong  heat 
is  required.  & 

.  The  following  falts  decompofe  it  by  compound  affi- 
Sulphat  of  alumina, 

- -  copper,  773 

6.  Carbonat  of  ftrontites.  This  fait,  which  was  firft  Carbonat 


of  ftrou* 


examined  by  Dr  Hope,  isinfipid,  and  Voluble  in  ic?6 

J  D  tites, 
parts 


a  nr. 

»  nat«. parts  of  boilmg  water.  It  is  compofed  of  30,2  parts  of 
-  —  acid,  69,8  of  flrontites.  A  violent  heat  decompoles  it  f . 
I '  7.  Carbonat  of  magnefia.  This  fait  may  be  formed 

a\  "  by  faturating  the  common  magnefia  of  the  fhops  with 
|  carbonic  acid  gas. 

rt  at  of  It  diffolves  in  water  faturated  with  carbonic  acid  ; 
S  ia*  and  forms  by  evaporation  cryftals,  which  are  tranfparent 
hexagonal  prifms,  terminated  by  a  hexagonal  plane  ; 
thefe  are  partly  in  groups  and  partly  folitary  :  their 
■  /^length  is  about  fix  lines,  their  breadth  two  They 
were  difcovered  by  Mr  Butini  of  Geneva. 

Water  at  the  temperature  of  50  diffolves  part  of 
Fi  roy ,  its  weight  of  this  fait  *.  When  in  the  ftate  of  powder, 

*  and  of  courfe  deprived  of  its  water  of  cryftallization,  it 

*  u  is  much  more  infoluble  ;  and  what  is  very  remarkable, 

it  is  more  fallible  in  cold  than  in  hot  .water,  impregna- 
^  ;t  ted  with  carbonic  acid 

It  is  compofed,  according  to  Fourcroy,  of  50  parts 
of  acid,  25  of  magnefia,  and  25  of  water. 

When  expofed  to  the  air,  it  eftlovefaes,  and  falls  in¬ 
to  powder  ^[. 

When  heated,  it  decrepitates,  falls  into  powder,  and 
is  decompofed  J. 

The  following  falts  decompofe  it  by  compound  affi¬ 
nity  : 

Sulphat  of  lime, 

- ammonia, 

- alumina. 
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Quantity  of  lofs  by  driving  off  the  gas  by  folution  ^cetites. 


•c  roy, 
l 

li'J. 


rj’atof  8.  Carbonat  of  alumina. 


Carb.  of  Soda. 

too  parts  of  Weight 

Oxyd  of  zinc,  ...  100,930 

iron,  -  -  100,250 

manganefe,  -  100,800 

cobalt,  -  -  100,600 

nickel,  -  -  100,350 

lead,  -  -  100,320 

tin,  ---  100,310 

copper,  -  -  100,940 

bifmuth,  -  -  100,300 

antimony,  -  100,400 

mercury,  -  -  100,100 

filver,  100,290 

gold,  -  -  -  100,060 

Supfl.  Vol.  I.  Part  I, 


Carh.  of  Potafs. 
Weight. 
100,774 
100,863 


100,304 

100,345 

100,884 

100,224 

100,395 

I©0,062 
100,2  88 
100,326 


according  to  Wenzel : 

Zinc, 

Iron, 

Cobalt, 

Lead, 

Tin, 

Copper, 
Bifmuth, 
Antimony, 
Mercury, 
Silver, 

Gold, 


0,137 

0,009 

0,352 

o,J57 

0,000 

0,174 

0,056 

0,000 

0,038 

0,158 

0,144 


Nitrat  of  lime, 

Muriat  of  lime, 

.Acetite  of  lime. 
Carbonic  acid  is  capable  of 
diffolving  alumina  ;  for  if  alum  be  decompofed  by  an  al¬ 
kaline  carbonat,  fome  alumina  remains  diffolved  in  the 
liquor,  and  may  be  precipitated  by  a  heat  fufficient  to 
l  man,  drive  off  the  carbonic  acid*.  It  cannot  be  doubted, 

1  then,  that  there  may  be  produced  a  carbonat  of  alumi¬ 
na;  but  the  fait  has  never  been  examined  with  accuracy. 

9.  Carbonat  of  iron.  Water  faturated  with  carbo- 
LjUs,  nic  acid  diffolves  toToS  Part  its  weight  of  iron, 
i  man,  which  gradually  precipitates  by  expofure  to  the  air  «[[. 

Ruff  of  iron  is  a  kind  of  carbonat,  at  leaf!  it  always 
contains  carbonic  acid. 

10.  Carbonat  of  zinc.  Zinc  is  copioufiy  diffolved 
\i  'by  water  faturated  with  carbonic  acid  J.  As  the  me¬ 
tallic  oxyds,  when  faturated  with  carbonic  acid,  do  not 
differ  materially  in  their  appearance  from  pure  oxyds, 
we  (hall  not  attempt  to  deferibe  any  of  the  metallic  car- 
bonats.  We  fhall,  however,  prefen t  our  readers  with 
the  following  table,  exhibiting  a  view  of  the  weight 
which  metallic  oxyds  gain  by  being  faturated  with  this 
acid. 

By  Bergman.  By  Wenzel. 
Precipitated  by 


Thefe  determinations  differ  too  widely  from  each 
other  to  be  exa£t.  It  is  obvious  that  part  of  the  weight 
muff  be  owing  to  adhering  water,  and  very  probably 
triple  falts  are  formed,  which  muff  render  the  determi¬ 
nation  it  ill  more  erroneous. 

Sect.  XT.  Of  Acetites . 

The  compounds  which  the  acetous  acid  forms  are 
called  acetites . 

1.  Acetite  of  potafs.  Pliny  is  fuppofed,  but  pro- Acetate  of 
bably  without  any  reafon,  to  have  been  acquainted  with  potafs. 
this  fait,  becaufe  he  recommends  a  mixture  of  vinegar 
and  vine  afhes  as  a  cure  for  a  particular  fpecies  of  tu¬ 
mor  *.  It  was  firft  clearly  deferibed  by  Raymond  *  Plhw,  I. 
Lully.  It  has  received  a  great  number  of  names  ;  as, xx“i‘  Pra~ 
for  inffance,  arcanum  tartariy  fecret  foliated  earth  of  tar- mtum' 
tary  ejfential  fait  of  <zvmey  regenerated  tartar ,  diuretic  fait y 
dig  e/live  fait  of  Sylvius . 

Its  cryltals  are  very  white,  and  affume  the  form  of 
thin  plates. 

It  has  a  fharp  warm  tafte. 

It  is  foluble  in  about  ten  times  its  weight  of  water  at 
the  temperature  of  6o°||.  It  is  foluble  alfo  in  alcohol.  (  Bergmant 

According  to  Wenzel,  24c  parts  of  acetous  acid  re-v* 
quire  for  facuration  24i£ths  of  potafs.  And  from  the 
experiments  of  Dr  Higgins,  it  appears  that  acetite  of 
potafs  is  compofed  of  6r,5  parts  of  alkali  and  38,5  of 
acetous  acid  and  water  %m  *  On  Aeet0ut 

When  expofed  to  the  air  it  is  very  deliquefcent. —  Acidy p.  8. 
When  heated,  it  melts  as  readily  as  wax  ;  and  if  a  very 
ftrong  heat  be  applied,  the  acid  is  decompofed. 

^  The  following  falts  decompofe  it  by  compound  affi¬ 
nity  : 

Sulphat  of  foda,  Nitrat  of  ammonia, 

- lime,  . - magnefia, 

— -  —  ammonia, - alumina, 

- magnefia,  -  — —  bifmuth 

alumina, 


Nitrat  of  Soda, 
lime, 


- mercury, 

Muriat  of  ammonia, 
•  alumina, 


2.  Acetite  of  foda.  This  fait  was  firft  deferibed  by  Acetite  of 
Mr  Baron.  foda. 

Its  cryftals  are  ffriated  prifms,  not  unlike  thofc  of 
fulphat  of  foda. 

It  has  a  fharp  tafte,  approaching  to  bitter. 

It  is  foluble  in  2,86  parts  of  water  at  the  tempera¬ 
ture  of  6o°  f.  .  £er  man 

According  to  Wenzel,  440  parts  cf  acetous  acid  re- 
quire  for  faturation  1574-ths  of  foda. 

It  is  not  affe&ed  by  expofure  to  the  air. 

When  heated,  it  firft  lofes  its  water  of  cryftallization ; 

3  B 
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In  a  Along  heat  It  melts;  and  In  a  AM  Aronger,  its  acid 
is  deAroyed,  This  fait  can  only  be  obtained  in  cry- 
Aals  when  there  is  an  excefs  of  alkali  in  the  folution. 

The  following  falts  decompofe  it  by  compound  affi¬ 
nity 


Part 


Sulphat  of  ammonia, 


alumina, 


119 

•  Acetite  of 


Nitrat  of  ammonia, 
magnefia, 


Nitrat  of  alumina, 
Muriat  of  lime, 


ammonia, 
magnefia, 


*  Met 


f  Higg'1™ 

6n  Acetous 
Jicidy  p., 
i8S. 


t  Higgin- 

ibid,  p.  192. 


f  Ibid. 


3.  Acetite  of  ammonia, 
ed  fpirit  of  Mindererus . 

It  is  too  volatile  to  be  eafily  cryAallized  :  It  may, 
however,  by  gentle  evaporation,  be  made  to  depofite 
ntedle-fhaped  cryAals.  Mr  de  Laffone  cryftaliized  it 
by  fublimation  *.  When  the  fublimation  is  flow,  it 
* ar *  1‘  775* forms  long,  flendcr,  flatted  cryAals,  terminating  in  Aiarp 
points,  of  a  pearl  white  colour,  and  about  an  inch  and 
eight-tenths  in  length  f. 

It  imprefles  the  tongue  at  ArA  with  a  fenfe  of  cold- 
nefs,  and  then  of  fweetnefs,  which  is  followed  by  a  taAe 
refembling  that  of  a  mixture  of  fugarand  nitre,  in  which 
the  fweet  does  not  predominate  over  the  the  mawkiffi 
taAe  of  the  nitre 

According  to  Wenzel,  240  parts  of  acetous  acid  fa- 
turate  244  of  ammonia. 

It  is  very  deliquefcent.  It  melts  at  170°,  and  fu- 
blimes  at  about  250°  «[[. 

When  a  watery  folution  of  this  fait  is  diAilled,  there 
comes  ovef  flrA  a  quantity  of  ammonia,  next  a  quantity 
of  acetous  acid,  and  at  laft  of  the  neutral  fait  itfelf.  No 
fuch  decompofition  takes  place  when  the  cryAals  are 
diAilled  by  a  moderate  heat  ** 

The  following  falts  decompofe  acetite  of  ammonia  by 
compound  affinity  : 

Sulphat  of  alumina,  Carbonat  of  foda, 
Carbonat  of  potafs,  Nitrat  of  filver  ^f. 

4.  Acetite  of  barytes.  This  fait  was  ArA  formed  by 
Mr  Morveau. 

It  is  not  eafily  cryAallized.  Morveau  procured  it 
in  long  prifms  in  groups. 

It  has  a  pleafant,  fomewhat  acid  taAe,  and  always 
contains  an  excels  of  acid. 

It  is  foluble  in  water,  and  does  not  deliquefce  when 
$  Morveau y  expoied  to  the  air  %. 

Encyci.  Me -  l  he  following  (alts  decompofe  it  by  compound  affi¬ 

nity  : 

Sulphat  of  potafs, 

— - foda, 

- -  lime, 

- - —  ammonia, 

magnefla, 


According  to  Wenzel,  240  parts  of  acetous  acid  re-  Aceutif 
quire  for  faturation  12$  of  lime:  according  to  Maret,  — v-  * 
1 00  parts  of  acetite  of  lime  contain  50  of  limef .  From  \ 
the  experiments  of  Dr  Higgins,  it  follows,  that  ace-  Met^n 
tite  of  lime  is  compofed  of  35,7  parts  of  lime  and  64,3  Chlm-'A 
of  acetous  acid  and  water  J.  |  OnAi 

It  is  not  altered  by  expofure  to  the  air;  at  lea  A 
Morveau  kept  fome  of  it  for  a  whole  year  merely  co¬ 


vered  with  paper,  and  even  quite  uncovered  for  a  month, 

This  fait  was  formerly  call-  without  its  undergoing  any  alteration  |j.  jj  jl, 

Heat  decompofes  it,  and  at  the  lame  time  partly  de-ytf.  if 


^  Ibid. 


<[  Ibid  ) 
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Acetite 
barytes 


ibod.  Cbim, 

l  8. 


Nitrat  of  alumina, 
Muriat  of  potafs, 
foda, 


- — —  alumina, 

Nitrat  of  potafs, 
foda, 


—  - lime, 

- — —  ammonia, 

—  - magnefia, 

— — —  alumina, 


7$r 

Acetite  of 
lime. 


- lime, 

- ammonia, 

•  magnefia, 


Carbonat  of  potafs, 
— - foda, 


ammonia. 


1. 
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y.  Acetite  ot  lime.  This  fait  was  ArA  defcribed  ac¬ 
curately  by  Crollius.  The  ancients,  however,  ufed  a 
mixture  of  lime  and  vinegar  in  furgery  *. 

1 1t  cryAallizes  in  Ane  needles,  of  a  gloflfy  appearance 
like  fatin. 

Its  taAe  is  bitter  and  four,  becaufe  it  has  an  excefs 
of  acid. 

It  is  foluble  in  water. 


compofes  its  acid. 


tbod. 


The  following  falts  decompofe  it  by  compound  affi¬ 


nity  : 

Sulphat  of  foda, 

— — - ammonia 

- magnefia, 

■  alumina, 


Muriat  of  alumina, 
Carbonat  of  barytes, 
potafs. 


|l 

4 


Nitrat  of  ammonia, 
- magnefia, 


- foda, 

ammonia, 


alumina, 


Muriat  of  ammonia, 

6.  Acetite  of  Arontites. 


- magnefia, 

- alumina. 


This  fait  was  ArA  formed  Aceut 


7  *1 


r 


by  Dr  Hope.  It  forras  fmall  cryftals,  which  are  notfaowit! 
affe&ed  by  expofure  to  the  atmofpheie.  49  parts  of 
it  are  foluble  in  120  parts  of  boiling  water:  It  feems 
to  be  nearly  as  foluble  in  cold  water.  It  renders  vege¬ 
table  colours  green  *.  *  Dr  P. 

7.  Acetite  of  magnefia.  This  fait  was  ArA  mention-.7^ 
ed  by  Mr  Wenzel.  IV*^ 

It  is  not  cryAallizable  ;  but  forms  by  evaporation  a  Accii* 
vifcid  mafs  J.  ma^oefc 

It  has  a  fweetifh  taAe  ;  leaving,  however,  a  fenfe  off  £er^ 
bitternefsf. 

It  is  very  foluble  both  in  water  and  alcohol  *  •  ibid. 

According  to  Wenzel,  240  parts  of  acetous  acid  re-*  Berg* 
quire  tor  faturation  1 23|ths  of  magnefia.  “-3s- 

When  expofed  to  the  air,  it  deliquefees.  Heat  de¬ 
compofes  it. 

#  The  following  falts  decompofe  it  by  compound  affi¬ 
nity  : 

Carbonat  of  barytes, 

- potafs, 

- - foda, 


Sulphat  of  ammonia, 

- alumina, 

Nitrat  of  ammonia, 

- alumina, 

Muriat  of  ammonia, 

- alumina, 

8.  Acetite  of  alumina. 


•  ammonia, 


— * - alumina. 


This  fait  can  only  be  form-  Acetite : 
<ed  by  digeAing  acetous  acid  on  alumina  recently  preci- a:uiair* 
pitated. 

By  evaporation  ncedle-fhaped  cryAals  are  obtained, 
which  are  very  deliquefcent.  According  to  Wenzel, 

240  parts  of  acetous  acid  require  20^-ths  of  alumina  for 
faturation. 

This  fait  is  decompofed  by  compound  affinity  by  the 


following  falts 


Nitrat  of  ammonia, 
Muriat  of  ammonia, 
Carbonat  of  barytes, 

9.  Acetite  of  jargonia. 


Carbonat  of  potafs, 
ammonia, 


v. 


„  „  This  fait  may  be  formed  by  Acetire’ 
pouring  acetous  acid  on  newly  precipitated  jargonia.  jargonia 
It  hao  an  aAringent  tafte.  It  does  not  cry  A  alii  ze*;  but 
when  evaporated  to.drynefs,  it  forms  a  powder,  which  .  ^ 
does  not  attradl  moiAure  from  the  air  as  acetite  of  alu 
mina  does'}'.  It  is  very  foluble  in  water  and  in  alco-^/g^.xu 

hoi, lS^ 


III.  C  H  E  M 

I ».  hoL  It  is  not  fo  eafily  decompofed  by  heat  as  nitrat 
0f  jargonia,  probably  becauie  it  does  not  adhere  fo 
L  ftrongly  to  water  *.  . 

I  de  ic.  Acetite  of  iron.  Thia  fait  was  mentioned  by 
i  Schrceder  and  Juncker.  It  is  cempofed  of  acetous  acid 
and  brou  n  oxyd  of  iron. 

|0f  Its  folutioii  forms  by  gentle  evaporation  fmall  oblong 
cry  Hals ;  br.t  the  greateii  part  of  the  fait  affumes  the 
I  form  of  a  gelatinous  malls  j. 

It  has  a  fweetifh  ftyptic  tafte. 

According  to  Wenzel,  240  parts  of  acetous  acid  re- 
quire  for  faturation  1864  of  iron 

Heat  decompofes  this  fait  ;  and  it  feems  alfo  to  be 
gradually  decompofed  by  expoiure  to  the  air. 
j  &  n.  Acetite  of  zinc.  This  fait  was  firft  mentioned 
by  Glauber. 

Its  ciyftals  are  rhomboidal,  and  fometimes  hexago- 
nalplates,  of  a  white  colour,  and  the  appearance  of  talk. 

It  is  foluble  in  water.  According  to.  Wenzel,  240  , 
parts  of  acetous  acid  require  for  faturation  i95^ths  of 

ZH1C.  •  TT 

It  is  not  altered  by  expofure  to  the  . air.  Heat  de¬ 
compofes  it.  When  thrown  upon  burning  coals,  it  ex¬ 
plodes  with  a  blue  flame. 

12.  Acetite  of  manganefe.  This  fait  is  not  cryftal- 
lizable  ;  and  when  evaporated  to  drynefs,  it  deliquefces. 
Is  it  not  an  acetat  ? 

of  13  Acetite  of  cobalt.  This  fait  is  deliquefcent.  Its 
folution  is  or  a  fine  red  colour  while  cold;  but  becomes 
blue  by  being  heated,  and  it  recovers  its  former  colour 
on  cooling.  According  to  Wenzel,  240  parts  -of  ace¬ 
tous  acid  require  for  faturation  241  ^ths  of  cobalt. 

14.  Acetite  of  nickel.  This  fait  fot  ms  rhomboidal 
|  cubes  of  a  green  colour  ||  ;  They  are  not  deliquefcent : 
Their  tafte  isfweet  *. 

'*•  '  1 5.  Acetite  of  lead.  This  fait  is  mentioned  by  Ifaac 
3f  Hollandus  and  Raymond  Lully.  It  is  compofed  of 
acetous  acid  and  white  oxyd  of  lead. 

It  was  formerly1  called  fugar  of  lead)  fugar  of  Saturn, 
fait  of  Saturn,  vinegar  of  Saturn, ext  m3  of  Saturn,  Sec. 

Its  cry  flak  are  fiat  parallelopipeds,  terminated  by 
two  inclined  planes  approaching  each  other. 

It  has  a  fweet  and  fomewhat  aflringent  tafte. 

It  is  not  very  foluble  in  water ;  but  acetous  acid  dif- 
folves  it  abundantly. 

According  to  \Venzei  240  parts  of  acetous  acid  re¬ 
quire  for  faturation  503  of  lead. 

When  expofed  to  the  air  it  becomes  yellow,  but  un-  . 
dergoes  no  other  alteration. 

Heat  decompofes  it  by  defiroying  the  acid.  When 
diftiiled,  the  refidiium  takes  fire  fpontaneoufiy  on  expo- 
lure  to  the  air.  Paper  dipped  into  acetite  of  lead  forms 
excellent  matches,  which  are  not  fubjeCl  to  go  out,  and 
which  burn  very  {lowly. 

'  The  following  falts  dccompofe  it  by  compound  affi- 

nity ;  .  . 

Muriat  of  ammonia,  Phofphat  of  ammonia, 

,  -Sulphat  of  copper,  Oxalat  of  potafs  ||, 

Phofphat  of  foda,  Malat  of  potafs  f, 
f  16.  Acetite  of  tin.  This  fait  was  firft  defenbed  by 

Lemery.  .  +  . 

«]».  Its  crvft ah  are  prlfmatic  needles  in  groups  $-  Ac¬ 
cording  to  Wenzel,  240  parts  of  acetous  acid  require 

for  faturation  3tV  of  tin. 

J  2 
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17.  Acetite  of  copper.  This  fait  was  known  to  the  Aertites.  ^ 

ancients,  and  various  ways  of  preparing  it  are  deferibed  v  V 
by  Pliny  ^f.  It  was  formerly  known  by  the  names  of  Ac^te  of 
cryflals  of  Venus  and  verdigrife .  co.»pe\ 

It  is  of  a  deep  green  colour.  Its  cryftals  are  rliom- 1 L b.xxriv. 
boids*  C‘IA* 

It  has  a  difagreeable  coppery  tafte. 

It  is  foluble  in  water  and  in  alcohol. 

According  to  Wenzel,  240  parts  of  acetous  acid  re¬ 
quire  *  6-J-  of  copper  for  faturation. 

It  efHorefces  when  expofed  to  the  air.  Heat  de¬ 
compofes  it.  It  is  ufed  in  painting.  793 

1 8.  Acetite  of  bifmuth.  This  fait  feems  to  have  been  Acetite  of 
firft  mentioned  by  GeofFroi.  He  called  it  fugar  of  bifmuth .  ^muth. 

It  is  moll  eafily  procured  by  mixing  together  the  fo- 
lutions  of  nitrat  of  bifmuth  and  acetite  of  potais.  It 
forms  brilliant,  talky,  filvery  cryftals. 

It  has  a  fweetifh  tafte.  According  to  Wenzel,  240 
parts  of  acetous  acid  require  for  faturation  15^  of  bif¬ 
muth. 

It  does  not  deliquefce  when  expofed  to  the  air.  Heat 
decompofes  it.  794 

19.  Acetite  of  antimony.  It  yields  with  difficulty  Acer  ice  of 

fmall  cryftals  f.  According  to  Wenzel,  240  parts  of 
acetous  acid  require  for  faturation  xj  of  antimony.  ’  * 

20.  Acetite  of  arfenic.  This  fait  forms  fmall  cryftals  A-etite  of 

in  grains,  hardly  foluble  in  water*.  -  aTenic. 

2  r .  Acetite  of  mercury.  This  fait  is  mentioned  by  *  Bersman* 

Schrceder.  A cetite  of 

Its  cryftals  are  fmall  thin  plates.  mercury. 

It  has  a  difagreeable  tafte,  and  excites  coughing. 

It  is  hardly  foluble  in  water.  According  to  Wen¬ 
zel,  240  parts  of  acetous  acid  require  for  faturation 
240J  of  mercury. 

When  expofed  to  the  air  it  becomes  black,  owing  to 
the  reduction  of  the  oxyd  of  mercury.  Heat  decom¬ 
pofes  it.  797 

22.  Acetite  of  filver.  This  fait  was  perhaps  firft  Accote  of 

deferibed  by  Margraf.  idver. 

It  is  beft  formed  by  dropping  acetite  of  foda  or  pot¬ 
afs  into  a  faturated  folution  of  nitrat  of  filver +.  ^  Marti , 

It  forms  fmall  oblong  cryftals,  eafily  diffolved  in  wa •ibid. 
terj.  It  has  a  {harp  tafte.  \  Msrgraf , 

According  to  Wenzel,  240  parts  of  acetous  acid  re¬ 
quire  for  faturation  I0i|-  of  filver. 

Heat  decompofes  it.  It  is  decompofed  by  muriat  of 
magnefia^..  _  _  _  Bergman. 

23.  Acetite  of  gold.  This  fait  is  mentioned  by  Ace{-te  0f 

Schrceder  and  Juncker.  gold. 

24.  Acetite  of  uranium.  This  fait  was  firft  formed  79 9 

by  Klaproth  _  uranium!5 

Its  cryftals  are  regular  four- Tided  flender  prifms,  ter¬ 
minated  at  both  ends  by  regular  quadrilateral  pyramids: 
they  are  tranfparent,  and  of  a  beautiful  topaz  yellow 
colour. 

Heat  decompofes  them  :  and  what  is  fmgular,  if  they 
be  heated  gradually  red  hot,  the  oxyd  which  remains 
retains  nearly  the  form  of  the  cryftals  *.  *  Klaproth 

The  compounds  into  which  the  acetic  acid  enters  are on 
called  acetate .  They  are  fo  imperfectly  known  at  pre-  Aceta^s# 
fent,  that  we  fhall  not  attempt  a  defeription  of  them. 

Sect.  XII.  Of  Oxalate. 

The  compounds  of  whiefi  oxalic  acid  forms  a  part 
3  B  2  are 


8oi 
Oxalat  of 
jxatafa. 

\  . Bergman , 
3«  a6a. 

Sol 

Acidulous 
oxalat  of 
potafs. 


I  De  Life* 


803 

Oxalat  of 
foda. 


804 

Cialat  of 
ammonia, 


$  Bergman. 


^  Bergman, 
ibid. 

805 

Earthy  ox* 
alats. 


Bergman 

ibid. 


t  Bcrg» 
ibid. 


•f  Hope, 
Tran/.  Odin 


IV.  14 


£  Bergman , 
ibid.  4ild  li. 
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are  known  by  the  name 
defcribed  by  Bergman. 

1.  Oxalat  o£  potafs.  This  fait  cryftallizes  with  dif¬ 
ficulty.  It  is  very  foluble  in  water.  When  heated  it 
falls  to  powder  f . 

2.  Acidulous  oxalat  of  potafs  The  oxalic  acid  is 
alfo  capable  of  combining  with  potafs  in  excefs,  and 
forming  another  fait,  called  acidulous  oxalat  from  its  acid 
tafte  ;  or,  to.  fpeak  more  accurately,  this  fait  is  formed 
by  the  combination  of  oxalat  of  potafs  with  oxalic  acid. 
This  ialt  exifts  ready  formed  in  oxahs  acetofella  or  wood- 
forrel.;  from  which  it  is  extra&ed  in  fome  parts  of  Eu¬ 
rope  in  great  quantities. .  Hence  it  was  formerly  called 
fait  of. wood  forrel.  It  is  mentioned  by  Duclos  in  the 
Memoirs  of  the  French  Academy  for  1668.  Mar- 
graf  firft  proved  that  it  contained  potafs  ;  and  Scheele 
dilcovered  that  its  acid  is  the  oxalic.  A.  great  many 
interefting  experiments  had  been  previoufly  made  on  it 
by  Wenzel  and  Wiegleb. 

,  11  may  be  formed,  as  Scheele  has  fhown,  by  drop¬ 
ping  potafs.  very  gradually  into  a  faturated  folution 'of 
oxalic  acid  in  water  :  as  foon  as  the  proper  quantity  of 
alkali  is  added,  acidulous  oxalat  is  precipitated.  But 
care  muft  be  taken  not  to  add  too  much  alkali,  otherwife 
no  precipitation  will  take  place  at  all. 

Its  cryllals  are  fmall  opaque  parallelopipeds 
It  has  an  acid,  poignant,  bitter ifh,  tafte. 

It  is  foluble.  in  about  ten  times  its  weight  of  boiling 
water,  but  much  lefs  foluble  in  cold  water. 

It  is  not  altered  by,  expofure  to  the  air.  Heat  de- 
compofes  it. 

This  fait  is  fold  in  this  country  under  the  name  of 
ejfential  fait  of  lemons . 

3.  Oxalat  of  foda.  This  fait  agrees  very  much  with 
oxalat  of  potafs.  Its  cryftals  are  fmall,  and  foluble  in 
water. 

From  Bergman’s  defeription,  oxalic  acid  appears  alfo 
capable  of  combining  in  excefs  with  foda,  and  forming 
an  acidulous  oxalat.  & 

.4.  Oxalat  of  ammonia.  Its  cryftals  are  four-fided 
prifms,  generally  diverging  from  various  points.  They 
redden  the  infufion  of  turnfole. 

They  are  eafily  foluble  in  water,  but  not  in  alcohol t. 
It  is  decompofed  by  nitrat  oF  barytes  ^f. 

5.  Oxalat  of  barytes.  This  fait  does  not  cryftallize 
except  with  excefs  of  acid.  The  addition  of  potafs,  or 
even  of  water,  deprives  it  of  this  excefs,  and  then  it 
crumbles  into  powder.  It  is  infoluble  in  water f. 

6.  Oxalat  of  lime.  This  fait  does  not  cryftallize. 

It  is  infoluble  in  water,  but  fomewlmt  foluble  in  acids! 

It  is  compofed  of  48  parts  of  acid;  46  of  lime,  and  6  of 
water.  Heat  decompofes  it  J. 

7.  Oxalat  offtrontites.  This  fait  was  firft  formed 
by  Dr  Hope.  It  is  a  white  inlipid  powder;  foluble 
in  1920  parts  of  boiling  water.  Heat  decomDofes  it 
by  deftroying  the  acid 

8.  Oxalat  of  magr.efia.  This  fait  is  in  the  form  of 
a  white  powder.  It  is  fcarcely  foluble  either  in  water 
or  alcohol.  It  is  compofed  of  35  parts  of  magnefia 
and  65  of  acid  and  water.  Heat  decompofes  it  J. 

9.  Oxalat  of  alumina.  It  is  uncryftallizable  ;  but 
furnilhes  on  evaporation  a  yellowilh  pellucid  mafs.  It 
is  fparingly  foluble  in  alcohol.  It  has  a  fweet  aftrin- 
gent  tafte.  It  is  compofed  of  44.  parts  of  alumina  and  • 
j6  of  acid  and  water. 
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When  expofed  to  the  air  it  deliquefees  ;  and  if  it  has  0. 


of  oxalals.  They  were  firft 


1  •  n  ,  dim  it  it  lias  cj, 

been  previoufly  well  dried,  its  weight  isincreafed  by  4.  —  . 
It  reddens  turnfbl  ^f.  ^  B 

10.  Oxalat  of  iron.  This  fait  fdrms  prifmatic  cry.'4'* 

ltals  ot  a  yellowifli-green  colour.  1  ii 

It  has  an  aftringent  and  fweet  tafte.  It  is  very  fo-  0F1  c 
luble  m  water.  1  0iat 

It  is  compofed  of  45  parts  of  green  oxyd,  and  55  of 
acd  and  water.  When  expofed  to  heat  it  falls  to  pow- 
dert-  V  fin 

From  Bergman’s  defeription,  the  brown  oxyd  of 
iron  appears  alfo  capable  of  combining  with  oxalic  acid. 

The  compound  does  not  cryftallize,  and  is  nearly  info¬ 
luble  in  water  J.  ;  j  n: 

1 1.  Oxalat  of  zinc.  It  is  hardly  foluble  in  water. 

It  is  compofed  of  75  parts  of  oxyd  and  2  y  of  acid. 

12.  Oxalat  of  manganeie.  It  is  compofed  of  oxalic 

acid  and  white  oxyd  of  manganefe.  It  aopears  caoa- 
Die  or  cryitallizing  ^f.  * 

13  Oxalat:  of  cobalt.  This  is  a  rofe-coloured  pow/ 
der,  infoluble  in  water,  but  foluble  in  oxalic  acid  ;  and 
capable,  by  that  means,  of  cryftallizing  t.  ,  ... 

j  ‘4;  0,X.alaft  ,°f  "lckel-  This  is  a  gieen-coloured  pow¬ 
der,  hardly  foluble  in  water.  It  is  compoled  of  two 
parts  of  acid  and  one  of  oxyd  ^[.  „ 

15.  Oxalat  of  lead.  It  forms  fmall  cryftalline  grains. * 

1  hey  are  mloluble  m  alcohol,  and  neaily  infoluble  in 

wa  er.  1  trey  contain  jy  parts  of  oxyd  and  4;  of  acid  ||.  ||  Ok 

16.  Oxalat  ot  tin.  1  his  fait  forms  prifmatic  cryftals. 

It  has  an  auftere  tafte.  If  the  folution  of  this  lait  be 
quickly  evaporated,  it  affords  a  mafs  refemblin  r  horn, 
and  foluble  in  water  J.  a  j  md 

x,  !7-  ^Xa'at  of  copper.  This  fait  is  uncryftallizable. 
k  is  a  bluith  powder,  infoluble  in  water,  except  with 
excefs  of  acid.  It  is  competed  of  21  parts  of  copper 

18.  Oxalat  of  bifmuth.  This  fait  may  be  formed  by 

dropping  oxalic  acid  into  a  folution  of  nitrat  of  bif- 
mi!t ,  It  f°™s  pellucid  polygonous  cryftals.  When 
oxyd  of  bifmuth  is  difTolved  by  oxalic  acid,  the  refult  is 
a  white  powder,  fcarcely  foluble  in  water  *.  *  UU 

19.  Oxalat  ot  antimony.  This  fait  forms  cryftalline 

grams,  with  difficulty  foluble  in  water  "j*. 

20.  Oxalat  of  arfenic.  Phis  fait  is  compofed  of  oxalic * 
acid  and  white  oxyd  of  arfenic.  Its  cryftals  are  prHms  ' 
ve^r  foluble  m  water  and  alcohol.  It  reddens  turnfole. 

compofed1!  imCS  *  5  ^  by  a  iiron&  hcat  11  ma>  be  de- 

21.  Oxalat  of  mercury.  A  white  powder  hardly  fo- +  ““ 

luble  in  water,  except  with  excefs  of  acid  i.  i  | bid 

22.  Oxalat  of  filver.  This  fait  may  be  formed  by 

pouring  oxalic  acid  into  a  folution  of  nitrat  of  filver 
It  is  a  white  powder  fcarcely  foluble  in  water,  and  not* 
at  all  m  alcohol ;  but  foluble  m  nitric  acid.  It  becomes 
black  by  being  expofed  to  the  air,  owing  to  the  reduc- 
tion  of  the  oxyd||.  °  *  {bid. 

cry2ftal3OXalat  ^  pIati“Uln*  Th‘s  falt  affords- yellow 


Sect.  XIII. 


Of  Tart  rites* 

The  falls  into  which  tartarous  acid  enters  as  an  in¬ 
gredient  are  known  by  the  name  of  tartrites.  go, 

I.  Acidulous  oxalat  of  potafs  or  tartar.  This  fait  Tartar 
which  is  compofed  of  ootais  and  an  excefs  of  tartarous 
acid,  or  rather  of  tartnte  of  potafs  and  tartarous  acid, 

hag 


III. 


'f 

has  been  lon^ 
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known.  It  13  obtained  in  a  ftate  of  im- 
—  purity  at  the  bottom,  and  adhering  to  the  lides  of  calks 
in  which  wine  has  fermented.  It  is  called  tartar,  fays 
Paracelfus,  becanfe  it  produces  the  oil,  water,  limeftone, 
and  fait,  which  burn  the  patient  as  Hell  does.  Accord¬ 
ing  to  him,  it  was  the  principle  of  every  difeaie  and 
every  remedy,  and  all  things  contain  the  germ  ot  it. 

Margraf  and  Rouelle  firft  demonllrated  that  it  con- 
tained  potafs  ready  formed  :  and  Schcele  fir  It  obtained 
tartarous  acid  from  it  in  a  ftate  of  purity. 

Its  cryftals  are  very  fmalL  and  irregular.  According 
to  Monte t,  they  are  prifms,  fomewhat  fiat,  and  moftly 
with  fix  fides.  It  has  a  ftrong  acid  tafte.  It  is  foluble 
;l.  in  about  30  times  its  weight  of  boiling  water  <([.  Ac¬ 
cording  to  Bergman,  it  contains  23  parts  of  alkali  and 
77  of  acid. 

It  is  not  altered  by  expofure  to  the  air.  Heat  de- 
compofes  it  and  at  the  fame  time  deftroys  the  acid.  It 
is  capable  of  forming  a  great  many  compounds 
.  of  2.  Tartrite  of  potafs.  This  fait  may  be  formed  by 
faturating  the  laft  defcribed  fait  with  potafs.  It  was 
formerly  called  foluble  tartar ,  becanfe  it  is  much  more 
loluble  in  water  than  the  acidulous  tartrite  of  potals. 

It  ciyftallizcs  molt  readily  when  there  is  a  fmall  excefs 
of  alkali  in  the  folution.  Its  cryftals  are  fmall  oblongs. 

It  has  an  unpleafant  bitter  tafte.  It  is  ioluble  in  4 
parts  of  water,  at  the  temperature  of  40°. 

3.  Tartrite  of  foda  This  fait  has  never  been  accu¬ 
rately  examined. 

e  of  4.  Tartrite  of  potafs  and  foda.  This  triple  fait,  for- 
n  medy  known  by  the  name  of  fait  of  Seignette,  becaufe 
firft  formed  by  Mr  Seignette  apothecary  at  Rochelle,  is 
made  by  faturating  tartar  with  foda. 

Its  cryftals  are  prifms  of  eight  or  ten  unequal  Tides, 
having  their  ends  truncated  at  right  angles.  They  are 
generally  divided  into  two  in  the  diredion  of  their  axes, 
and  the  bafe  on  which  they  itand  is  marked  with  two 
diagonal  lii  es,  fo  as  to  divide  it  into  four  triangles. 

It  lias  a  bitter  tafte.  It  is  almoli  as  foluble  as  tar¬ 
trite  of  potafs. 

It  effiorefees  when  expofed  to  the  air.  Heat  de- 
compofes  it. 

:e  of  4.  Tartrite  of  ammonia..  The  cryftals  of  this1  fait 
1*a*  are  polygonous  priims,  not  unlike  thofe  of  the  laft  de- 
(cribed  fait. 

It  has  a  cooling  bitter  tafte  like  that  of  nitre.  It  is 
eafily  foluble  in  water.  Heat  decompofes  it. 

5.  Acidulous  tartrite  of  ammonia.  T  his  fait  may 
be  formed  by  pouring  tartarous  acid  into  a  folution  of 
tartrite  of  ammonia.  Like  acidulous  tartrite  of  potafs 
it  is  very  iufoluble  in  water. 

6-  Tartrite  of  potais  and  ammonia.  *1  his  triple  fait 
may  be  formed  by  pouring  ammonia  into  acidulous  tar¬ 
trite  of  potals. 

Its  cryftals,  according  to  Macquer  are  prifms  with 
four,  five,  or  fix  fides:  according  to  the  Dijon  academi¬ 
cians,  parallelopipeds,  with  two  alternate  (loping  fides. 

It  has  a  cooling  tafte.  It  is  foluble  enough  in  water. 
It  effiorefees  in  the  air.  Heat  decompofes  it. 
t  7.  Tartrite  of  barytes.  Unknown. 

y  tar-  8.  Tartrite  of  lime.  This  fait,  firft  formed  by  Scheele, 
is  a  taftelefs  and  almoti  infoluble  powder.  By  heat  the 
acid  is  decompofed,  and  the  pure  lime  remains  behind. 

9.  Tartrite  of  ftrontites.  This  fait  was  firft  formed 
by  Dr  Hope.  Its  cryftals  are  fmall  regular  triangular 
tables,  having  the  edges  and  angles  (harp  and  well  de- 


381 


It  diffolves  in  320  parts  of  boil-  Tartrite*. 
expofure  to  the  air. 


S  T  R  Y. 

fined.  It  is  infipid 
ing  water. 

It  is  not  altered  by  expofure  to  the  air.  Heat  de-*  j{Qpe<t 
compofes  it  by  deftroying  the  acid  Edin.Tranf* 

10.  Tartrite  of  magneha.  This  (alt  is  infoluble  in iv.  15. 

water  except  there  be  an  excefs  of  acid  prelent.  It  then 
rJFords  by  evaporation  fmall  cryftals  in  the  form  of  hex- 
angular  truncated  prifms  f .  t 

It  has  a  more  faline  tafte,  and  is  more  fufitle  than  *  2 
tartrite  of  lime  £.  I  ^cn 

Heat  firft  mdts  and  after-wards  decompofes  it.  t fen/ add 

1 1.  Tartrite  of  alumina  This  fait  does  not  crvftal-  Tartar. 

lize,  but  forms  by  evaporation  a  clear  tranfparent  gum¬ 
my  ma(s.  Its  tafte  is  altringent.  It  is  ioluble  in  wa¬ 
ter  It  does  not  deliquefee  in  the  air  *.  *  Von  Vac * 

12.  Tartrite  of  potafs  and  alumina  This  triple  fait**"' 
is  formed  by  faturating  tartar  with  alumina.  It  bears 

a  very  finking  refemblance  to  the  laft  defcribed  fait. 

13.  Tartrite  of  iron.  This  is  a  grey  powder.  When  Metallic 
tartarous  acid  is  poured  into  a  folution  of  fnlphat  oftartrites. 
iron,  fcaly  cryftals  are  formed  by  evaporation.  Thefe 
cryftals  are  doubt lefs  compofed  of  tartarous  acid  com¬ 
bined  with  fnlphat  of  iron.  This  triple  fait  might  be 
called  tartrofulphat  of  iron, 

14.  Tartrite  of  potais  and  iron.  This  triple  fait  was 
formerly  called  iartarfed  tincture  oj  Mars ,  chalybeated' 
tartar ,  an  <\  tartar  if  id  iron.  It  may  be  formed  by  boil¬ 
ing  two  parts  of  tartar  and  one  of  iron  filings,  previouf- 
ly  made  up  into  a  patfe,  in  a  proper  quantity  of  water. 

The  liquor  by  evaporation  depofits  cryftals,  which  form 
the  fait  wanted. 

15.  Tartiite  of  zinc.  This  fait  is  not  eafily  foluble 
in  water. 

16.  Tartrite  of  potafs  and  zinc.  This  triple  fait, 

formed  by  combining  tartar  and  oxyd  of  zinc,  is  very 
foluble  in  water  J.  _  _  \  Element- 

17*  Tartrite  of  lead.  This  fait,  which  is  compofed<&  dim, 
of  tartarous  acid  and  white  oxyd  of  lead,  is  alraoft  info-  Dijon. 
luble  in  water.  Nitric  acid  diftolves  it 

lS.  Tartrite  of  potafs  and  lead.  This  fait,  formed 
by  combining  white  oxyd  of  lead  with  tartar,  is  very 
foluble  in  water  *  V/enzeh 

19.  Tartrite  of  tin.  Unknown.  The  tartrite  of  pot¬ 
afs  and  tin,  compofed  of  tartar  and  oxyd  ot  tin,  is  ca¬ 
pable  of  cry ftalii zing. 

20.  Tartrite  of  copper.  This  fait  is  bed  formed  by 

pouring  tartarous  acid  into  the  faint! 011s  of  muriat  or 
folphat  of  copper  ;  it  precipitates  in  the  form  of  blue 
cryftals  «f.  *1  Bergman . 

This  lalt  forms  the  bed  kind  of  the  pigment  called 
Brunfivlch  green  J.  t  Leonhardh 

21.  Tartrite  of  potafs  and  copper.  This  triple  fait 
is  alfo  in  the  form  of  blue  cryftals. 

22.  Tartrite  of  bifmuth.  Small  cryftalline  grains  ||.  ||  Bergman* 

23.  Tartrite  of  antimony.  This  fait  has  never  been 
examined  with  attention. 

2d.  Tartrite  of  potafs  and  antimony,  or  tartar  emetic. 

To  this  fait,  which  is  perhaps  the  moft  powerful  emetic 
known,  a  great  deal  of  attention  lias  been  paid,  and  a 
vaft  number  of  methods  have  been  tried  to  prepare  it. 

Thefe  methods  have  been  already  defcribed  in  the  En¬ 
cyclopedia  It  appears  from  the  experiments  of  Mr‘ 
Bindheim,  that  if  this  fait  be  carefully  prepared,  the 
difference  that  refults  from  the  ufe  of  different  oxyds  is 
not  fo  great  as  might  have  been  expe&ed  f .  t  dnn.  d* 

It  was  firft  made  known  by  Adrian  in  1631.  It 
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compofed  of  tartar  and  white  oxyd  of  an- 

Its  cryftals 


a  triple  fait 
^  timony. 

It  is  of  a  white  colour  and  traafparent. 
are  trihedral  pyramids. 

It  difTolves  in  60  parts  of  cold  water,  and  in  a  (mailer 
proportion  of  hot  water.  It  is  decompofed  by  lime 
and  alkalies,  iron,  &c.  Care  ought  therefoie  to  be  taken 
*  to  life  only  diftilled  water  when  it  is  adminiftered  as  a 

medicine. 

25.  Tartrite  of  arfenic.  This  fait  forms  prifmatic 
"Bergman,  cryftals  very  like  thofe  of  oxalat  of  arfenic  ff. 

J1,  26.  Tartrite  of  mercury.  A  yellow  powder. 

27.  I  art  rite  of  potafs  and  mercury.  This  triple  fait 
f  Monnet.  cryftallizes  f . 


Sect.  XVI.  Of  La  fiats. 


Part  j 


u\ 


The  neutral  falts  formed  by  the  combination  of  the  Sl| 


* 


TheyLlilj| 


S  e  CT.  X I V.  Of  Citrats. 


The  compounds  into  which  the  citric  acid  enters 
have  been  denominated  citrats. 

Thefe  falts  are  at  prefent  very  imperfeflly  known. 

*  Jmir.  de  Mr  Dize  has  promifed  foon  to  fupply  this  defefl  *. 
Stillin'  1  Citrat  P°tafs.  This  fait  does  not  cryftallize. 

Si^  ^  ba®  a  cooling  faline  ta fte.  and  deliqucfces  when  ex* 
Alkaline  Pofed  to  the  air. 

citrats.  2.  Citrat  of  foda.  This  fait  does  not  deliquefce.  It 

1  Dr  Do-  has  a  mild,  pleafant,  cooling  tafte  ^f.  According  to 
tuild  Monroy  Schcele,  it  does  riot  cryftallize. 

Hil.  Tr*nf.  3.  Citrat  of  ammonia.  This  fait  cryftallizes  in  thin 
j  Dobfon.  It  has  a  cooling  -end  moderately  faline  tafte  J. 

*  SchceU.  ^  ammonia  is  feparatcd  by  the  application  of  heat  *. 

_  8J4  .  4-  Citrat  of  barytes.  This  fait  is  fcarcely  foluble  in 

trats  C1*  ^ater‘  It  affumea  the  form  of  a  white  powder  f.  It 
^  II .  foluble  in  citric  acid. 

5.  Citrat  of  lime.  This  is  a  white  powder,  fcarcely 

1|  Id.  foluble  in  water  |j. 

6.  .Citrat  of  magnefia.  Does  not  cryftallize.  It 
J  Id.  forms  a  gummy  faline  mafs  very  foluble  in  water 

7-  Citrat  of  alumina.  This  fait  is  fcarcely  foluble  in 
Sl5  water. 

Metallic  Citrat  of  iron.  A  folution  of  a  brown  colour, 

citrats.  ?  9.  Citrat  of  copper.  A  green  gummy vmafs. 

i  o.  Citrat  of  mercury..  This  fait  may  be  formed  by 
pouring  citric  acid  into  nitrat  or  acetite  of  mercury.  It 

*  'lz*'  a  Haky  fait,  of  a  brick- dull  colour,  more  or  lefs  red~j*» 


ladic  acid  with  various  bafes  are  called  la  fiats. 
were  firft  difcovered  by  Scheele. 

1.  La&at  of  potafs.  A  deliquefcent  fait,  foluble  in 

alcohol  .  ]|. 

2.  La£tat  of  foda.  This  fait  does  not  cryftallize.  It  M/i 

is  foluble  in  alcohol  f .  I| 

3.  Laflat  of  ammonia.  Cryftals  which  deliquefce.  * 
Heat Separates  a  great  part  of  the  ammonia  before  de- 
itroymg  the  acid. 

4*  La£Iat  of  barytes.  1  Thefe  falts  deliquefce  §  The$^' 

5.  Laflat  of  lime.  k  laflat  of  lime  is  foluble  in  al- ' 

6.  Tadtat  of  alumina.  J  cohol  J.  \  nn 

7.  Laflat  of  magnefia  Small  deliquefcent  cryftals  II.  {  tiu  J 

8.  Ladfat  of  iron.  A  brown  folution. 

9;  Laflat  of  zinc.  Cryftals*.  *|«ji 

1  hefe  falts  have  a  very  ftrong  refemblance  to  malats.  If 
Hie  only  difference  which  Scheele  obferved  was,  that 
the  malat  of  .lime  was  inloluble  in  alcohol,  while  alcohol  , 
diffolved  laflat  of  lime. 


Sect.  XVII.  Of  Saccholat s. 


The  compounds  into  which  the  faccholaflic  acid  en-Jl'fi 
ters  are  called/^^o/^.  They  alfo  were  firft  difcover-  f 
ed  by  Scheele. 

.  f*  Saccholat  of  potafs.  Small  cryftals,  foluble  in 
eight  times  their  weight  of  boiling  water’*.  *  . 

t  ;m2;<?rh°h-  i°f  r°ua:,.  Thc  fame>  foluble  m  five  4" 

times  their  weight  of  boiling  water- Aim 

3.  Saccholat  of  ammonia.  A  fait  which  has  a  fourifh  $ lbxl 
talte.  Heat  feparates  the  ammonia  +. 

4.  Saccholat  of  barytes.  T  •  Uld' 

5.  Saccholat  of  lime.  /  Thefe  falts  are  infoluble 

0.  Saccholat  of  magnefia.  (  in  water  «r.  r 

7.  Saccholat.  of  alumina.  J  iIil 


^Sect.  XVIII.  Of  Gallats. 
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Sect.  XV.  Of  Malats . 

The  compounds  into  which  the  malic  acid  enters 
are  called  This  clafs  of  falts  was  firft  difcover- 

trlts7  SC  leC  e'  They  arC  n0  beLter  known  than  ci- 
Malats.  1  •  Malat  of  potafs.  1 

4.^  Malat  of  lime.  Small  irregular  cryftals.  Thev 
require  a  large  quantity. of  boiling  water  for  their  folu- 
tion.  With  excefs  of  acid  they  are  readily  foluble  in 
|  Id.  cokl  water  §.  They  are  infoluble  in  alcohol  It. 

\li  5-  Malat  of  barytes.  The  properties  of  this  fait  re- 

111  fcmb  t  pretty  much  thofe  of  malat  of.lime  «r. 

6.  Malat  of  magnefia.  Deliquefcent 

fu.  zablet!3121  °fir°n'  A  brown  Wution,  not  cryftalli- 

8.  Malat  of  zinc.  This  fait  forms  beautiful  cryftals  fl. 


I  he  compounds  into  which  the  gallic  acid  enters  are  8  9 
denominated  gallats.  They  were  firft  attended  to  bv0^ 
the  Dijon  academicians  and  by  Scheele. 

,J.  Gallat  of  potafs.  ~j  We  only  know  that  thefe 
2.  Ga  lat  o  foda.  .  J.  compafitions  are  poffible, 

,.J'  kra^t  of  ammonia.  J  and  that  their  properties  are 
different  from  thofe  of  all  other  falts.  h 

4.  Gallat  of  barytes.  1  Thefe  falts  are  foluble  in  vva- 

5.  OaHat  of  lime.  J  ter,  efpecially  when  there  is 
excels  or  acid. 

6;  Gallat  of  magnefia.  This  fait  is  a  yellow  powder, 
loluble  in  water  and  in  alcohol  j|. 

.  7-  Gallat  of  alumina.  This  fait,  according  to  BarJ  Barlkli 
holdi,  exiils  ready  formed  in  nut  galls.  It  is  very  fo. i,"L 
luble  in  water.  1 

Gallat  of  iron.  This  fait,  which  Mr  Prouft  has™’ 
d  fcovered  to  be  formed  of  gallic  add  and  brown  oxvd 
°t  iron  is  of  a  black  colour,  and  does  not  feem  capable 

if*'"?'  lt.  fo!“ble  in  the  three  mineral  acids, 
and  by  that  means  is  deprived  of  its  black  colour.  It 
is  to  this  (alt  that  mk  partly  owes  its  black  colour.  Gal- 
lat  ot  iron  is  decompofed  by  alkalies 

of  n0t  ftempt  a"y  /arther  acc°unt  of  this  clafs 

of  falts.  Scarcely  any  addition  has  yet  been  made  to 

the 


L  the  experiments  of  Scheele  which  have  been  given  al- 
"  ready  in  the  article  Chemistry,  EncycL 

Sect.  XIX.  Of  Benzoats . 

The  compounds  into  which  the  benzoic  acid  enters 
have  been  called  benzoats. 

1.  Benzoat  of  potafs.  This  fait  forms  pointed  fea¬ 
thery  cryftals.  It  has  a  faline  fharp  tafte.  It  is  very 
foluble  in  water.  It  deliquefces  when  expofed  to  the 
air 

2.  Benzoat  of  foda.  The  cryftals  of  this  fait  are  lar¬ 
ger,  but  its  tafte  is  the  fame  with  that  of  benzoat  of 
potafs.  It  is  alfo  very  foluble  in  water.  It  efflorefces 
in  the  air  f. 

3.  Benzoat  of  ammonia.  This  fait  cryftallizes  with 
difficulty.  Its  cryftals  are  feather-fhaped.  It  deli¬ 
quefces  J. 

4.  Benzoat  of  lime.  This  fait  forms  white,  fhining, 
pointed  cryftals,  of  a  fweetifh  tafte,  and  not  eafily  fo- 
luble  in  water  §. 

5.  Benzoat  of  magnefia.  Feather-fhaped  cryftals,  of 
a  (harp  bitter  tafte,  and  eafily  foluble  in  water  ||. 

6.  Benzoat  of  alumina.  An  aftringent  fait. 

7.  Benzoat  of  iron.  This  fait  forms  yellow  cryftals. 
It  has  a  fweet  tafte.  ft  is  foluble  in  water  and  alcohol. 

r/J t  efflorefces  in  the  air.  Heat  difengages  the  acid  f . 

8.  Benzoat  of  zinc.  This  fait  forms  arborefcent  cry¬ 
ftals.  It  is  foluble  in  water  and  alcohol.  When  ex¬ 
pofed  to  the  air  it  is  diffipated.  Heat  decompofes  it  J. 

9.  Benzoat  of  manganefe.  This  fait,  which  is  form¬ 
ed  of  benzoic  acid  and  white  oxyd  of  manganefe,  cry- 
ftallizes  in  fmall  fcale3.  It  dilfolves  readily  in  water, 
with  difficulty  in  alcohol.  It  is  not  altered  by  expofure 
to  the  air  ^[. 

1  o.  Benzoat  of  cobalt.  Flat  cryftals  J . 

1  1.  Benzoat  of  lead.  Very  white  cryftals,  foluble  in 
water  and  alcohol.  They  are  not  altered  by  expofure 
to  the  air.  Heat  difengages  the  acid  \\. 

1 2.  Benzoat  of  tin.  This  fait  may  be  formed  by 
pouring  benzoat  of  potafs  into  a  folution  of  tin  in  the 
nitro-muriatic  acid.  The  benzoat  of  tin  is  precipitated. 
It  is  foluble  in  hot  water,  but  infoluble  in  alcohol.  Heat 
decompofes  it  §. 

13.  Benzoat  of  copper.  Small  cryftals  of  a  deep 
green  colour.  They  are  with  difficulty  foluble  in  water, 
and  not  at  all  in  alcohol  f. 

14.  Benzoat  of  bifmnth.  This  fait  forms  white 
needle-fhaped  cryftals.  They  are  foluble  in  water  and 
in  a  very  fmall  proportion  in  alcohol.  They  are  not 
altered  by  expofure  to  the  air.  Heat  decompofe 

!•  them 

15.  Benzoat  of  antimony.  Cryftals  which  efflorefca 
K*  in  the  air,  and  are  decompofed  by  heat  ||. 

t6.  Benzoat  of  arfenie.  Small  feather-fhaped  cry¬ 
ftals.  It  is  foluble  in  hot  water,  but  cryftallizes  in  the 
cooling.  A  moderate  heat  fublimes  it ;  a  ftrong  heat 
decompofes  it.  Sulphur  decompofes  it.  It  is  not  de* 
compofed  by  alkalies  $. 

17.  Benzoat  of  mercury.  A  white  powder.  It  is 
infoluble  in  water,  but  diftolves  in  a  fmall  quantity  in 
alcohol.  It  is  not  altered  by  expofure  to  the  air.  A 
fmall  heat  fublimes  it ;  a  greater  decompofes  it.  It  is 

k  decompofed  by  fulphur  f. 

18.  Benzoat  of  filvcr.  This  fait  is  foluble  in  water 


and  alfo  in  a  very  fmall  proportion  in  alcohol.  It  is  Campho- 
not  altered  by  expofure  to  the  air,  but  the  rays  of  the  ,  rats‘  _ , 
fun  render  it  brown.  Heat  difengages  its  acid  !|.  *  \  jt 

19.  Benzoat  of  gold.  Small  irregular  cryftals,  not 
eafily  foluble  in  water  ;  infoluble  in  alcohol.  It  is  not 
altered  by  expofure  to  the  air.  Heat  decompofes  It  ^T.  f  W.  t&M 

20,  Benzoat  of  platinum.  This  fait  forms  fmall 

brownifh  cryftals,  with  difficulty  foluble  in  water ;  not 
foluble  in  alcohol.  When  expofed  to  heat,  it  is  decompo¬ 
fed,  and  there  remains  behind  a  brown  powder  §.  §  Mif* 

Sect.  XX.  Of  Succhiats . 

The  neutral  falts,  formed  by  the  combination  of  the 
fuccinic  acid  with  various  bales,  have  been  called  fucci- 
nats . 

We  fhall  not  defcribe  thefe  falts,  as  v/e  could  not  add 
much  to  the  account  given  in  the  Appendix  to  the  ar¬ 
ticle  Chemistry  in  the  Encyclopaedia.  That  account 
was  taken  from  Mr  Kier’s  Chemical  Di&ionary,  and 
that  gentleman  borrowed  it  from  Leonhardi. 


Sect.  XXI.  Of  Camphor  cits,* 

The  neutral  falts  into  the  compofttion  of  which  cam¬ 
phoric  acid  enters,  have  been  denominated  camphorats . 

The  only  chemift  who  has  hitherto  examined  them  is 
Bouillon  la  Grange:  his  experiments  have  been  publifh- 
ed  in  the  27th  volume  of  the  Annales  de  Chtmte,  $23 

1.  Camphorat  of  potafs  To  prepare  this  fait  car-  Camphorat 
bonat  of  potafs  is  to  be  diftolved  in  water,  and  the  folu-°f  potafs. 
tion  faturated  with  camphoric  acid.  When  the  effiervef- 

cence  is  over,  the  liquor  is  to  be  evaporated  by  a  gentle 
heat  to  the  proper  coniiftence,  and  cryftals  of  campho¬ 
rat  of  potafs  will  be  depofited  when  the  liquor  cools. 

Camphorat  of  potafs  is  white  and  tranfparent  ;  its 
cryftals  are  regular  hexagons.  Its  tafte  is  bitteriffl  and 
ftightly  aromatic. 

Water  at  the  temperature  of  6o°  diftolves  *4oth  part 
of  its  weight  of  this  fait  j  boiling  water  diftolves  ^th 
part  of  its  weight. 

It  is  foluble  in  alcohol,  and  the  folution  burns  with  5* 
deep  blue  flame. 

When  expofed  to  moift  air,  it  Iofes  a  little  of  its 
tranfparency,  but  in  dry  air  it  fuffers  no  change. 

When  expofed  to  heat  it  melts,  fwdls,  and  the  acid  * 
is  volatilized  in  a  thick  fmoke,  which  has  an  aromatic 
odour.  Before  the  blow-pipe  it  burns  with  a  blue  flame', 
and  the  potafs  remains  behind  in  a  ftate  of  purity. 

By  compound  affinity  this  fait  is  decompofed  by 
Nitrat  of  barytes, 

All  the  falts  whofe  bafe  is  lime*/ 

Nitrat  of  fiver, 

Sulphat  of  ironr 
Muriat  of  tin, 

*  lead  #  Bouillon 

2.  Camphorat  of  foda.  This  fait  may  be  formed  L  a  Grange ^ 

precifely  in  the  fame  manner  with  the  camphorat  of Ann' dc  .. 
potafs.  ^  xxvl1' 

It  is  white  and  tranfparent;  its  tafte  is  fomewhat 2%24 
bitter  %  its  cryftals  are  irregular.  Camphorat 

Water  at  the  temperature  of  6o°  diftolves  lefs  than °f  foda. 
T^p-th  part  of  its  weight  of  this  fait ;  boiling  water  dif- 
folves  ^th  of  its  weight. 

.  It  is  alfo  foluble  in  alcohol.  * .  \k 

When  expofed  to  the  air  it  lofes  its  tranfparency, 'and 

efflorefces 
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efflorefces  (lightly,  but  is  never  completely  reduced  to 
powder. 

Heat  produces  the  fame  effedt  upon  it  as  on  cam- 
phorat  of  potafs :  the  acid  burns  with  a  blue  flame, 
which  becomes  reddifh  towards  the  end. 

By  compound  affinity  it  is  decompofed  by 
Nitrat  of  lime,  w  *  "  " 

*  filver, 


Pai 


The  mixture  is  then  to  be  made  boiling  hot,  paffed  C 
gh  a  filter,  and  evaporated  to  about  iths  of  Its  vo. 


&  . Bouillon 
La  Grange , 
jinn,  cie 


Muriat  of  magnefia, 

- barytes, 

-  alumina, 


tallic  bafes  *. 

3.  Camphorat  of  ammonia 


Muriat  of  lime, 

■ — - iron, 

Sulphat  of  alumina, 
- iron ;  and  ma¬ 
ny  other  falts  with  me- 


«  .  evaporated  Lu  uuout  iL8 

iume.  On  cooling  camphorat  of  lime  is  depofited. 

It  has  no  regular  ffiape ;  but  if  the  evaporation  has  been 
properly  condu&ed,  it  is  in  plates  lying  one  above  an. 
other.  It  is  of  a  white  colour,  and  has  a  tafte  flightly 


bitter. 


Ann.ie  »  -  - r;-— .  -  - . .  This  ^  ^  be  pre- 

Cbim.  xxvii.  Pared  by  diffolving  carbonat  of  ammonia  in  hot  water, 
a6.  and  adding  camphoric  acid  (lowly  till  the^lkali  is  fatu- 

Carn^horat  ratecb  ^  muft  then  be  evaporated  with  a  very  mode- 
o/ammo-^  rate  beat’  to  Prevent  the  difengaging  of  ammonia, 
uia*  It  is  very  difficult  to  obtain  this  fait  in  regular  cry- 

ftals.  When  evaporated  to  dry  nets,  there  is  obtained  a 
folid  opaque  mafs  of  a  (harp  and  bitterifh  tafte. 

Water  at  the  temperature  of  about  6o°  diffolves  near¬ 
ly  Part  lts  we*£bt  of  this  fait  ;  boiling  water 

M  of  its  weight  :  But  this  and  the  two  falts 


Water  at  the  temperature  of  6o°  difTolves  very  little 
ot  this  fait ;  boiling  water  is  capable  of  diffolving  about 

j  ^th  part  of  its  weight  of  it.  It  is  infoluble  in  alco¬ 
hol. 

It  Is  compofed  of  43  parts  of  lime,  50  of  add,  and 
7  of  water. 


der. 


When  expofed  to  the  air  It  dries  and  falls  into  pow. 


difTolves  yci 


above  described  are  a  good  deal  more  foluble  when  there 


f  \biit, 
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is  excefs  of  bafe 

It  is  entirely  foluble  in  alcohol. 

When  expofed  to  the  air  it  attra&s  moiflure,  but  not 
in  fufficient  quantity  to  enable  it  to  affume  a  liquid 
form. 

When  expofed  to  heat  it  fwells,  melts,  and  is  con¬ 
verted  into  vapour  ;  before  the  blow  pipe  it  burns  with 
a  blue  and  red  flame,  and  is  entirely  volatilized. 

Mofl  of  the  calcareous  falts  form  triple  falts  with 
camphorat  of  ammonia. 

It  decompofes  in  part  all  the  aluminous  falts  except 
the  fulphat  of  alumina  f. 

---  4-  Camphorat  of  barytes.  In  order  to  prepare  this 

ofba^teT  baiTtes  1S  to  be  diffolved  in  water,  and  camphoric 
arJ  es*  acid  added  to  the  folution  ;  the  mixture  is  then  to  be 
boiled,  and  afterwards  filtered  and  evaporated  to  dry- 
nefs. 

Camphorat  of  barytes  does  not  cryflaflize  ;  when  the 
evaporation  is  conduced  flowly,  the  fait  is  depofited  in 
thin  plates  one  above  another,  which  appear  tranfpa- 
rent  while  immerfed  in  the  liquor,  but  become  opaque 
whenever  they  come  into  conta&  with  the  air. 

It  has  very  little  tafte,  though  it  leaves  at  lad  upon 
the  tongue  a  flight  impreffion  of  acidity  mixed  with  bit- 
ternefs. 

Water  diffolves  only  a  very  fmall  quantity  of  this 
fait :  boiling  water  being  capable  of  taking  up  only 
y|^th  part  of  it. 

It  is  not  altered  by  expofure  to  the  air. 

When  expofed  to  heat  it  melts  eafily,  and  the  acid  is 
volatilized.  When  the  heat  is  confiderable,  the  acid 
burns  with  a  lively  blue  flame,  which  becomes  red  and 
at  laft  white.  ♦ 

It  is  decompofed  by 

•Nitrat  of  potafs,  foda,  lime,  ammonia,  and  magnefia. 
Muriat  of  lime,  potafs,  alumina,  and  magnefia. 

All  the  fulphats. 

Carbonat  of  potafs  and  foda. 


*  J Bouillon 


La  Grange  '-arDonat  or  potats  and  loda. 
ibid.  p.  a8.J  Phofphat  of  potafs,  foda,  and  ammonia  *. 
**7  ~  ’  . .  ^ 


5.  Camphorat  of  lime.  This  fait  may  be  prepared 


p  '  j - - 1 . . . uc  picparcu 

droPPinS  'mi0  lime-water  cryflallized  camphoric  acid. 


AVhen  expofed  to  a  moderate  heat  it  melts  and  fwells 
up  :  when  placed  on  burning  coals,  or  when  heated  in 
clofe  veffels,  the  acid  is  decompofed  and  volatilized,  and 
the  lime  remains  pure. 

When  fulphunc  acid  is  poured  into  a  folution  of  this 
ialt,  it  produces  an  infoluble  precipitate  ;  nitric  and  mu. 
riatic  acids  precipitate  the  camphoric  acid. 

It  is  decompofed  by  compound  affinity  by 
Carbonat  of  potafs, 

Nitrat  of  barytes, 

Muriat  of  alumina, 

Sulphat  of  alumina, 

Phofphat  of  foda  *. 

6.  Camphorat  of  magnefia.  This  fait  may  be  pre- 
pared  by  pouring  water  on  carbonat  of  magnefia,  and  A.:- 
then  adding  cryflallized  camphoric  acid:  heat  is  then  ^'4 
applied,  the  folution  is  filtrated,  and  evaoorated  to  dry-11* 
nds.  The  fait  obtained  is  diffolved  in  hot  water,  paffed  rl 
through  a  filter,  and  evaporated  by  means  of  a  mode- of! 
rate  heat  till  a  pellicle  forms  on  the  furface  of  the  folu-k. 
tion.  On  cooling  the  fait  is  depofited  in  thin  plates. 

I  he  lecond  folution  is  to  remove  any  excefs  of  magne¬ 
fia  that  may  happen  to  be  prefent. 

This  fait  does  not  cryftallize.  Tt  is  white,  opaque, 
and  has  a  bitter  tafte.  ^ 

It  is  fcarcely  more  foluble  in  water  than  camphorat 
of  lime.  r 

Alcohol  has  no  a£ion  on  it  while  cold,  but  when 
hot  it  diffolves  the  acid  and  leaves  the  magnefia  ;  and 
the  acid  precipitates  again  as  the  alcohol  cools. 

When  expofed  to  the  air  it  dries  and  beco*mes  cove¬ 
red  with  a  little  powder  ;  but  this  effedl  is  produced 
liowly,  and  only  m  a  warm  place. 

When  this  fait  is  placed  on  burning  coals,  the  acid  is 
volatilized,  and  the  magnefia  remains  pure.  Before  the 
blow-pipe  it  burns  like  the  other  camphorats  with  a 
blue  flame. 

The  nitrats,  muriats,  and  fulphats,  do  not  complete¬ 
ly  decompofe  this  fait,  if  we  except  the  nitrat  of  lime 
and  muriat  of  alumina  *. 

.  7-  Camphorat  of  alumina.  To  prepare  this  fait,  alu- 

mina,  precipitated  by  means  of  ammonia,  and  well  wafh- 
e.d’  ls.to  be  mixed  with  water,  and  cryftals  of  campho- oF aluff 
ric  acid  added.  The  mixture  is  then  to  be  heated,  fil¬ 
tered,  and  concentrated  by  evaporation.. 

This  fait  is  a  white  powder,  of  an  acid  bitterifh  tafte, 
leaving  on  the  tongue,  like  moil  of  the  aluminous  falts, 
a  ienlation  of  aftringency. 

f  Wate.r  at  the  temperature  of  6o<>  diffolves  about  *  tli 
part  of  its  weight  of  this  fait.  Boiling  water  diffolves 


If 
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i  it  in  considerable  quantities;  but  it  precipitates  again  as 
B''  the  folution  cools. 

Alcohol,  while  cold,  diflolves  it  very  fparingly  ;  but 
when  hot  it  diflolves  a  conliderable  quantity  of  it,  which 
precipitates  alfo  as  the  folution  cools. 

This  fait  undergoes  very  little  alteration  in  the  air  ; 
but  it  rather  parts  with  than  attra&s  mo i {hire. 

Heat  volatilizes  the  acid  ;  and  when  the  fait  is  thrown 
on  burning  coals  it  burns  with  a  blue  flame. 

It  is  decompofed  by  the  nitrats  of  lime  and  ba- 

*  rytes*. 

r*  Sect.  XXII.  Of  Subcrats. 

V1*  The  falts  formed  by  the  fuberic  acid  have  obtained 
the  appellation  of  fuberats.  They  have  hitherto  been 
examined  only  by  Bouillon  la  Grange. 

0  i.  Suberat  of  potafs.  This  fait  ought  to  be  formed 
r  by  means  of  cryftallized  carbonat  of  potafs. 

It  cryftallizes  in  prifms,  having  four  unequal  fide?. 

It  has  a  bitter  faltifh  taiie,  and  it  reddens  vegetable 
blues  It  is  very  foluble  in  water.  Caloric  melts  it, 
and  at  laft  volatilizes  the  acid. 

It  is  decompofed  by  moil  of  the  metallic  falts,  and 
'  by  fulphat  of  alumina,  muriat  of  alumina,  and  of  lime  ; 
nitrat  of  alumina  and  of  lime  ;  and  phofphat  of  alu¬ 
mina  f . 

2.  Suberat  of  foda.  This  fait  does  not  cryftallize.  It 
3  reddens  the  tin&ure  of  turnfble.  Its  taiie  is  (lightly 

bitter,  it  is  very  foluble  in  water  and  in  alcohol.  It 
at  trails  moiilure  from  the  air.  Caloric  produces  the 
fame  cffcdl  on  it  that  it  does  on  fuberat  of  potafs. 

It  is  decompofed  by  the  calcareous,  aluminous,  and 
m  magii efi  an  falts  J. 

3.  Suberat  of  ammonia.  This  fait  cryftallizes  in  pa- 
rallelopipeds.  Its  tafte  is  faltifh,  and  it  leaves  an  im- 

r<  ^  preffior*  of  hitternefs  :  It  redden?  vegetable  blues. 

It  is  very  foluble  in  water.  It  attra&s  moiilure  from 
the  air.  When  placed  upon  burning  coals,  it  lofes  its 
water  of  cryftallization,  and  fwells  up  ;  and  before  the 
blow-pipe  it  evaporates  entirely. 

It  is  decompofed  by  the  aluminous  and  magnefian 
i  falts  §. 

4.  Suberat  of  barytes.  This  fait  does  not  ciyftallize. 

I  £  Heat  makes  it  fwell  up,  and  melts  it.  It  is  fcarcely  fo- 
1  luble  in  water  except  there  be  an  excels  of  acid. 

It  is  decompoled  by  moll  of  the  neutral  falts  except 
the  barytic  falts  and  the  fluat  of  lime  ||. 

C.  Suberat  of  lime.  This  fait  does  not  cryftallize. 
|of  It  is  perfectly  white  :  it  has  a  faltifh  tafte  :  it  does  not 
(  redden  the  tin&ure  of  tnrnfole. 

It  is  very  fparingly  foluble  in  water  except  when  hot; 
and  as  the  folution  cools  moft  of  the  (alt  precipitates 
I  again. 

When  placed  upon  burning  coals  it  fwells  up,  the 
acid  is  decompofed,  and  there  remains  only  the  lime  in 
the  ftate  of  powder. 

It  is  decompofed  by 

The  muriat  of  alumina, 

The  catbonats  of  potafs  and  foda, 

The  fluat  of  magnefta. 

The  phofphats  of  alumina  and  foda, 

The  borat  of  potafs, 

•  All  the  metallic  folutions  ^f. 

1  6.  Suberat  of  magnefia.  This  fait  is  in  the  form  of 

I  0f  a  powder;  it  reddens  the  tin 61  lire  of  turnfok.  It  has  a 
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bitter  tafte;  it  is  foluble  in  water,  and  attra£ls  fome  PaifTiats. 
moiilure  when  expofed  to  the  air.  * 

When  heated  it  fwells  up  and  melts  :  before  the 
blow-pipe  the  acid  is  decompofed,  and  the  magnefia  re¬ 
mains  in  a  ftate  of  purity. 

It  is  decompofed  by 

Muriat  of  alumina, 

Nitrat  of  lime  and  alumina, 

Borat  of  potafs, 

Fluat  of  foda, 

Phofphat  of  alumina  *.  *  Twillo* 

7.  Suberat  of  alumina.  This  fait  does  not  cryftallize.  J^nH% 

When  its  folution  is  evaporated  by  a  moderate  heat  in  Chlm.  xxiii. 
a  wide  veflel,  the  fait  obtained  is  of  a  yellow  colour,  55- 
tranfparent,  having  a  ftyptic  tafte,  and  leaving  an  im-  Su^r^t  0£ 
preflion  of  hitternefs  on  the  tongue.  When  too  much  alumina 
heat  is  employed  it  melts  and  blackens.  It  reddens  the 
tindhire  of  turnfok,  and  attradls  moifture  from  the  air. 

Before  the  blow-pipe  it  fwells  up,  the  acid  is  volatilized 
and  decompofed,  and  nothing  remains  but  the  alumina. 

It  is  decompofed  by 

The  carbonats  of' potafs  and  foda, 

The  fulphat  of  iron, 

The  muriat  of  iron, 

The  nitrats  ot  filver,  mercury,  and  leadf .  {-  Id.  ibij. 

Suberic  acid  forms  alfo  compounds  with  the  oxydsof 
filver,  mercury,  lead,  copper,  tin,  iion,  bifmuth,  arfenic, 
cobalt,  zinc,  antimony,  manganefe,  and  molybdenum  ; 
moft  of  which  are  incryftallizablc,  and  have  an  excefs  of 
acid]:.  J  u  ttU. 

Sect.  XXIII.  Of  PruJJlats.  l>'57' 

The  compounds  into  which  the  pruffle  acid  enters 
are  called  Pruffials. 

Thtfe  fubftances,  the  moft  important  of  which  are 
triple  falts,  have  fomething  very  peculiar  in  their  affi¬ 
nities.  The  pruflic  acid  appears  to  have  a  flronger  af¬ 
finity  for  alkalies  and  earths  than  for  metals,  at  leafl  thefe 
fubftances  are  capable  of  decompofing  metallic  prufiiats; 
yet  acids  fcarcely  decompofe  the  metallic  prufiiats,  while 
the  weakeft  acid  known  decompofes  the  prufiiats  of  al¬ 
kalies  and  earths.  Thefe  phenomena  have  not  yet  been 
fatisfa&crily  accounted  for. 

;•  KS  itt }  **  <*•  —  «•* 

tained  pure  by  Mr  Scheele.  They  are  foluble  in  wa¬ 
ter  ;  but  they  are  of  little  ufe,  as  mere  expefure  to  the 
air  decompofes  them. 

3.  Pruffiat  of  err.monia.  This  fait  has  the  fmell  of 
ammonia.  It  is  very  volatile  and  as  cafily  decompofed 
as  the  other  two. 

4.  Piuftiat  of  lime  This  fdt  is 

It  is  alfo  decompofed  by  expofure  to  the  air.  pruifiats. 

i-  pr;:i»  }  Tiitfe  “■  **  ^ r- 

luble  in  water,  and  decompofed  by  all  acids. 

Pruflic  acid  does  not  combine  with  alumina. 

7.  Pruffiat  of  iron,  or  Pruffian  blue  This  fubftance  Prutiiau 
is  compoied,  as  Mr  Prouft  has  {hewn,  ot  the  pruffichke. 
acid  and  browr.  oxyd  ot  iron  With  the  green  oxyd 
the  pruffic  acid  forms  a  white  compound,  which,  how¬ 
ever,  becomes  gradually  blue  when  expofed  to  the  at- 
mofphere,  becaufe  the  oxyd  abfoibs  oxygen  and  is  con- 
ve.ted  into  brow"  oxyd  |t.  INfcfaJW, 

rruiuat  ot  iron  is  a  deep  blue  coloured  powder.  It  Journal,  i, 
s  C  is  45 3» 


foluble  in  wrater.  £3^^ 
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^  is  infolublc  in  water,  and  fcarcely  foluble  in  acids.  It 
"  is  compofed,  according  to  the  mod  accurate  experiments 
hitherto  made,  of  equal  parts  of  oxvd  or  iron  and  pruf- 
fic  acid  It  is  not  affected  by  expofure  to  the  air  Heat 
decomposes  it  by  deflroying  the  acid,  and  the  oxyd  of 
iron  remains  behind. 

The  Prufiian  blue  of  commerce,  befides  other  impuri¬ 
ties,  contains  mixed  with  it  a  great  quantity  of  alumina. 
Its  ufc  as  a  pigment,  and  the  attempts  which  have  been 
made  to  introduce  it  as  a  dye,  are  well  known. 

Prufiiat  of  iron  may  alio  exift  in  another  date :  It 
may  have  a  fuperabundance  of  oxyd  ;  its  colour  is  then 
more  or  lefs  yellow.  To  this  ftate  it  may  be  reduced 
by  digefhng  it  with  alkalies  or  any  of  the  alkaline 
earths.  Ttiefe  fubflances  deprive  it  of  part  of  its  acid, 
but  not  of  the  whole. 

This  yellow  prufiiat  is  foluble  in  acids 
of  the  pruf-  Were  wc  to  an  explanation  of  tins,  and  the 

he  acid  ex-  phenomena  which  the  profile  acid  difplays  in  its 

plained.  combinations,  we  would  conje&ure,  that  this  yellow 
prufiiat  is  the  fubftance  formed  by  the  direft  combina 
tion  of  brown  oxyd  of  iron  and  prufiic  acid,  and  that 
the  blue  prufiiat  is  formed  of  the  yellow  prufiiat  combi¬ 
ned  as  an  integrant  with  prufiic  acid  :  That  the  affinity 
between  the  prufiic  acid  and  oxyd  of  iron  is  much  (Ironger 
than  that  between  yellow  prufiiat  of  iron  and  prufiic  acid : 
that  therefore  alkalies  and  earths  have  a*  ftronger  affinity 
for  prufiic  acid  than  the  yellow  prufiiat  has,  but  a  much 
weaker  affinity  than  oxyd  of  iron,  and  perhaps  every 
other  oxyd;  hence  the  apparent  fuperiority  of  alkalies 
and  earths  in  fome  cafes,  while  in  others  they  appear 
very  inferior.  We  would  fuppofe,  then,  that  the  pruf- 
fic  acid  has  a  much  {Ironger  affinity  for  oxyd  of  iron, 
and  perhaps  for  all  other  oxyds,  than  for  other  bodies  ; 
that  the  prufiiats,  thus  formed,  are  capable  of  com¬ 
bining  with  prufiic  acid  ;  but  that  their  affinity  for  it 
is  much  lefs  than  that  of  the  alkalies  and  earths.  This 
conjecture  is  fupported  by  all  the  phenomena  at  prefent 
known  ;  it  would  remove  all  the  apparent  anomalies 
which  the  combinations  of  this  lingular  acid  prefent, 
and  reduce  the  whole  of  them  under  the  known  laws 
S41  of  affinity. 

Properties  8.  Prufiiat  of  potafs  and  iron,  commonly  called  Prnf- 
alkali,  'dn  or  P ruffian  tejl .  This  fubftance  is  a  triple 

fait,  compofed  of  pruffic  acid,  potafs,  and  oxyd  of  iron 
combined  together.  To  chemifts  and  mineralogifls  it 
is  one  of  the  moft  important  inflruments  ever  invented ; 
as,  when  properly  prepared,  it  is  capable  of  indicating 
whether  any  metallic  fubftance  (platinum  excepted)  be 
prefent  in  any  folution  whatever,  and  even  of  pointino- 
out  the  particular  metal,  and  of  afeertaining  its  quan* 
tity  :  1  his  it  does  by  means  of  a  compound  affinity, 

which,  after  what  has  been  faid  above,  may  be  eafily 
underftood..  The  Prufiian  alkali  may  be  conceived  to 
be  a  combination  of  two  fubftances,  prufiiat  of  pot¬ 
afs  and  blue  prufiiat  of  iron.  Now  every  metallic 
oxyd  has  a  ftronger  affinity  for  prufiic  acid  than  potafs 
has  (and,  in  fa&,  Teems  to  have  a  ftronger  affinity  for 
it  than  for  any  other  fubftance).  If,  therefore,  there 
happen  to  be  any  oxyd  in  the  folution,  it  immediately 
feizes  the  prufiic  acid  with  which  the  potafs  is  combi¬ 
ned,  and  by  that  means  decompofes  the  triple  fait.  A 
prufiiat  of  the  particular  metal  is  formed,  and,  as  moft 
prufliats  of  metals  are  infoluble,  it  is  precipitated  ;  and 
h  indicates  by  its  colour  the  particular  metal,  and  by 
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its  weight  the  quantity  of  metal  that  happens  to  be  !,rug 
prefent  At  the  fame  time,  the  blue  prufiiat  of  iron  is ' — v 
alfo  precipitated,  and  its  weight  muft  be  deducted  from 
the  quantity  of  the  precipitate. 

In  order  to  be  certain  of  the  accuracy  of  thefe  re- 
fults,  it  is  necefiary  to  have  a  Prufiian  alkali  perfeCHy 
pure,  and  to  be  certain  before  hand  of  the  quantity,  or 
rather  or  the  proportions  of  its  ingredients.  To  ob¬ 
tain  a  tefl  of  this  kind  has  been  the  objeCV  of  chemiils 
ever  fince  the  discoveries  of  Macquer  pointed  out  its 
importance.  It  is  to  the  ufe  of  impure  tefts  that  a 
great  part  of  the  contradi&ory  refults  of  mincralogical 
analyfes  by  different  chemifts  is  to  be  aferibed. 

There  are  two  £  ways  in  which  this  teft  may  be  ren-f  Ssefj 


dered  impure,  beiides  the  introduction  of  forei 


gn  in-, 


gredients,  which  we  do  not  mention,  becaufe  it  is  ob-^Jj 
vious  that  it  muft  be  guarded  againft.  1.  There  may  be  Liable  j 
a  fuperabundance  of  alkali  prefent,  or,  which  is  the bwpuriJ 
fame  thing,  there  may  be  mixed  with  the  Prufiian  teft  ! 
a  quantity  of  pure  alkali ;  or,  2.  There  may  be  contained 
in  it  a  quantity  of  yellow  prufiiat  of  iron,  for  which 
prufiiat  of  potafs  has  alfo  a  confiderable  affinity. 

If  the  Prufiian  teft  contain  a  fuperabundance  of  al¬ 
kali,  two  inconveniences  follow.  This  fuperabundant 
quantity  will  precipitate  thofe  earthy  falts  which  are  li¬ 
able  to  contain  an  excefs  of  acid,  and  which  are  only 
foluble  by  that  excefs  :  Hence  alumina  and  barytes  will 
be  precipitated  It  is  to  the  ufe  of  impure  tefts  of 
this  kind  that  we  owe  the  opinion,  that  barytes  and 
alumina  are  precipitated  by ‘the  Prufiian  alkali,  and 
the  confequent  theories  of  the  metallic  nature  of  thefe 
earths.  This  miftake  was  firft  correded,  we  believe, 
by  Mr  Klaproth. 

Another  inconvenience  arifing  from  the  fuperabun- 
dance  of  alkali  in  the  Prufiian  teft  is,  that  it  gradually 
decompofes  the  blue  prufiiat  which  the  teft  contains, 
and  converts  it  into  yellow  prufiiat.  In  what  manner 
it  does  this  will  be  underftood,  after  what  has  been  faid, 
without  any  explanation. 

On  the  other  hand,  when  the  Prufiian  alkali  contains 
a  quantity  of  yellow  prufiiat  of  iron,  as  great  inconve¬ 
niences  follow.  This  yellow  prufiiat  has  an  affinity  for 
prufiic  acid,  winch,  though  inferior  to  that  of  the  pot¬ 
afs,  is  ftill  confiderable  ;  and,  on  the  other  hand,  the 
potafs  has  a  ftronger  affinity  for  every  other  acid  than 
for  the  prufiic.  When,  therefore,  the  teft  is  expofed 
to  the  air,  the  carbonic  acid,  which  the  atmofpheVe  a  1- 
ways  contains,  afiifted  by  the  affinity  between  the  yel¬ 
low  prufiiat  and  the  pruffic  acid,  decompofes  the  pruf- 
fiat  of  potafs  in  the  teft  ;  and  the  yellow  prufiiat  is  pre¬ 
cipitated  in  the  form  of  Prufiian  blue  :  And  every  other 
acid  produces  the  fame  effe&.  A  teft  of  this  kind, 
therefore,  would  indicate  the  prefence  of  iron  in  every 
mixture  which  contains  an  acid  (for  a  precipitation  of 
Prufiian  blue  would  appear ]  ;  and  could  not,  therefore, 
be  trufted  to  with  any  confidence 

We  will  not  attempt  to  deferibe  the  various  methods  j-A 
which  different  chemifts  have  adopted  of  preparing  this  method 
teft;  but  (halt  fatisfy  ourfelves  with  deferibing  the  forming- 
method  of  Klaproth,  which  anfwers  the  purpofe  com¬ 
pletely.  This  we  foal]  do  nearly  in  the  woids  of  Mr 
Kirwan. 

Prepare  a  pure  potafs,  by  gradually  proje&ing  into  a 
large  crucible  heated  to  whitenefs  a  mixture  of  equal  parts 
of  purified  nitre  and  cryftais  of  tartar ;  when  the  whole 
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li.  is  injefted,  let  it  be  kept  at  a  white  heat  for  half  an 
hour,  to  burn  off  the  coal. 

Detach  the  alkali  thus  obtained  from  the  crucible, 
reduce  it  to  powder,  fpread  it  on  a  muffle,  and  expofe 
it  to  a  white  heat  for  half  an  hour. 

Diffolve  it  in  fix  times  its  weight  of  water,  and  filter 
the  folution  while  warm. 

Pour  this  folution  into  a  glafs  receiver,  placed  in  a  fand 
furnace,  heated  to  170°  or  i8oc,  and  then  gradually 
add  the  bell  Prufflan  blue  in  powder,  inje&ing  new  por¬ 
tions  according  as  the  former  becomes  grey,  and  fupply- 
ing  water  as  faft  as  it  evaporates  ;  continue  until  the 
added  portions  are  no  longer  difcoloured,  then  ir.creafe 
the  heat  to  21 2°  for  half  an  hour. 

Filter  the  ley  thus  obtained,  and  faturate  it  with 
fulphuric  acid  moderately  diluted;  a  precipitate  will  ap¬ 
pear  ;  when  this  ceafes,  filter  off  the  whole,  and  wafh 
the  precipitate. 

Evaporate  the  filtered  liquor  to  about  one  quarter,  and 
fet  it  by  to  cryftallize  :  after  a  few  days,  yellowifh  cry- 
ltals  of  a  cubic  or  quadrangular  form  will  be  found  mixed 
with  fome  fulphat  of  potafs  and  oxyd  of  iron  ;  pick 
I  out  the  yellowifh  cryftals,  lay  them  on  blotting  paper, 
and  rediffolve  them  in  four  times  their  weight  of  cold 
water,  to  exclude  the  fulphat  of  potafs. 

7.  Effay  a  few  drops  of  this  folution  with  barytic 
water,  to  fee  whether  it  contains  any  fulphuric  acid,  and 
add  fome  barytic  water  to  the  remainder  if  neceffary:  filter 
off  the  folution  from  thefulphatof  barytes,  which  will  have 
precipitated,  and  fet  it  by  to  cryftallize  for  a  few  days  ; 
that  the  barytes,  if  any  fhould  remain,  may  be  precipi- 
tated.  If  the  cryftals  now  obtained  be  of  a  pale  yellow 
colour,  and  difcover  no  bluifti  ftreaks  when  fprinkled 
over  with  muriatic  acid,  they  are  fit  for  ufe  ;  but  if 
they  ftill  difcover  bluifh  or  green  ftreaks,  the  folutions 
and  cryftallizations  muft  be  repeated. 

Thefe  cryftals  muft  be  kept  in  a  well- flopped  bottle, 
which  to  preferve  them  from  the  air  fhould  be  filled  with 
alcohol,  as  they  are  infoluble  in  it. 

Before  they  are  ufed,  the  quantity  of  iron  they  con¬ 
tain  fhould  be  afcertained,  by  heating  100  grains  to 
rednefs  for  half  an  hour  in  an  open  crucible  ;  the  pruf- 
fic  acid  will  be  confumed,  and  the  iron  will  remain  in 
the  ftate  of  a  reddifh  brown  magnetic  oxyd,  which  fhould 
be  weighed  and  noted  :  This  oxyd  is  half  the  weight  of 
the  Prufflan  blue  afforded  by  the  Prufflan  alkali ;  its 
weijht  muft  therefore  be  fubtrafted  from  that  of  me¬ 
tallic  precipitates  formed  by  this  teft.  Hence  the  weight 
of  the  cryftals,  in  a  given  quantity  of  the  folution,  fhould 
be  noted,  that  the  quantity  employed  in  precipitation 
may  be  known.  Care  muft  be  taken  to  continue  the  cal¬ 
cination  till  the  oxyd  of  iron  becomes  brown  ;  for  while 
M  n't  it  is  black  it  weighs  confiderably  more  than  it  fhould  J. 
8'*  9.  Pruffiat  of  foda  and  iron.  The  only  difcernible  dif¬ 

ference  between  this  fait  and  the  laft  is,  that  it  cryftalh- 
^j/^  zes  differently  || . 

Pio.  Prufiiat  of  ammonia  and  iron.  This  triple  fait 
has  alfo  been  employed  as  a  telt  ;  but  it  is  not  fo  eafy 
to  obtain  it  in  a  ftate  of  purity  as  the  other  two.  It 
*1  ’  was  difcovered  by  Macquer,  and  firft  recommended  by 
Meyer. 

e  t  It  forms  flat  hexangular  cryftals,  foluble  in  .water, 
EL  and  deliquefces  in  the  air.  Heat  decompofes  it  like  the 
[I dv.  other  Pruffiat s  *. 

We  fhall  not  give  any  defcription  of  the  triple  falts 


formed  by  digefting  the  alkaline  earths  on  pruffiat  of  Sebafs.  ^ 
iron  ;  they  are  fufftciently  known,  and  are  not  of  any 
ufe  except  as  tefts  ;  and  in  that  refpe<5t  they  are  inferior 
to  that  above  defcribed.  They  are  all  foluble  in  water, 
and  are  mod  of  them  capable  of  cryftallizing.  845 

11.  Pruffiat  of  mercury.  This  fait,  which  was  firft  Pndliat  of 
formed  by  Scheele,  is  compofed  of  the  prufflc  acidmertur^ 
combined  with  the  red  oxyd  of  mercury.  It  may  be 
formed  by  boiling  the  red  oxyd  of  mercury  with  PruU 
fian  blue.  It  cryftallizes  in  tetrahedral  prifms,  termina¬ 
ted  by  quadrangular  pyramids,  the  Tides  of  which  cor- 
refpond  with  the  angles  of  the  prifm. 

This  fait  is  capable  of  combining  with  fulphuric  and 
muriatic  acids,  and  forming  triple  falts,  which  have  not 
yet  been  examined  §.  $  SerthlUt. 

Sect.  XXIV.  Of  Formats, 

The  compounds  into  which  the  formic  acid  enters 
are  called  formats .  We  fhall  not  deferibe  them,  as  little 
has  been  added  to  the  account  already  given  in  the  Ap¬ 
pendix  to  the  article  Chemistry  in  the  Encyclopaedia. 

Sect.  XXV.  Of  Sebats, 

The  compounds  into  which  the  febaeic  acid  enters  are 
called  flats.  For  our  knowledge  of  this  clafs  of  falts 
we  are  chiefly  indebted  to  the  celebrated  Crell,  who 
publifhed  adiffertation  on  the  febacic  acid  and  its  com¬ 
binations  in  the  Philofopliical  Tranfa&ions  for  1780 
and  1782.  $46 

1.  Sebat  of  potafs.  This  fait  is  of  a  white  colour.  Alkaline  fe¬ 
lts  cryftals  are  quadrangular  pyramids,  of  which  two^ats* 
oppofite  Tides  are  narrower  than  the  others  It  has  a 

fharp  faline  tafte  like  muriat  of  ammonia,  but  milder. 

It  is  foluble  in  water,  infoluble  in  alcohol,  and  does  not 
deliquefce  when  expofed  to  the  air.  Heat  decompofes  it. 

2.  Sebat  of  foda.  This  iak  is  white.  Its  cryftals  , 
are  pyramids,  with  three  or  four  Tides  :  a  very  moderate 
heat  melts  them. 

3.  Sebat  of  ammonia.  This  fait  in  tafte  and  folubi- 
lity  refemblcs  muriat  of  ammonia,  but  it  differs  from  it 

in  not  being  capable  of  hibliming  iron.  *  g  ^ 

4.  Sebat  of  lime.  The  cryftals  of  this  fait  are  hex-  Earthy  Tc* 
agons,  terminated  by  a  plane  furface  :  they  have  a  fharp  bats, 
acrid  tafte  ;  are  very  foluble  in  water,  but  not  in  alco¬ 
hol  :  they  do  not  deliquefce. 

5.  Sebat  of  magnefla.  A  gummy,  faline,  uncry ftal- 
lizable  mats. 

6.  Sebat  of  alumina.  A  gummy  faline  mafs,  which 
does  not  cryftallize,  and  has  an  auftere  aftringent  tafte.  g4g 

7.  Sebat  of  iron.  Needie-fhaped  cryftals,  which  de-  Metallic  fc^ 

liquefee.  bats. 

8.  Sebat  of  lead.  Needle- fhaped  cryftals,  very  folu¬ 
ble  in  water. 

9.  Sebat  of  tin.  A  vdiite  deliquefeent  fait, 

10  Sebat  of  copper.  This  fait  is  capable  of  cryftal¬ 
lizing,  but  is  very  deliquefeent. 

1 1 .  Sebat  of  antimony.  A  cryftallizable  fait,  which 
does  not  deliquefce. 

12  Sebat  of  arfenic.  Small  cryftals. 

13.  Sebat  of  mercury.  A  white  powder,  very  diffi¬ 
cultly  foluble  in  water. 

14.  Sebat  of  gold.  Yellow  cryftals. 

1  5.  Sebat  of  platinum.  Brownifh  yellow  cryftals. 

The  bombats  or  compounds  which  the  bombic  acid 
forms  are  ftill  unknown. 

3  C  z  Sect. 
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Sect.  XXVI. 


Of  A rf  mats. 

The  compounds  formed  by  the  combination  of  the 
arfenic  acid  with  bnfes  are  called  arfailats .  This  clats 
of  falts  was  firft  difeovered  by  Macquer  ;  but  little  ac¬ 
curate  was  known  concerning  it  till  Scheele  made  known 
the  arfcnic  acid. 

An  abfiradl  of  Schede’s  experiments  has  been  giren 
in  the  article  Chemistry,  Encycl . 

To  his  defeription  of  arfeniats  fever al  additions  might 
be  made,  but  not  of  fufHcient  confequence  to  warrant  a 
repetition  of  what  has  been  given  in  that  article  ;  and 
without  fuch  a  repetition  thefe  additions  would  fcarcely 
be  intelligible. 

Sect.  XXVII.  Of  Metallic  Acid  Salts. 

It  has  been  conjedfured  that  all  metals  may  be  con¬ 
verted  into  acids  by  combining  them  .with  a  fufHcient 
quantity  of  oxygen.  This  conjedure  has  been  verified 
in  a  confiderable  number  of  infiances.  We  have  feen 
the  arfenic  acid,  the  tungftic  acid,  the  molybdic  acid, 
and  the  new  metallic  acid  of  Vauqnelin.  Berthollet 
has  difeovered  that  platinum  becomes  an  acid  ;  and 
the  fame  thing  has  been  ascertained  with  regard  to 
tin.  Even  thofe  metallic  oxyds  which  do  not  pofiefs 
many  of  the  charaders  of  acids  are  capable  of  combi, 
mng  with  alkalies  and  earths,  and  of  forming  peculiar 
neutral  falts.  Thefe  oxyds,  therefore,  perform  the  of¬ 
fice  of  acids;  and  confequently  muft  be  coniidered  as  .par¬ 
taking  of  their  nature,  or  rather  as  a  kind  of  interme¬ 
diate  fubfiances  between  acids  and  thofe  bodies  which 
mute  only  with  acids. 

Some  of  thefe  neutral  falts  we  fhall  proceed  to  enu¬ 
merate. 

,,  i.Aurat  of  ammonia,  or  fulminating  gold.  This 
k  8  £It13  compered  of  the  oxyd  of  gold  and  ammonia. 

1  his  compound  may  be  formed  by  precipitating  gold 
from  nitro-muriatic  acid  by  ammonia.  The  precipitate 
is  fulminating  gold.  Bergman  was  the  firft  who  clearly 
demoriftrated  that  thispowder  is  compofedof  oxyd  of  gold 
and  ammonia.  When  heated  a  little  above  the  boiling 
temperature  it  explodes  with  aftonifhing  violence.  Che- 
inilts  had  made  many  attempts  to  explain  the  caufe  of 
this  phenomenon,  but  without  fuccefs,  till  Mr  Berthol- 
jet  difeovered  the  compoStion  of  ammonia.  After  ma¬ 
king  that  difeovery,  he  proved,  by  a  number  o‘f  delicate 
and  hazardous  experiments,  that  during  the  fnlmination 
the  ammonia  is  decompofed,  that  its  hydrogen  com- 
bines  with  the  oxygen  of  the  oxyd  and  forms  water, 
wlnle  tire  azot  flies  off  m  a  gafeous  form,  and  occafions 
g5o<  the  explolion. 

Pulmina-  _  2-  Argentat  of  ammonia,  or  fulminating  (liver.  This 
tog  filver.  jubilance  was  difeovered  by  Mr  Berthollet  It  may  be 
formed  by  d.ffolving  oxyd  of  filver  in  ammonia.  It  is 
a  black  powder.  It  poffeffes  the  fulminating  proper¬ 
ty  much  more  powerfully  thnn  the  laft  deferibed  fub- 
**«**/“?“•  1J;e.fl‘shteft  frift!on  ™kes  it  explode  with 
l!  i  ’-10len.Ce-  T1f  Propa'ty’  aS  Mr  B"thollet  h L  proved  *r, 
Cbim.  i.  ls  0WIng  “  the  fame  decompofition  of  ammonia  and  for¬ 
mation  of  water  that  caufes  the  explofion  of  fulminating 

^  fmall  retort  be  filled  with  the  liquor  from  which 
tlie  fulminating  filver  has  been  precipitated,  and  be  made 
to  boil,  fome  azot  ,s  d.fengaged,  and  fmall  opaque  cryflals 
are  formed  confifling  of  the  fame  fubftance ;  which  ex¬ 
plode  when  touched,  though  they  be  covered  with  wa- 
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ter.  Nitrat  and  muriat  of  barytes  precipitate  filver  from  HyJI 
this  fait. 

3.  Mercunat  of  lime.  Oxyd  of  mercury  boiled  with  # 
lime-water  forms,  by  evaporation,  fmall  tranfparent  veUr®’1 
lowcryftaht.  " 

4-  Mercunat  cfi  ammonia.  Oxyd  of  mercury  dif.efaam 

ves  in  ammnnm  in  1  Prrrp  nntinfi't-.,  1--.  _ _  .•  nia. 


iolves  in  ammonia  in  large  quantity,  and  by  evaporati 


'tin 
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Fulmina- 


furnifhes  a  white  fait  f.  MIL 

J.  Cuprat  of  ammonia.  Oxyd  of  copper  <! Wolves  i0««  M 
ammonia.  Mr  Sage  lias  deferibed  its  cryflallization.  sl> 

It  is  decompofed  by  lime  and  potafs,  and  cuprat  of  litr.e  0“p,al 
and  potafs  are  formed.  an’m® 

6.  Star.nat  of  gold.  When  gold  is  precipitated  byStanSi 

tm  it  unites  with  it.  Vogel  and  Beaume  firil  obierved?oii  il 
that  the  precipitate,  which  is  purple,  contained  tin.  ♦- 

7.  Plumbat  of  lime.  Time-water  boiled  on  the  redp.fu!  f 
oxyd  of  lead  diffolved  it.  This  folution  evaoorated  iaoi'C  t 
a  retort,  gave  very  fmall  tranfparent  cryftafc,  forming 
pnfmatic  colours,  and  not  more  foluble  in  water  than 
lime.  It  is  decompofed  by  all  the  fulphats  of  alkalies  mid 

by  fulphurated  hydrogen  gas.  The  fulphuric  and  mu¬ 
riatic  acids  precipitate  the  lead.  It  blackens  wool, 
the  nails,  the  hair,  white  of  eggs  ;  but  it  does  not  af- 
fed  tlie  colour  of  filk,  the  /km,  the  yoke  of  egg,  nor 
animal  oil.  It  is  the  lead  which  is  precipitated  on  thefe 
coloured  fubftances  in  the  (late  of  oxyd  :  for  all  acids 
can  diftolve  it.  The  Ample  mixture  of  lime  and  oxvd*feC 


.  Iead  blackens  thefe  fubftances  ;  a  proof  that  the  laitA" 
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is  eafily  Foi-med  *. 

8.  Zincat  of  ammonia.  De  Caddie  has  publifhed  a  ziser 

great  number  of  experiments  on  the  propeity  which  amino# 
ammonia  has  of  diffolving  oxyd  of  zinc.  Lime  water t II' i{’ 
aud  potafs  alfo  diffolve  it  f.  JH* 

9.  Antimoniat  of  potafs.  When  antimony  is  detona- Autiro 

te„  with  nitr  e  m  a  crucible,  part  of  its  oxyd  unites  with  of  pd 
the  potafs  of  the  nitre  J.  JU.». 


Ckap.  Ilf.  O/Hyurosolphurets. 


Sulphurated  hydrogen  gas,  which  has  been  defer!- Prjti 
bed  in  the  hrl-  part  of  this  article,  poffefl'es  almolt  alloffl|fJ 
the  properties  of  acids.  It  combines  with  water,  and?tedil1 
the  solution  gives  a  red  colour  to  vegetable  blues.  It*0*®* 
decompofes foaps  and  fulphurets,  and  is  capable  of  com¬ 
bining  witli  alkalies,  earths,  and  metallic  oxyds,  and  of 
forming  compounds,  to  which  Mr  Berthollet,  to  whom 
we  are  indebted  for  difeovering  them,  has  given  the 
name  of  hydrofulphurets  *. 

Before  giving  any  account  of  thefe  compounds,  which  *at’.u 
we  fhall  do  from  the  paper  of  Berthollet  juft  quoted,  W- 
we  beg  leave  to  make  a  few  previous  obfervations,  in 
older  to  redify  fome  inaccuracies  into  which  we  have 

wi"' ,h' 

Sulphur  is  capable  of  combining  with  alkalies,  earths,  Rero* 
metals,  and  metallic  oxyds,  and  forming  the  compounding 
known  by  the  name  of fulphurets.  The  alkaline,  earthy, rets- 
and  even  fome  of  the  metallic  fulphurets,  can  only  exift 
m  a  Hate  of  drynefs:  the  inftant  they  are  moiftened  with 
water,  a  quantity  of  fulphurated  hydrogen  gas  is  form¬ 
ed,  which  combines  with  the  fulphuret,  and  forms  a  new 
compound.  To  thefe  triple  compounds  Mr  Berthollet 
as  given  the  name  of  hydrogenous  fulphurets.  All  fo- 
lutions  of  fulphurets  in  water  are  in  fad  hydrogenous 

5;!  f’f  ,  Yere  'i  T  for  the  fo™ation  and  combi- 
nation  of  fulphurated  hydrogen,  the  alkaline  fulphurets 

would 


r 
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ful*  would  be  completely  deeempofed  by  water,  and^their 


pi  d  <  f 


ts.  fulohur  precipitated  ;  for  water  has  a  ftrouger  affinity 
—  for  the  alkalies  than  fulphur  has.  1  his  Berthollet  plo¬ 
wed  by  the  following  experiment :  To  a  folution  of  ful¬ 
phuret  of  potafs  in  water  (that  is,  to  hydrogenous  ful¬ 
phuret  of  potafs),  a  quantity  of  oxy- muriatic  acid  hi¬ 
per  fatura ted  with  potafs  W3s  added,  and  the  fulphur 
was  immediately  precipitated.  In  this  experiment  the 
fulphurated  hydrogen  was  deftroyed  by  the  oxygen  ol 
the  oxy-muriatic  acid  ;  and  the  precipitation  of  the  ful¬ 
phur  (hews  that  its  affinity  for  potafs  was  not  fnfficient 
to  keep  it  difTolved,  or,  which  is  the  fame  tiling,  that 
its  affinity  for  potafs  was  inferior  to  that  ol  water. 

The  fubftance  which  we  deferibed  in  Part  I.  chap.  in. 
fe<ft  4.  of  this  article,  under  the  name  of  Black  SuU 
phuret  of  Mercury ,  is  a  hydrogenous  fulphuret  of  mer¬ 
cury,  and  therefore  differs  from  the  red  ffilphuret  of 
mercury  or  cinnabar  by  containing  a  quantity  of  ful 
phurated  hydrogen.  Potafs  has  a  llronger  affinity  for 
this  laff  fubffance  than  the  fulphuret  ;  potafs  therefore, 
by  the  affiftance  of  heat,  deprives  the  black  or  hydro¬ 
genous  fulphuret  of  its  fulphurated  hydrogen,  and  re¬ 
duces  it  to  the  date  of  red  fulphuret.  This  explains 
the  method  of  forming  cinnabar  deferibed  in  the  feftion 
above  referred  to,  and  points  out  a  much  caber  procefs 
for  obtaining  that  ufeful  pigment. 

We  fhall  now  proceed  to  the  method  of  forming  the 
hydrofulphurets.  Berthollet  obtained  fulphurated  hy- 
dn  gen  gas  from  fulphuret  of  iron  in  the  ufual  manner, 
by  means  of  lulphuric  acid.  It  was  made  to  pafs  thro’ 
a  veffel  r  iled  with  water  before  it  entered  that  in  which 
the  combination  was  to  take  place.  By  this  method  a 
folution  ol  potafs  was  impregnated  with  fulphurated  hy¬ 
drogen  ;  and  in  order  to  be  certain  of  faturating  the 
alkali  completely,  the  gas  was  added  in  excefs,  and  the 
excefs  was  afterwards  driven  off  by  means  of  heat  By 
this  method  hydrofulphurets  of  potafs,  foda,  and  ammo¬ 
nia,  may  be  joimed. 

In  order  to  form  hydrofulphuret  of  lime,  that  earth 
was  mixed  with  "diftilled  water,  and  fulphurated  hydro¬ 
gen  gas  paffed  into  this  mixture  till  a  fnfficient  quan¬ 
tity  of  hyvi refill pli met  was  judged  to  be  formed  ;  the  li¬ 
quid,  which  contained  it  in  folution,  was  poured  off  the 
undiffolved  lime,  and  faturated  to  excefs  with  fulphura¬ 
ted  hydrogen,  and  this  excefs  was  afterwards  driven  off 
by  means  of  heat. 

Hydrofulphuret  of  magnefta  may  be  formed  by  dif 
folvinj  magneha  in  water  impregnated  with  fulphura¬ 
ted  hydrogen  gas 

If  a  folution  of  fulphuret  of  barytes  in  water,  or, 
more  properly,  if  hydrogenous  fulphuret  of  barytes  be 
evaporated,  a  great  number  .ot  contufed  cryftals  ate 
formed ;  if  theie  be  feparated  quickly  by  filtiation,  and 
placed  upon  blotting  paper  to  dry,  a  white  cryflalline 
fubftance  is  obtained,  which  is  hydrofulphuret  of  ba- 

*  The  affinities  of  the  alkalies  and  earths  for  fulphura¬ 
ted  hydrogen  appear  from  the  experiments  of  Berthol¬ 
let  to  be  as  follows  : 

Barytes, 

Potafs, 

Soda, 

Lime, 

Ammonias 
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Hytlroful- 

phiints. 


I1 

f  tics 
I  phu- 
t  hy- 

Rn. 


Magneha, 

Jargonia.  #  _ 

Alwofi  all  the  metallic  oxyds  have  a  Monger  affinity 
for  fulphurated  hydrogen  than  the  earths  have.  S62 

When  the  hydrofulphurets  are  prepared  with  the  ne-  Properties 
ceffary  precautions  to  prevent  the  contadt  of  atmofphe-  jlu™ts> 
ncal  air,  they  are  colourlefs,  but  the  addon  of  the  air 
renders  them  yellow. 

It  they  be  decompofed  while  they  are  colourlefs,  by 
pouring  upon  them  fulphuric  acid,  muriatic  acid,  or 
any  other  acid  which  does  not  ad!  upon  hydrogen,  the 
fulphurated  hydrogen  gas  exhales  without  the  depofttion 
of  a  ftngle  particle  of  fulpluir  ;  but  if  the  hydroiulphu- 
ret  has  become  yellow,  fome  fulphur  is  always  depofited 
during  its  decompofition,  and  the  quantity  of  fulplmr. is 
proportional  to  the  deepnefs  of  the  colour. 

The  yellow  colour,  therefore,  which  hydrofulphurets 
acquire  by  expo  fare  to  the  atmofphere  is  owing  to  a 
commencement  of  deeompofuion.  Part  of  the  hydro¬ 
gen  of  the  fulphurated  hydrogen  abandons  the  hilphnr, 
combines  with  the  oxygen  of  the  atmofphere,  and 
forms  water  By  degrees,  however,  a  portion  of  the 
fulphur  is  alfo  converted  into  an  acid  ;  and  when  the 
proportion  of  fulphurated  hydrogen  is  diminifhed,  and 
that  of  the  fulphur  increafed  to  a  certain  point,  the  fuL- 
ohur  and  the  hydrogen  combine  equally  with  oxygen. 

11  fulphuric  or  muriatic  acids  j>e  poured  upon  a  hy¬ 
drofulphuret  after  it  has  been  for  fome  time  expofe.d  to 
the  air,  a  quantity  of  fulphurated  hydrogen  gas  exhales, 
fulphur  is  depoiited,  and  after  an  interval  of  time  fulphu- 
rous  acid  is  difengaged.  It  is  therefore  fulphurous,  and 
not  fulphuric  acid,  which  is  formed  while  the  hydro- 
fuiphuret  fpontaneoufly  abforbs  oxygen.  This  acid, 
however,  is  not  perceptible  till  after  a  certain  interval 
of  time  when  feparated  from  the  hydrofulphuret  by 
means  of  an  acid  ;  becaufe  as  long  as  it  meets .  with  ful¬ 
phurated  hydrogen  a  reciprocal  decompofition  takes 
place.  The  oxygen  of  the  acid  combines  with  the  hy¬ 
drogen  of  the  gas>  and  the  fulphur  of  both  is  piecipi- 
tated.  #  .  86^ 

Sulphurated  hydrogen  is  capable  pf  combining  with  Metalline? 
feveral  of  the  metals,  mercury,  for  inftance,  and  diver: 
it  combines  with  the  greater  number  of  .the  metallic  ox¬ 
yds,  and  forms  hydrofulphurets,  on  which  the  alkalies 
have  no  adlion  at  the  temperature  of  the  atmofphere  ; 

But  concentiated  acids  combine  with  the  oxyds  of  thefe 
hydrofulphurets,  and  feparate  the  fulphurated  hydrogen 
in  the  form  ol  gas. 

In  the  greater  number  of  thefe  metallic  oxyd  hydro- 
fulphurets,  the  tendency  which  oxygen  and  hydrogen 
have  to  combine  occafions  a  partial  decomposition  of 
the  fulphurated  hydrogen,  and  brings  the  oxyds  neater 
to  the  metallic  ftate.  In  lome  of  tliefe  hydrofulphurets 
part  of  the  fulphur  alfo  combines  with  oxygen,  and 
forms  fulphuric  acid. 

The  alkaline  hydrofulphurets  precipitate  all  the  me* 
tals  from  their  combination  with  acids  ;  they  are  there¬ 
fore  very  valuable  .tefts  of  the  prefence  of  metals  in  any 
folution,  as  they  do  not  precipitate  any  of  the  earths 
except  alumina  and  jargonia.  The  following  table  ex¬ 
hibits  a  view  of  the  effcdl  of  hydrofulphuret  of  potafs, 
hydrogenous  fulphuret  of  potafs,  and  water  impregna¬ 
ted  with  fulphurated  hydrogen  gas,  upon  various  me¬ 
tallic  folutions. 

Metallic 
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».  Metallic  Solutions. 

Solution  oi  Hydrogenous  oul- 
phuret  of  Potafs. 

Water  imprc-i^tc.!  ^ith  Sul¬ 
phurated  Hydrogen  Gas 

Hydrofulphuiet  of  Potafs. 

Green  fulphat  of 
iron. 

A  black  precipitate,  which 
becomes  yellow  by  the  contaft 
of  the  air. 

i 

A  black  precipitate.  The 
potafs  feparated. 

Red  oxyd  of  iron. 

Becomes  black  The  liquor 
remains  very  deep  coloured  if 
there  be  an  excefs  of  fulphu- 
rated  hydrogen. 

Becomes  black. 

Sulphat  of  zinc. 

A  white  precipitate. 

A  white  precipitate. 

A  white  precipitate. 

-  Acetite  of  lead. 

A  white  precipitate,  which  by 
an  addition  becomes  black. 

A  black  precipitate. 

A  black  precipitate. 

Red  oxyd  of  lead. 

Becomes  black. 

I  he  potafs  feparated. 

Nitrat  of  bifmuth. 

A  black  precipitate. 

A  black  precipitate. 

Oxyd  of  bifmuth. 

Becomes  black. 

Nitrat  of  filver. 

A  black  precipitate. 

A  black  precipitate. 

A  black  precipitate. 

Sulphat  of  copper. 

A  brown  precipitate. 

A  black  precipitate. 

A  black  precipitate. 

Green  oxyd  of  cop¬ 
per. 

Becomes  black. 

Separation  of  the  potafs. 

Nitrat  of  mercury. 

In  a  great  deal  of  water,  a 
brown  colour. 

A  brownifh  black  precipi¬ 
tate. 

A  brownifh  black  precipi¬ 
tate. 

Oxy-muriat  of  mer¬ 
cury. 

A  white  precipitate,  which 
becomes  black  by  addition. 

A  white  precipitate,  beco¬ 
ming  black  by  an  addition. 

White,  becomes  black  by  ad¬ 
dition. 

Red  oxyd  of  mercu¬ 
ry* 

Blackifh. 

A  heat  produced  which  cau- 
led  the  hydrofulphuret  to  boil. 
The  alkali  feparated  (a). 

Muriat  of  tin. 

A  black  precipitate. 

Oxy-muriat  of  tin. 

A  precipitation  of  fulphur, 
and  of  the  oxyd. 

No  change. 

A  precipitate  of  white  oxyd 
of  tin,  and  a  diiengagement 
of  fulphurated  hydrogen  gas. 

White  oxyd  of  tin. 

No  change. 

Difengagement  of  fulphura¬ 
ted  hydrogen  gas. 

.  Sulphat  of  manga- 
nefe. 

No  change. 

A  white  precipitate. 

Black  oxyd  of  man- 
ganefe. 

t 

< 

l 

The  odour  difappears.  An 
■xcefs  of  the  water  difiolves  , 
:he  oxyd. 

Ammonia  difengaged.  Heat 

The  liquor  boils  (a). 

Nitrat  of  antimony. 

A  reddifh  orange  precipitate 

Tartrite  of  antimo¬ 
ny. 

A  yellow  orange  precipitate,  j 

An  orange  colour,  but  no 
Precipitate.  j 

An  orange  red  precipitate, 
ediffolved  by  an  excels  of 
lydrolulpliuret. 

White  oxyd  of  anti¬ 
mony.  i 

•  j 

c 

Becomes  yellow  after  fome  fe-  - 
:onds. 

L  he  liquor  lofes  its  coIoui*(a) 

Part  I 

Hvd’d 

phure 
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(a)  In  thefe,  hydrofulphuret  of  ammonia  was  ufed  inftead  of  hydroffilphuret  of  petals. 
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Metallic  Solutions. 

Solution  of  Hydrogenous  Sul- 
phuret  of  Potafs. 

WVer  impregnated  with  Sul¬ 
phurated  Hydrogen  Gas. 

Hydrohdpkuret  -  f  i'otafs. 

Oxyd  of  antimony 
fublimed. 

Scarcely  changes  colour. 

Solution  of  oxyd  of 
arfenic. 

Sulphuret  decompofed  as  by 
an  acid. 

Becomes  fome  what  muddy, 
and  of  a  yellow  colour. 

A  yellow  colour,  but  no  pre¬ 
cipitate. 

Sulphat  of  titanium. 

A  precipitate  of  a  deep  green. 

Molybdie  acid. 

A  brown  precipitate. 

A  brown  precipitate 
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rj  ls  The  word  cryjlal  in  its  find  and  proper  fenfe  figni- 
fies  a  t  ran  [parent  body  pofTeflfed  of  a  regular  figure. 
But  it  is  now  ufed  to  denote  a  body  which  lias  afliimed 
a  regular  figure  whether  it  be  tranfparent  or  not.  Cry- 
ftaUixation  is  the  aft  by  which  this  regular  figure  is 
I  formed. 

As  the  greater  number  of  cryftals  belong  to  the  clafs 
of  neutral  falts,  it  may  not  be  improper  before  we  coil- 
1  dude  this  part  of  the  article  to  make  a  few  obfervations 
on  the  phenomena  of  cryftallization. 

As  cryftallization  is  confeffedly  nothing  elfe  than  the 
regular  arrangement  of  the  particles  of  bodies,  it  is  evi¬ 
dent  that  before  it  can  take  place  the  particles  of  the 
body  to  be  cryftailized  muft  be  at  fome  diftance  from 
each  other,  and  that  they  muft  be  at  liberty  to  obey  the 
laws  of  attradion.  They  may  be  put  into  this  fituation 
by  tliree  methods,  foltition,  fufpenfion,  and  fufton. 
m\by  i.  Solution  is  the  common  method  of  cryftalltzing 
i,  falls.  They  are  diffolved  in  water  :  The  water  is  (low¬ 
ly  evaporated,  the.  faline  particles  gradually  approach 
each  other,  combine  together,  and  form  fmall  cryftals  ; 
which  become  conftantly  larger  by  the  addition  of  other 
particles  till  at  laft  they  fall  by  their  gravity  to  the  bot¬ 
tom  of  the  veil'd.  It  ought  to  be  remarked,  however,  that 
there  are  two  kinds  of  folution,  each  of  which  prefents  dif¬ 
ferent  phenomena  of  cryftallization.  Some  falts  dtffolve 
in  very  fmall  proportions  in  cold  water,  but  are  very  fo- 
Juble  in  hot  water ;  that  is  to  fay,  water  at  the  common 
temperature  has  little  effed  upon  them,  but  water 
combined  with  caloric  diffolves  them  readily.  V  lien 
hot  water  faturated  with  any  of  thefe  falts  cools,  it  be¬ 
comes  incapable  of  holding  them  in  folution  :  the 
confequence  of  which  is,  that  the  faline  particles  gra¬ 
dually  approach  each  other  and  cryflallize.  Sulphat  of 
foda  is  a  fait  of  this  kind.  *1  o  cryflallize  fuch  falts 
nothing  more  is  neceftary  than  to  faturate  hot  water 
with  them,  and  fet  it  by  to  cool.  But  were  we  to  at¬ 
tempt  to  cryflallize  them  by  evaporating  the  hot  water, 
we  fhould  not  fucceed  ;  nothing  would  be  procured  but 
a  fhapelefs  mafs  Many  of  the  falts  which  follow  this 
law  of  cryftallization  combine  with  a  great  deal  of  wa¬ 
ter ;  or,  which  is  the  fame  thing,  many  cryflals  formed 
in  this  manner  contain  a  great  deal  of  water  of  cryftal- 
ki  lization. 

There  are  other  falts  again  which  are  nearly  equally  fo- 
luble  in  hot  and  cold  water;  common  fait  for  inftance.  Jt 
is  evident  that  fuch  ialts  cannot  be  cryftailized  by  cool¬ 


ing  ;  but  they  cryflallize  very  well  by  evaporatmg  their 
folution  while  hot.  Thefe  falts  generally  contain  but 
little  water  of  cryftallization. 

2.  It  appears,  too,  that  fome  fubftances  are  capable Sufpenlion* 
of  affuming  a  cryftalline  form  merely  by  having  their 
particles  fufpended  in  water,  without  any  regular  folu¬ 
tion  ;  at  leafl  it  is  not  eafy,  on  any  other  fuppofition, 
to  explain  the  cryftallizatioris  of  carbonat  of  lime  fome- 
times  depofited  by  waters  that  urn  over  quantities  of 
that  mineral.  867  ~ 

3  There  are  many  fubftances,  however,  neither  folu-  And  fa¬ 
ble  in  water,  nor  capable  of  being  fo  minutely  divided ilon* 
as  to  continue  long  fufpended  in  that  fluid;  and  which, 
notwithftanding,  are  capable  of  affuming  a  cryftalline 
form  This  is  the  cafe  with  the  metals,  with  glafs,  and 
fome  other  bodies.  The  method  employed  to  cryflal- 
lize  them  is  fujion,  which  is  a  folution  by  means  of  ca¬ 
loric.  By  this  method  the  particles  are  feparated  from 
one  another  ;  and  if  the  cooling  goes  on  gradually,  they 
are  at  liberty  to  arrange  themielves  in  regular  cryftals: 

There  are  many  fubftances,  however,  which  it  has  been 
hitherto  impofiible  to  reduce  to  a  cryftalline  form,  either 
by  thefe  or  any  other  method.  Whether  this  be  owing 
to  the  nature  of  thefe  bodies  themielves,  or  to  our  ig¬ 
norance  of  the  laws  by  which  cryftals  are  formed,  as  is 
much  more  likely,  cannot  be  determined.  868 

The  phenomena  of  cryftallization  feem  to have  at-Cryft.dhza-- 
traded  but  little  of  the  attention  of  the  ancient  philofo  q^hied" 
pliers.  Their  theory  indeed,  that  the  elements  of  bo-1 
dies  poffefs  certain  regular  geometrical  figures,  may 
have  been  fug-gelled  by  thefe  phenomena  ;  but  we  are 
ignorant  of  their  having  made  any  regular  attempt  to 
explain  them.  The  fchoolmen  aferihed  the  regular  fi¬ 
gure  of  cryftals  to  their  fubftantial  forms,  without  giving 
themfelves  much  trouble  about  explaining  the  meaning 
of  the  term.  This  notion  was  attacked  by  Boyle  ;  who 
proved,  that  cryftals  were  formed  by  the  mere  aggrega¬ 
tion  ©f  particles  f.  But  it  flill  remained  to  explain,  f  Treat/fe  tn 
why  that  aggregation  took  place?  and  why  the  parti- the  Origin  of 
cles  united  in  fuch  a  manner  as  to  form  regular  figures?*  u.nd , 

Thefe  quetlions  were  anfwcred  by  Newton  Accord-"^ 
ing  to  him,  the  aggregation  is  produced  by  the  at¬ 
tradion  which  he  had  pioved  to  exift  between  the  par¬ 
ticles  of  all  bodies,  and  which  ads  as  foon  as  thefe 
particles  are  brought  within  a  certain  diftance  of  each 
other  by  the  evaporation  of  the  liquid  in  which  they  are 
diffolved.  The  regularity  of  their  figures  he  explained 
by  iuppofing,  that  while  in  a  ilate  of  folution  they  were 
arranged  in  the  liquid  in  regular  rank  and  file  ;  the  con- 
2  isquence. 
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,  which  at  eqttal  diftar.ces  is  equal,  at  unequal  distances 
unequal)  will  be  cryftals  of  determinate  figures  J. 

This,  explanation,  which  13  worthy  of  Newton,  is 
now  univerfally  admitted  as  the  true  one,  and  has  con¬ 
tributed  much  towards  elucidating  this  important  part 
ot  ehemiftry. 

Still,  however,  there  remain  various  phenomena  re¬ 
lating  to  cryftallization  which  it  is  no  eafy  matter  to  ex~ 
plain. 

It  has  been  obferved,  that  thofe  falts  which  cryflal' 
lize  upon  cooling,  do  not  affume  a  cryflalline  form  fo 
readily  if  they  are  allowed  to  cool  in  clofe  veffels.  If 
a  fatu rated  folution  of  fulpliat  of  foda,  for  inftance,  in 
hot  water  be  put  into  a  phial,  corked  up  clofely,  and 
allowed  to  cool  without  being  moved,  no  crylials  are 
formed  at  all  ;  but  the  moment  the  glafs  13  opened,  the 
fait  cryftallizes  with  fuch  rapidity  that  the  whole  of  the 
folution  in  a  manner  becomes  folid.  This  phenomenon 
has  been  explained  by  fuppofing,  that  there  is  an  affi¬ 
nity  between  the  fait  and  caloric,  and  that  while  the 
caloric  continues  combined  with  it  the  fait  does  not  cry- 
flaliize;  that  the  caloric  docs  not  leave  the  fait  fo  readily 
when  external  air  is  not  admitted,  as  glafs  receives 
it  veiy  flowly  and  parts  with  it  very  flowly,  In  fhort, 
the  atmofpherical  air  feems  to  be  the  agent  employ¬ 
ed  to  carry  off  the  caloric;  a  talk  for^  which  it  is 
remarkably  well  fitted,  on  account  of  the  change  of 
den  fit  y  which  it  undergoes  by  every  addition  of  calo- 
tic,.  1  his  is  confirmed  by  the  quantity  of  caloric 
which  always  makes  its  appearance  dining  thefe  fud- 
den  eiyfhdlizations.  This  explanation  might  be  put 
to  the  teft  ot  experiment,  by  putting  two  folutions  of 
fuiphat  of  foda  in  hot  water  in  two  iimilar  veffels  ;  one 
of  glafs,  the  other  of  metal,  and  both  clofed  in  the 
fame  manner.  If  the  fait  contained  in  the  metallic  vef- 
fel  cry  flail  ized,  which  ought  to  be  the  cafe  on  account 
of  the  great  conducting  power  of  metals,  while  that  in 
the  glafs  veffel  remained  liquid,  this  would  be  a  confirma- 
tion  of  the  theory,,  amounting  almoft  to  demon  ft  ration. 
On  the  contrary,  if  both  folutions  remained  liquid,  it 
would  be  a  proof  that  the  phenomenon  was  flill  incom¬ 
pletely  urderftood. 

Not  only  falts  but  water  itfelf,  which  commonly  cry- 
flallizes  at  32%  may  be  made  to  exhibit  the  fame  phe¬ 
nomenon.:  it  may  be  cooled  much  lower  than  32  with¬ 
out  freezing.  *1  his,  as  Dr  Black  has  completely  pro¬ 
ved,  depends  entirely  upon  the  retention  of  caloric. 

If  the  regular  form  of  crylials  depends  upon  the 
aggregation  of  particles,  and  if  during  all  cryitalliza- 
tions  this  aggregation  trees  on  in  the  fame  manner,  why 
have  not  all  crylials  the  fame  form  ?  Some  have  af- 
cribed  thefe  differences  to  a  certain  polarity  which  the 
particles  of  bodies  are  fuppofcd  to  pofTefs,  and  which 
difpofes  each  kind  of  particles  to  arrange  themfelves  ac¬ 
cording  to  a  certain  law.  Sir  Ilaac  Newton  appears  ra¬ 
ther  to  have  aferibed  i(  to  the  forms  of  the  particles  them¬ 
felves  J  ;  and  this  feems  to  be  the  real  folution  of  the 
problem,  for  fuppofing  that  all  particles  have  the 


STRY,  part 

aggregation  muft;  produce  cry  ft  ala  of  various  fhapes  ;  CryftjiU  ’ 
and  therefore  their  polarity,  which  is  merely  a  fuppofi-  tiro, 
tion  founded  on  this  difference  in  the  appearance  of  “V 
cryftals,  cannot  be  admitted.  Suppofe,  for  inilance, 
that  eight  cubic  particles  were  regularly  arranged  in 
water,  and  that  by  the  gradual  evaporation  of  the  li¬ 
quid  were  to  approach,  and  at  laft  to  combine,  it  is 
evident  that  the  cryflal  which  they  would  produce 
would  be  a  cube.  Eight  fix-fided  prifms  would  alfo 
produce  a  fix-fided  prifm  :  and  eight  tetrahedrons  would 
form  a  very  different  figure. 

But  it  will  be  alked,  if  the  figure  of  cryftals  depends 
entirely  upon  the  form  of  the  particles  that  compofe 
them,  how  comes  it  that  the  fame  fubftance  does  not  ah 
ways. cryftallize  in  the  fame  way,  but  prefents  often  fueh 
a  variety  of  forms  that  it  is  fcarcely  poffible  to  reckon 
them  ?  We  anfwer,  that  thefe  various  forms  are  fome- 
times  owing  to  variations  m  the  ingredients  which  com- 
pofe  the  integrant  particles  of  any  particular  body. 

Alum,  for  in  fiance,  cryitallizes  in  o&ahedrons  ;  but 
when  a  quantity  of  alumina  is  added,  it  cryftallizes  in 
cubes  ;  and  when  there  is  an  excels  of  alumina  it  does  not 
cryftallize  at  all.  If  the  proportion  of  alumina  varies 
between  that  which  produces  odahedrons  and  what 
produces  cubic  cryftals,  the  cryftals  become  figures  with 
fourteen  iides  ;  fix  of  which  are  parallel  to  thofe  of  the 
cube,  and  eight  to  thofe  of  the  octahedron  ;  and  ac¬ 
cording  as  the  proportions  approach  nearer  to  thofe 
which  form  cubes  or  o&ahedrorts,  the  cryftals  affume 
more  or  lets  of  the  form  of  cubes  or  odahedrons.  What 
is  ft  ill  more,  if  a  cubic  cryltal  of  alum  be  put  into  a 
folution  that  would  afford  odahedral  cryftals,  it  paffes 
into  an  odahedron  :  and  on  the  other  hand,  an  odahe¬ 
dral  cryflal  put  into  a  folution  that  would  afford  cubic 
cryftals,  becomes  itfelf  a  cube  «f.  Now,  how  difficult!  U  Bk 
a  matter  it  is  to  proportion  the  different  ingredients Ann- 
with  abfolute  exadnefs  mull  appear  evident  to  all. 

Another  circumftanee  which  contributes  much  to 
vary  the  form  of  cryftals,  is  the  different  degree  of  con¬ 
centration  to  which  their  folution  has  been  reduced,  and 
the  rapidity  or  flownefs  with  which  they  are  formed. 

I  °r  is  too  evident  to  require  illuft ration,  that  when 
cryftals  are  depofited  very  rapidly  they  muft  obftrud 
one  another,  and  mix  together  fo  as  very  much  to  ob- 
feure  the  natural  regularity  of  their  form  » 

Even  the  nature  of  the  veffel  in  which  the  cry flalli- 
zat:on  is  performed  is  not  without  fome  influence 

dut,  independent  of  thefe  accidental  ciicumftanccs,  Haul’s 
Mr  Hauy  has  fhewn  that  every  particular  ioecies  of'^vofu) 
cryftals  has  a  primitive  figure,  and  that  the  variations  fta,s* 
are  owing  to  the  different  ways  in  which  the  particles 
arrange  themfelves  Of  this  theory,  which  is  certainly 
exceedingly  ingenious,  and  even  fatisfadory,  we  fliali 
attempt  to  give  a  fhort  view. 

Happening  to  take  up  a  hexangular  prifm  of  calcare¬ 
ous  fpar,  or  carbonat  of  lime,  which  bad  been  detached 
from  3  group  of  the  fame  kind  of  cryftals,  he  obferved 
that  a  fmall  portion  of  the  cryflal  was  wanting,  and  that 
the  fradure  prefented  a  very  fmooth  furface.  Let  a  bale 
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re  1  r°  V  *  t-Mt  uauuuc  mcinucua  very  imoom  lurrace.  L,ztabc/L> 

[rindTherT  ""  *  ^  T 'ft  Pf?fS  ^  ft?"  P?W''  fgb  ^  8>)  bc  the  cT“aI:  thc  f^ure  lay  obliquely  a, 
ty;  and  therefore  everv  crvftal  muft  hav^  * _ _ ^  _  1  t  ,  i  ^  y 


ty;  and  therefore  every  cryflal  muft  have  the  fame  form. 
It  is  im  poffible,  then,  to  account  for  the  different  forms 
of  cryffals  without  fuppofing  that  the  particles  which 
compofe  them  have  alfo  different  forms.  And  if  the 
particles  of  bodies  have  different  forms,  their  regular 


the  trapezium  psut ,  and  made  an  angle  of  135-,  both 
with  the  remainder  of  the  bale  ales ph  and  with  ttief,  the 
remainder  of  the  fide  inef.  Obferving  that  the  fegment 
psutin  thus  cut  off  had  for  its  vertex  1  n,  one  of  the  edges 
of  the  bafe  ahentb  of  the  prifm,  he  attempted  to  detach 
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a*a  fimilar  fegment  in  the  part  to  which  the  next  edge  may  alfo  be  divided  by  fe&ions  parallel  to  the  Tides  ofCryMl^a- 
Cn  belonged,  employed  for  that  purpofe  the  blade  of  a  the  primitive  cryital.  It  follows  from  this,  that  the  _ ^ , 

"  knife  dire&ed  in  the  fame  degree  of  obliquity  as  the  parts  detached  by  means  of  thefe  fedions  are  fimilar, 
trapezium/ s  u  /,  and  allifted  by  the  ftrokes  of  a  ham-  and  differ  from  one  another  only  in  fize,  which  dinnni- 
mer.  He  could  not  fucceed  :  But  upon  making  the  fhes  in  proportion  to  the  length  that  the  divilion  is  car- 
attempt  upon  the  next  edge  be,  he  detached  another  ried.  But  the  divilion  of  the  cryllals  into  fimilar  folids 
feprnent,  precifely  fimilar  to  the  firft,  and  which  had  for  has  a  term,  beyond  which  we  fhould  come  to  the  fmallclt 
its  vertex  the  edge  be.  He  could  produce  no  effed  on  particles  of  the  body,  which  could  not  be  divided  with- 
the  next  edge  a  b  ;  but  from  the  next  following,  a  h ,  he  out  chemical  decompofition.  It  is  probable,  therefore, 
cut  a  fegment  fimilar  to  the  other  two.  The  fixth  that  the  form  of  the  integrant  particles  of  a  body  is  the 
e(W  like  wife  proved  refradory.  He  then  went  to  the  fame  with  the  primitive  form  of  its  cryftals.  Here,  then, 
other  bafe  of  the  prifm  defg  hr,  and  found,  that  the  we  have  a  method  of  diicovering  the  form  of  the  particles 
edcres  which  admitted  fedions  fimilar  to  the  prece-  of  bodies  ;  and  if  this  method  could  be  applied. to  all  iub- 
ding  ones  were  not  the  edges  e /,  dr,  gk,  covrefoond-  fiances  whatever,  it  would  enable  us  toafeertain  the  affi- 
ing  with  thofe  which  had  been  found  divifible  at  the  op-  nity  of  all  bodies  for  each  other  by  accurate  calculation, 
pofite  bafe,  but  the  intermediate  edges  de,  k  r,gf  The  It  mull  be  allowed,  that  feveral  objections  might  be  made 
trapezium  /  q  v  v  reprefents  the  fedion  of  the  fegment,  to  the  conclufions  of  Mr  Hany  ;  but  his  theory  is,  on 
which  had  k  r  for  its  vertex  This  fedion  was  evident-  the  whole,  fo  plaufible,  that  it  would  certainly  be  worth 
lv  parallel  to  the  fedion  p  sut  ;  and  the  other  four  fee-  while  to  extend  it,  and  apply  it  to  the  calculation  of 
tioiis  vveie  alfo  parallel  two  and  two.  Thefe  fedions  affinities  as  far  as  it  is  fufceptible  of  the  application, 
were,  without  doubt,  the  natural  joinings  of  the  layers  If  the  cryftals. obtained  by  the  above  procefs  be  the  pri- 
of  the  cryftal.  And  he  eaijly  lucceeded  in  making  mitive  forms,  it  becomes  a  queftion  of  fome  confequence 
others  parallel  to  them,  without  its  being  poflible  for  to  determine  in  what  manner  the  fecondary  forms  are 
him  to  divide  the  cryftal  in  any  other  direction.  In  produced. 

this  manner  he  detached  layer  after  layer,  approaching  According  to  Hauy,  all  the  parts  fuperadded  to  the 
always  nearer  and  nearer  the  axis  of  the  prifm,  till  at  primitive  cryftals,  in  order  to  form  the  fecondary  cry- 
laft  the  bafes  difappeared  altogether,  and  the  prifm  was  flat,  confift  of  plates,  which  dccreafe  regularly  by  the 
converted  into  a  folid  OX  (fig.  9.),  terminated  by  fubtradion  of  one  or  more  rows  of  integrant  particles, 
twelve  pentagons,  parallel  two  and  two;  of  which  in  fuch  a  manner,  that  the  number  of  thefe  ranks,  and 
thofe  at  the  extremities,  that  is  to  fay,  AS  RIO,  IG  confequently  the  form  of  the  fecondary  cryftal,  may  be 
EDO,  B  AODC  at  one  end,  and  FKNPQj  MNPXU,  determined  by  theory  (c). 

ZQPXY  at  the  other,  were  the  refults  of  mechani-  To  explain  this,  let  us  fuppofe  that  EP  (fig.  12.)  re- 
cal  divilion,  and  had  their  common  vertices  O,  P  iitua-  prefents  a  dodecahedron,  terminated  by  equal  and  fimi- 
ted  at  the  centre  of  the  bafes  of  the  original  prifm.  lar  rhombs ;  that  this  dodecahedron  is  a  fecondary  cry- 
The  fix  lateral  pentagons  RSUXY,  ZYRIG,  &c.  were  ftal,  the  primitive  form  of  which  is  a  cube  :  the.  fitua- 
the  remains  of  the  fix  fides  of  the  original  prifm.  tion  of  this  cube  in  the  dodecahedron  may  be  conceived 

By  continuing  fedions  parallel  to  the  former  ones,  from  fig  13?  The  fmaller  diagonals  DC,  CG,  GF, 
the  lateral  pentagons  deminifhed  in  length  ;  and  at  lafl  FD,^of  four  (ides  of  the  dodecahedron,  united  round 
the  points  R,  G  coinciding  with  the  points  Y,  Z,  the  the  fame  folid  angle  L,  form  the  fquare  CDFG.  Now 
points  S,  R  with  the  points  U,  Y,  See.  there  remain-  there  are  fix  folid  angles,  compofed  of  four  plains,  to¬ 
ed  nothing  of  the  lateral  pentagons  but  the  triangles  wit,  the  angles  L,  O,  E,  N,  R,  P  (fig.  12  );  andconfe- 
YIZ,  UXY,  &c.  (fig.  10.).  By  continuing  the  fame  quently, by  making  fedions  through  the  fmallerdiagonah 
fedions,  thefe  triangles  at  laft  difappeared  and  the  of  the  fides  that  form  thefe  angles,  fix  fquares  will  be 
prifm  was  converted  into  the  rhomboid  ae  (fig.  1 1. ).  made  apparent,  which  are  the  fix  fides  of  the  primitive 

So  unexpeded  a  refult  induced  him  to  make  the  cube,  three  of  which  are  reprefented  in  fig.  13.  CDFG, 
fame  attempt  upon  more  of  thefe  cryftals;  and  he  found  ABCD,  BCGH. 

that  all  of  them  could  be  reduced  to  fimilar  rhomboids.  This  cube  being  compofed  of  cubic  integrant  parti- 
He  found  alfo,  that  the  cryftals  of  other  fubftanccs  cles,  each  of  the  pyramids,  LCDFG  for  inftance  (fig. 
could  be  reduced  the  fame  manner  to  certain  primi-  13.)  which  repofe  upon  its  fides,  mufl  alfo,  according 
tivc  forms  ;  always  the  fame  in  the  fame  fubftances,  but  to  the  theory,  be  compofed  of  fimilar  cubic  particles, 
every  fubftance  having  its  own  peculiar  form.  The  To  make  this  appear,  let  us  fuppofe  that  /iBFG  (fig. 
primitive  form  of  fluat  of  lime,  for  inftance,  was  an  oc-  14.)  is  a  cube  compofed  of  729  fmall  cubes  :  Each  of 
tahedron  ;  of  fulphat  of  barytes,  a  prifm  with  rhomboi-  its  fides  will  confift  of.  81  fquares,  being  the  external 
dal  bafes  ;  of  field  fpath,  an  oblique  angled  parallelopi-  fides  of  as  many  cubic  particles,  which  together  con- 
ped,  but  not  rhomboidal  ;  of  adamantine  fpar,  a  rhom-  ftitute  the  cube.  Upon  ABCD,  one  of  the  fides  of 
boid,  fomewhat  acute  ;  of  blende,  a  dodecahedron,  with  this  cube,  let  us  apply  a  fquare  lamina.,  compofed  of 
rhomboidal  fides  ;  and  fo  on.  cubes  equal  to  thofe  of  which  the  primitive  cryftal  con- 

Thefe  muft  be  confidered  as  the  real  primitive  forms  fills,  but  which  has  on  each  fide  a  row  of  cubes  lefs 
of  the  cryftals  ;  the  other  forms  which  they  often  af-  than  the  outermoft  layer  of  the  primitive  cube.  It  will 
fume  may  be  called  fecondary  forms.  of  courfe  be  compofed  of  49  cubes,  7  on  each  fide  ;  fo 

The  primitive  cryftals  obtained  by  the  above  procefs  that  its  lower  bafe  0  nfg  (fig.  15.)  will  fall  exactly  on 
may  be  divided  by  fedtions  parallel  to  their  different  fides:  the  fquare  marked  with  the  fame  letters  in  fig.  14. 
all  the  matter  which  furrounded  this  primitive  cryftal  Above  this  lamina  let  us  apply  a  fecond  Imp  u  (fig. 

Suppl.  Vol.  I.  Parti.  _ _ _ * _  3  ^ 

(c)  The  explanation  of  Bergman  is  not  very  different.  See  his  Opufc.  vol.  ii.  diff.  i. 
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Cryftall  za-  i6.),  compofed  of  2$  cubes  ;  it  will  be  fituated  cxa&ly 

.  u°n‘  above  the  fquare  marked  with  the  fame  letters  (fig. 

J4.).  Upon  this  fecond  let  us  apply  a  third  lamina 
vxy  *  (fig.  17.)?  confifting  only  of  9  cubes  ;  fo  that 
its  bafe  fhall  reft  upon  the  letters  vxyz  (fig.  14.). 
Laftly,  on  the  middle  fquare  r  let  us  place  the  fmall 
cube  r  (fig.  18.),  which  will  reprefent  the  laft  lamina. 

It  is  evident,  that  by  this  procefs  a  quadrangular  py¬ 
ramid  has  been  formed  upon  the  face  AI3CD  (fig.  14.), 
the  bafe  of  which  is  this  face,  and  the  vertex  the  cube 
r  (fig.  18.).  By  continuing  the  fame  operation  on  the 
other  five  fidcs  of  the  cube,  as  many  fi milar  pyramids  will 
be  formed  ;  which  will  envelope  the  cube  on  every  fide. 

It  is  evident,  however,  that  the  fides  of  tliefe  pyra¬ 
mids  will  not  form  continued  planes,  but  that,  owing  to 
the  gradual  diminution  of  the  laminae  of  the  cubes  which 
compofe  them,  thefe  fides  will  refemble  the  ftcps  of  a 
ftair.  We  can  fuppofe,  however  (what  mnft  certainly 
be  the  cafe),  that  the  cubes  of  which  the  nucleus  is 
formed  are  exceedingly  fmall,  almoft  imperceptible  ; 
that  therefore  a  vaft  number  of  lamina?  are  required  to 
form  the  pyramids,  and  confequently  that  the  channels 
which  they  form  are  imperceptible.  Now  DC  BE  (fig. 
19.)  being  the  pyramid  refting  upon  the  face  ABCD 
(fig.  14.),  and  CBOG  (fig.  19.)  the  pyramid  applied 
to  the  next  face  BCGH  (fig.  14.),  if  we  confider  that 
every  thing  is  uniform  from  E  to  O  (fig.  19.)  in  the 
manner  in  which  the  edges  of  the  lamina  of fuperpofition 
(as  the  Abbe  Hauy  calls  the  lamina?  which  compofe  the 
pyramids)  mutually  projedf  beyond  each  other,  it  will 
readily  be  conceived,  that  the  face  CEB  of  the  firft 
pyramid  ought  to  be  txa&ly  in  the  fame  plane  with  the 
face  COB  of  the  adjacent  pyramid  ;  and  that  therefore 
the  two  faces  together  will  form  one  rhomb  ECOB. 
But  all  the  fides  of  the  fix  pyramids  amount  to  24  tri¬ 
angles  fimilar  to  CEB  ;  confequently  they  will  form  1 2 
rhombs,  and  the  figure  of  the  whole  cryftal  will  be  a  do¬ 
decahedron,  fimilar  to  that  reprefented  in  fig.  1 2.  and  13. 

If  the  decreafe  of  the  lamina?  of  fuperpofition  took 
place  according  to  a  more  rapid  law,  if  each  lamina 
had  on  its  circumference  two,  three,  or  four  rows  of 
cubes  lefs  than  the  inferior  lamina — in  that  cafe,  the 
pyramids  produced  being  lower,  their  adjacent  faces 
would  no  longer  form  one  plane  ;  and  therefore  the  fur- 
face  of  the  fecondary  cryftal  would  confift  of  24  ifo- 
fceles  triangles,  all  inclined  towards  each  other. 

In  this  manner  Mr  Hauy’’  lias  fhewn,  that  a  variety 
of  fecondary  cryftals  are  formed,  and  that  their  forms 
vary  by  means  of  flight  variations  in  the  ratio  of  the 
decrement.  Dodecahedral  fulphuret  of  iron,  for  inftancc, 
is  formed  from  a  cubic  nucleus,  by  the  addition  of  la¬ 
mina?,  decreafing,  as  in  the  example  given  above,  with 
this  difference,  that  from  every  lamina  laid  upon  the 
face  ABCD  (fig.  14.)  only  one  row  of  cubes  are  fob- 
traded  at  the  fides  AD  and  BC  refpedively  ;  whereas 
two  rows  are  fubtraded  at  each  of  "the  fides  AB  and 
CD.  The  confequence  of  this  more  rapid  decrement 
on  two  parallel  fides  than  on  the  other  two  will  be, 
that  the  pyramid  raifed  on  the  face  ABCD  (fig.  14.), 
inftead  of  terminating  in  a  fingle  cube  as  in  the  example 
given  above,  will  terminate  in  a  range  of  cubes ;  or 
(fuppoiing  the  cubes  infinitely  fmall)  inftead  of  termi¬ 
nating  in  a  point,  it  will  terminate  in  a  ridge.  The 
pyramid  will  therefore  have  for  its  two  fides,  contigu¬ 
ous  to  A13  and  DC,  two  trapeziums,  and  for  its  fides, 
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contiguous  to  AD  and  BC,  two  triangles.  Let  iisCrywi 
fuppofe  alfo,  that  with  regard  to  the  larnince  of  fuper-  tUw.  i 
pofition  which  arife  on  the  face  BCGH  (fig.  14  \  the 
decrements  follow  the  fame  law,  and  that  each  lamina 
decreafes  by  two  rows  of  cubes  towards  the  lines  BC 
and  HG,  and  only  by  one  row  towards  the  lines  CG, 

BH  ;  The  pyramid,  in  that  cafe,  will  be  placed  in  a 
dire&ion  oppofite  to  the  pyramid  on  ABCD,  the  ridge 
at  the  vertex  of  it  running  parallel  to  BC  :  the  vertex 
of  the  pyramid  raifed  upon  CDFG  muft  be  parallel  to 
CG  :  the  pyramids  on  the  three  other  fides  of  the  cube 
ought  to  ft  and  each  like  that  which  arifes  on  the  op- 
polite  face 

The  fides  of  all  the  fix  pyramids  thus  formed  amount 
to  twelve  trapeziums  and  twelve  triangles-  Every  tri¬ 
angle  is  evidently  contiguous  and  in  the  fame  plane 
with  a  trapezium  of  the  neareft  pyramid  ;  confequently 
the  fecondary  cryftal  thus  formed  confifts  of  twelve 
fides,  each  of  which  is  a  pentagon. 

Several  other  examples  have  been  given  by  Mr  Hauy  5 
but  thefe  are  fufficient  to  fiiew  in  what  manner  the  va¬ 
rious  fecondary  forms  of  cryftals  are  conftru&ed,  ac¬ 
cording  to  the  theory  of  that  ingenious  philofopher. 

In  his  refearches  on  this  fubje&,  Mr  Hauy  percei¬ 
ved,  that  fome  cryftals  affumed  fecondary  forms  which 
could  not  be  accounted  for  by  any  decrement  whatever 
along  the  edges-  Thus,  for  inftance,  fome  bodies,  the 
primary  form  of  which  is  cubic,  are  fometimes  found 
cryftallized  in  regular  o&agons.  Mr  Hauy  explains 
the  formation  of  thefe  fecondary  cryftals,  by  fuppofing 
that  the  decrement  took  place  parallel,  not  to  the  edges, 
but  to  the  diagonals  of  the  faces  of  the  primary  cubes. 

In  order  to  comprehend  this,  let  us  fuppofe  ABCD 
(fig.  20.)  to  be  the  furface  of  a  lamina  compofed  of 
fmall  cubes,  the  bafes  of  which  are  reprefented  by  the 
little  fqu?.re3  in  the  figure.  It  is  evident,  that  the  cubes 
a,  b ,  c9  d,  ey  f,  gy  h,  i,  are  in  the  dire&ion  of  the  diago¬ 
nal  of  the  fquare  ABCD  ;  that  the  row  of  cubes 
k,  w,  x,y9  2,  is  parallel  to  the  diagonal ;  as  alfo  the  row 
«,/,/,  m9  p ,  o9  r9  s  ;  and  that  the  whole  figure  might 
be  divided  into  rows  of  fquares,  each  of  which  would 
be  parallel  either  to  the  diagonal  AC  or  DB. 

Now  wc  may  conceive  that  the  lamina?  of  fuperpo¬ 
fition,  inftead  of  decreafing  by  rows  of  cubes  parallel  to 
the  edges  AB,  AD,  decreafe  by  rows  parallel  to  the 
diagonals. 

Let  it  be  propofed  to  conftru&  around  the  cube  AB 
OF  (fig.  21.),  confidercd  as  a  nucleus,  a  fecondary  fo¬ 
il’d,  in  which  the  laminae  of  fuperpofition  {hall  decreafe 
on  all  fides  by  fingle  rows  of  cubes,  but  in  a  direction 
parallel  to  the  diagonals.  Let  ABCD  (fig.  22.),  the 
fuperior  bafe  ©f  the  nucleus,  be  divided  into  8 1  fquares, 
reprefenting  the  faces  of  the  fmall  cubes  of  which  it  is 
compofed.  Figure  23.  reprefents  the  fuperior  furface 
of  the  firft  lamina  of  fuperpofition  ;  which  muft  be 
placed  above  ABCD  (fig.  22.),  in  fuch  a  manner  that 
the  points  a{  b' ,  c'9  d,  (fig.  23.)  anfwer  to  the  points 
a,b,c,d,  (fig.  22.).  By  this  difpofition  the  fquares 
A  a,  B  b9  C  c9  I)  d  (fig.  22.),  which  compofe  the  four 
outermoft  rows  of  fquares  parallel  to  the  diagonals  AC, 

BD,  remain  uncovered.  It  is  evident  alfo,  that  the 
borders  Q V,  ON,  IL,  GF  (fig.  23.),  projedl  by  one 
range  beyond  the  borders  AB,  AD,  CD,  BC  (fig. 

22.),  which  is  neceffary,  that  the  nucleus  may  be  enve¬ 
loped  towards  thefe  edges :  For  if  this  were  not  the 
3  cafe. 
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l  ja-  cafe,  re-entering  angles  would  be  formed  towards  the 
fl  parts  AB,  BC,  CD,  DA,  of  the  cryftal  ;  which  angles 
y  ~  appear  to  be  excluded  by  the  laws  which  determine  the 
formation  of  fun  pie  cryftals,  or,  which  comes  to  the 
fame  thing,  no  fuch  angles  are  ever  obferved  in  any  cry¬ 
stal.  The  folid  mull  increafe,  then,  in  thofe  parts  to 
which  the  decrement  does  not  extend.  But  as  this  de¬ 
crement  is  alone  fuflicient  to  determine  the  form  of  the 
fecondary  cryftal,  we  may  let  afide  all  the  other  varia¬ 
tions  which  intervene  only  in  a  fubfidiary  manner,  ex¬ 
cept  when  it  is  wilhed,  as  in  the  prefen  t  cafe,  to  con- 
ftru6l  artificially  a  folid  reprefentation  of  a  cryftal,  and 
to  exhibit  all  the  details  which  relate  to  its  ftru&ure. 

The  fuperior  face  of  tire  fecond  lamina  will  be  A' 
G'L/K'  (fig  24-)  It  muft  be  placed  fo  that  the  points 
a ",  b'\  A,  d" ,  correfpond  to  the  points  a  U c' d'  (fig.  23. ), 
which  will  leave  uncovered  a  fecond  row  of  cubes  at 
each  angle,  parallel  to  the  diagonals  AC  and  BD 
The  folid  flill  increafes  towards  the  fides.  The  large 
faces  of  the  laminae  of  fuperpofition,  which  in  fig.  23. 
were  o6lagons,  in  fig.  24.  arrive  at  that  of  a  fquare  ; 
and  when  they  pafs  that  term  they  decreafe  on  all 
fides  ;  fo  that  the  next  lamina  has  for  its  fuperior  face 
the  fquare  B'M  L/S'  (fig.  25.),  lefs  by  one  range  in 
every  direction  than  the  preceding  lamina  (fig.  24.). 
This  fquare  muft  be  placed  fo  that  the  points  e'ff,  g\  h\ 
(fig.  25.)  correfpond  to  the  points  <?,  f, g,  h  (fig.  24.). 
Figures  26,  27,  28,  and  29,  reprefent  the  four  lamina 
which  ought  to  rife  fucceftively  above  the  preceding ;  the 
manner  of  placing  them  being  pointed  out  by  corre- 
fponding  letters,  as  was  done  with  reipedl  to  the  three 
firll  laminae.  The  laitlamina  fc'(fig.  30.)  is  a  fingle  cube, 
which  ought  to  be  placed  upon  the  fquare  %  (fig.  29.)* 

The  laminae  of  fuperpofition,  thus  applied  upon  the 
fide  ABCD  (fig.  22.),  evidently  produce  four  faces, 
which  correfpond  to  the  points  A,  B,  C,  D,  and  form 
a  pyramid.  Thefe  faces,  having  been  formed  by  laminae, 
which  began  by  increafing,  and  afterwards  decreafed, 
muft  be  quadrilaterals  of  the  figure  reprefented  in  fig. 
31.  5  in  which  the  inferior  angle  C  is  the  fame  point 
with  the  angle  C  of  the  nucleus  (fig.  21.  and  22.)  ; 
and  the  diagonal  LQ^reprefents  L  G'  of  the  lamina 
A'G'L'K'  (fig.  24  ).  And  as  the  number  of  laminae 
compofing  the  triangle  L  QJ3  (fig.  31.)  is  much 
fmaller  than  that  of  the  laminae  forming  the  tiiangle 
ZLQ,  it  is  evident  that  the  latter  triangle  will  have  a 
much  greater  height  than  the  former. 

The  l'urface,  then,  of  the  fecondary  cryftal  thus  pro¬ 
duced,  mull  evidently  confill  of  24  quadrilaterals  (for 
pyramids  are  railed  on  the  other  5  fides  of  the  piimary 
cube  exactly  in  the  fame  manner),  difpofed  3  and  3 
around  each  folid  angle  of  the  nucleus.  But  in  confe- 
quence  of  the  decrement  by  one  range,  the  three  qua¬ 
drilaterals  which  belong  to  each  folid  angle,  as  C  (fig. 
21.)  will  be  in  the  fame  plane,  and  will  form  an  equila¬ 
teral  triangle  ZIN  (fig.  32.).  The  24  quadrilaterals, 
then,  will  produce  8  equilateral  triangles ;  and  confe- 
quently  the  fecondary  cryftal  will  be  a  regular  odlagon. 
This  is  the  ftrudlure  of  the  odlahedral  fulphuret  of  lead 
and  of  muriat  of  foda. 

Decrements  which  take  place  in  this  manner  have 
been  called  by  Mr  Hauy  decrements  on  the  angles. 

There  are  certain  cryftals  in  which  the  decrements 
on  the  angles  do  not  take  place  in  lines  parallel  to  the 
diagonals,  but  parallel  to  lines  lltuated  between  the  dia- 
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gonals  and  the  edges.  Tins  is  the  cafe  when  the  fub-  Cryflalhzd- 
tradlions  are  made  by  ranges  of  double,  triple,  &c.  ,_tl0n*  , 

moleculae.  Fig.  33.  exhibits  an  inftance  of  the  fub- 
tra&ions  in  queftion  ;  and  it  is  feen  that  the  mole¬ 
culas  which  compofe  the  range  reprefented  by  that  fi¬ 
gure  are  afTorted  in  fuch  a  manner  as  if  of  two  there 
were  formed  only  one  ;  fo  that  we  need  only  to  con¬ 
ceive  the  cryftal  compofed  of  paiallelopipedons  having 
their  bafes  equal  to  the  fmall  re&angles  a  b  c  dy  e  d f  gt 
h  g  i  /,  &c.  to  reduce  this  cafe  under  that  of  the  com¬ 
mon  decrements  on  the  angles.  To  this  particular 
kind  of  decrement  Mr  Hauy  has  given  the  name  of  <a« 
ter  mediate. 

In  other  cryftals  the  decrements,  either  on  the  edges 
or  on  the  angles,  vary  according  to  laws,  the  proportion 
of  which  cannot  be  expreffed  but  by  the  fra&ion  lor 
It  may  happen,  for  example,  that  each  lamina  ex¬ 
ceeds  the  following  by  two  ranges  paiallel  to  the  edges, 
and  that  it  may  at  the  fame  time  have  an  altitude  triple 
that  of  a  limple  molecule.  Figure  34.  reprefents  a  ver¬ 
tical  geometrical  fe&ion  of  one  of  the  kinds  of  pyramids 
which  would  refult  from  this  decrement;  the  effect  of 
which  may  be  readily  conceived,  by  confidenng  that  AB 
is  a  horizontal  line  taken  on  the  upper  bafe  of  the  nu¬ 
cleus,  b  a  %  r  the  feclion  of  the  firft  lamina  of  fuperpo¬ 
fition,  gfen  that  of  the  fecond,  &c.  Thefe  decrements 
Mr  Hauy  has  called  mixed. 

Thefe  two  laft  fpccies  of  decrements  occur  but  rarely; 

Mr  Hauy  found  them  only  in  certain  metallic  fubftances. 

All  the  metamorphofes  to  which  cryftals  are  fubjedt- 
ed  depend,  according  to  Mr  Hauy,  on  the  laws  of 
flrudure  juft  explained,  and  others  of  the  like  kind. 

Sometimes  the  decrements  take  place  at  the  fame  time 
on  all  the  edges ;  as  in  the  dodecahedron  having  rhom- 
bufes  for  its  planes,  as  before  mentioned  ;  or  on  all  the 
angles,  as  in  the  odlahedron  originating  from  a  cube. 

Sometimes  they  take  place  only  on  cettain  edges  or 
certain  angles.  Sometimes  there  is  an  uniformity  be¬ 
tween  them  ;  fo  that  it  is  one  fingle  law  by  one,  two, 
three  ranges,  &c.  which  adls  on  the  different  edges,  or 
the  different  angles.  Sometimes  the  law  varies  from 
one  edge  to  the  other,  ot  from  one  angle  to  the  other  ; 
and  this  happens  above  all  when  the  nucleus  has  not  a 
fymmetrical  form  ;  for  example,  when  it  is  a  parallelo- 
pipedon,  the  faces  of  which  differ  by  their  refpedlive 
inclinations,  or  by  the  meafure  of  their  angles.  I11 
certain  cafes  the  decrements  on  the  edges  concur 
with  the  decrements  on  the  angles  to  produce  the  fame 
cryflalline  form.  It  happens  alfo  fometimes  that  the 
fame  edge,  or  the  fame  angle,  is  fubje&ed  to  feveral 
laws  of  decrement  that  fueceed  each  other.  I11  fhort, 
there  are  cafes  where  the  fecondary  cryftal  has  faces  pa¬ 
rallel  to  thofe  of  the  primitive  form,  and  which  combine 
with  the  faces  produced  by  the  decrements  to  modify 
the  figure  of  the  cryftal. 

The  cryftals  arifing  from  a  fingle  law  of  decrement 
have  been  called  by  Mr  Hauy  fimple  fecondary  forms  ; 
thofe  which  ai  ife  from  feveral  fimultaneous  laws  of  de¬ 
crement  he  lias  called  compound  fecondary  forms, 

“  if  amidft  this  diverfity  of  laws  (he  obferves),  fome¬ 
times  infulated,  fometimes  united  by  combinations  more 
or  lefs  complex,  the  number  of  the  ranges  fubtradled 
were  itielf  extremely  variable  ;  for  example,  were  thefe 
decrements  by  twelve,  twenty,  thirty,  or  forty  ranges, 

Qr  more,  as  might  abfolutely  be  poffible,  the  multitiiuc 
D  d  2  of 
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Cr^ftalliza*  of  the  forms  which  might  exifl  in  each  kind  of  mineral 

k  llrn-  would  be  immenfe,  and  exceed  what  could  be  imagined. 

But  the  power  which  effects  the  fubtraclicns  feems  to 
have  a  very  limited  addon.  Thefe  fubtra&ions,  for  the 
mofl  part,  take  place  by  one  or  two  ranges  of  molecules. 

I  have  found  none  which  exceeded  four  ranges,  except 
in  a  variety  of  calcareous  fpar,  forming  part  of  the  col¬ 
lection  of  C  Gillet  Laumont,  the  ftru&ure  of  which  de¬ 
pends  on  a  decrement  by  fix  ranges  ;  fo  that  if  there  exill 
laws  which  exceed  the  decrements  by  four  ranges,  there 
is  reafon  to  believe  that  they  rarely  take  place  in  nature. 
Yet,  notwithftanding  thefe  narrow  limits  by  which  the 
laws  of  cryftallization  are  circumfcribed  I  have  found,  by 
confining  mvfelf  to  two  of  the  fimplell  laws,  that  is  to 
fay,  thole  which  produce  fubtraCtions  by  one  or  two 
ranges,  that  calcareous  ipar  is  fufceptible  of  two  thou- 
fand  and  forty-four  different  forms  :  a  number  which 
exceeds  more  than  fifty  times  that  of  the  forms  already 
known  ;  and  if  we  admit  into  the  combination  decre- 
ment§  by  three  and  four  ranges,  calculation  will  give 
8,388,604  poffible  forms  iri  regard  to  the  fame  fubftance. 
This  number  may  be  Hill  very  much  augmented  in  con- 
fequence  of  decrements  either  mixed  or  intermediary. 

“  The  ftriae  remarked  on  the  furface  of  a  multitude 
of  cryllals  afford  a  new  pi  oof  in  favour  of  theory,  as 
they  always  have  directions  parallel  to  the  projeding 
edges  of  the  laminae  of  fuperpolitioii,  which  mutually 
go  beyond  each  other,  unlefs  they  arife  from  fome  par¬ 
ticular  want  of  regularity.  Not  that  the  inequalities 
refulting  from  the  decrements  mull  be  always  fenfible, 
fuppofing  the  form  of  the  cryllals  had  always  that  degree 
of  finifhing  of  which  it  is  fufceptible  ;  for,  on  account  of 
the  extreme  minutenefs  of  the  molecules,  the  furface 
would  appear  of  a  beautiful  polilh,  and  the  ftriae  would 
elude  our  fenfes.  There  are  therefore  fecondary  cry- 
flals  where  they  are  not  at  all  obferved,  while  they 
are  very  vilible  in  other  cryllals  of  the  fame  nature 
and  form.  In  the  latter  cafe,  the  action  of  the  caufes 
which  produce  cryftallization  not  having  fully  enjoyed 
all  the  conditions  neceftary  for  perfeding  that  fo  deli¬ 
cate  operation  of  nature,  there  have  been  ftarts  and  in¬ 
terruptions  in  their  progrefs,  fo  that,  the  law  of  conti¬ 
nuity  not  having  been  exadly  obferved,  there  have  re¬ 
mained  on  the  furface  of  the  cryftal  vacancies  apparent 
to  our  eyes.  Thefe  fmall  deviations  are  attended  with 
this  advantage,  that  they  point  out  the  diredion  accord¬ 
ing  to  which  the  ftriae  are  arranged  in  lines  on  the  perfed 
forms  where  they  efcape  our  organs,  and  thus  contri¬ 
bute  to  unfold  to  us  the  real  mechanifm  of  the  ftrudure. 

6‘  The  fmall  vacuities  which  the  edges  of  the  laminae 
of  fuperpofttion  leave  on  the  furface  of  even  the  moft  per¬ 
fed  lecondary  cryllals,  by  their  re-entering  and  falient 
angles,  thus  afford  a  fatisfadory  folution  of  the  difficul¬ 
ty  a  little  before  mentioned  ;  which  is,  that  the  frag¬ 
ments  obtained  by  divilion,  the  external  Tides  of  which 
form  part  of  the  faces  of  the  fecondary  cryftal,  are  not 
like  thole  drawn  from  the  interior  part.  For  this  di- 
verilty,  which  is  only  apparent,  arifes  from  the  fides 
in  queftion  being  compofed  of  a  multitude  of  fmall  planes, 
really  inclined  to  one  another,  but  which,  on  account 
of  their  fmall nefs,  prefent  the  appearance  of  one  plane  ; 
fo  that  if  the  divilion  could  reach  its  utmoft  bounds, 
all  thefe  fragments  would  be  refolved  into  molecules 
fimilar  to  each  other,  and  to  thofe  fituated  towards 
the  centre. 
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<c  The  fecundity  of  the  laws  on  which  the  variations  Cryft1: 
of  crvftalline  forms  depend,  is  not  confined  to  the 
producing  of  a  multitude  of  very  d  fferent  forms  with 


ihe  fame  molecules.  It  often  happens  alfo,  that  mole- 
cults  of  different  figures  arrange  themfelves  in  fuch  a 
manner  as  gives  rile  to  like  polyhedra  in  different  kinds 
of  minerals,  i  hus  the  dodecahedron  with  rhombufes 
for  its  planes,  which  we  obtained  by  combining  cubic 
molecules,  exilH  id  the  granite  with  a  ftrudure  com¬ 
pofed  of  fmall  tetrahedra,  having  ifofceles  triangular 
laces  ;  and  I  have  found  it  in  fparry  ftuor  f fluat  of 
lime),  where  there  is  alfo  an  affemblage  of  tetrahedra, 
but  regular  ;  that  is  to  fay,  the  faces  of  which  are  equi¬ 
lateral  triangles.  Nay  more,  it  is  poffible  that  fimilar 
molecules  may  produce  the  lame  cryllalline  form  by  dif¬ 
ferent  laws  of  decrement.  In  ftiort,  calculation  has 
conduced  me  to  another  refult,  which  aopeared  to  me 
ftill  more  remarkable,  which  is,  that,  in  confequence  of 
a  fimple  law  of  decrement,  there  may  exill  a  cryftal 
which  externally  has  a  perfed  refemblance  to  the  nu¬ 
cleus,  that  is  to  fay,  to  a  folid  that  does  not  aide  from 
any  law  of  decrement  -  *  Anr, 

Cbim, 

Such  is  a  ftiort  view  of  the  theory  by  which  Mr 
Hauy  explains  the  various  cryllalline  forms  of  the 
fame  fubftance.  We  would  with  pleafure  have  entered 
more  into  detail,  had  not  moft  of  his  examples  been 
deduced  from  fubftances  which  belong  rather  to  m;- 
neralogy  than  to  the  elements  of  chemillry.  This 
theory,  to  fay  no  more  of  it,  is,  in  point  of  ingenuity, 
inferior  to  few;  and  the  mathematical  (kill  and  induftry 
of  its  author  are  intitled  to  the  greateft  applaufe. 

But  what  we  conlider  as  the  mull  important  part  of 
that  philofopher’s  labours,  is  the  method  which  they 
point  out  of  difeovering  the  figure  of  the  integrant 
particles  of  cryllals  ;  becaufe  it  may  nave  the  way  for 
calculating  the  affinities  of  bodies,  which  is  certainly  by 
far  the  moft  important  part  of  chemillry.  This  part  of 
the  fubjed,  therefore,  deferves  to  be  investigated  with 
the  greateft  care. 

Mr  Hauy  has  found,  that  the  primitive  form  of  all 
the  cryllals  which  lie  has  examined  may  be  reduced  to 
fix  ;  1  The  parallelopipedon  in  general,  comprehending 
the  cube,  the  rhomboid,  and  all  lolids  terminated  by  fix 
fides  parallel  two  and  two  ;  2.  The  regular  tetrahedron  ; 

3.  The  octahedron  with  triangular  fides  ;  4.  The  hex¬ 
agonal  prifm  ;  5.  The  dodecahedron  bounded  by 

rhombs ;  6.  The  dodecahedron  bounded  by  ilbfceles 
triangles.  Were  we  to  luppofe  that  thefe  primitive 
forms  are  exadly  fimilar  to  the  form  of  the  integiant 
particles  which  compofe  them,  it  would  follow,  that  the 
integrant  particles  of  all  the  cryllals  hitherto  formed 
have  only  fix  different  forms.  This  fuppolkion,  how¬ 
ever,  is  not  probable  ;  becaule  the  tame  nucleus  has 
been  dilcovertd  111  different  lpecies  of  minerals,  and  be¬ 
caufe  we  can  eafily  conceive  integrant  particles  of  diffe¬ 
rent  forms  combining  in  luch  a  manner  as  to  compoie 
nuclei  of  the  fame  figure,  juil  as  we  have  feen  that  dif¬ 
ferent  primitive  forms  are  capable  of  producing  the  fame 
fecondary  form.  Still,  therefore,  in  endeavouring  to  dilco- 
ver  the  integrant  particles  of  bodies,  there  are  difficulties 
to  remove,  which  hitherto,  at  lead, have  been  unlurmount- 
able.  But  the  theory  of  Mr  Hauy  may  be  cotifidered  as 
a  firft  ftep  towards  the  difeovery  and  a  Jlep  in  ref  cardies 
of  fo  difficult  a  nature  is  of  very  great  confequence. 
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We  have  now  Sniffled  the  three  fir  ft  parts  of  this  ar- 
tide,  which  comprehend  all  the  elementary  part  of  che- 
miftry.  We  ought  now  to  proceed  to  the  fourth  part, 
which  was  to  confift  of  a  chemical  examination  ot  fub- 
ftances  as  they  exift  in  nature  in  the  mineral,  vegetable, 
and  animal  kingdoms  ;  but  this,  for  various  realons,  we 
{hall  defer  till  "we  come  to  the  words  Mineralogy, 
and  Animal  and  Vegetable  Suss-t ancf.$. 

We  (hall  finifh  this  article  with  a  few  remarks  upon 
the  chemical  nomenclature,  which  tor  feme  time  pall 
has  been  an  objed  of  ferious  attention. 

Chemiftry  was  unfortunately  fir  ft  cultivated  by  a  fet 
-of  ignorant  men,  filled  with  the  hiiheil  notions  of  their 
own  importance,  and  buoyed  up  with  the  mighty  feats 
''which  they  were  to  perform  by  their  art.  The  little 
which  they  did  know  they  were  anxious  to  conceal;  and 
their  anxiety  was  no  lefs  to  infpire  the  world  with  high 
ideas  of  their  knowledge  and  power.  rl  he  confluence 
of  this  was,  that  they  loaded  chemiftry  with  the  molt  ri¬ 
diculous  and  whim  heal  names  that  can  well  be  conceived. 
Lher  offulphur ,  mercury  of  life ,  horned  moon ,  batter  of 
antimony ,  the  double  Jecret,  the  cor r aline  fecret,  tbe  fecret 
of  vitriol,  the  wonderful  fait,  the  f ter tt  fait,  the  fait  With 
many  virtues,  the  fait  of  two  ingredients,  the  foliated  earth 
of  tartar,  were  the  names  by  which  they  diftmguifhed 
tome  of  the  meft  familiar  preparations  ;  and,  were  it 
worth  while,  a  great  many  more  names  of  the  fame  ftamp 

might  eafily  be  acided.  .  r 

As  foon  as  chemiftry  had  attra£ed  the  attention  of 
men  of  fcience,  the  abfurdity  ot  its  nomenclature  was 
felt,  and  feveral  partial  improvements  were  at  different 
times  made  in  it.  Macquer,  in  particular,  difearded 
many 


ace  m  it*  —  r-  - 

_  _  the  ancient  names,  and  fubftituted  otheis  lets 

exceptionable  in  their  place.  <5  .  - 

But  foon  after  the  publication  of  the  firft  edition  of 
his  Dictionary,  an  evil  began  to  be  felt  feverely,  which 
never  could  have  occurred  to  the  earlier  chemiits. 
therto  the  number  of  objefts  which  had  engaged  the 
attention  of  tl.ofe  who  cultivated  the  lcieuce  had  been 
very  limited  ;  the  acids  amounted  only  to  five,  the 
earths  to  four,  the  metals  to  12  or  14,  and  the  neutral 
falls  fcarcely  exceeded  20  or  30.  To  remember  names 
for  fo  imalla  number  ot  bodies,  however  ridiculous  they 
happened  to  be,  was  110  very  difficult  matter.  But  about 
that  time,  in  conftquence  chiefly  of  the  difeovery  of 
fixed  air  by  Dr  Black,  which  laid  the  foundation  ot 
pneumatic  chemiftry,  the  fcience  began  to  extend  itfclf, 
and  to  enlarge  its  boundaries  with  inconceivable  rapi¬ 
dity.  The  number  of  bodies  connected  with  it,  and 
which  it  had  to  deferibe,  foon  became  immenfe  ;  and  it 
every  one  of  them  received  names  not  dependant  upon 
one  another,  the  molt  retentive  memory  could  not  have 
remembered  the  thoufandth  part  of  them.  .... 

The  difficulty  of  ftudying  chemiftry  from  that  time 
till  the  year  1  782  muft  have  been  very  great :  it  was 
even  perceived  and  complained  of  by  the  matters  of  the 
fcience.  In  1782  Mr  de  Morveau,  who  had  undertaken 
the  chemical  part  of  the  Encyclopedic  Methodtque,  pub 
lifted  in  the  Journal  de  Phyfique  a  new  chemical  no¬ 
menclature,  and  at  the  fame  time  invited  all  thofe  per- 
fons  who  were  fond  of  chemiftry,  and  interefted  in  its 
progrefs,  to  propofe  ohjeftions  and  improvements. 

This  new  nomenclature  was  formed  agreeably  to  tl  e 
five  following  rules : 
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1.  Every  fubftance  ought  to  have  a  name,  and  not  to  CorcUifion. 
be  denoted  by  a  phrafe. 

2r  Names  ought  to  be  as  much  as  poflible  conformable 
to  the  nature  of  the  things  £ gnihed  by  them. 

3.  When  the  character  of  a  fubftance  is  not  well 

enough  known  to  determine  the  denomination,  a  name 
which  has  no  meaning  is  preferable  to  one  which  con¬ 
veys  a  falfe  idea.  . 

4.  In  the  choice  of  new  words,  thofe  ought  to  be  pre¬ 
ferred  which  have  their  roots  in  the  dead  languages 
moil  generally  known,  that  the  word  may  be  eafily  fug- 
gefted  by  the  feiife,  and  the  fenfe  by  the  word. 

5*.  The  new  words  ought  to  be  as  fuitable  as  pomble 
to  the  genius  of  the  languages  for  which  they  are  formed. 

This  nomenclature  was  approved  of  by  M?cquer,  and 
by  Bergman,  who  had  himfelf  propofed  one  upon  a  plan 
not  very  different  (d).  Tie  wrote  to  Morveau,  and  ex¬ 
horted  "him  to  profecute  his  undertaking  wdth  courage. 

“  Do  not  fpare  (fays  he)  a  fingie  improper  denomina¬ 
tion  ;  thofe  that  are  already  learned  will  be  always  fo,  ^  ^  ^ 
and  thole  that  are  not  will  learn  the  fooner  Method* 

This  nomenclature  was  adopted  by  feveral  chemifts, 
and  it  was  uied  in  the  great  ell  part  of  the  frit  v(  lumefaCg, 
of  the  chemical  part  of  the  Encyclopedic  Methodique  ; 
but  the  new  difeoveries  in  chemiftry  had  produced  a 
more  accurate  method  oi  reaf  ming,  and  had  enabled 
La  voider  to  explain  the  phenomena  of  the  icience 
without  the  afliftance  of  the  hypothetical  principle  of 
phlogifton,  which  had  hitherto  been  neceffary.  As  the 
language,  even  in  its  improved  ft  ate,  was  accommodated 
to  this  principle,  and  prefuppofed  its  exiftence,  newr 
changes  became  evidently  neceflary,  in  order  that,  ac* 
cording  to  Morveau ’s  rule,  the  wrords  might  denote  the 
moll  eifentiai  properties  of  the  things  intended  to  be 
fijxnified.  Accordingly,  when  Morveau  was  in  Pans  in 
1787,  I  .shifter,  Ikrthollet,  and  Fourcroy,  agreed  to 
labour  in  concert  with  him  to  bring  the  chemical  no¬ 
menclature  ft  ill  nearer  to  perfection.  Theie  philofo- 
phers,  affiled  by  the  mathematicians  of  the  Royal  Aca¬ 
demy  and  by  feveral  chemifts,  forc  ed  a  new  nomencla¬ 
ture,  which  they  made  public  in  1787. 

For  feme  time  little  attention  wTas  paid  to  this  no- 
menclatme  by  foreign  chemiits,  and  it  feeir.td  generally 
to  be  dii approved,  the  adherents  of  the  phlogiftic 
fyftem  in  Fiance,  who  were  exceedingly  numerous, 
viewed  it  as  an  engine  artfully  formed  to  undermine  and 
deftroy  their  favourite  theory.  They  refolved,  there¬ 
fore,  unanimoufly,  to  cruftt,  if  poflible,  this  new  inflru- 
ment,  which  they  confideied  as 

_  In  nofiros  fabricata  machina  muros , 

JnJjpeSura  demos,  venture. que  defvper  urbu 

And  for  this  purpofe  they  exerted  themfelves  with  a  vi¬ 
gour,  wrhich  was  only  equalled  by  the  Zealand  indefati¬ 
gable  exertions  of  their  antagonifts.  A  kind  of  civil 
war  was  thus  kindled  in  the  republic  of  letters,  which 
was  carried  on  with  great  animofity  :  And  pofterity 
will  fee,  with  regret,  men  of  undoubted  genius  at  times 
di veiling  ihemfelves  of  the  armour  of  truth  and  of  can¬ 
dour,  and  endeavouring  to  lerve  their  party,  and  flab 
their  adverfaries  with  darts  fleeped  in  the  poifon  of  ca¬ 
lumny  and  falfehood  *  This  contefl,  however,  which  *  Sec  the 
was  not  confined  to  France,  was  produ&ive  of  good  d-Jour.  de 
fedls,  which  infinitely  furpaffed  all  the  bad  ones.  Tt  for 


occa 


,/;w. 


(D)  See  his  thoughts  on  a  natural  hiftory  of  foffils  in  the  4th  vol.  of  his  Opufc. 
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*  y-ri-fion:  occa^oned  an  accumulation  of  fa&s,  produced  a  rigid 
w  examination  of  theories  and  opinions,  introduced  an  ac¬ 
curacy  into  chemical  experiments  which  lias  been  of  the 
moft  eflential  fervice,  and  gave  that  tone  and  vigour  to 
the  cultivators  of  chemiftry  which  have  brought  to  light 
the  moft  fublime  and  unlooked-for  truths.  It  deferves 
■attention,  and  the  fa<?c  is  no  inconfiderable  evidence  in 
favour  of  the  antiphlogiftic  theory,  that  almoft  all  the 
'iiluftrious  chemifts  who  at  pfefent  adhere  to  it  declared 
originally  againft  it.  Berthollet,  Morveau,  Black,  Kir- 
wan,  and  many  other  chemifts  who  are  now  its  ableft 
defenders,  were  at  firft  its  moft  powerful  opponents. 
“  This  fyftem  had  hardly  been  publifhed  in  France 
(fays  Dr  Prieftley,  who  ftill  continues  to  adhere  to  the 
doarine  ofphlogifton)  before  the  principal  philofophers 
-  and  chemifts  of  England,  notwitliftanding  the  rivalfhip 
which  has  long  fubfifted  between  the  two  conn  tries,  ea* 
gerly  adopted  it.  Dr  Black  in  Edinburgh,  and  as  far 
as  I  hear  all  the  Scots,  have  declared  themfelves  con¬ 
verts,  and,  what  is  more,  the  fame  has  been  done  by  Mr 
Kirwan,  who  wrote  a  pretty  large  treatife  in  oppofition 
to  it.  The  Englifh  reviewers  of  books,  I  perceive,  uni- 
verfally  favour  the  new  doarine.  In  America,  alfo,  I 
hear  of  nothing  elfe.  It  is  taught,  I  believe,  in  all  the 
fchools  on  this  continent,  and  the  old  fyftem  is  entirely 
exploded.  And  now  that  Dr  Crawford  is  dead,  I 
hardly  know  of  any  perfon  except  my  friends  of  the 
Lunar  Society  at  Birmingham,  who  adhere  to  the  doc¬ 
trine  of  phlogifton  ;  and  what  may  now  be  the  cafe 
with  them  in  this  age  of  revolutions,  philofophical  as 
well  as  civil,  I  will  not  at  this  diftance  anfwer  for. 

“  It  is  no  doubt  time,  and  of  courfe  opportunity  of 
*  examination  and  difeufilon,  that  gives  {lability  to  any 
principles.  But  this  new  theory  has  not  only  kept  its 
ground,  but  has  been  conftantly  and  uniformly  advan¬ 
cing  in  reputation  more  than  ten  years ,  which,  as  the  at¬ 
tention  of  fo  many  per  Tons,  the  belt  judges  of  every 
thing  relating  to;  the  fubje&,  has  been  unremittingly 
given  to  it,  is  no  inconfiderable  period.  Every  year  of  * 
the  laft  twenty  or  thirty  has  been  of  more  importance 
to  fcience,  and  efpecially  to  chemiftry,  than  any  ten  in 
t  ConfiJera-  the  preceding  century  fl” 

Marine  If  ,  have  endeavoured  in  the  preceding  article  to  ftate 
phlogijiony  different  theories  which  have  fucceflively  made  their 
Introduc-  ’  appearance  in  chemiflry  with  as  much  fairnefs  as  pofiible. 
*wn‘  If  we*  have  fucceeded,  the  reader  will  be  enabled  to 
judge  for  himfelf  which  of  thefe  theories  is  the  moft  con¬ 
fident  with  truth  ;  or  lather,  if  we  have  fucceeded)  he 
will  join  with  us  in  thinking  that  the  theory  of  Lavoi- 
fier  is  in  moft  points  an  accurate  account  of  what  takes 
place  in  nature. 

This  we  conflder  as  a  fufficient  reafon  for  having 
adopted  the  new  nomenclature  ;  for  as  Morveau  long 
ago  obferved,  moft  of  the  objedions  that  were  made 
to  it  were  rather  levelled  at  the  do&rine  of  thofe  who 
formed  it,  than  at  the  nomenclature  itfelf.  Its  fu- 
periority  to  every  other  nomenclature  cannot  be  de¬ 
puted  for  an  inftant ;  and  tne  vaft  facility  which  it  lias 


T  ,  ,  .  Erratum  in  the  article  Chemiflry . 
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added  to  the  acquifition  of  chemiftry,  mud  be  acknow.J-  d„h 
ledged  by  every  one  who  knows  any  thing  about  the  — r« 
fcience.  The  table  of  the  new  nomenclature  will  not 
be  expected  here,  a3  it  has  been  already  given  in  the 
Appendix  to  the  article  Chemistry-  in  the  Encyclo¬ 
pedia.  At  any  rate,  it  would  have  been  unnecelfary, 
as  we  have  uied  the  new  names  all  along;  and  therefore 
our  readers  muft  by  this  time  be  well  acquainted  with 
them. 

Upon  the  almoft  infinite  nnmber  of  criticifms  which 
have  been  made  on  the  new  nomenclature,  and  the  ma¬ 
ny  new  terms  which  fince  its  publication  have  been  fuc- 
cefuvely  propofed,  we  do  not  mean  to  enter.  Few  of 
thefe  terms  can  bear  a  comparifon  with  the  French  no- 
menclature,  and  ftill  fewer  have  any  claim  to  be  pre- 
terred  to  it  ;  and  the  philolophers  who  perfift  in  thefe 
utekls  innovations,  are  more  probably  actuated  by  the 
ddire  of  appearing  to  have  a  fhare  in  the  great  revolu¬ 
tion  which  chemiftry  has  undergone,  than  by  any  hopes 
oi  being  able  to  improve  the  accuracy  or  the  elegance 
°:  Us  language.  How  few  have  difplayed  the  magna¬ 
nimity  of  an  illuftnous  philofopher  of  our  own  country, 
who,  though  he  had  invented  a  new  nomenclature  him- 
lelf,  exhorted  his  pupils  not  to  ufe  it,  but  to  adopt  that 
of  the  French  chemifts,  which  was  likely  foon  to  come 
into  umverfal  ufe. 

Even  the  etymological  remarks  which  have  been  made 
on  the  new  nomenclature,  we  confider  as  either  of  little 
confluence  or  as  ill-founded.  The  philofophers  who 
formed  it  have  difplayed  a  fagacity  and  a  moderation 
which  could  not  be  excelled,  and  have,  upon  the  whole, 
formed  a  language  much  more  fyftematic,  and  much 
more  perfert,  than  could  have  been  expected  ;  and  who- 
ever  compares  it  'With  the  nomenclature  propofed  in 
1782  by  Morveau,  will  fee  how  great  a  (hare  of  it  is 
due  to  that  illuftnous  and  candid  philofopher. 

Notwitliftanding  what  we  have  here  faid,  we  would 
not  be  underftood  to  cor.lider  the  new  nomenclature  as 
'  already  arrived  at  a  ftate  of  fuch  abfolute  perfertion,  that 
no  alteration  whatever  can  be  made  in  it  except  for  the 
worfe.  Such  perfertion  belongs  not  to  the  works  of 
man  ;  nor  if  it  did,  could  it  be  experted  in  this  cafe,  if 
we  confider  for  a  moment  the  prelent  ftate  of  chemiftry 
New  difcoveries  muft  occaf.on  additions  and  alterations 
in  the  nomenclature;  but  the  authors  of  the  new  nomen. 
clature  have  given  us  the  rules  by  which  changes  and 
additions  are  to  be  made  ;  and  if  they  are  adhered  to, 
we  may  expett  with  confidence  that  the  language,  of 
chemiftry  will  in  its  advancement  to  perfection  keep 
pace  with  the  fcience.  We  have  in  the  preceding  ar- 
tide  ventured  111  an  mftance  or  two  to  adopt  little  im- 
provements  that  have  been  fuggefted  by  later  writers. 

VVe  have  taken  the  liberty,  too,  of  choofing,  from  the 
variety  which  the  Britifh  chemifts  have  propofed,  that 
mode  of  fpelhng  each  of  the  terms  which  appeared  to 
us  moft  agreeable  to  the  Englifh  idiom,  and  moft  con- 
formable  to  analogy  :  Whether  or  not  we  have  made  a 
proper  choice  mult  be  left  for  others  to  determine. 
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A 

mTATS,  n°  800. 

*  IcetitcS)  464* 

0  acid,  Part  IT.  chap.  v. 

■€l  j  acid,  Fart  II.  chap  r. 
fc  He 

:/<  >rinciple,  388. 
u  real,  in  fulphuric  acid, 
39^;  . 

in  nitric  acid,  4 1  2. 
i  oaps,  Part  III.  chap.  i. 
f(  .  2 

■h  Part  II.  chap.  v. 

:i>  animal,  549. 
metallic,  559. 
vegetable,  526. 

■i,\  n  pingue,  374. 
if  inline  fpar,  236. 

It  on  explained,  566. 

experiments  on,  577* 
r  acid,  457. 

s ,,  leaning  of  the  word,  p. 
2!),  note. 

j?  yexplained,^!  3,and Part 
I  chap  vi. 

fi  1  y,  compound,  580. 
difpoflng,  581. 
fimple,  579. 

r  i  non-condudor  of  calo¬ 
ric,  260. 
rtificial,  457. 
c  /,  Part  II.  ch.  ii. 
analyfls  of,  3  ^3. 
fubftances  foluble  in, 


'k  vegetabile  vitriolatum, 
p  >24,  note. 

]i  ne  foaps,  Part  III.  ch.  i. 
|j.i. 

'/<  explained,  p.  226,  note. 
u  n°  63  6. 

fpirit  of,  p,  362,  note. 

'u  n,  nl  636. 

'u  na,  Part  I.  ch.  iv.  led.  6. 
acetite  of,  784. 
benzoat  of,  821. 
borat  of,  749. 
camphorat  of,  829. 
carbon  at  of,  775. 
citrat  of,  8  r  4. 
fluat  of,  765. 
ladat  of,  817. 
muriat  of,  705. 
nitrat  of,  676. 
oxalat  of,  805. 
phofphat  of,  735. 
faccholat  of,  818. 


Alumina ,  febat  of,  n°  847. 
foap  of,  594. 
fuberat  of,  836. 
fulphat  of,  627. 
fulphite  of,  665. 
tartrite  of,  8 1 1. 

Amalgam ,  what,  93. 

Amber ,  502. 

Ammonia ,  Part  II.  ch  iv.  fed.  3. 
acetitc  of,  779. 
aurat  of,  849. 
.benzoat  of,  820. 
borat  of,  725. 
camphorat  of,  825. 
carbonat  of,  770. 
citrat  of,  813. 
cuprat  of,  852. 
fluat  of,  761. 
ladat  of,  817. 
maiat  of,  8  1 6. 
mercuriat  of,  851. 
muriat  of,  697. 
nitrat  of,  670. 
oxalat  of,  804. 
phofphat  of,  730. 
prufliat  of,  837. 
faccholat  of,  818. 
febat  of,  846. 
foap  of,  59  r. 
fuberat  of,  832. 
fulphat  of,  627. 
fulphite  of,  661. 
tartrite  of,  810. 
zincat  of,  855. 

Animal  acids,  549. 

Antimony ,  Part  I.  ch.  iii  fed  1  o. 
acetite  of,  794. 
benzoat  of,  822. 
muriat  or,  7 1 6. 
nitrat  of,  687. 
oxalat  of,  806. 
febat  of,  848. 
fulphat  of,  650. 
tartrite  of,  812. 

Antiphl ogifiic  theory,  p.  277. 
note. 

Ants ,  acid  of,  Part.  II.  ch.  v. 
fed.  29. 

Apulum ,  n°  240. 

Aquafortis ,  407. 

Aqua  regia ,  p.  224.  note. 

Arcanum  duplicatum,  nu  624. 
tartari,  777. 

Arfeniats ,  552,  and  Part  III. 
ch.  ii.  fed.  26. 

Arfenic ,  Part  I.  ch.  iii.  fed.  12. 
acetite  of,  795. 
benzoat  of,  822. 
borat  of,  758. 


Arfenic ,  fluat  of,  no  767. 
muriat  of,  717. 
nitrat  of,  688. 
oxalat  of,  806. 
phofphat  of,  740. 
febat  of,  848. 
fulphat  of,  651. 
tartrite  of,  812. 
acid,  550. 

Atmofpheric  air,  compofition  of, 

53<* 

Aurum  mufivum,  120. 

Aujlrum ,  240. 

Azot ,  Part  I.  ch.  ii.  fed.  5. 

how  combined  with  oxy¬ 
gen,  421. 

B 

Balfam  of  fulphnr,  370. 

Balm  of  Peru,  foap  of,  609. 

Barytes^  Part  I.  ch.  iv.  fed.  3. 
acetite  of,  780. 
borat  of,  725. 
camphorat  of,  826. 
carbonat  of,  771. 
citrat  of,  814. 
fluat  of,  762. 
ladat  of,  8  ( 7. 
maiat  of,  8 1 6. 
muriat  of,  699. 
nitrat  of,  671. 
oxalat  of,  805. 
oxymuriat  of,  724. 
phofphat  of,  731. 
prufliat  of,  838. 
faccholat  of,  8 1 8. 
foap  of,  595. 
fuberat  of,  834. 
fulphat  of,  628. 
fulphite  of,  661. 

B  ary  tic  water,  209. 

Beery  when  firft  knpwn,  340. 

Bell  metal,  122. 

Benzoats,  501,  and  Part  III, 
ch.  ii.  fed.  19. 

Benzoic  acid.  Part  II.  ch.  v. 
fed-  20. 

Benzoin ,  499. 

foap  of,  608. 

Bergmany  charader  of,  114. 

Bifmuthy  Part  I.  ch.  iii  fed.  1 1. 
acetite  of,  793. 
benzoat  of,  822. 
borat  of,  757. 
muriat  of,  7  1  5. 
nitrat  of,  686. 
oxalat  of,  806. 
fulphat  of,  649. 
tartrite  of,  812* 


Blacky  Dr,  difeovers  latent  heat, 
268. 

difeovers  the  compo¬ 
fition  of  the  carbo- 
nats,  200,  373. 

Black  bodies  fooneft  heated  by 
light,  325. 
lead,  109. 

Blende ,  p.  247,  note. 

Blue ,  liquid,  n°  513. 

Boiling  point  of  water,  expert* 
ments  on,  337,  338. 

Bologna  ft  one,  629. 

Bombyc  acid,  546*. 

Boracic  acid,  Part  II.  ch.  v. 
fed.  8. 

Borats  447,  and  Part  II.  ch.ii. 
fed.  8. 

Borax,  441,  744. 

Borbonium,  240. 

Brafsy  140. 

Britt lenefsy  to  what  owing,  303*  . 
Bronze ,.  12  2. 

Brunfwick  green,  81 2. 

C 

Cadmea,  134. 

Calcareous  acid,  457# 
Calchantum,  641. 

Calcination ,  61. 

Calomel ,  718,  725'.  * 

Caloric ,  Part  I.,  ch.  v. 

whether  a  fubftance," 
241,  3 1 2. 

equilibrium  of,  246. 
of  fluidity,  269. 
of  evaporation,  270. 
methods  of  obtaining, 
292. 

whether  the  fame  with 
light,  328. 
Calorimeter y  265. 

Calx,  6 1 . 

Camphor ,  506. 

Camphorats ,  510,  and  Part  III. 
ch.  ii.  fed.  21. 

Camphoric  acid,  Part  II.  ch.  v* 
fed.  22. 

Canton's  pyrophortis,  320. 
Capacity  for  caloric  explained, 
262. 

Carbon ,  Part  I.  ch.  ii.  fed.  3. 

attempts  todecompofe, 
44- 

Carhonats,  462,  and  Part  III. 

ch.  ii.  fed.  10.  . 

Carbonated  hydrogen  gas,  42, 
and  Part  III.  ch.  iii. 
Carbonated  azotic  gas,  50. 

Carbonic 
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Carbonic  acid,  32,  and  Fart  II, 
ch.  v.  fed.  10. 

Carburets ,  n°  35. 

Carburet  of  iron,  109. 

manganefe,  175. 
zinc,  139. 

Cavallo's  experiments  on  light, 

34S- 

Cavendifh,  Henry,  discovers  the 
compofition  of,  wa¬ 
ter,  341.  ^ 
and  of  nitric  acid, 
4°9- 

Caujlicum ,  acidum,  374. 

Cementation ,  113. 

Chalybeate!  tartar,  812. 

Charcoal,  conducing  power  of, 

252. 

Chemiftry ,  definition  of,  1. 

Chromic  acid,  Part  II.  ch.  v. 

lea.  35. 

Chromum ,  189. 

Cinnabar ,  9  £ . 

CitratSy  478,  and  Part  III.  ch. 
ii.  fed  14. 

Citric  acid,  476. 

Cobalt ,  Part  I.  ch.  lii.  fed.  13. 
acetite  0%  790. 
benzoat  of,  822. 
borat  of,  752. 
fluat  of,  767. 
muriat  of,  710. 
nitrat  of,-  680. 
oxalat  of,  8  c  6. 
foap  of,  598. 
fulphat  of,  646. 

Cohefion ,  570. 

methodof  producing,  280. 
why  produced  by  mix¬ 
tures,  282. 

Colour  affeds  the  heating  of 
bodies  by  light,  335. 

Colouring  matter  of  Erufilaa 
blue,  333. 

Combujlinn  explained,  293. 

Common  fait,  696. 

Compound  affinity,  ^83. 

C  mgound  bodies,  Part  II. 

Con  ltnfation  diminiflies  fpecific 
caloric,  303. 

Conducting  powers  of  bodies, 
251,  286. 

ContaB ,  ii©  abfolute,  568. 

Copper ,  Part  I.  ch.  iii.  left.  5. 
acetite  of,  792. 
benzoat  of,  822. 
borat  of,  756. 
citrat  of,  815. 
fluat  of,  767. 
muriat  of,  714. 
nitrat  of,  685. 
oxalat  of,  866. 
febat  of,  848. 
foap  of,  O02. 
fulphat  of,  684.  ‘ 
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Cork,  rP  511. 

Corrofive  muriat  of  mercury, 
725. 

fublimate,  725. 
Corundum ,  236. 

Crawford ,  Dr,  his  experiments 
oa  fpecific  caloric, 
264. 

his  theory  of  com- 
bullion,  298. 
Cryjlal ,  rock,  216. 

Cryjl alligation ,  Part  III.  ch.  iv. 
Cryjlals ,  what,  1  8,  864. 
Cuprum ,  when  firfl  ufed,  page 
239,  note. 

D 

Decrepitation  explained,  p.  624. 
note. 

De  Luc's  theory  of  light,  342. 
Denfity ,  increafed  by  hammer¬ 
ing,  503.  ^ 

of  different  rr.ixturesof 
acids  and  water, 
397,  41 15  424. 
Dephlogijlicated  air,  6. 

muriatic  acid, 
428. 

Detonation  of  nitre,  667. 
Diamond ,  38. 

Digejlive  fait  of  Sylvius,  777. 
Difpofing  affinity,  584. 

Diuretic  fait,  777. 

DuCtility ,  60 

E 

Earths ,  Part  I.  ch.  iv. 

properties  of,  1 92. 
combinations  with  each 
other,  205,  217, 
225- 

remarks  on,  240. 
Ejfervefcence,  what,  page  214, 
note. 

Efflorefcing  explained,  n®  626, 
and  note. 

Eggs  hatched  by  eledricity, 
3  T3* 

Elective  attrad ion,  what,  13. 
Electricity ,  analogy  between 
and  caloric,  246. 
whether  an  agent  in 
producing  heat  by 
fridion,  314. 
Emetic  tartar,  812. 

Empyreal  air,  6. 

Epfom  fait,  633. 

Equilibrium  of  caloric,  246. 
Ether,  3f  j. 

Ethiops  mineral,  90. 

Eudiometer ,  420. 

Euler's  theory  of  light,  3  15. 
Expanfion  of  bodies,  table  of, 
242. 

Extract  of  Saturn,  790. 

F 

Fat ,  acid  of,  543. 


Feathers ,  why  a  warm  cover¬ 
ing,  n°  260. 

Febrifuge  fait  of  Sylvius,  695. 
Fire  damp,  36. 

Fixed  air,  200,  457. 
ammonia,  701. 
oil,  361. 

Finals,  455.  and  Part  III.  ch. 
ii.  left.  9. 

Fluids,  non-condudors  of  calo¬ 
ric,  256. 

Fluor ,  449. 

Fluoric  acid,  Part  II.  ch.  v. 
fed.  9. 

Formic  acid,  529. 

,  Formica  rufa,  539.  * 

Franklin's  experiments  on  the 
heating  of  bodies  by  light, 
3  2  5- 

Friction,  caloric  produced  by, 
307,  310. 

Fulminating  gold,  849. 

filver,  830. 

Furs y  in  what  their  warmth  con- 
fills,  260. 

Fufible  fpar,  449. 

Fufion,  867. 

G 

Gallats,  498,  and  Part  III.  ch. 
ii.  fed.  18. 

Gallic  acid,  Part  II.  ch.  v.  fed. 

l9m 

Galls ,  49  3. 

Gas  explained,  5,  457. 

Gafeous  form  of  bodies,  to  what 
owing,  279. 

Gafes,  not  heated  red  hot,  327. 
Glafs,  377. 

coududing  power  of, 

2  5  3  • 

of  antimony,  145, 
Glauber's  fait,  626. 

Ghtcina ,  238. 

Gold,  Part  I.  ch.  iii.  fed.  r. 
aded  on  by  nitric  acid, 
4  '$•  m 

fulminating,  848. 
acetite  of,  798. 
benzoat  of,  822. 
febat  of,  849. 
foap  of,  605. 
ftannat  of,  853. 

Guaiacy  foap  of,  610. 
Gunpowder,  66 7. 

Gypfum,  630. 

H 

Hartjhorn,  382. 

Hauy's  theory  of  cryllallization, 

872* 

Heat ,  Part  I.  ch.  v. 

makes  bodies  luminous, 
326. 

Hepatic  gas,  40. 

Hot  bodies  lighter  than  cold,  248. 
Horn  poun ,  441. 
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b’E; 

Hutton's  theory  of  light,  3 


explanation  of  the 
parent  refleftion 
cold,  page  2 
note. 

Hydrogen  gas,  Part  I.  ch, 
fed.  4. 

Hydrogenous  fulphurets,  8jfi 

Hydrofulphurets,  Part  III, 
iii. 


fames' s  powder,  742. 

Jargon,  243. 

Jargonia,  Part  I.  ch.  iv.  fe£  ^ 

&.Page  3S3>  n<j 
acetite  of,  n°  783! 
muriat  of,  706.  " 
nitrat  of,  677.  i. 
fulphat  of,  640. 

hi.  33?- 

Inflammable  air,  page  217. 

Iron,  Part  I.  ch.  iii.  fed, 
calt,  r  13. 

cold  Ihort,  108.  * 

wrought,  iii. 
acetite  of,  786. 
benzoat  of,  822. 
borat  of,  750. 
carbonat  of,  776. 
citrat  of,  815. 
fluat  of’,  767. 
green  fulphat  of,  641 
ladat  of,  817. 
malat  of,  816. 
muriat  of,  707. 
nitrat  of,  678. 
oxalat  of,  806. 
phofphat  of,  736. 
pruffiat  of,  839., 
red  fulphat  of,  642. 
febat  of,  848. 
foap  of,  601. 
fulphite  of,  666. 
tartrite  of,  8  1  2. 

Irvine ,  Dr,  his  theory  ofh  f 


theorem  to  dilcover  | 
real  zero,  272. 

K  .  I 

ilorift 


Kir  wan's  theory  of  plilogtft 

299- 

experiments  on 
flrength  of  aci 

497>  5lu 

L 

Lac,  white,  517. 

Laccic  acid,  Part  II.  ch.v.ff  I 
24. 

LaCtats ,  486,  and  Part  Ill* 1 
ii.  fed.  16. 

L aCtic?ic\d,  Partll.ch.v.fed 
Lana  philofophica,  page  *; 
note. 

Latent  caloric,  n°  269. 
Lavoifier  and  La  Place,  exp1 
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IKBBX. 

31  meats  of  cm  fpecffic  caloric, 

le|I|  n°  265. 

°J  Uadi  Part  I.  ch.  iii.  ft 61.  8. 
is*  acetite  of,  782. 

benzoat  of,  822. 

H  borat  of,  754. 

fluat  of,  767. 
i'f  muriat  of,  712. 

nitrat  of,  683. 
oxalat  of,  806. 
febat  of,  848. 
foap  of,  603. 
fulphat  of,  647. 

1  Lemons,  efiential  fait  of,  802. 

*  Light ,  Pait  I.  eh.  vi. 
i  l  Ligneous  acid,  oage  333,  note. 
L 

Z/W,  Part  I.  ch.  iv.  fedl.  1. 
acetite  of,  781. 

J  benzoat  of,  821. 
borat  of.  746. 
camphorat  of,  827. 
citrat  of,  81^. 
fluat  of,  763. 
lactat  of,  817. 
malat  of,  816. 
rnercuriat  of,  851. 
inuriat  of,  701. 
nitrat  of,  672. 

I  oxalat  of,  8 05. 

oxy-muriat  of,  724. 
phofphat  of,  732. 
plumbat  of,  854. 
piuiliat  of,  838. 
faccholat  of,  818. 
febat  of,  847. 
foap  of,  592. 
j  fuberat  of,  *34. 

fulphat  of,  630. 
fulphite  of,  663. 
tartrite  of,  8 1  i . 

?  Lime-water,  195, 

I  Liquid  blue,  513. 

J  Liquor  {' licum,  2 1 5,  377. 

I  Lute ,  what,  7. 

M 

I  Macquer1 s  opinion  about  phlo- 
giitou,  296. 

I  Magnefia ,  Part  I  ch.  iv.  fedl.  ii. 
acetite  of,  783. 
benzoat  of,  821. 
borat  of,  748. 
camphorat  of,  828. 
citrat  of,  814. 
fluat  of,  764. 
ladlat  of,  817. 
malat  of,  8  1  6. 
muriat  of,  703. 
nitrat  of,  674. 
oxalat  of,  805. 
oxy-muriat  of,  724, 
phofphat  of,  734, 
prufiiat  of,  838. 
faccholat  of,  8x8. 
febat  of,  847. 
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Magnefia,  foap  of,  n°  993. 

fuberat  of,  837. 
fulphat  of,  633. 
fulphite  of  664. 
tartrite  of,  8 1  1. 

Malat s ,  483,  and  Part  III.  ch. 
ii.  fedl.  1 5. 

Malic  acid,  480. 

Malleability ,  59. 

Alanganefe ,  Part  I.  ch.  iii.  fedl. 
l5- 

benzoat  of,  822. 
fluat  of  767. 
muriat  of,  709. 
nitrat  of,  680. 
oxalat  of,  806. 
phofphat  of,  738. 
foap  of,  606. 
fulphat  of,  644. 

Marcajite  of  gold,  1 3  4. 

Marks  given  to  metals  by  the 
ancients,  1 30. 

Marine  acid,  422. 

Majfficot ,  125, 

Menacl  anile,  1R6. 

Mephitic  acid,  457. 

Mercury,  Part  I.  ch.  iii.  fedl.  4. 

a  noncondudtor  of  ca¬ 
loric,  259. 
acetite  of,  796. 
benzoat  of,  822. 
citrat  of,  8  1 5; 
fluat  of,  767. 
hydrogenous  fulphu- 
ret  of,  859. 
muriat  of,  718. 
nitrat  of,  689. 
oxalat  of,  826. 
oxy-muriat  of,  725. 
prufiiat  of,  845. 
febat  of,  848. 
foap  of,  596. 
tartrite  of,  8/2. 
white  fulphat  of,  69 1. 
yellow  fulphat  of,  65  3 . 

Metallic  acids,  5  99. 

Metals,  Part  I.  ch.  iii. 

expanfion  of,  242. 
condudling  power  of, 
•234* 

Miafmata,  how  defiroyed,  426. 

Microcofmic  fait,  730. 

Mineral  cryftal,  667. 

Minium,  125. 

Mi  poun,  441. 

Mify,  64  1 . 

Molyldena,  180. 

Molybdenum,  Part  I.  ch  iii.  fedl. 
17. 

Molybdats,  553. 

Molybdic  acid,  553. 

Motherlty  explained,  page  2JI, 
note. 

Muriatic  acid,  Part  II.  ch.  v. 
fedl.  5, 


Muriatic  acid  dcphlogifticated, 
ip  428. 

oxygenated,  428. 

compofition  of 
434* 

Muriats,  425,  and  Part  III. 
ch.  ii.  fedl.  5. 

N 

Names  given  to  metals  by  the 
ancients,  130. 

Narcotic  fait,  442. 

Newton1  s  theory  of  light,  3x5. 

Nickel,  Part  I.  ch.  iii.  fedl.  14. 
acetite  of,  789. 
borat  of,  753. 
fluat  of,  767. 
muriat  of,  71  x. 
nitrat  of,  682. 
oxalat  of,  806. 
phofphat  of,  739. 
foap  of,  5  99. 
fulphat  of,  645. 

Nit  rats,  4  i  4,  and  Part  III.  ch. 
ii.  feci.  3. 

Nitre,  667. 

adts  on  platinum,  p.  3  i  2, 
note. 

cubic,  669. 

Nitric  acid,  51,  and  Part  II. 
ch.  ii.  fedl.  3. 

its  adlion  on  oils,  413. 

Nitrites ,  417,  and  Part  III.  ch. 
ii.  fedl.  4. 

Nitrous  air  or  gas,  499,  418. 
acid,  Part  II.  ch.  v. 
fedl.  4. 

N it ro -muriatic  acid,  43  x. 

Nit  rim  fix  uni,  624. 

flammans,  670. 
femi volatile,  670. 

O 

Oil  cf  vitriol,  391. 

Oils,  Part  1 1 .  eh.  iii. 
drying,  369. 

noncordudlors  of  heat, 
295. 

Olive,  when  fir  ft  cultivated  in 
Europe,  330. 

Olive  oil  analyfed,  363. 

Orichalcuin ,  what,  140. 

Orpiment ,  155. 

Qu retie  acid,  729. 

Oxalats,  470,  and  Part  III.  ch. 
ii.  fedl.  12. 

Oxalic  acid,  Part  II.  ch.  v.  fedl. 
id* 

Oxyd  and  oxydation,  68. 

Oxyds  of  antimony,  144. 
arfenic,  1 54.  - 
bifmuth,  149. 
cobalt,  160. 
copper,  96. 
gold,  7 1 . 
iron,  105. 

<  lead,  125. 

3  E 
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Oxyds  of  manganefe,  no  173. 
mercury,  8  5. 
molybdenum,  181. 
nickel,  167. 
platinum,  8r. 
filver,  74. 
tellurium,  188, 
tin,  1 19. 
titanium,  1 85. 
tungften,  179. 
uranium,  183. 

.  zinc,  136. 
metallic,  remarks  on, 

XQI 

Oxygen,  Part  I.  ch.  i. 

gas  contains  light,  3  2  2. 
caloric  it  gives  out, 
278. 

Oxy -muriats,  432,  and  Part  HI. 
ch.  ii.  fedl.  6. 

Oxy -muriatic  acid,  Part  II.  ch. 
v.  fedl.  6. 

P 

Panacea  holfatica,  624. 

Pe-la ,  page  332,  note 
Percujjion  produces  heat,  and 
why,  n°302. 

Per  luted Palt,  729. 

acid,  729. 

Pewter,  140,  152.  . 

Phlogijlon  explained,  295,  20. 

its  ex iite rice  difpro- 
ved,  301. 

Phlogiflic  theory,  page  277, 
note. 

Phlogiflic  at  ed  air,  n°  52. 
Phojphais ,  438,  and  Part  III. 
ch.  ii.  fedl.  7. 

Phofphoraled  hydrogen  gas,  41. 

azotic  gas,  50. 

Phofphoric  acid,  28,  and  Part 
II.  ch.  v.  fedl.  7. 

Phofphorous  acid,  440. 
Pbofphorus,  Part  I.  ch.  ii.  fedl. 
2. 

whether  an  ingre* 
dient  of  flee  1,  1 15. 
Phofphuret  of  antimony,  145. 

arfenic,  156. 
bifmuth,  151. 
cobalt,  162. 
copper,  xoo. 
gold,  72. 
iron,  ic8. 
lead,  1 27. 
lime,  197. 
manganefe,  174, 
mercury,  92. 
molybdenum, 

181. 

nickel,  169. 
platinum,  82. 

potafs,  375* 

filver,  76. 
tin,  121. 

Phofphuret 
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Phofphuret  of  tungflen,  179. 
zinc,  138. 

Piftet’ s  experiments  on  light  and 
caloric,  325,  and  p. 
283,  note. 

Pinchbeck ,  1 40. 

Pin  poun,  441. 

Plafier  of  Paris,  631. 

Platinum ,  Part  I.  ch  iii.  fed.  3. 
benzoat  of,  822. 
oxalat  of,  8c6. 
febat  of,  848. 

Plumbago ,  109. 

Pneumatic  apparatus,  7. 

Pompholyx ,  pa->e  238,  note. 

Potafs,  Part  II.  ch.  iv.  fed.  I, 
acetite  of,  777. 
acidulous  oxalat  of,  802. 
antimoniat  of,  856. 
benzoat  of,  820. 
borat  of,  743. 
camphorat  of,  823. 
carbonat  of,  768. 
citrat  of,  8  1 3. 
float  of,  7  39. 
ladat  of,  817. 
malat  of,  816. 
muriat  of,  695. 
nit  rat  of,  66  7. 
oxalat  of,  80  r. 
oxy- muriat  of,  722. 
phofphat  of,  728. 
pvufliat  of,  837. 
faccholat  of,  818. 
febat  of,  846. 
fube-at  of,  830. 
fulphat  of,  624. 
fulphite  of,  6  >9. 
tartrite  of,  808. 

Pounxa ,  441 

Precipitate  per  fe,  88. 

Priejlley7 s  theory  ofcombuflion 
297. 

experiments  on  ni 
trous  gas,  409. 

Prince’s  metal,  140. 

P ruffian  blue,  530,  839. 

alkali,  532,  841. 

Pruffiiats ,  537. 

Pruffic  acid,  Part  II.  ch.  v.  fed. 
28. 

affinities  of,  840. 

Pyrolignites ,  524. 

Pyrolignons  acid,  Part  II.  ch.  v. 

fed  26. 

Pyromu cites,  522. 

Pyromucous  acid,  Part  II.  ch.  v. 

fed.  25. 

Pyrophori,  3 2 1. 

Pyrophorus  of  Homberg,  639. 

Pyrotartrites ,  528. 

Pyrotartarous  acid,  Part  II.  ch. 

v.  fed.  27. 

Quicklime,  193. 
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Qu/ckfilvsr,  Part  I.  ch.  iii.  fed. 
4- 

R 

Rancidity ,  n°  364. 

Realgar ,  1*5. 

Red  heat  explained,  32 5. 

lead  ore  of  Siberia,  page 
299,  note, 
precipitate,  110  88. 
Reduction  explained,  page  232, 
note. 

Regenerated  tartar,  n°  777. 
Rjiduum,  what,  19. 

Rejin  explained,  p.  299,  note. 
Rock  cry  Hal,  216. 

Rijl  of  iron,  105. 

#  S 

Saccharine  acid,  467. 

Saccholats,  492,  and  Part  III. 
ch.  ii.  led.  17. 

Sal  ammoniac,  697. 

catharticus  amarus,  633. 
de  duobus,  624. 
gem,  696. 
mirabile,  626. 

perlatum,  629. 
polychreft  Glaferi,  624. 

Salt  of  Saturn,  790. 

Salts ,  62  2. 

neutral,  623. 

Saturation  explained,  571. 

Scammony,  foap  of,  6 1 1 . 

Scheele ,  account  of,  331,  and 
note  in  page  286. 

Sea  fait,  696. 

Sebats,  545,  and  Part  III.  ch. 
ii  led.  25. 

Secret  foliated  earth  of  tartar, 
IIP 

fal  ammoniac,  62 7. 

Selenite ,  630. 

Semimetals ,  69. 

Seydler  ialt,  633. 

Side  rum,  108. 

Sidneia ,  239. 

Silica,  Part  I.  ch.  iv.  fed.  5. 
Scheele’s  theory  of  the 
formation  of,  '450. 
fluat  of,  766. 

Silk,  why  a  waim  covering, 
260. 

Silkworm  contains  an  acid, 
546. 

Silver,  Part  I.  ch.  iii.  fed  2. 
fulminating,  850. 
acetite  of,  797. 
benzoat  of,  822. 
muriat  of,  720. 
nitrat  of,  691. 
oxalat  of,  806. 
foap  of,  604. 
fulphat  of,  653. 

Simple  affinity,  382. 
bodies  what,  3. 

Smoking  liquor  of  Libavius,  726. 
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Snow  of  antimony,  144, 

Soap,  378. 

origin  of  the  term,  586. 
method  of  forming,  387 
hard,  58 6. 
foft,  590. 
of  wool,  590. 
of  flffi,  590. 

Part  III.  ch.  i. 

Soda,  Pait  II.  ch.  iv.  fed.  2. 
acetite  of,  778. 
benzoat  of,  820. 
borat  of,  744. 
camphorat  of,  824. 
carbonat  of,  769. 
citrat  of,  813. 
fluat  of,  760. 
ladat  of,  8 1  7. 
malat  of,  8 1 6. 
muriat  of,  696. 
nitrat  of,  669. 
oxalat  of,  803. 
oxy- muriat  of,  723. 
phofphat  of,  729. 
pruffiat  of,  837. 
faccholat  of,  8j8. 
febat  of,  848. 
fuberat  of,  831. 
fulphat  of,  626. 
fulphite  of,  660. 

Soluble  tartar,  808. 

Solution ,  865. 

why  haftened  by  heat, 
291, 

Sory,  64  T. 

Sparks  produced  by  the  colli- 
fion  of  quartz,  305. 

Specific  caloric,  what,  262,  290. 
table  of,  267. 

Specificum  purgans,  624. 

Spelter,  I  34. 

Spirit  of  Mind  ere  t  us,  779. 
nitre,  407. 
fait,  422. 

Stahl’s  theory  of  combuflion, 
295. 

Steam,  336. 

a  noncondudor  of  calo¬ 
ric,  261. 

Steel,  1 1  2. 

Stibium  of  the  ancients,  what, 
142. 

Stones,  condudingpowerof,  235 

Strength  of  acids,  397,  41  1. 

Strontites,  Part  I.  ch.  iv.  fed.  4. 
acetite  of,  782. 
carbonat  of,  773. 
muriat  of,  702. 
nitrat  cf,  673. 
oxalat  of,  803. 
phofphat  of,  733. 
fulphat  of,  633. 
tartrite  of,  81 1. 

Suberais,  314.  and  Part  III. 
ch.  ii.  fed.  22. 


Index 

Suberic  acid,  Part  II.  ch  , 
fed.  23. 

Succinate,  no  505. 

Succinic  acid,  Part  II.  ch.  1 
fed  21. 

Sugar ,  465. 

acid  of,  466. 
of  bifmuth,  793. 
of  lead,  790. 
of  milk,  488. 
of  Saturn,  790. 
Sulphate,  399.  and  Part  III 
ch.  ii.  led.  1. 

Sulphites,  405.  and  Part  III 
ch.  ii.  fed.  2. 

Sulphur,  Part  I.  ch.  ii.  fed.  x, 
Sulphurated  hydrogen  gas,  40, 
8,-7. 

Sulphuret  of  ammonia,  386. 

antimony,  143, 
arfenic,  133. 
barytes,  210. 
bifmuth,  130 
cobalt,  1 6 1. 
copper,  99. 
iron,  107. 
lead,  126. 
lime,  196. 
magnefia,  204. 
mercury,  9 0,  gi} 
859. 

molybdenum,  181. 
nickel,  i63. 
potafs,  373. 
filver,  73. 
tellurium,  18S. 
tin,  120. 
tungflen,  179. 
uranium,  183. 
zinc,  137. 

Sulphuret s,  remarks  on,  838. 

Sulphuric  acid,  Part  II.  ch.  v. 
fed.  1. 

Sulphurous  acid,  Part  II.  ch.  v. 
fed.  2. 

Sylvanite ,  page  247,  note. 

Syrupous  acid,  page  333,  note. 

anning  principle,  page  327,  n. 

Tartar ,  47 2,  807. 
emetic,  8 !  2. 

Tartarized  tindure  of  Mars, 
812. 

iron,  8 12. 

Tartarous  acid,  Part  II.  ch.  v. 
fed  14. 

T at  t  rites,  474.  and  Part  III. 
ch.  ii.  fed.  1 3. 

Tellurium,  Part  I.  ch.  iii.  fe&. 
20. 

fulphat  of,  638. 

Temperature  explained,  290. 

Tennant ,  Smithfon,  decompofei 
carbonic  acid,  439. 

Tctfionoi  caloricexplained,  247. 
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I  rra  ponderofa,  207. 

I  lemometer,  244. 

how  a  meafure  of 
temperature, 
248. 

{lands  higher 
when  its  bulb 
is  blackened, 

325-. 

finks  in  an  ex¬ 
ha  ufted  receiver, 

1241. 

Wedge  wood’s, 
224. 

In,  Part  I.  ch.  iii.  fed.  7. 
acetite  of,  791. 
benzoat  of,  822. 
borat  of,  755. 
fluat  of,  767. 
muriat  of,  713. 
nitrat  of,  684. 
oxalat  of,  806. 
oxy-muriat  of,  726. 
febat  of,  848. 
foap  of,  600. 
fulphat  of,  647. 

Inf  oil,  118. 
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Tinplate ,  n°  128. 

Tin  cal,  441  • 

Titanium,  Part  I.  ch.  iii.  fed. 

\g. 

muriat  of,  721. 
fulphat  of,  657. 
Tombac ,  white,  157. 

Tungjlats,  5^4. 

Tungjlen,  Part  I.  ch.  lin  fed. 

16. 

T ungjlic  acid,  553. 

Turbith  mineral,  6^3. 

T urpentine,  foap  of,  607.. 

Types,  printers,  compolition  of, 

u 

Vegetable  acids,  526. 

Venus,  cry  dais  of,  792. 
Verdigrife,  792. 

Vermilion ,  9 1 . 

Vinegar,  Part  II.  ch.  v.  fed. 
11. 

of  Saturn,  790. 

Vital  air,  6. 

Vitriol,  blue,  648. 
green,  641. 
white,  643. 
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Vitriol  of  potafs,  page  359,  «• 
mother  water  of,  642. 
Vitriolated  ammonia,  627. 

tartar,  624. 

Vitriolic  acid,  3  9  J  • 

Volatile  and  volatilisation,  what, 

1 7  • 

Volatile  alkali,  382. 
oils,  369. 

Uranium,  Part  I.  ch.  iii.  fed. 
18. 

acetite  of,  799. 
phofphat  of,  741. 
fulphat  of,  655.  ' 

W 

Water,  38,  Part  II.  ch.  i. 
weight  of,  334. 
hiftory  of  its  decompo- 
fition,  341. 

proofs  of  its  decompo- 
lition,  342. 

a  noncondudor  of  heat, 
256. 

of  nitre,  407. 

Watery  fufion  explained,  626, 
and  note. 

IVedgcnjoood,  Thomas,  his  expe- 
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riments  cn  light,  325,  326, 
327,  329. 

Wedgewood’s  thermometer,  224. 

Wile  kies's  experiments  on  fpe- 
cific  caloric,  263. 

Wine,  effential  fait  of,  777. 

Wood,  conduding po  wer  of,  252* 
Z 

Zero ,  real  attempt  to  difeover, 
271. 

Zinc,  Part  I.  ch.  iii.  fed.  9. 
acetite  of,  787. 
benzoat  of,  822. 
borat  of,  750. 
caibonat  of,  77 6. 
fluat  of,  767. 
ladat  of,  817. 
malat  of,  8 1 6. 
muriat  of,  708. 
nitrat  of,  679. 
oxalat  of,  806. 
phofphat  of,  737, 
foap  of,  597. 
fulphat  of,  613. 
tart  rite  of,  812. 

Zirconia ,  page  363,  note 

Zoonic  acid,  547. 


C  H  E  r  1*1 

jherebim.  CHERUBIM  were  emblematical  figures;  ot  which 

— * - an  account,  a  very  vague  one  indeed,  has  been  given  in 

the  Encyclopedia  Britannica .  We  are  far  from  think¬ 
ing  ourfelves  qualified  to  improve  that  account,  or  to 
explain  emblems  in  the  Jewifli  worlhip,  which  even  Jo- 
fephus  did  rot  underfland  ;  and  we  certainly  fhould  not 
-  have  refumed  the  fuhjed,  but  to  gratify  a  numerous 
clafs  of  our  readers,  and  to  comply  with  the  requeit  or 
fome  highly  refpeded  friends. 

The  followers  of  Mr  Hutchinfon,  who  are  firmly 
perfuaded  that  their  mafler  brought  to  light  from  the 
writinffs  of  the  Old  Teftament  many  important  doc¬ 
trines  which  had  lain  concealed  from  all  the  piety,  all 
the  induftry,  and  all  the  learning  of  1700  years,  be¬ 
lieve  that,  among  other  things,  he  and  they  have  been 
able  to  alcertain  the  form  and  the  import  .  of  the  He¬ 
brew  Cherubim.  Their  difcoveries  on  this  fubjed,  as 
we  have  been  told  by  better  judges  than  we  pretend  to 
be,  are  more  clearly  dated  by  Mr  Parkhurft  in  his  He¬ 
brew  Lexicon,  than  by  any  other  writer  of  that  fchom. 
We  (hall  therefore  lay  before  our  readers  his  doctrine 
rcfpe6tin°r  the  form  of  the  artificial  cherubs,  as  well  as 
of  their  emblematical  meaning and  fubjoin  a  few  re¬ 
marks,  which  the  nature  of  his  reafonirg  has  forced 

fl°«  Fir/l,  then,  as  to  the  form,  of  the  artificial  cherubs 
in  the  tabernacle  and  temple,  Mofes  (fays  our  author) 
was  commanded  (Exod.  xxv.  18,  19.)  ‘  1  hou  (halt 
make  two  cherubs:  of  beaten  gold  (halt  thou  make 
them  at  the  two  ends  of  the  mercy  Teat.  A  nd  tlmu 
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{halt  make  one  cherub  at  the  one  end,  and  the  other  Cherubim, 
cherub  at  the  other  end  :  maan  p,  out  of  the  mercy-  v 
feat  (Margin  Eng.  Tranflat.  of  the  matter  of  the  mer¬ 
cy-feat)  (hall  ye  make  the  cherubs  at  the  two  ends 
thereof.’  All  which  was  accordingly  performed  (Exod. 
xxxvii.  7,  8.),  and  thefe  cherubs  were  with  the  ark  pla¬ 
ced  in  the  holy  of  holies  of  the  tabernacle  (Exod.  xxvi. 

33,  34.  xi.  20.) ;  as  thofe  made  by  Solomon  were  after¬ 
wards  in  the  holy  of  holies  of  the  temple  (1  Kings  vii. 

2 3,  27.) 

We  may  obferve  that  in  Exodus  Jehovah  fpeaks  to 
Mofes  of  the  cherubs  as  of  figures  well  known ;  and  no 
wonder,  fince  they  had  always  been  among  believers  in 
the  holy  tabernacle  'from  the  beginning.  (See  Gen.  iii. 

2 ±.  Wild.  ix.  8.  And  though  mention  is  made  of 
their  faces  (Exod.  xxv.  20.  2  Chron.  iii.  13.),  and  of 
their  wings,  (Exod.  xxv.  2?.  1  Kings  viii.  7  2  Chron. 

Iii.  1  j,  12.)  ;  yet  neither  in  Exodus,  Kings,  nor  Chro¬ 
nicles  have  v/e  any  particular  defeription  of  their  form. 

This  is  however  very  exa&ly,  and,  as  it  were,  auxioufly 
fupplied  by  the  prophet  Ezekiel,  ch.  i.  5.  *  Out  of  the 
midft  thereof  (/.  e.  of  the  fire  infolding  itfelf,  ver.  4.) 
mm  the  likenefs  of  four  living  creatures  or  animals ; 
mnb  tmx  mm  the  likenefs  of  n  man  (being)  with  them.’ 

This  la  ft  Hebrew  expreflion  cannot  mean  that  they, 
z.  e.  the  four  animals,  had  the  likenefs  of  a  man,  which 
interpretation  would  indeed  make  the  prophet  con- 
trad  i&  himfelf  (comp.  ver.  10.);  but  it  mports  that 
the  likenefs  of  a  man  in  glory,  called  (verfe  26.) 

D~xnKT2a  mm  the  likenefs  as  the  appearance  of  a  man, 

3  E  Z  and 
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Cl  evubirti.  and  pm  ticularly  defcribcd  in  that  and  the  following  verfes, 
was  with  them.  Ver.  6.  4  And  there  were  four  faces 
to  one  (rvjn  or  fimilitude),  and  four  wings  to  one,  cm 
to  them.’  So  there  were  at  lead  two  compound  fi¬ 
gures.  Ver  to.  4  And  the  Hkenefs  of  their  faces  ;  the 
face  of  a  man,  and  the  face  of  a  lion,  on  the  right  fide, 
to  them  four ;  and  the  face  of  an  ox  to  them  four ;  and 
the  face  of  an  eagle  to  them  four.’  Ezekiel  knew  (ch. 
X.  1  —  20.)  that  thefe  were  cherubs.  Ver  2 1 .  4  Four 
faces  nrab  to  one  (cherub)  and  four  wings  to  one.’ 
This  text  alfo  proves  that  the  prophet  faw  more  cherubs 
than  one,  and  that  each  had  four  faces  and  four  wings. 
And  we  may  be  certain  that  the' cherubs  placed  in  the 
holy  of  holies  were  of  the  form  here  deferibed  by  the 
prieil  and  prophet  Ezekiel,  bccaufe  we  have  already 
feen  from  Exodus,  1  Kings,  and  2  Chronicles,  that 
they  likewife  had  faces  and  wings,  and  becaufe  Ezekiel 
knew  what  he  faw  to  be  cherubs,  and  bccaufe  there 
were  no  four-faced  cherubs  any  where  elfe  but  in  the 
holy  of  holies  ;  for  it  is  plain,  from  a  companion  of 
Exod.  xxvi.  1,  31  i  Kings  vi.  29,  32.  and  2  Chron. 
iii.  14.  with  Ezekiel  xw.  18,  19,  20.  that  the  artificial 
cherubs  on  the  curtains  and  vail  of  the  tabernacle,  and 
on  the  walls,  doors,  and  v?il  of  the  temple,  had  only 
two  faces  ;  namely,  thofe  or  a  lion  and  of  a  man. 

c<  For  it  mult  be  obferved  further,  that,  as  the  word 
2vo  is  ufed  for  one  compound  fgirre  with  four  faces, 
and  craTiD  in  the  plural  for  feveral  fuch  compounds  (fee 
Exod..  xxv.  18,  19.  xxxvii.  8  I  Kings  vi.  23  —  26  ), 
fo  is  sro  applied  to  one  of  the  cherubic  animals,  as  to 
the  ox,  Ezek  x  14.;  (compare  ch.  i.  10  )  to  the 
coupled  cherub,  or  lion-man,  Ezek  xli.  18.;  and 
to  feveral  of  the  cherubic  animals,  as  to  feveral  oxen,  1 
Kings  vi i.  36.  (compare  ver.  29.)  to  feveral  coupled 
cherubs,  Exod.  xxvi  1.  1  Kings  vi.  32,  33.  &  al.  I 
proceed  to  fhew 

“  Secondly ,  of  what  the  cherubs  were  emblems,  and 
with  what  propriety.  * 

44  That  the  cherubic  figures  were  emblems  or  repre¬ 
fen  tat  ivos  of  fomething  beyond  themfelve?  is,  I  think, 
agreed  by  all,  both  Jews  and  Chriftians.  But  the 
quell  ion  is,  of  what  they  were  emblematical  ?  To  which 
I  anfwer  in  a  word,  Thofe  in  the  holy  of  holies  were 
emblematical  of  the  evcr-bleffed  Trinity  in  covenant  to 
redeem  man,  by  uniting  the  human' nature  to  the  Second 
Perfon ;  which  union  was  fignihed  by  the  union  of  the 
faces  of  the  lion  and  of  the  man  in  the  cherubic  exhibi- 
‘  tion,  Ezek.  i.  10.  compare  Ezek  xli.  18,  19.  The 
cherubs  in  the  holy  of  holies  were  certainly  intended  to 
reprefent  fome  beings  in  heaven,  becaufe  St  Paul  has 
expressly  and  infallibly  determined  that  the  holy  of  ho¬ 
iks  was  a  figure  or  type  of.  heaven,  even  of  that  heaven 
wheie  is  the  peculiar  refidence  of  God  (Heb.  is.  24  ). 
And  therefore  thefe  cherubs  reprefented  either  the  ever 
bluffed  Trinity  .with  the  man  taken  into  the  efience,  or 
created  fpirituai  angels.  The  following  veafons  will,  I 
hope,  clearly  prove  them  ’to  be  emblematical  of  the 
former,  not  of  the  latter  : 

44  \Jl,  Not  of  angels  ;  becaufe  (not  now  to  infift  on 
*  other  circumftances  in  the  cherubic  form)  no  tolerable 
redon  can  be  afliuned  why  angels  fliould  be  exhibited 
with  four  faces  apiece. 

44  2 dly,  Becaufe  the  cherubs  in  the  holy  of  holies  of 
tlic  tabernacle  were,  by  Jehovah’s  order,  4  made  out  of 
the  matter  of  the  mercy-feat,  or  beaten  out  of  the  fame 


piece  of  gold  as  that  was’  (Exod.  xxv.  18,  19.  xxxvii.  CfouflJ 
9  ).  Now  the  mercy-feat,  made  of  gold  and  crowned,  — r* 
was  an  emblem  of  the  Divinity  of  Chr ilk  (See  Rom.  iii. 

25. ).  The  cherubs  therefore  reprefented  not  the  ange¬ 
lic,  bin  the  Divine  nature. 

3^3' 9  ^  be  typical  olood  of  Chrift  was  fprinkled 
before  the-rn  011  the  great  day  of  atonement  ( compare 
Exod.  xxxvii.  9.  Lev.  xvi.  14.  Heb.  ix.  7,  12.)  :  And 
this  cannot  in  any  fenfe  be  referred  to  created  angels, 
but  mu  ft  be  referred  to  Jehovah  only  ;  becaufe,  ° 

44  4 thly,  The  high  prieft’s  entering  into  the  holy  of 
holies  on  that  day,  reprefented  Chrift’s  entering  with 
his  own  blood  into  heaven  4  to  appear  in  the  prefence 
of  God  for  11s’  (Hcb.  ix.  7,  24.).  Arid,  * 

44  ytkly,  When  God  4  railed  Chrift  (the  humanity) 
from  the  dead,  he  fet  him  at  his  own  right  hand  in  the 
heavenly  places,  far  above,  'rnF.PANfi,  all  principality 
and  power,  and  might  and  dominion,  and  every  name 
that  is  named,  not  only  in  this  world,  but  alfo  in  that 
which  is  to  come  (Eph.  i.  2i.).  Angels  and  autho¬ 
rities  and  powers  being  made  fubjedl  unto  him’  ( i  Peter 
iii.  22.) 

‘4  6 thlp  The  prophet  Ezekiel  faith  '(ch.  x.  20.), 

<  ^  bis  is  the  living  creature,  rrnn  (which  mult  mean 
one  compound  figure,  comp.  ver.  14.)  that  I  faw’  finn 
inftead  of,  a  fubftitute  of  4  the  Aleim  of  Iirael.  rnrs 
rt  is  granted,  may  refer  either  to  fituation  or  fubftiW 
tion,  (fee  Gen.  xxx.  2.  1.  19.)  as  the  fenfe  requires. 

PI  ere,  notwithftanding  what  is  faid  ver.  19.  the  latter 
fenfe  is  preferable  ;  becaufe  it  was  the  glory  of  the  God 
of  Ifrael,  i,  e .  the  God- man  in  glory,  (compare  ch.  i, 

26. )  not  the  AJeim  (the  Trinity )  of  Ifrael  that  were 
over  the  cherubim  ;  and  the  text  fays  not,  thefe  were 
the  living  creatures ,  but,  this  was  the  living  creature, 
which  I  faw  bHwvrbKnn n.  Now.  the  glory  was  over 
bath  the  cherubfms,  ver.  19.  but  one  compound  cherub 
only  was  a  fubftitute  of  the  Aleim. 

44  if  it  fhould  be  here  afkcd,  Why  then  were  there 
two  compound  cherubs  in  the  holy  of  holies  ?  I  anfwer, 

Idad  there  not  in  this  place  been  two  compound  che¬ 
rubs,  it  would  have  b.een  naturally  impofiible  -  for  them 
to  reprefent  what  was  there  defigned  ;  tor  other wiie, 
ail  the  faces  could  not  have  looked  inwards  toward  each 
other,  and  down  upon  the  mercy  feat  and  on  the  inter¬ 
ceding  high  prieil  fprinkling  the  typical  blood  of  Chrift, 

(fee  Exod.  xxxvii.  9.)  and  at  the  fame  time  have  look-  1  j 
cd  outward  toward  the  temple,  r.uV  (Vulg.  ad.  domum 
exteriorem,  to  the  outer  houfe,)  2  Chron. ’iii.  13.  Or, 
in  other  words,  the  Divine  Perfons  could  not  have  been 
reprefented  as  witneiTmg  to  each  other’s  voluntary  en¬ 
gagements  for  man’s  redemption,  as  beholding  the  fa- 
cririce  of  Chrift’s  de£th,  typified  in  the  Jew  ilk  church, 
and  at  the  fame  time  as  extending  their  gracious  re¬ 
gards  to  the  whole  world.  (See  I  fa  liv.  5.  and  Spear¬ 
man’s  Enquiry,  p.  38:  edit  Edinburgh. 

44  I  he  coupled  cherub,  or  lion-man,  on  the  vail  and 
curtains  of  the  outer  tabernacle,  ard  on  the  vail,  doors, 
and  wails  of  the  temple,  accompanied  with  the  emble¬ 
matic  palm  tree,  is  fuch  a  linking  emblem  of  the  lion  of 
the  tribe  of  Judah  (Rev.  v.  5.)  united  to  the  mam 
Chrift  Jefus,  as  is  eafy  to  be  perceived,  but  hard  to  be 
evaded.  Thefe  coupled  cherubs  appropriate  the  taber¬ 
nacle  or  temple  and  their  vails  as  emblems  of  Chrift, 
and.  exprefs  in  vifible  fymbols  what  he  and  his  apoftles 
do  in  words.  See  John  :i.  19,  21.  Heb.  via,  2.  ix.  1 1. 

1  x.  20 
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),m*  x.  i 0.  comp.  Matt,  xxvii.  51,  And  as  the  texts  juft 
cited  from  the  New  Ted  ament  afford  us  divine  autho¬ 
rity  for  aflerting  that  the  outer  tabernacle  or  temple 
was  a  type  of  the  body  of  Chrift,  fo  they  furnifh  us 
with  an  irrefragable  argument  to  prove  that  the  che¬ 
rubs  on  their  curtains,  or  walls  could  not  rep^efent  an¬ 
gels.  For  did  angels  dwell  in  Ohrift’s  body  ?  No.furely  ; 
Tut  ‘  in  him  dwelt  till  the  fair. efs  of  the  Godhead  bo¬ 
dily/  •  (Col.  ii.  9.) 

“  I  go  on  to  eonftder  the  propriety  of  the  animals  in 
the  cherubic  exhibition  representing  the  Three  Perfons 
in  the  ever-bklkd  Trinity.  And  here  to  obviate  any 
undue  prejudice  which  may  have  been  conceived  again!! 
the  Divine  Perfons  being  fymbolieally  reprefented  under 
any  animal  forms  whatever,  let  it  be  remarked  that  Je¬ 
hovah  appeared  as  three  men  to  Abraham,  (Gen.  xviii.) ; 
that  the  (erpent  of  brafs  fee  up  by  God’s  command  in 
the  wilderneis  was  a  type  or  emblem  of  Chrift,  God- 
man,  lifted  up  on  the  crofs  (comp.  Num.  xxxi.  1 — 9. 
with  John  iii.  14,  T  ?.);  that  at  Jems’  baptifm  the  Holy 
Spirit  defeerwied  in  a  bodily  (hape,  like  a  dove,  upon 
him  (Luke  in.  21,  22  );  that  Glirift,  as  above  intima¬ 
ted,  is  exprcfsly  called  the  lion  of  the  tribe  of  Judah 
(Rev.  v.  5.);  and  continually  in  that  iymbolical  book 
let  before  us  under  the  Similitude  o;  a  Jamb.  All  thefe 
are  plain  fcriptural  reorder)  tat  ions,  each  of  them  admi¬ 
rably  Anted,  as  the  attentive  reader  will  eafily  obferve, 
to  the  particular  eircnmftances  or  fpecifio  defigii  of  the 
exhibition.  Why  then  fhonld  it  appear  a  thing  incre¬ 
dible,  ye?,  why  not  highly  probable,  that  Jehovah  Akim 
lhould,  under  the  typical  ilate,  order  his  own  Perfons 
and  the  union  of  the  manhood  with  the  e (fence  to  be 
reprefented  by  animal  forms  in  the  cherubim  of  glory  ? 
Efpecially  if  it  be  confidered  that  the  three  animal 
forms,  excluflve  of  the  nnn  (who  flood  for  the  very 
human  nature  itfelf  )  are  the  chief  of  their  refpedlive 
genera  :  the  ox  or  bull,  of  the  tame  or  graminivorous  ; 
the  lion,  of  the  wild  or  carnivorous  ;  and  the  eagle,  of 
the  winged  kind.  —But  this  is  by  no  means  all:  For. 
as  the  great  agents  -in  nature,  which  carry  on  all  its 
operations,  certainly  are  the  fluid  of  the  heavens,  or,  in 
other  words,  the  fire  at  the  01b  of  the  fun,  the  light  ii- 
iuing  from  it,  and  the  fpirit  or  grofs  air  conftantly  1  up- 
porting,  and  concurring  to  the  a&ior.s  and  effects  of  the 
other  two  ;  do  we  are  told  ( Pfal.  xix.  1.)  that 
bu  tod  Q-'iSDra  the  heavens  (are)  the  means  of  declaring, 
recounting,  or  particularly  exhibiting  the  glory  of  God, 
even  his  eternal  power  and  godhead,  as  St  Paul  ipeaks, 
Rom.  i.  20.  And  accordingly  Jehovah  himfelf  is  iome- 
times,  though  rartiy  (I  preinme  for  fear  of  miftakes) 
called  by  the  veiy  name  ovary  or  w  heavens  in  the  Old 
Teftament,  fee  2  Chron.  xxxii.  20.  (comp.  2  Kings 
xix.  14.  ]fa.  xxxvii.  1?.)  Dan.  iv.  23.  or  26.;  as  he  is 
more  frequently  exp^effed  by  Ovpxwc  heaven  in  the  New. 
(See  Mat.  xxi.  25.  Mark  xi.  30,  31.  Luke  xv.  18, 
21.  xx.  4,  5.  John  iii.  27.)  Yea  not  only  fo,  but  we 
find  in  the  Scriptures  both  of  the  Old  and  New  Tefta¬ 
ment,  that  the  Perfons  of  the  eternal  Three  and  their 
economical  operations  in  the  fpiritual,  are  reprefented 
by  the  three  conditions  of  the  celeflial  fluid  and  their 
operations  in  the  material  world.  Thus  the  peculiar 
emblem  of  the  Word  or  Second  Perfon  is  the  uw  or 
light,  and  he  is  and  does  that  to  the  fouls  or  fpirits  of 
men  which  the  material  or  natural  light  is  and  does  to 
their  bodies.  (See  inter  al.  2  Sam.  xxiii.  4.  Ifa.  xlix. 


6.  lx.  1,  Mai.  iv.  2.  or  iii.  20.  Luke  i.  7 S.  ii.  32.  John  Cherubim, 
i.  4 — 9.  vi'i.  j  2.  xii.  35,  36,  46.)  The  Third  Perfon  1 
has  no  other  diltin&ive  name  in  feripture  but  rm  in 
Hebrew,  an4,  nv-vx-t  in  Greek,  (both  which  words  in 
their  primary  fenfc  denote  the  material  fpirit  or  air  in 
motion),  to  which  appellation  the  epithet  ir-p, 
holy,  or  one  of  the  names  of  God,  isufuaily  added  :  and 
the  adlions  of  the  Holy  Soirit  in  the  fpiritual  fyftem 
are  defer il>ed  by  thoie  of  the  air  in  the  natural.  ( See 
John  iii.  8.  xx.  22  Arils  ii.  2.)  Thus,  then,  the  Se¬ 
cond  and  Third  Perfons  of  the  ever- bkfkd  Trinity  are 
plainly  reprefented  in  feripture  by  the  material  light 
and  air.  But  it  is  further  written,  Jehovah  thy  A ltirn 
is  a  con  fuming  fire,  Deut.  iv.  24.  (ComD.  Dent.  ix. 

23.  Heb.  xii.  29.  PfaL  xxi.  10.  lxxviii.  21.  N.ih.  i.  2.) 

And  by  fire,  derived  either  immediately  or  mediately 
from  heaven,  were  the  typical  faerifices  confomed  un¬ 
der  the  old  difpenfati  u.  Since,  then,  Jehovah  is  in 
feripture  repreier.ted  by  the  material  heavens,  and  even 
called  by  their  name,  and  efpecially  by  that  of  fire,  and 
fince  the  Second  and  Third  Perfons  are  exhibited  re- 
fperitively  by  the  two  conditions  Of  light  and  fpirit,  and 
fince  Arc  is  really  a  condition  of  the  heavenly  fluid  as 
much  diftindl  from  the  other  two  as  they  are  from  each 
other,  it  remains  that  the  peculiar  emblem  of  the  Firfl 
Perfon  (as  we  ufnally  fpeak)  of  the  eternal  Trinity,  con¬ 
fidered  with  refperil  to  the  other  two,  be  the  Are. 

“  Bearing  then  in  mind  that  the  perfonality  in  Je¬ 
hovah  is  in  feripture  reprefented  by  t fie  material  Tri¬ 
nity  of  nature  ;  which  alio,  like  their  divine  antitype, 
are  of  one  fubftance,  that  the  primary  fcriptural  type 
-of  the  Father  is  Arc;  of  the  Woid,  light;  and  of  the 
Holy  Ghoft,  fpirit,  or  air  in  motion  ;  we  fhall  eaftly 
perceive  the  propriety  of  the  eherub  c  emblems.  For 
the  ox  or  bull,  on  account  of  his  horns,  the  curling  hair 
on  his  forehead,  and  his  unrelenting  fury  when  provo¬ 
ked  (dee  Pfal.  xx  ii.  13.)  is  a  very  proper .  animal  em¬ 
blem  of  Are  ;  as  the  lion  from  his  ufual  tawny  gold- 
like  colour,  his  flowing  mane,  his  Alining  eyes,  his  great 
vigilancy  and  prodigious  (Length,  is  of  light  ;  and  thus 
likewiie  the  eagle  is  of  the  fpirit  or  air  in  action,  from 
his  bein?  chief  among  fowls,  from  his  impetuous  mo¬ 
tion,  (fee  2  Sam.  i.  23  Job  ix.#26.  Jer.  iv.  13.  Lam; 
iv.  19  ),  and  from  his  towering  and  fnrpriftng  flights  in 
the  air  (fee  Job  xxxix.  27.  Prqv  xxiii.  5.  xxx.  19.  Ifa. 
xl.  31.  and  Bochart,  vol.  iii.  page  173*)  And  the 
heathen  ufed  thefe  emblematic  animals,  or  the  like, 
fometimes  Rparate,  fometimes  joined,  in  various  man¬ 
ners,  as  reprefentatives  of  the  material  Trinity  of  na¬ 
ture,  which  they  adored.  Thefe  particulars  Mr  Hnt- 
chinfon  lias  proved  with  a  variety  of  uleful  learning, 
vol.  vii.  p.  381.  &c  feq.  and  any  perfon  who  is  tolerably 
acquainted  with  the  hea’hen  mythology  will  be  able  to 
increafe  his  valuable  colledlion  with  many  inftanees  of 
the  fame  kind  from  modern  as  well  as  ancient  accounts 
of  the  pagan  religions. 

u  Thus,  then,  the  faces  of  the  ox,  the  lion,  and  the 
eagle,  representing  at  fecond  hand  the  Three  Perfons 
of  Jehovah,  the  Father,  the  Word,  and  the  Holy  Spi¬ 
rit  ;  and  the  union  of  the  divine  light  with  man  being 
plainly  pointed  out  by  the  union  of  the  faces  of  the 
lion  and  the  man  (fee  Ezek.  i.  10.  xii.  18.),  we  may 
iafely  aflert,  that  the  cherubim  or  glory  (  Heb.  ix.  5.) 
in  the  holy  of  holies  were  divinely  inftituted  an  1  proper 
emblems  of -the  Three  Eternal  Perfons  in  covenant  to 

redeem 


... 


P 


•O.eruS’tn. 


C  H  E  T  4c(5  ]  CHE 

redeem  man,  and  of  the  union  of  the  divine  and  human  any  propriety,  or  without  the  greateft  folecifm  be  faiil  ft 
natures  in  the  perfon  of  Chrift.  And  we  find  (Gen.  and  defcribed  to  fall  down  before  and  worfhip  other 
in.  24  )  that  immediately  on  Adam’s  expulfion  from  emblematical  reprefentations  of  the  fame  divine  nature 
paradife,  and  the  cefTation  of  the  firll  or  paradifiacal  and  perfeftions :  And  therefore,  whatever  thefe  beads 
difpenfation  of  religion,  Jehovah  Aleirn  himfelf  fet  up  were  emblems  of,  they  could  not  be  cherubim  in  »fr 
thefe  emblems,  together  with  the  burning  flame  Hutchinfon’s  fenfe  of  that  word  4  it  being  as  contrary 


rosinnon  rolling  upon  itfelf,  to  keep  the  way  to  the  tree 
of  life  ;  undoubtedly,  confiderirg  the  fer vices  performed 
-before  them,  not  to  hinder,  but  to  enable,  man  to  pafs 
through  it  ” 

Thus  far  Mr  Parkhurft ;  and  to  his  differtation  where 
is  the  man  who  will  deny  the  merit  of  erudition,  com¬ 
bined  with  ingenuity?  To  the  latter  part  of  his  rea- 
foning,  however,  obje&ions  obtrude  tliemfelves  upon  us 
of  fuch  force,  that  we  know  not  how  to  anfwer  them. 
Phe  reader  obferves,  that,  according  to  this  account, 
the  cherubim  are  only  at fecondhand emblematical  of  the 
'Holy  Tiinity,  and  that  the  primary  emblem  is  that  fluid 
which  the  author  conceives  to  fill  the  folar  fyflem,  and 
to  be  one  fubflance  under  the  different  appearances  or 
modifications  c f  fire,  light)  and  grojs  air.  But  unfortu¬ 
nately  for  this  reafoning,  wc  are  as  certain  as  we  can 
be  of  any  matter  of  fad,  that  fire  and  air  are  not  one 
f ub fiance  ;  that  the  grofs  air  itfelf  is  compounded  ©f 
very  different  fubftances  ;  and  that  even  light  is  a  diffe¬ 
rent  fubflance  from  that  which  caufes  in  us  the  fenfa- 
tion  of  heat,  and  to  which  modern  chemifts  have  given 
the  name  of  caloric  (See  Chemistry-//^*  in  this  Sup¬ 
plement).  We  admit,  that  the  primary  atoms  of  all 
matter  may  he  fubftances  of  the  very  fame  kind,  though 
we  do  not  certainly  lno<w  that  they  are  :  but  this  makes 
nothing  for  our  author’s  hypothecs  ;  becaufe  the  iun 
and  all  the  planets  muft,  in  that  cafe,  be  added  to  his  one 
fubflance,  which  would  no  longer  appear  under  a  triple 
form.  Could  it  indeed  be  proved,  that  all  men  from 
Adam  downwards,  who  made  ufe  of  cherubic  figures 
for  the  very  fame  purpofe  with  the  ancient  Jews,  belie- 
ved  that  fire,  air,  and  light’,  are  different  modifications 
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to  ihe  rational  explanation  of  a  vifi  n  to  fay  that  one 
emblem  of  the  divinity  fliould  worihip  anothei  emblem 
of  it,  as  it  is  contrary  to  the  reafon  of  mankind,  and  to 
all  our  notions  either  of  the  Godhead  or  of  worfliip,  to 
lay  that  the  Trinity  worfhipped  the  Trinity,  or  any 
one  Perfon  in  the  Trinity”  7 

This  objeftion  is  admitted  by  our  learned  author  to 
be  a  very  plaulible  one.  To  us  it  appears  unanfwerable. 
He  anfwers  it,  liowever,  in  the  following  words  : 

“  Let  it  be  carefully  obierved,  that  thefe  reprefentations 
in  Rev.  ch.  v.  and  xix.  are  not  only  vifional  but  hiero- 
glyphical,  and  therefore  mull  be  explained  according 
to  the  analogy  of  fuch  emblematical  exhibitions ;  and 
as  at  ver.  6.  ‘  the  lamb,  as  it  had  been  flain,  having 
feven  horns  and  feven  eyes,  Handing  in  the  midft  of  the 
throne,  and  of  the  four  animals,  and  of  the  four  and- 
twenty  elders,’  is  evidently  fymbolical  of  the  Lamb  of 
God  now  raifed  from  the  dead,  and  invefted  with  all 
knowledge  and  power  both  in  heaven  and  in  earth  ; 
fo  ‘  the  four  animals  falling  down  before  him’  (ver.  8.), 
and,  as  it  is.exprelTed  (ch.  xix.  4.)  ‘  worfhipping  God 
who  fat  upon  the  throne,’  muft,  in  all  reafon,  be  ex- 
plained  fymbolically  likewife,  not  from  any  abftraft  or 
metaphyfical  notions  we  may  have  framed  to  ourfelves 
of  worfhip  in  general,  but  from  the  fpecific  and  pe. 
culiar  circumftances  of  the  cafe  before  us.  Thus 
likewife,  when  in  t  Chron.  xxix.  20.  ‘  All  the  con¬ 
gregation  wodhipped  Jehovah  and  the  king,  namely 
David,  the  worihip  to  both  is  exprefled  by  the  fame 
itrong  phrafe — b  mm-  proftrated  thenrfelves  to,  LXX. 

yet  finely  no  one  will  fay  that  the  people 
of  the  fame  fubflance  their  “,"u,lu;allons  meant  to  worfliip  David  as  God,  but  only  to  acknovv- 

would  be  a  fufficient  fo.mdatinn  ChdSe  him  as  k!nff'  So  Adonijah,  -who  had  contefted 

the  crown  with  bolomon,  came,  wwi  and  worfhipped 


_  #  #  v*  J  vii  uiituub 

would  be  a  fufiicient  foundation  for  our  author’s  reafon- 
ing  ;  but  of  this  no  proof  13  attempted,  and  certainly 
none  that  is  fatisfadlory  could  be  brought. 

Our  learned  author,  indeed,  takes  much  for  granted 
without  proof.  He  has  not  proved,  that  anywhere 
the  bull  was  the  emblem  or  hieroglyphic  of  fire,  the 
ion  of  light,  or  the  eagle  of  air.  We  do  not,  it  muft 
be  owned,  know  that  fuch  hieroglyphics  were  not  nfed 
m  Lgypt  and  other  countries  before  the  iiitrodu&ion 


King  Solomon,  (r  Kings  1.  53.)  not  as  God  doubt- 
lefs,  but  as  king,  thereby  furrer.dering  his  own  claim  to 
the  throne.  However  “  contrary  therefore  it  may  be 
to  the  reafon  of  mankind,  and  to  all  our  notions  either 
oi  the  Godhead  or.  of  worfhip,  to  fay  that  the  Trinity 
worfhipped  the  Trinity,  or  any  one  Peifon  of  the  Tri¬ 
nity, ”  1.  e.  with  divine  worfliip  as  a  creature  woifhips 
his  Creator  ;  yet  it  is  by  no  means  contrary  to  the  ra- 


of  Il^be Mete***  but  u7efs  thev  f  f°5  ^  ^  h  k  h?  no  —ns  contrary  to  the  ra 

by  Adam,  all  that  is  here’ fald  f  r£  l  l  T  f  H  r  c°nal  ^d  fcrlptural  explanation  of  an  emblematic  vi- 

emblcms  muft  go  for  nothin b- •  Indee/  •  °  't"i  l°  %  that'  tke  hieroglyphics!  emblems  of  the 

peculiar  oro  i«v  Thp  S'  Indeed  we  fee  not  their  whole  ever- bleffed  Trinity  fell  down  and  worfhipped 

and  e^ Uon ZZr  Z’  ^  ™T’  “"aW*-  «*£  of  the  God-ma.n,  or  Sod 

we  can  pereeive to  the  contra S  ^  8  ^  a  Up°n  the  throne-  Since  fl'ch  falling  down, 

as  the  horns,  curlin-r  hai-’ and^unr  of  [he  bxM  “  j* v  P’;oftrat.10"'  or  worlhipeing,  was  the  ufiial  fymbolical 
it  be  true  as  is -tren^Up  V-  *  i  i  y  HU  ’  and  ^  a<^’  as  lt  ^  18  in  ^ie  not  only  of  divine  worfliip, 

llead.1v  o„  .vL  u!7 /'L\  iat  tlic  eagle  can  look  but  of  acknowledging  the  regal  power  to  be  in  the  per. 

fon  in  VVOrfKl  XX..  ..L-  ’  _  .1  * 


of  all  the  three,  to  be 


ileadily  on  the  fun,  he  feems 
*  the  fitted  emblem  of  light- 

But  there  are  other  objeftions  to  this  interpretation 
t^ie  WO!^  cherubim.  The  four  animals  in  the  Revela- 


o  o  —  uv.  m  pci- 

ion  lo^  worfhipped  ;  and  theie  adls  of  the  cherubic  ani¬ 
mals  in  Rev.  v.  6.  xix.  4.  meant  nothing  more  than 
either  a  ceffion  of  the  administration  of  all  divine  power 
to  Chrift  God- man,  or  a  declaration  of  the  divine  Per- 


tirm  wi  u.h  - J  ,  ,,  in  ^evela-  to  Chnlt  God-man,  or  a  declaration  of  the  d -vine  Per 


four  and  twenty  elders,  fell  down  before  the  Lamb, 
^ Ch-  v.  8.  an.(I  worfhipped  God  *.  Now,  fays  Dr  Gregory  Share 
-ax  4 ■  “  d  is  fcarce  to  be  conceived,  if  thefe  four  beads  were  re- 

prelentatives  of  the  divine  per  foils,  that  they  could  with 


mull  reign  till  all  his  enemies  were  made  his  footftooL 
Comp.  Mat.  xxviii.  18.  1  Cer.  xv.  25.” 

With  every  inclination  to  honour  the  memory  of  Mr 
•Parkburit,  who  was  certainly  a  fcholar.  and,  which  is 
2  of 
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Mfi.  of  more  value,  a  pious  and  a  good  man,  we  cannot  help 
conlidering  this  anfwer  as  mere  trifling.  In  the  1 8th 
Pfalm,  the  Lord  is  Laid  to  “  ride  upon  a  cherub  ;” 
and  in  Ezekiel,  chap.  i.  there  is  laid  to  have  “  been 
over  the  heads  of  the  cherubim  a  throne ,  and  upon  that 
throne  the  likenefs  or  appearance  of  a  man”  whom  we 
take  to  be  the  Son  of  God  incarnate.  But  is  there 
any  country  in  which  the  regal  power  of  the  fovereign 
is  acknowledged  by  his  riding,  not  upon  his  fubje&s, 
but  upon  other  co-equal  fovereigns  ?  or,  in  which  it  is 
the  cuftom  for  the  fovereign  to  place  his  viceroy  (for 
fuch  our  Saviour  in  his  human  nature  certainly  is)  in 
his  throne  above  himfelf  ? 

We  mult  therefore  conrefs,  that  we  know  not  of 
what  the  cherubic  figures  were  emblematical,  and  that 
he  who  labours  to  eftablifh  the  do&rine  of  the  ever 
bleffcd  Trinity  by  fuch  criticifms  and  reafonings  as  thofe 
which  we  have  examined,  is  either  a  fecret  enemy  to 
that  do&rine,  or  a  very  injudicious  friend. 

CHESS,  the  celebrated  game,  of  which  a  copious 
account  has  been  given  in  the  Encyclopaedia,  is  affirm¬ 
ed  by  Sir  William  Jones  to  have  been  invented  by  the 
Hindoos.  “  If  evidence  were  required  to  prove  this 

'fi.tic  (fays  he  *),  we  maybe  fatisfied  with  the  teflimo- 

<k;,vol  0j  t]~(C  }\TfUns,  who,  though  as  much  inclined  as 

»Icm.  o.  ,  ■  i  .  r 

other  nations  to  appropriate  the  ingenious  inventions  oi 

a  foreign  people,  r.nanimouHy  2gree  that  the  game  was 
imported  from  the  weft  of  India  in  the  fixth  century  of 
our  era.  It  Items  to  have  been  immemorially  known 
in  Idtu  do  dan  by  the  name  of  Gheturanga ,  i.  c.  the  four 
a.igBs,  or  members  of  an  army  ;  which  are  thefe,  ele¬ 
phants ,  korfes ,  chariots ,  and  footfoldiers  ;  and  in  this 
fcn:e  the  word  is  frequently  ufed  by  epic  poets  in  their 
dcfciiptions  of  real  armies.  By  a  natural  corruption  of 
the  pure  Sanfcrit  v/ord,  it  was  changed  by  the  old  Per- 
f:?.ns  into  Chetrang  ;  but  the  Arabs,  who  foon  after 
took  pofleffion  of  their  country,  had  neither  the  initial 
nor  final  letter  of  that  word  in  their  alphabet,  and  con- 
fequer.tly  altered  it  further  into  Shetranj ,  which  found 
its  way  prefcntly  into  the  modern  Perfian ,  and  at  length 
into  the  diale&s  of  India,  where  the  true  derivation  of 
the  name  is  known  cnly  to  the  learned.  Thus  has  a 
very  lignificant  word  in  the  fa c red  language  of  the 
Brahmins  been  transformed  by  fucceffive  changes  into 
axedrez ,  fcacchi ,  echecs ,  chefs,  and,  by  a  whimiical  con¬ 
currence  of  circumflances,  lias  given  birth  to  the  Eng- 
iifh  word  check ,  and  even  a  name  to  the  exchequer  of 
Great  Britain-” 

It  is  confidently  afFerted,  that  Sanfcrit  books  on  chefs 
cxifl  in  Bengal ;  but  Sir  William  had  feen  none  of  them, 
when  he  wrote  the  memoir  which  we  have  quoted.  He 
exhibits,  however,  a  description  of  a  very  ancient  Indian 
game  of  the  fame  kind,  but  more  complex,  and  in  his 
opinion  more  modern,  than  the  fimple  chefs  of  the  Per - 
fans .  This  game  is  alfo  called  Ghaturanga ,  but  more 
frequently  Chaturaji ,  or  the  four  kings ,  fince  it  is  played 
by  four  perfons  reprefenting  as  many  princes,  two  a.llied 
armies  combating  on  each  fide.  The  description  is  ta¬ 
ken  from  a  book  called  Bhawi/hya  Pur  an  ;  in  which  the 
form  and  principal  rules  of  this  fa&itious  waifare  are 
thus  laid  down  :  <(  Eight  fquares  being  marked  on  all 
Tides,  the  red  army  is  to  be  placed  to  the  eaft,  the  green 
to  the  fouth  the  yellow  to  the  welt,  and  the  Hick  to 
the  north.  Let  the  elephant  (fays  the  author  of  the 
Purlin )  ftfcnd  on  the  left  of  the  king ;  next  to  him  the 


horfe  ;  then  the  loat  ;  and  before  them  all,  fou  x  foot  fob  Chef*. 

diers  ;  but  the  loat  mult  be  placed  in  the  angle  of  the 
board.” 

“  from  this  p adage  (fays  the  prefident)  it  clearly 
appears,  that  an  army  with  its  four  angds  muft  be  pla¬ 
ced  on  each  fide  of  the  board,  iirice  an  elephant  could 
not  (land,  in  any  other  pofition,  on  the  left  hand  of  each 
king  ;  and  Radhaca  nt  (a  Pandit)  informed  me,  that 
the  board  conhfted,  like  our’s,  of  64  fquares,  half  of  them 
occupied  by  the  forces,  and  half  vacant.  He  added, 
that  this  game  is  mentioned  in  the  oldeft  law  books, 
and  that  it  was  invented  by  the  wife  of  a  king,  to  amufc 
him  with  an  image  of  war,  while  his  metropolis  was  be¬ 
gged  in  the  fecond  age  of  the  world.  A  Jldp  or  boat 
is  abfurdly  fubftituted,  we  fee,  in  this  complex  game  for 
the  radio,  or  armed  chariot ,  which  the  Bengal fe  pro¬ 
nounce  rod h ,  and  which  the  Perfians  changed  into  rokh  ; 
whence  came  the  rook  of  fome  European  nations  ;  as 
the  vierge  an dfal  of  the  French  are  iuppofed  to  be  cor¬ 
ruptions  of  fer%  and  fd ,  the  prime  mitiijler  and  elephant 
of  the  Perfians  and  Arabs.” 

>  As  fortune  is  fuppofed  to  have  a  great  {hare  in  de¬ 
ciding  the  fate  of  a  battle,  the  life  of  dice  is  introduced 
into  this  game  to  regulate  its  moves;  for  (fays  the  Pu- 
ran)  “  if  cinque  he  thrown,  the  king  or  a  pawn  muft  be 
moved  ;  if  quatte>  the  elephant  ;  if  trois,  the  horfe  ;  and 
if  deux,  the  loat.  The  king  pafTes  freely  on  all  Tides, 
but  over  one  fquare  only  ;  and  with  the  fame  limitation 
the  pawn  moves,  but  he  advances  ftraight  forward,  and 
kills  his  enemy  through  an  angle.  The  elephant  inarches 
in  all  dire&ions  as  far  as  his  driver  pleases  ;  the  horfe 
runs  obliquely,  travelling  the  fquares;  and  the  Jhip 
goes  over  two  fquares  diagonally.”  .  he  elephant,  we 
find,  has  the  powers  of  our  queen,  as  we  are  pleafed  to 
call  the  general  or  minijler  of  the  Perfians;  and  the  fhip 
has  the  motion  of  the  piece  to  which  we  give  the  unac¬ 
countable  appellation  of  bijhop ,  but  with  a  reflri&ion 
which  muft  greatly  leffen  its  value. 

In  the  Pur  an  are  next  exhibited  a  few  general  rules, 
and  fuperficial  dire&ions  for  the  condndl  of  the  game. 

Thus,  “  the  pawns  and  the  Jhip  both  kill  and  may  be 
voluntarily  killed  ;  while  the  king,  the  elephant,  and  the 
horfe ,  may  flay  the  foe,  but  muft  not  expofe  themfelves. 
to  be  flain.  Let  each  player  piefervc  his  own  forces 
with  extreme  care,  fecuring  his  king.  above  all,  and  not 
faciihcing  a  fuperior  to  keep  an  inferior  piece.”  Here 
(fays  the  prefident)  the  commentator  on  the  Purdn  ob- 
ferves,  that  the  horfe,  who  has  the  choice  of  eight  moves 
from  any  central  pofition,  muft  be  preferred  to  the  flip, 
which  lias  only  the  choice  of  four .  But  the  argument 
would  not  hold  in  the  common  game,  where  the  bijhop 
and  tower  command  a  whole  line,  and  where  a  kirght  is 
always  of  lefs  value  than  a  tower  in  ad  ion,  or  the  bi- 
ftiop  of  that  fide  on  which  the  attack  is  begun.  “  It 
is  by  the  overbearing  power  of  the  elephant  (continues 
the  Purlin)  that  the  king  fights  boldly  ;  let  the  whole 
army,  therefore,  be  abandoned  in  order  to  fecine  the 
elephitit.  The  king  muft  never  place  one  elephant  be¬ 
fore  another,  untefs  he  be  compelled  by  w  ant  of  room,, 
for  he  would  thus  commit  a  dangerous  fault ;  and  if  he 
can  flay  011c  of  two  hoftile  elephants,  he  muft  deftroy 
that  on  his  left  hand.” 

All  that  remains  of  the  paffage  which  was  copied  for 
Sir  William  Jones  relates  to  the  feveral  modes  in  which 
a  partial  fuccefs  or  complete  vi&ory  may  be  obtained 

by 
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Chefs,  by  any  one  of  the  four  pi; 
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. . .  r-^.-  ,  for,  as  in  a  difpute  be- 

Chevrctte.  twccn  two  allies,  cue  of  the  kings  may  fometimes  af- 
fuine  the  command  of  all  the  forces,  and  aim  at  a  fepa- 
rate  conqueft.  l7irft,  “  When  any  one  king  has  placed 
himfelf  on  the  fquare  of  another  king  (which  advantage 
is  called  finhifana  or  the  throne)  he  wins  a  (lake,  which 
1*3  doubled  if  he  kill  the  adveife  monarch  when  he  feizes 
his  place  ;  and  if  he  can  feat  himfelf  on  the  throne  of 
his  ally,  he  takes  the  command  of  the  whole  army 
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By  the  author  of  the  Military  Guide,  this  is  fa  id  to  be  C!-> 
the  mo{b  ufeful  of  all  the  inventions  for  railing  rrUns  ’< 
into  their  carriages  ;  and  it  feems  thefe  inventions  have  Ch;:rr- 
been  many, 

CHICHA,  the  name  given  by  the  natives  to  the 
ifland  of  JefTo,  which  lies  to  the  fouth  of  Oku-Jedo,  or 
Stgalian  Ifland.  See  Segalian  in  this  Supplement. 

CHIMERE,  the  upper  robe  worn  by  bifhops  in 
church  and  in  the  Houfe  of  Peers,  to  which  the  lawn 


. .  viiv-  ct  1 1  ll y  Uimui  rtiiu  in  U  1C  Iiuuic  01  leers,  to  wmen  the  lawn 

Secondly,  “  If  he  can  occupy  iuccefiively  the  thrones  ifleeves  are  generally  fewed.  Before  the  Reformation 
of  all  the  three  princes,  he  obtains  the  vidory,  which  is  and  even  after  it  till  the  reign  of  Queen  Elizabeth,  the 
named  cheturaji ;  and  the  Hake  is  doubled  if 'he  kill  the  chimere  was  always  of  fcarkt  ftlk  ;  but  bifliop  Hooper, 
lad  of  the  three,  jnlt  before  he  takes  poffeffion  of  his  ferupling  firft  at  the  robe  itfelf,  and  then  at  the  colour 
ne  :  but  if  he  kill  him  on  his  throne,  the  ftake  is  of  if.  as  ton  bcdlt  nnrl  nr.iv  fr»r  - - .  1 


him  on  his  throne,  the  ftake  is 
.riving  the  finhafana  and  the  en¬ 


throne  ;  but  if  he  kill 
quadrupled.  Both  in 
turaji  the  king  mud  he  fu  poor  red  by  the  elephants,  or 
by  all  the  forces  united.”  Thirdly,  44  When  one  player 
has  his  own  king  on  the  board,  but  the  king  of  his 
partner  has  been  taken,  he  may  replace  his  captive  ally, 
if  he  can  feize  both  the  adverfe  kings  ;  or  if  he  cannot 
cd'edl  their  capture,  he  may  exchange  his  king  for  one 
of  them,  agamd  the  general  rule,  and  thus  redeem  the 
allied  prince,  who  will  fupply  his  place.”  This  advan- 

has  tire  name  of  nnpacrijhfa  or  recovered  by  the 
u  ~  “ 


tage 


of  it,  as  too  light  and  gay  for  the  epTcopal  gravity,  the 
chimere  was  afterwards  made  of  black  fat  hi.  The  ar- 
chiepifcopal  chimere  has  a  long  train. 

CHIMNEY,  a  particular  part  of  a  houfe  well  known, 
which  Profeflbr  Beckmann  has,  in  our  opinion,  proved 
to  be  an  invention  comparatively  modern.  It  would  be 
very  unfair  dealing  in  ns  to  give  even  a  large  abftrad 
of  one  of  the  mod  curious  didertations  of  a  curious 
book,  which  has  been  but  lately  published,  and  thereby 
injure  the  intered  of  him  to  whom  the  native  of  Britain 
is  indebted  for  the  pleafure  of  pending  it  in  his  own 
tongue.  No  man,  however,  can  blame  us  for  here  da- 


king.  Fourthly,  44  If  a  pawn  can  maren  to  any  Iquare  uunguc.  ino  man,  nowever,  can  blame  us  for  here  Ita- 
on  the  oppofite  extremity  of  the  board,  except  that  of  ting,  in  Wort  of  our  own  opinion,  the  profeflbr’s  am 
the  king,  or  that  of  the  fhip,  he  affumes  whatever  fwer  to  the  paffage  of  Ferrari,  which  we  have  quoted 
power  belonged  to  that  fquare.”  Here  we  find  the  und^r  tlip  ^  -;n  tU  _ ^ 


„  that  fquare.”  Here  we  find  the 

a  flight  exception,  concerning  the  advance- 


rule,  with  _  _ ,  _ _ „ 

ment  of  pawns,  which  often  occafior.s  a  mod  intered- 
ir.g  druggie  at  our  common  chefs  ;  but  it  appears  that, 
in  the  opinion  of  one  ancient  writer  on  the  Indian 
game,  this  privilege  is  riot  allowable  when  a  player  has 
three  pawns  on  the  board  ;  but  when  only  one  pawn 
and  one  fhip  remains,  the  pawn  may  advance  even  to 
the  fquare  of  a  king  or  a  (hip,  and  a  flu  me  the  power  of 
either.  Fifthly,  According  to  the  people  of  Lance, 
where  the  game  was  invented,  44  there  could  be  neither 
vidlory  nor  defeat  if  a  king  were  left  on  the  plain  with 
out  force  ;  a  fituation  which  they  named  cacacajht'ha .” 
Sixthly,  “  If  three  (hips  happen  to  meet,  and  the  fourth 
fhip  can  be  brought  up  to  them  in  the  remaining  angle, 
this  has  the  name  of  vrihannaued  ;  and  the  player  of 
the  fourth  feizes  all  the  others.” 

The  account  of  this  game  in  the  original  Sanfcrit  is 
In  verfe,  and  there  are  two  or  three  couplets  dill  remain¬ 
ing,  fo  very  dark,  either,  from  an  error  in  the  manu¬ 
script,  or  from  the  antiquity  of  the  language,  that  Sir 
William  Jones  could  not  uiiderdand  the  Pandit's  expla¬ 
nation  of  thern,  and  fufpecls,  that  even  to  him  they 
gave  very  indidind  ideas.  It  would  be  eafy,  however, 
he  thinks,  if  it  be  judged  worth  while,  to  play  at  the 
game  by  the  preceding  rules  ;  and  a  little  pit-dice  would' 
perhaps  make  the  whole  intelligible. 

CHEV RE  i  T  E,  in  artillery,  is  an  engine  errmloyed 
to  raite  guns  or  mortars  into  their  carriage.  It  is  form¬ 
ed  of  two  pieces  of  wood  about  four  feet  long,  dandiivr 
upon  a  third,  which  is  fquare.  The  uprights  are  about 
a  loot  afunder,  and  pierced  with  holes  exadly  oppofite 
to  one  another,  to  receive  a  bolt  of  iron,  which  is  put 
in,  either  higher  or  lower  at  pleafure,  to  ferve  as  a  fup- 
port  to  a  handfpike,  by  which  the  gun  is  raifed  up. 


f  o  7  v  v.  iict  v  v. 

under  the  word  Chimney  ‘in  the  Encyclopedia. 

“  When  the  triumveri,  fays  Appian  *,  caufed  thofe*  n  ,r 
who*  had  been  proferibed  by  them  to  be  fought  for  by mmI 
the  military,  fome  of  them,  to  avoid  the  bloody  handsp  961. e;i 
of  their  nerlecutors,  hid  themfelves  in  wells,  and  others, Toiiiil 
as  Ferrarius  tranflates  the  words,  in  fumar'u  Jub  tedo, 
qua  fcilicct fumus  e  tefio  evohitur  (a).  The  true  tranf- 
lation,  however.  (fay3  Mr  Beckmann)  kfumofa  ccenacula. 

The  principal  perfons  of  Rome  endeavoured  to  conceal 
themfelves  in  the  imoky  apartments  of  the  upoer  dory 
under  the  roof,  which,  in  general,  were  inhabited  only 
by  poor  people  ;  and  this  feems  to  be  confirmed  by 
what  Juvenal  +  exprefsly  fays,  Rams  venit  in  ccenacula  f  Set  x. 
miles.  vsr.  17. 

“  Thofe  paffages  of  the  ancients  which  fpeak  of 
fmoke  rifing  up  from  houfes,  have  with  equal  impro¬ 
priety  been  fuppofed  to  allude  to  chimneys,  as  if  the 
fmoke  could  not  make  its  way  through  doors  and  win¬ 
dows.  Seneca  $  writes,  4  Lad  evening  I  had  fome 
friends  with  me,  and  011  that  account  a  itrongcr  fmoke 
was  raifed ;  not  fuch  a  fmoke,  however,  as  burdsforth  f  rom 
the  kitchens  of  the  great,  and  which  alarms  the  watch¬ 
men,  but  fuch  a  one  as  fignides  that  gueds  arc  arrived.’ 

Thofe  whofe  judgments  are  not  already  warped  by 
prejudice,  will  undoubtedly  find  the  true  fenie  of  thefe 
words  to  be,  that  the  fmoke  roiced  its  way  through  the 
kitchen  windows.  Had  the  houfes  been  built  with 
chimney- funnels,  one  cannot  conceive  why  the  watch¬ 
men  fhould  have  been  alarmed  when  they  obferved  a 
ftronger  fmoke  than  ufual  arifing  from  them  •  but 


u  O  y  uj 

the  kitchens  had  no  conveniences  of  that  nature,  an  ap- 
prehenfion  of  fire,  when  extraordinary  entertainments 
were  to  be  provided  in  the  houfes  of  the  rich  for  large 
companies,  feems  to  have  been  well  founded  ;  and  011 
fuch  occafions  people  appointed  for  that  purpofe  were 
_ _  ftationed 
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i  ftationed  ffi  the  neighbourhood  to  be  conftantly  on  the 

•  watch,  and  to  be  ready  to  extingmih  the  flames  in icae 
a  fire  {hmiH  hr.ooen.  There  are  many  other  paffages 
,0  be  found  in  Roman  authors  of  the  like  knit,  which 
it  is  hardly  neceffary  to  mention  ;  fuch  as  that  of  Virgil f , 

<  pit  jam  fumma  procul  villarum  culmina  fumant. 

,  and  the  following  words  of  Plautus  *,  deferiptive  of  a 

v  mifer :  ✓ 

<  Quin  divum  atque  hominum  clamat  continno  Bdem, 

«  Suam  rem  periiffe,  feque  eradicarier,  , 

<  [)e  fuo  tigillo  fumus  fi  qua  exit  foras. 

In  the  Fefb*  of  Ariftophanes,  referred  to  in  the  En- 
cvdoDasdia,  old  Philocleon  v.'ifhes  to  efcape  through 
the  kitchen.  Some  one  aika,  “  What  is  that  winch 
makes  a  noife  in  the  chimney  ?”  “  I  am  the  fmoke 
(reolies  the  old  man),  and  am  endeavouring  to  get  out 
at  the  chimney.”  “This  paflagt.  however  (fays  the 
orofeffor)  which,  according  to  the  ufual  tranflation, 
items  to  allude  to  a  common  chimney,  can,  in  my  opi¬ 
nion.  efpecially  when  we  con  filer  the  illuftration  of  the 
feboliafls,  be  explained  alfo  by  a  fimple  hole  in  the  roo  , 
as  Reilke  has  determined  ;  and  indeed  this  appears  to 
be  more  probable,  as  we  find  mention  made^of  a  top  or 
covering  f  with  which  the  hole  was  doled. 

In  the  Encvclopsedia  we  have  faid,  that  the  inftances 
of  chimneys  remaining  among  the  ruins .of ancient  build¬ 
ings  are  few,  and  that  the  rules  given  by  Vitruvius  for 
building  them  are  obfeure  ;  but  we  are  now  fatis.ie., 
that  there  are  no  remains  of  ancient  chimneys,  and 
that  Vitruvius  gives  no  rules,  either  obfeure  or  perlpi- 
cuous.  for  building  what,  in  the  modern  acceptation  o. 
the  word,  deferves  the  name  of  a  chimney. 

«  The  ancient  mafon-work  Hill  to  be  found  in  Itay 
does  not  determine  the  queftion.  Of  the  walls  of  towns, 
temples,  amphitheatres,  baths,  aqueduds,  and  bridges, 
there  are  fomc  though  very  imperfect  remains,  in  which 
chimneys  cannot  be  expeHed  ;  but  of  common  dwell- 
inr-  hoiiles  none  are  to  be  fecn,  except  at  Herculaneum, 
arid  there  no  traces  of  chimneys  have  been  d.icovered. 
The  paintings  and  pieces  of  fculpture  which  are  prefer- 
ved  afford  us  as  little  information  ;  for  nothing  can  be 
perceived  in  them  that  bears  the  fmalleft  refeinblance  to 

a  modern  chimney.  ,  ,  r  r  , 

«  there  were  no  funnels  in  the  hollies  ol  the  an- 

dents  to  carry  off  the  fmoke,  the 1  dir ed ions  given  by 
Columella,  to  make  kitchens  fo  high  that  the  roof  fhould 
not  catch  fire,  was  of  the  utmoit  importance.  An 
accident  of  the  kind,  which  that  author  feems  to  have 
apprehended,  had  almoft  happened  at  Beneyentum,  when 
the  landlord  who  entertained  Maecenas  and  Ins  company 
was  making  a  ftrong  fire  in  order  to  get  fome  birds 
fooner  roafted. 

<  _ _ _ _ _ ubi  fed  11I us  hofpes  ^ 

<  Psene  arfit,  macros  dam  turdos  veifat  in  igre  ; 

<  Nr.m  vaaa  per  veterem  dilapfo  flamraa  culinam  ? 

1,  ‘  Vulcan  o  ftmmum  properabat  lambere  tedium  y. 

I  ^  Had  there  been  chimneys  in  the  Roman  houfes,  Vitru. 
vkis  certainly  would  not  have  faded  to  defc.be  then- 
conilrudior.,  which  is  fometimes  attended  wtthxouf.ee- 
rable  difficulties,  and  which  is  intimately  counted  with 
the  regulation  of  the  plan  of  the  whok  eothce.^ 
does  not,  however,  fay  a  word  on  tlns.tubjett  ,  pe  u  r 
Sup pl.  Vol.  I.  Part  II. 


does  Julius  Pollux,  who  has  colledled  with  gre at  care  Chtfrng/.^ 
the  Greek  names  of  every  part  of  a  dwelling  ho  life  ; 
and  Grapaldus,  who  in  later  times  made  a  colleft.on 
of  the  Latin  terms,  has  not  given  a  Latin  word  expief-  v  * 

five  ot  a  modern  chimney  Marii  Gv*.. 

Our  author  admits  the  derivation  of  the  wore  c^im*  pMde  par. 
fjey  to  be  as  we  have  given  it  in  the  Encyclopaedia  ;  but  £n,ifS  ^u&t 
(fays  he)  “  Car, wins  iignified,  as  far  as  1  have  been  able/^i. 

"  "  a  chemical  or  metallurgic  furnace, 


to  learn,  «  ^  ■  --*  *** —  --  —  . 

which  a  crucible  was  placed  for  melting  and  refining 
metals;  fecondly,  a  fmith’s  forge;  and,  thirdly,  a 
hearth  on  which  portable  (loves  or  lire-pans  were  pla¬ 
ced  for  warming  the  apartment.  In  all  thefe,  however, 
there  appears  no  trace  of  a  chimney.”  Herodotus  re¬ 
lates  (lib.  viii.c.  137.),  that  a  king  of  Libya,  when 
one  of  his  fervants  afked  for  his  wages,  offered  him 
in  jeft  the  fun,  which  at  that  time  (hone  into  the  houfe 
thiough  an  opening  in  the  roof,  under  which  the  fire 
was  uerhaps  made  in  the  middle  of  toe  edifice.  If  fuch 
a  hole  mull  be  called  a  chimney,  our  author  admits  that 
chimneys  weie  in  ufe  among  the  ancients,  efpecially  in 
their  kitchens  ;  but  it  is  obvious  that  fuch  chimneys 
bore  no  refemblance  to  ouPs,  through  which  the  fun 
could  not  dart  his  rays  upon  the  floor  of  any  apartment. 

<4  However  imperfedl  may  be  the  information  which 
can  be  colled! ed  from  the  Greek  and  Roman  authors  re- 
fpe&ing  the  manner  in  which  the  ancients  warmed  their 
apartments,  it  neverthelefs  fhews  that  they  commonly 
ufed  for  that  purpofe  a  large  fire  pan  or  portable  (love, 
in  which  they  kindled  wood,  and,  when  the  wood  was 
well  lighted,  carried  it  into  the  room,  or  which  they 
filled  with  burning  coals  When  -Alexander  the  Great 
was  entertained  by  a  friend  in  winter,  as  the  weather 
was  cold  and  raw,  a  fmall  fire  baf  >n  was  brought  into 
the  apartment  to  warm  it.  I  he  prince,  ooi ervmg  the 
fize  of  the  veflel,  and  that  it  contained  only  a  few  coals, 
deiired  his  It  oft,  in  a  jeering  manner,  to  bring  more 
wood  or  frankincenfe  ;  giving  him  thus  to  unde.  Pand 
that  the  fire  was  fitter  for  burning  perfumes  than  to 
'produce  heat.  Anacharfis,  the  Scythian  philofopher, 
though  difpleafed  with  many  of  the  Grecian  culiom*, 
praifed  the  Greeks,  however,  becaufe  they  (hut  out  the 
fmoke  and  brought  only  fire  into  their  houfes  *.  We  ^  Plutarch . 
are  informed  by  Lampridius,  that  the  extravagant  I  Ie-  pbpof. 
liogabulus  caufed  to  be  burned  in  thefe  (loves,  Gilead  7- 

of  wood,  Indian  fpiceries  and  cofily  perfumes  f.  It  is  Lam- 
alfo  worthy  of  of  notice,  that  coals  were  found  in  fome  pru.  yna 
of  the  apartments  of  Herculaneum,  as  wc  are  told  by  Hcliogab. 
Winklemann,  but  neither  (loves  nor  chimneys.”  caP  31* 

It  is  well  known  to  every  fcholar,  that  the  ufeful  arts 
of  life  were  invented  in  the  eaft,  and  that  the  cutloms, 
manners,  and  furniture  of  eafrein  nations,  have  remain¬ 
ed  from  time  immemorial  alnioll  unchanged.  Iii  Per- 
fia,  which  the  late  Sir  William  Jones  feerr.s  to  have  con¬ 
futed  as  the  original  country  of  mankind,  the  me- 
thods  employed  by  the  inhabitants  for  warming  them- 
felves  have  a  great  refemblance  to  thofe  employed  by 
the  ancient  Greeks  and  Romans  for  the  fame  purpefe. 

Accoi ding  to  De  la  Valle,  the  Perfians  make  fires  in 
their  apartments,  not  in  chimneys  a^  we  do,  but  in 
(loves  in  the  earth,  which  they  call,  termor.  “  Thefe  Roves 
confitl  of  a  fquare  or  round  hole,  two  fpans  or  a  little 
more  in  depth,  ?.nd  in  lh?.pe  not  unlike  an  Italian  crlk. 

That  this  hole  may  throw  out  heat  fooner,  and  with 
more  iirength,  there  is  placed  in  it  an  iron  vdfJ 
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fame  fize,  which  is  either  filled  with  burning  coals,  or 
a  fire  of  wood  and  other  inflammable  fubftances  is  made 
in  it.  When  this  is  done,  they  place  over  the  hole  or 
ftove  a  wooden  top,  like  a  fmall  low  table,  and  fpread 
above  it  a  large  coverlet  quilted  with  cotton,  which 
hangs  down  on  all  Tides  to  the  floor.  This  covering 
condenfes  the  heat,  and  caufes  it  to  warm  the  whole 
apartment.  The  people  who  eat  or  converfe  there, 
and  Tome  who  fleep  in  it,  lie  down  on  the  floor  above 
the  carpet,  and  lean,  with  their  (boulders  againft  the 
wall,  on  fquare  cufhions,  upon  which  they  fometimes 
alfo  fit ;  for  the  tenner  is  conftm&ed  in  a  place  equally 
dillant  from  the  walls, on  both  Tides.  Thofe  who  are 
not  very  cold  only  put  their  feet  under  the  table  or  co¬ 
vering  ;  but  thofe  who  require  more  heat  can  put  their 
bands  under  it,  or  creep  under  it  altogether.  By  thefe 
means  the  ftove  diffufes  over  the  whole  body,  without 
caufing  uneafinefs  to  the  head,  fo  penetrating  and  a- 
greeable  a  warmth,  that  I  never  in  winter  experienced 
any  thing  more  pleafant.  Thofe,  however,  who  re¬ 
quire  lefs  heat  let  the  coverlet  hang  down  on  their  fide 
to  the  floor,  and  enjoy  without  any  inconvenience  from 
the  ftove  the  moderately  heated  air  of  the  apartment. 
They  have  a  method  alio  of  ftirring  up  or  blowing  the 
fire  when  neceflary,  by  means  of  a  fmall  pipe  united 
with  the  tennor  or  ftove  under  the  earth,  and  made  to 
project  above  the  floor  as  high  as  one  choofes  ;  fo  that 
the  wind,  when  a  perfon  blows  into  it,  becaufe  it  has  no 
other  vent,  a£s  immediately  upon  the  fire  like  a  pair  of 
bellows.  When  there  is  no  longer  occafion  to  ufe  this 
ftove,  both  holes  are  clofed  up,  that  is  to  fay,  the 
mouth  of  the  ftove  and  that  of  the  pipe  which  conveys 
the  air  to  it,  by  a  flat  ftone  made  for  that  purpofe. 
Scarcely  any  appearance  of  them  is  then  to  be  percei¬ 
ved,  nor  do  they  occafion  inconvenience,  efpeeially  in  a 
country  where  it  is  always  cuftomary  to  cover  the  floor 
with  a  carpet,  and  where  the  walls  are  plaftered.  In 
many  parts  thefe  ovens  are  ufed  to  cook  viftuals,  by 
placing  kettles  over  them.  They  are  employed  alfo  to 
bake  bread ;  and  for  this  purpofe  they  are  covered  with 
a  large  broad  metal  plate,  on  which  the  cake  is  laid  ; 
but  if  the  bread  is  thick  and  requires  more  heat,  it  is 
put  into  the  ftove  itfelf.,> 

Our  learned  author  having  proved,  to  our  entire  fa- 
tisfadhon,  that  chimneys,  fuch  as  we  have  now  in  every 
comfortable  room,  were  unknown  to  the  moll  polifhed 
nations  of  antiquity,  fets  himfelf  to  inquire  into  the  era 
of  their  invention  ;  and  the  oldeft  account  of  them 
which  he  finds  is  an  infeription  at  Venice,  which  relates, 
that  in  the  year  1 347  **  great  many  chimneys  were 
thrown  down  by  an  earthquake.  It  would  appear, 
however,  that  in  fome  places  they  had  been  in  ufe  for  a 
confiderable  time  before  that  period  ;  for  De  Gaiaris, 
in  his  hiftory  of  Padua,  relates,  that  Francefco  de  Car- 
raro ,  lord  of  Padua,  came  to  Rome  in  1368,  and  find¬ 
ing  no  chimneys  in  the  inn  where  he  lodged,  becaufe  at 
that  time  fire  was  kindled,  in  a  hall  in  the  middle  of  the 
floor,  he  caufed  two  chimneys  like  thofe  which  had  long 
been  ufed  at  Padua  to  be  conftru&ed  by  mafons  and 
carpenters,  whom  he  had  brought  along  with  him. 
Over  thefe  chimneys,  the  firft  ever  feen  at  Rome,  he 
affixed  his  arms,  which  were  ftill  remaining  in  the  time 
ofDe  Gataris,  who  died  of  the  plague  in  14.05. 

Though  chimneys  have  been  thus  long  in  ufe,  they 
are  yet  far  enough  from  being  brought  to  perfedion. 
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There  is  hardly  a  modern  houfe,  efpeeially  if  highly  fi 
milled,  in  which  there  is  not  or.e  room  at  lead  liable  to 
be  filled  with  fmoke  when  it  is  attempted  to  be  heated 
by  an  open  fire  ;  and  there  are  many  houfes  fo  inftfted 
wnh  this  plague,  as  to  be  almoft  uninhabitable  durinsr 
the  winter  months;  not  to  mention-other  great  defelts 
in  common  chimneys,  which  not  being  fo  obvious  have 
attracted  lefs  attention.  Many  ingenious  methods  have 
been  propofed  to  cure  fmokey  chimneys  in  every  fitua- 
tion  (fee  Smoke,  Encycl.)  ;  but  Count  Rumford’s  Ef 
lay  on  this  fubjed  contains  the  molt  valuable  diredions 
that  we  have  feen,  not  only  for  removing  the  inepnve- 
niency  of  fmo.-ce,  but  likevvile  for  inereafing  the  heat  of 
the  room  by  a  diminilhed  confumption  of  fuel. 

To  thofe  who  are  at  all  acquainted  with  the  nature 
and  properties  of  elaitic  fluids,  it  mud  be  obvious,  that 
the  whole  mydery  of  curing  fmokey  chimneys  confids  in 
finding  out  and  removing  the  accidental  caufes  which 
prevent  the  heated  fmoke  from  being  forced  up  the 
chimney  by  the  preflure  of  the  cool  and  therefore  hea- 
ver  air  of  the  room.  Though  thefe  caufes  are  various, 
yet,  fays  our  author,  that  which  will  mod  commonly  be 
round  to  operate,  is  the  bad  condrudion  of  the  chim¬ 
ney  m  the  neighbourhood  of  the  fire-place.  “  The  o-reat 
fault  of  all  the  open  fire-places  or  chimneys  for  burning 
wood  or  coals  m  an  open  fire  now  in  common  ufe  ist 
that  they  are  much  too  large ;  or  rather  it  is  the  throat 
of  the  chimney  or  the  lower  part  of  its  open  canal,  in 
the  neighbourhood  of  the  mantle,  and  immediately  over 
the  hre,  which  is  too  large.” 

To  this  fault,  therefore,  the  attention  fliould  be  fird 
turned  m  every  attempt  which  is  made  to  improve  the 
condrudion  of  chimneys;  for  however  perfed  a  fi-e- 
place  may  be  in  other  refpeds,  if  the  opening  left  for 
the  pafiage  of  the  fmoke  is  larger  than  is  nraffary.  for 
that  purpofe,  nothing  can  prevent  the  warm  air  of  the 
room  from  efcaping  through  it;  and  whenever  this 
happens,  there  is  not  only  an  unneceflary  lofs  of  heat, 
but  the  warm  air  whieh  leaves  the  room  to  go  up  the 
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chimney  being  replaced  by  cold  air  from  without. 


draughts  of  cold  air  cannot  fail  to  be  produced  in  the 
room,  to  the  great  annoyance  of  thofe  who  inhabit  it. 
Lut  although  both  thefe  evils  may  be  effedually  reme¬ 
died  by  reducing  the  throat  of  the  chimney  to  a  proper 
fize,  yet  m  doing  this  feveral  precautions  will  be  liecef. 
lary.  And  fird  of  all,  the  throat  of  the  chimney  fliouU 
be  m  its  proper  place;  that  is  to  fay,  in  that  plaee  in 
which  it  ought  to  be,  in  order  that  the  afeent  of  the 
fmoice  may  be  mod  facilitated  :  now  as  the  fmoke  and 
hot  vapour  which  rife  from  a  fire  naturally  tend  upwards, 
the  proper  place  for  the  throat  of  the  chimney  is  evi. 
dentiy  perpendicularly  over  the  fre. 

.  ^ut  t^iere  another  circumftance  to  be  attended  to 
in  determining  the  proper  place  for  the  throat  of  a 
chimney,  and  that  is,  to  afeertain  its  diftanee  from  the 
fire,  or  how  far  above  the  burning  fuel  it  ought  to  be 
placed.  In  determining  this  point  there  are  many 
things  to  be  confidered,  and  feveral  advantages  and  dis¬ 
advantages  to  be  weighed  and  balanced. 

.  As  the  fmoke  and  vapour  whieh  afeend  from  burn, 
mg  fuel  rife  in  confequence  of  their  being  rarefied  by 
heat,  and  made  lighter  than  the  air  of  the  furrounding 
atmofphere  ;  and  as  the  degree  of  their  rarefa&ion,  and 
conlequently  their  tendency  to  rife,  is  in  proportion  to 
the  intenfity  of  their  heat  $  and  further,  as  they  are  hot- 
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ter  near  the.  fire  than  at  a  greater  diflance  from  it— it  13 
clear  that  the  nearer  the  throat  of  a  chimney  ts  to  the 
tire,  the  ftroncrer  will  be  what  is  commonly  called  ns 
draught,  and  the  lefs  danger  there  will  be  of  its  fmoking. 
But,  on  the  other  hand,  when  the  draught  of  a  chim¬ 
ney  is  very  ftrong,  and  particularly  when  this  ftrong 
draught  is  occafioned  by  the  throat  of  the  chimney  be¬ 
ing  very  near  the  fire,  it  may  fo  happen  that  the  draught 
of  air  into  the  fire  may  become  fo  ftrong  as  to  canfe  the 
fuel  to  be  confirmed  too  rapidly.  1  here  are  hkewife 
feveral  other  inconveniences  which  would  attend  the 
placing  of  the  throat  of  a  chimney  -very  near  the  burn¬ 
ing  fuel. 

The  pofition  of  the  throat  of  a  chimney  being  once 
determined,  the  next  points  to  be  afeertaiued  are  its  lize 
and  form,  and  the  manner  in  which  it  ought  to  be  con¬ 
nected  with  the  fire-place  below',  and  with  the  open  ca¬ 
nal  of  the  chimney  above.  But  as  thefe  inveftigations 
are  intimately  conneaed  with  thofe  which  relate  to  the 
form  proper  to  be  given  to  the  fire- place  itfelf,  u’e  mult 
eonfider  them  all  together.  . 

Now  the  defign  of  a  chimney  fire  being  fimply  to 
warm  a  room,  it  is  neceffary,  firft  of  ah,  to  connive 
matters  fo  that  the  room  (hall  be  actually  warmed  ;  fe- 
condly,  that  it  be  waimed  with  the  fmalleft  expence  of 
fuel  poffible  ;  and,  thirdly,  that  in  warming  it,  the  air 
of  the  room  be  preferred  peifeftly  pure,  and  fit  for  re- 
fpiration,  and  free  from  fmoke  and  all  difagreeable 
fmells. 

To  determine  in  what  manner  a  room  is  heated  by 
an  open  chimney  fire,  it  will  be  neceffary  firft  of  aU  to 
to  find  out  under  -what  form  the  heat  generated  in  the 
combuftion  of  the  fuel  exifts,  and  then  to  fee  how  it  is 
communicated  to  thofe  bodies  which  are  heated  by  it. 

In  regard  to  the  firft  of  thefe  fubje&s  of  inquiry,  it 
is  quite  certain  that  the  heat  which  is  generated  in  the 
combuftion  of  the  fuel  exifts  under  two  perfectly  diftincf 
and  very  different  foims.  One  part  of  it  is  combined 
with  the  fmoke,  vapour,  and  heated  air  which  rife  from 
the  burning  tuel,  and  goes  off  with  them  into  the  upper 
regions  of  the  atmofphere  ;  while  the  other  part,  which 
appears  to  be  uncombmed,  or,  as  fome  ingenious  philofo- 
phers  have  fuppofed,  combined  only  with  light,  and 
therefore  called  radiant  heat,  is  fent  off  from  the  fire  in 
rays  in  all  pofiible  directions. 

With  refpecl  to  the  fecond  fubjeft  of  inquiry',  name¬ 
ly,  how  this  heat,  exifting  under  thefe  two  different 
foims,  is  communicated  to  other  bodies,  it  is  highly 
probable  that  the  combined  heat  can  only  be  commu¬ 
nicated  to  other  bodies  by  a'clual  contall  w'ith  the  body 
with  which  it  is  combined ;  and  with  regard  to  the 
rays  which  are  fent  off  by  burning  fuel,  it  is  certain  that 
they  communicate  or  geneiate  heat  only  when  and  where 
they  are  flopped  or  abforbed.  In  palling  through  air, 
which  is  transparent,  they  certainly  do  not  communi¬ 
cate  any  heat  to  it  ;  and  it  feems  highly  probable  that 
they  do  not  communicate  heat  to  folid  bodies  by  which 
they  are  reflefted. 

As  it  is  the  radiant  heat  alone  which  can  be  em¬ 
ployed  in  warming  a  room,  when  fuel  is  burnt  for  this 
purpofe  in  an  open  fire  place,  it  becomes  an  objedl  ot 
much  importance  to  determine  how  the  greateft  quan¬ 
tity  of  it  may  be  generated  in  the  combuftion  of  the 
fuel,  and  how  the  greatell  proportion  poffible  of  that 
generated  may  be  brought  into  the  room. 
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Now  the  quantity  of  radiant  heat  generated  in  the _ 

combuftion  of  a  given  quantity  ot  any  kind  of  fuel  de¬ 
pends  very  much  upon  the  management  of  the  nre,  or 
upon  the  manner  in  which  the  fuel  is  confumed.  When 
the  fire  burns  bright,  much  radiant  heat  will  be  fent  oft 
from  it ;  but  when  it  is  /mothered  vp%  very  little  will  be 
generated,  and  indeed  very  litrle  combined  heat  that 
can  be  employed  to  any  ufeful  purpofe  :  moft  of  the 
heat  produced  will  be  immediately  expended  in  giving 
elafticity  to  a  thick  denfe  vapour  or  fmoke,  which  will 
be  feen  rifing  from  the  fire  ;  and  the  combuftion  being 
very  incomplete,  a  great  part  of  the  inflammable  matter 
of  the  fuel  being  merely  rarefied  and  driven  up  the 
chimney  without  being  inflamed,  the  fuel  will  be  waft¬ 
ed  to  little  purpofe.  And  hence  it  appear  of  how 
much  importance  it  is,  whether  it  be  confidered  with  a 
view  to  economy,  or  to  cleanhnefs,  comfort,  and  ele¬ 
gance,  to  pay  due  attention  to  the  management  of  a 
chimney  fire. 

Nothing  can  be  more  perfe&ly  void  of  common 
fenfe,  and  wafteful  and  flovenly  at  the  fame  time,  than 
the  manner  in  which  chimney  fires,  and  particulaily 
where  coals  are  burned,  are  commonly  managed  by  fer- 
vants.  They  throw  on  a  load  of  coals  at  once,  through 
which  the  flame  is  hours  in  making  its  way  ;  and  fre¬ 
quently  it  is  not  without  much  trouble  that  the  fire  is 
prevented  from  going  quite  out.  During  this  time  no 
heat  is  communicated  to  the  room  ;  and  what  is  ftill 
vvorfe,  the  throat  of  the  chimney  being  occupied  mere¬ 
ly  by  a  heavy  denfe  vapour,  not  poffeffed  of  any  confix 
derable  degree  of  heat,  and  coniequently  not  having 
much  elafticity,  the  warm  air  of  the  room  finds  lefs  dif¬ 
ficulty  in  forcing  its  way  up  the  chimney  and  efcaping 
than  when  the  fire  burns  bright.  And  it  happens  not 
unfrequently,  efpecially  in  chimneys  and  fire  places  lll- 
conftru&ed,  that  this  current  of  warm  air  from  the 
room  which  preflfes  into  the  chimney,  crofting  upon  the 
current  of  heavy  fmoke  which  rifes  (lowly  from  the 
fire,  obftruCis  it  in  its  afeent,  and  beats  it  back  into  the 
room  ;  hence  it  is  that  chimneys  fo  often  fmoke  when 
too  large  a  quantity  of  Trefh  coals  is  put  upon  the  fire. 

So  many  coals  fhould  never  be  put  on  the  fire  at  once 
as  to  prevent  the  free  paffage  of  the  flame  between 
them.  *  In  fhoit,  a  fire  fhould  never  be  fmothered  ;  and 
when  proper  attention  is  paid  to  the  quantity  of  coals 
put  on,  there  will  be  very  little  ufe  for  the  poker  ; 
and  this  circumftance  will  contribute  veiy  much  to 
cleanlinefs,  and  to  the  prefervation  of  furniture. 

As  we  have  leen  what  is  neceffaiy  to  the  generation 
of  the  greateft  quantity  of  radiant  heat,  it  remains  to  be 
determined  how  the  greateft  propoition  of  that  which 
is  generated  and  fent  off  from  the  fire  in  all  directions 
may  be  made  to  enter  the  room ,  and  affift  in  warming  it. 

This  muft  be  done,  firft,  by  caufing  as  many  as  pof¬ 
fible  of  the  rays,  as  they  are  fent  off  from  the  fire  in 
ftraight  lines,  to  come  direftly  into  the  room  ;  which 
can  only  be  effeCted  by  bringing  the  fire  as  far  forward 
as  pofiible,  and  leaving  the  opening  of  the  fire-place  as 
wide  and  as  high  as  can  be  done  without  inconvenience: 
and,  fecondly,  by  making  the  iides  and  back  of  the 
fire-place  of  fucli  a  form,  and  conftru&ing  them  of  inch 
materials,  as  to  caufe  the  direCt  rays  from  the  fue, 
which  ftrike  againft  them,  to  be  fent  into  the  room  by 
refledion  in  the  greateft  abundance. 

Now  it  will  be  found  upon  examination,  that  the  belt 
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Chimney,  former  the  vertical  fides  of  a  fire-place,  or  the  covings 
^  '  (as  they  are  called),  is  that  of  an  upright  plane,  ma¬ 

king  an  angle  with  the  plane  of  the  back  of  the  jfi  re¬ 
place  of  about  135  degrees.— According  to  the  prefent 
con  fir  u  61  ion  of  chimneys,  this  angle  is  fometimes  only 
9?,  and  very  feklom  above  100  or  i  rc  degrees  ;  but  it 
is  obvious,  that  in  all  thefe  cafes  the  two  fides  or  co¬ 
vings  of  the  fire, place  are  very  ill-c  ntrived  for  throw¬ 
ing  into  the  room  by  refledlion  the  rays  from  the  fire 
which  fall  upon  them. 

With  regard  to  the  materials  which  fhould  be  em¬ 
ployed  in  the  conduction  of  fire  places,  particularly 
the  backs  and  covings,  it  is  obvious  that  thole  are  to 
he  preferred  which  abfnrb  the  leaf,  and  of  courfe  re- 
jlctt  the  great efl  quantity  of  radiant  heat.  Iron,  there- 
h-re,  and,  in  general,  metals  of  -all  kinds,  are  the  very 
word  materials  which  can  poflibly  be  employed  for  the 
backs  and  covings  of  chimneys  ;  whilft  fire  done  white¬ 
washed,  or  common  bricks  and  mortar,  covered  with  a 
thin  coating  of  plafter,  and  white- waflied,  anfwer  the 
purpofe  extremely  well.  A  white  colour  fhould,  in¬ 
deed,  be  always  given  to  the  infide  of  a  chimney  of 
whatever  materials  it  be  condruded  ;  and  black,  which 
is  at  piefent  fo  common,  fhould  be  carefully  avoided, 
hecaufe  white  reflects  the  mod,  and  black  the  lead,  ra¬ 
diant  heat.  The  grate,  however,  cannot  well  be  made 
of  any  thing  elfe  than  iron;  but  there  is  no  neceflity 
whatever  for  that  immenfe  quantity  of  iron  which  fu**- 
rounds  grates  as  they  are  commonly  fitted  up,  and 
which  not  only  renders  them  very  expenfive,  but  effen- 
tiahy  injures  the  fire-place. 

i  o  have  only  pointed  out  the  faults  of  the  chimneys 
in  life,  without  {hewing  how  thefe  faufe  may  be  corred- 
ed,  would  have  been  a  work  of  very  little  value  ;  but 
the  Count’s  Treat ife  is  complete,  and  contains  the  plain¬ 
ed  diredions  for  the  condrudion  of  fire-places.  Theie 
diredions  are  introduced  by  an  explanation  of  fome 
technical  words  and  expreffions.  “  Thus,  by  the  throat 
of  a  chimney,  already  mentioned,  he  means  the  lower 
extremity  of  its  canal,  where  it  unites  with  the  upper 
part  of  its  open  fire  place.  This  throat  is  commonly 
found  about  a  foot  above  the  level  of  the  lower  part  of 
the  mantle,  and  it  is  fometimes  contraded  to  a  fmalier 
fize  than  the  red  of  the  canal  of  the  chimney,  and  fome¬ 
times  not. 

•Ph  e  XX.  Fig  l  fhews  the  fedion  of  a  chimney  on  the  com¬ 
mon  condrudion,  in  which  d  e  is  the  throat. 

1  ig.  2.  fhews  the  fe6tion  of  the  fame  chimney  altered 
an djm proved,  in  which  d  i  is  the  reduced  throat. 

Th t  b  eaj}  of  a  chimney  is  that  part  of  it  which  is 
immediately  behind  the  mantle.  It  is  the  wall  which 
forms  the  entrar.ee  from  below  into  the  throat  of  the 
chimney  in  front,  or  towards  the  room.  It  is  oppofite  to 
the  upper  extremity  of  the  back  of  the  open  fire  place, 
and  parallel  to  it  :  in  fhoit,  it  may  be  faid  to  be  the 
back  part  of  the  mantle  icfelf. —  In  the  figures  1.  and 
2.  it  is  marked  by  the  letter  d.  'i  he  width  of  the 
throat  of  the  chimney  (cl  e  fig.  j.  and  dt  fig.  2.)  is  ta¬ 
ken  from  the  bread  of  the  chimney  to  the  back,  and  its 
length  is  taken  at  right  angles  to  its  width,  or  in  aline 
parallel  to  the  mantle  (a  fig.  1.  and  2.). 

The  bringing,  forward  of  the  fire  into  the  room,  or 
ratliei  bringing  it  nearer  to  the  front  of  the  opening  of 
the  fire  place,  and  the  diminifliing  of  the  throat  of  the 
chimney,  being  two  objeds  principally  had  in  view  in 


▼ 
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the'  alterations  in  fire-places  propo fed  by  the  Count,  it  Ch^ 
is  evident  that  both  thefe  may  be  attained  merely  by' — * 
bringing  forward  the  back  of  the  chimney.  The  only 
quedion  therefore  is,  How  far  it  fhould 'be  brought  for. 
ward  ?  The  anfwer  is  fhort,  and  eafy  to  be  undcr- 
dood  ;  bring  it  forward  as  far  as  poffible,  without  di- 
m  ini  filing  too  much  the  paffaae  which  mud  be  left  for 
the  fmoke.  Now  as  this  paffage,  which  in  its  narrow¬ 
ed  part  he  calls  the  throat  of  the  chimney ,  ought,  for  rea¬ 
sons  which  have  been  already  explained,  to  be  imme¬ 
diately,  or  perpendicularly  over  the  fire,  it  is  evident 
that  the  back  of  the  chimney  mild  always  be  built  ner- 
fedly  upright.  To  determine,  therefore,  the  place  for 
the  new  back,  or  how  far  preedely  it  ought  to  be 
brought  forward,  nothing  more  is  neceffary  than  to  at- 
certain  how  wide  the  throat  of  the  chimney  ought  to 
be  left,  or  what  fpace  mud  be  left  between  the  top  of 
the  bread  of  the  chimney  where  the  upright  cand  of 
the  chimney  begins,  and  the  new  back  of  the  fire  place 
carried  up  peipendicularly  to  that  height. 

Numerous  experiments  have  convinced  the  Count, 
that,  all  circumdances  being  well  confidercd,  and  tH 
advantages  and  difad  vantages  compaied  and  balanced, 
fout  Inches  is  the  bed  width  that  can  be  given  to  the 
throat  of  a  chimney,  whether  the  fire  place  be  dedined 
to  burn  wood,  coals,  turf,  or  any  other  fuel.  In  very 
large  halls  where  great  fires  are  kept  up,  it  may  fome¬ 
times,  though  very  rarely,  be  proper  to  incre'afe  this 
width  to  four  inches  and  a  half,  or  even  to  five  inches* 

The  next  thing  to  be  confidercd  is  the  width  which 
it  will  be  proper  to  give  to  the  back  of  the  chimney  ; 
and,  in  mod  cafes,  this  fhould  be  one-third  of  the  width 
of  the  opening  of  the  fire-place  in  front.  It  is  not  in¬ 
deed  absolutely  necefkry  to  conform  with  rigour  to  this 
dtcifion,  nor  is  it  always  pofiible  ;  but  it  fhould  inva¬ 
riably  be  conformed  to  as  far  as  circumdances  will  per¬ 
mit.  Where  a  chimney,  fays  the  Count,  is  defigned 
for  warming  a  room  of  a  middling  fize,  and  where  the 
thicknefs  of  the  wall  of  the  chimney  in  front,  meafured 
from  die  front  of  the  mantle  to  the  bread  of  the  chim¬ 
ney,  is  nine  inches,  I  fhould  fet  cfl  four  inches  more  for 
the  width  of  the  throat  of  the  chimney,  which,  fuppo- 
fing  the  back  of  the  chimney  to  be  built  upright,  as  it 
always  ought  to-be,  will  give  thirteen  inches  for  the 
depth  of  the  fire-place,  meafured  upon  the  hearth,  from 
the  opening  of  the  fire-place  in  front  to  the  back.  In 
this  cafe,  thirteen  inches  would  be  a  good  fize  for  the 
width  of  the  back  ;  and  three  times  thirteen  inches,  or 
39  inches,  for  the  width  of  the  opening  of  the  fire¬ 
place  in  front ;  and  the  angle  made  by  the  back  of  the 
fire-place  and  the  fides  of  it,  or  covings  would  be  juft 
1 3 5  degrees,  which  is  the  beft  pofition  they  can  have 
for  throwing  heat  into  the  room.  This  pofition,  in¬ 
deed,  it  may  fometimes  be  impoflible  to  attain  in  alter¬ 
ing  chimneys  already  built  ;  but  a  deviation  from  it  of 
two  or  three  degrees  wall  be  of  no  great  confequtnce  ;  r 
for  the  points  of  by  much  the  greated  importance  in  al¬ 
tering  fire-places  upon  the  principles  here  recommend¬ 
ed,  are  the  bringing  forward  the  back  to  its  proper  ||| 
place,  and  making  it  of  the  proper  width. 

Frovifion,  however,  mud  be  made  for  the  paffage  of 
the  chimney-fweeper  up  the  chimney  ;  and'  this  may 
eafily  be  done  in  the  following  manner  :  In  building 
up  the  new  back  of  the  fire-place  ;  when  this  wall 
(which  need  never  be  more  than  the  width  of  a  fingle 

brick 


"  an  opening  or  door-way,  eleven  or  twelve  inches 
wide  nuift  be  begun  in  the  middle  of  the  back,  a 
coritiniied  quite  toShe  top  of  it,  which  according  to 
the  height  to  which  it  will  commonly  be  neceffaiy  to 
„Q  thP  back,  will  make  the  opening  abundantly 

g£^,oi“«  =b»»=ri«'~P-  p* 

fire-place  is  finifhed,  this  door-way  is  to  be  doled  by 
tile  or  fir  piece  of  ftone  placed  in  it  without  mortar,  and 
bv  meansPof  a  rabbit  made  in  the  bnck-wovk,  confined 
g  iu  place  in  fuch  a  manner  as  that  it  may  be  eafily 
removed  when  the  chimney  is  to  be  fwept,  and  r 
ftore  ’  to  its  place  when  that  work  is  over.  Of  this 
St*££tEe  reader  will  be  able  to  form  a  clear  con- 
ceotion  from  fig.  2.  which  reprefents  the  ftftion  of  a 
chimney  after  it  has  been  properly  altered  from  what 
-  exhibited  in  i.  Tn  this  improved  chimney  k  l  is 
the  new  back  of  the  fireplace;  li  the  tile  or  ftone 
which  doles  the  door- way  for  the  chimney-fweeper ; 
cl  i  the  throat  of  the  chimney  narrowed  to  four  inches  , 

■  the  mantk*,  and  h  the  ftone  placed  under  the  mantle, 
fiinoftd  to  have  been  too  high,  in  order  to  dim, n,(h 

the  height  of  the  opening  of  the  hrc-place  in  front. 

It  has  been  obferve  •  above,  that  the  new  back,  winch 
it  will  always  he  found  necefiary  to  build  m  order  to 
b  in  r  the  lire  fufficiently  forward,  in  altering  a  c  n 
ney  couftrufted  on  the  common  principles,  need  never 
b- thicker  than  the  width  of  a  common  brick.  I  he 
fame  may  be  faid  cf  the  thxknefs  neeeflkry  to  be  grve  ■ 
to  the  new  Giles  or  covings  of  the  chimney  ;  or  if  the 
n  -w  back  and  covings  are  conft tufted  of  ftone,  one  inch 
and  three  quarters,  or  two  inches  in  thickne.s,  wi 

fufficie.it.'  Care  ftould  be  taken  m  building  up  thefe 

neivwalls  to  unite  the  back  to  the  covings  tn  a  fohd 


^  Whether  the  new  back  and  covings  are  conftrufted 

of  ftone  or  built  of  bricks,  the  ipace  between  them  nnd 
the  old  baek  and  covings  of  the  chimney  ought  to  be 
tilled  uo,  to  give  greater  tolidity  to  toe  • 

may  be  donegwith  loofe  rubbi.h,  or  pieces  o  broken 
b'i'ks  or  ftones,  provided  the  work  be  ftrengtheiie-  by 
a  f^  layers  or  conries  of  bricks  laid  in  mortar  ;  but  it 
will  be  indiipenfably  necefiary  to  finiftl  the  work  where 
thefe  new  walls  end,  that  is  to  fay,  at  the  top  of  t  e 
throat  of  the  chimney,  where  it  ends  abruptly  n  the 
on-n  canal  of  the  chimney,  by  a  horizontal  courfe  of 
bricks  well  fecurcd  with  mortar.  This  courfe  ofbi.j- 
will  be  upon  a  level  with  the  top  of  the  door- way  Ml 
for  the  chimney-fweeper  ;  and  the  vo.d  behind  the  door- 
wav muft  be  covered  with  a  horizontal  ftone  or  tile,  to 
be 'removed  at  the  fame  time  the  door  is  removed,  and 

for  the  fame  purpofe.  ...  ,1,,  ,vi,prf>  ti.e 

From  thefe  dclcriptions  it  is  clear,  that  where  the 

throat  of  the  chimney  has  an  end,  mat  is  » 

It  enters  into  the  lower  part  of  the  open  canal  o the 
chimney,  there  the  three  walls  which  form  the 
vings  and  the  back  of  the  fire-place  all  end  abrupt}^ 
It  fs  of  much  importance  that  they  Arnold  end  m  th.s 
maniien-  for  were  they  to  be  doped  outward,  <md  rai- 

tSShA  a  manner  l  to  fwell  out  the  iippet  extremi¬ 
ty  of  the  throat  of  the  chimney  tn  the  o. 
pet,  and  increafe  it  by  degrees  to  the  fize  of  the  caru.l 
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„f  the  chimney,  this  manner  of  uniting  the  lower  metre-  Cnrnr^ 
mi  ;  of  he  canal  of  the  chimney  with  the  throat  would  -V— 

"  -r:‘«  tpp 

from  above  to  find  and  force  its  way  through  the  nar¬ 
row  oaffape  of  the  throat  of  the  chimney.  _ 

As  theStwo  walls  which  form  the  new  covings  of  the 
chimney  arc  not  parallel  to  each  other  but  inclined 
preferring  an  oblioue  furface  towards  the  front  o.  the 
chimney ,g  and  as  ‘they  are  built  perfectly  m 
quite  flat,  fiom  the  hearth  to  the  top  of  the  throat, 
where  they  end,  it  is  evident  that  an  horizontal  feftion 
of  the  throat  will  not  be  an  oblong  fquare  ;  but  its  de¬ 
viation  from  that  form  is  a  matter  of  no  confequence  , 
and  no  attempts  fttould  ever  be  ^de,  by  tw.ftmg  the 
covings  above  where  they  approach  the  breaft  of  the 
chimney,  to  bring  it  to  that  iorm  All  twifls,  bends, 
prominences,  excavations,  and  other  irregularities  of 
form  in  the  covings  of  a  chimney,  never  fail  to  product 
eddies  in  the  current  of  air  which  is  continually  palling 
into,  and  through,  an  open  fire-place  in  which  a  fire  is 
burning  ;  and  all  fuch  eddies  diftmb  either  the  tire  01 
the  afeending  current  of  fmoke,  or  both  ;  and  not  ur, 
frequently  caufe  the  fmoke  to  be  thrown  back  into  the 
room.  Hence  it  appears,  that  the  covings  of  chimneys 
fhould  never  be  made  circular,  or  in  the  form  of  any 
other  curve,  but  always  quite  flat. 

For  the  fame  reafon,  that  is  to  fay,  to  prevent  ' 
dies,  the  breaft  of  the  chimney,  which  forms  that  fide 
of  the  throat  that  is  in  front  or  neareft  to  the  room, 

(hon'd  be  neatly  cleaned  off,  and  its  lurfece  made  quite 
regular  and  fmootli.  This  may  be  eafily  cone  by  co- 
venng  it  with  a  coat  of  plafter,  which  may  be  made 
thicker  or  thinner  in  different  parts,  as  may  be  ncccfla- 
vy  in  order  to  bring  the  breaft  of  the  chimney  to  be  of 

theyV  fthroom-d  to  the  form  of  the  bread  of  a  chimney, 
this  is  a  matter  of  very  great  importance,  and  which 
ought  always  to  be  particularly  attended  to.  i  he  wo  ft 
torm  it  can  have  is  that  of  a  vertical  plane  or  upright, 
flat  ;  and  next  to  this  the  wort!  torm  is  an  inchnec. 
plane  Both  thefe  forms  caufe  the  current  of  warm  arr 
from  'the  room,  which  will,  in  fpite  of  every  precaution, 
iometimes  find  its  way  into  the  chimney,  to  croft  upon 
the  cu-rent  of  fmoke  which  riles  from  the  fare  in.  a  man¬ 
ner  moft  likely  to  embarrafs  it  in  its  alcent,  an_  enve 

The  current  of  air  which,  paffing  under  the  mantle, 
g-cts  into  the  chimney,  fhould  be  made  gradually  to  lend 
its  courfe  upwards;  by  which  means  it  will  nxMx  qmet.y 
with  the  afeending  current  of  fmoke,  and  will  beleis 
hkely  to  check  it,  or  force  it  back  into  the  room.  No  v 
this  may  be  effefted  with  the  greatell  eafe  and  certain¬ 
ty,  merely  by  rounding  off  the  breaft  of  the  chmmty  or 
bark  part  of  the  mantle,  inftead  of  leaving  it  flat  or  full 
of  holes  and  corners;  and  this  of  courfc  ought  always 

to  be  done.  „  ,  r  ^ 

Having  thus  afeertained  the  form  and  pofiuon  of  the. 
new  covings,  the  ingenious  author  next  turns  h.s  atten¬ 
tion  to  the  height  to  which  they  fhould  he  earned. 

This  will  depend  not  only  on  the  height  o.  the  ntai.de. 
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/jiminey.  but  alfo,  and  more  efpecially,  on  the  height  of  the 
breaft  of  the  chimney,  or  of  that  part  of  the  chimney 

where  the  breaft  ends  and  the  upright  canal  begins. _ 

The  back  and  covings  mull  rife  a  few  inches,  five  or 
fix  for  inftance,  higher  than  this  part,  otherwife  the 
throat  of  the  chimney  will  not  be  properly  formed ; 
but  no  advantage  would  be  gained  by  carrying  them 
higher. 

One  important  circumftance  refpe&ing  chimney  fire¬ 
places  ft  ill  remains  to  be  confidered  ;  and  that  is  the 
grate.  In  placing  the  grate,  the  thing  principally  to 
be  attended  to  is,  to  make  the  back  of  it  coincide  with 
the  back  of  the  fire-place.  But  as  many  of  the  grates 
now  in  common  life  will  be  found  to  be  too  large,  when 
the  fire-places  are  altered  and  improved,  it  will  be  ne- 
deflary  to  diminifh  their  capacities  by  filling  them  up 
at  the  back  and  fides  with  pieces  of  fire-itone.  When 
this  is  done,  it  is  the  front  of  the  flat  piece  of  fire-ftone 
which  is  made  t®  form  a  new  back  to  the  grate,  which 
mu  ft  be  made  to  coincide  with,  and  make  part  of  the 
back  of  the  fire-place. — But  in  diminifhing  the  capaci¬ 
ties  of  grates  with  pieces  of  fire-ftone,  care  muft  be  ta¬ 
ken  not  to  make  them  too  narrow, 

The  proper  width  for  grates  deftir.ed  for  rooms  of  a 
middling  fize  will  be  from  fix  to  eight  inches,  and  their 
length  may  be  diminifhed  more  or  lefs  according  as  the 
room  is  heated  with  more  or  lefs  difficulty,  or  as  the 
weather  is  more  or  lefs  fevere.-—  But  where  the  width 
of  a  grate  is  not  more  than  five  inches  it  wilL  be  very 
difficult  to  prevent  the  fire  from  going  out. 

It  frequently  happens  that  the  iron  backs  of  grates 
are  not  vertical,  or  upright,  but  inclined  backwards. — 
When  thele  grates  are  fo  much  too  wide  as  to  render 
ft  neceffiary  to  fill  them  up  behind  with  fire  ftone,  the 
inclination  of  the  back  will  be  of  little  confluence  ; 
for  by  making  the  piece  of  ftone  with  which  the  width 
of  the  grate  is  to  be  diminifhed  in  the  form  of  a  wedge, 
or  thicker  above  than  below,  the  front  of  this  ftone,' 
which  in  effe&  will  become  the  back  of  the  grate,  may  ^e 
made  perfectly  vertical ;  and  the  iron  back  of  the  grate 
being  hid  in  the  folid  work  of  the  back  of  the  fire¬ 
place,  will  produce  no  effed  whatever ;  but  if  the  grate 
be  already  lo  narrow  as  not  to  admit  of  any  diminution 
of  its  width,  in  that  cafe  it  will  be  beft  to  take  away 
the  iron  back  of  the  grate  entirely,  and  fixing  the  grate 
firmly  m  the  brick- work,  caufe  the  back  of  the  fire-place 
to  ferve  as  a  back  to  the  grate. 

Where  grates,  which  are  defined  fpr  rooms  of  a 
middling  4ize,  are  longer  than  1 4  or  15  inches,  it  will 
always  be  beft,  not  merely  to  diminifh  their  lengths,  by 
filling  them  up  at  their  two  ends  with  fire-ftone,  but, 
forming  the  back  of  the  chimney  of  a  proper  width, 
without  paying  any  regard  to  the  length  of  the  grate, 
to  carry  the  covings  through  the  two  ends  of  the  urate 
in  fiich  a  manner  as  co  conceal  them,  or  at  leaft  to  con- 
eeal  the  back  corners  of  them  in  the  walls  of  the  covings. 

Had  thefe  directions  been  duly  attended  to  by  the 
unions  who  in  Scotland  pretend  to  alter  chimneys  on 
the  principles  of  Count  Kumford,  we  fhould  not  have 
oblerved  fo  many  of  the  grates  placed  by  them  jutting  out 
beyond  the  mantle  of  the  chimney;  nor  of  courfe  heard 
o  many  complaints  of  rooms  being  rendered  more 
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fmoky  and  the  confumption  of  fuel  iucreafed  by  thefe 
pretended  improvements.  But  when  the  grate  is  not 
fet  in  its  proper  place,  when  its  doping  iron  back  is 
retained,  when  no  pains  have  been  taken  to  make  its 
ends  coincide  with  the  covings  of  the  fire  place,  when 
the  mantle,  inftead  of  having  its  back  rounded  off,  is  a 
vertical  plane  of  iron  cutting  the  column  of  imoke 
which  riles  beneath  it,  and,  above  all,  when  the  throat 
cf  the  chimney,  inftead  of  four,  is  made,  as  we  often 
fee,  fourteen  inches  wide  ;  let  it  be  remembered,  that 
not  one  of  Count  Rumford’s  directions  has  been  fol¬ 
lowed,  and  that  his  principles  have  as  little  to  do  with 
the  couftruaion  of  fuch  a  chimney  as  with  the  building 
of  the  wall  of  China  or  the  pyramids  of  Egypt. 

To  contribute  our  aid  to  prevent  thefe  blunders  for 
the  future,  we  fhall  here  fuhjoin  the  Count’s  directions 
for  laying  out  the  work  ;  not  to  inftruCi  mafons  and 
bricklayers,  to  whom  we  earneftly  recommend  the  ftudy 
of  the  effiay  itfelf  (b),  which  contains  much  valuable 
information  that  we  have  omitted ;  but  merely  to  give  the 
country  gentleman  an  opportunity  of  difcovering  whe- 
the-  the  workmen  whom  he  employs  deviates  far  and  need- 
lefsly  from  the principles  which  he  pretends  to  follow. 

When  a  chimney  is  to  be  altered,  after  taking  away 
the  grate  and  removing  the  rubbifh,  fir  ft  draw  a  ftrait 
line  with  chalk,  or  with  a  lead  pencil,  upon  the  hearth, 
from  one  jamb  to  the  other,  —  even  with  the  front  of 
the  jambs.  The  dotted  line  A  B,  fig.  3.  may  repre¬ 
fen  t  this  line.  r 

From  the  middle  c  of  this  line,  (A  B)  another  line 
c  cly  to.be  drawn  perpendicular  to  it,  acrofs  the  hearth, 
to  the  middle  d,  of  the  back  ot  the  chimney. 

.A  per  ion  muft  now  Hand  upright  in  the  chimney, 
with  his  back  to  the  back  of  the  chimney,  and  hold  a 
plumb  line  to  the  middle  of  the  upper  part  of  the  breaft 
of  the  chimney  (d,  fig.  1.),  or  where  the  canal  of  the 
chimney  begins  to  rife  perpendicularly  taking  care 
to  place  the  line  above  in  fuch  a  mannepthat  the  plumb 
may  fall  on  the  line  r  d  (fig.  3.),  drawn  on  the  hearth 
from  the  middle  of  theopeiiing  of  the  chimney  in  front 
to  the  middie  of  the  back,  and  an  afliftant  muft  mark 
the  preciie  place  on  that  line  where  the  plumb  falls- 
#  1  his  being  done,  and  the  perion  in  the  chimney  ha¬ 
ving  quitted  his  ftation,  four  inches  are  to  be  fet  off  on 
the  line  c  d ,  from  e ,  towards  d;  and  the  point /,  where 
thefe  four  inches  end,  (which  muft  be  marked  with 
chalk,  or  with  a  pencil),  will  fhow  how  far  the  new  back 
is  to  be  brought  torwaid. 

Through/,  draw  the  line  g  h  parallel  to  the  line 
A  B,  and  this  line  g  h  will  fhow  the  direction  of  the 
new  back,  or  the  ground  line  upon  which  it  is  to  be 
built.  The  line  c  f  will  fhow  the  depth  of  the  new 
fire  place  ;  and  if  it  fhould  happen  that  c /  is  equal  to 
about  one  third  of  the  line  A  B,  and  if  the  grate  can 
be  accommodated  to  the  fire-place  inftead  ot  its  being 
neceffiary  to  accommodate  the  fire-place  to  the  grate  ;  in 
that  cafe,  half  the  length  of  the  line  cf  is  to  be  fet'offi 
from /on  the  line  gfh,  on  one  fide  to  i,  and  on  the 
other  to  i,  and  the  line  i  k  will  fhow  the  ground  line  of 
the  fore  part  of  the  back  of  the  chimney. 

In  all  cafes  where  the  width  of  the  opening  of  the 
fire-place  in  front  (A  B)  happens  to  be  not  greater,  or 
_ _ _ _  not 


J:kLC°fhat  ta°- fhlllingS  5  and  muft  be  a  Poor  bricklayer  indeed  who  cannot  afford  to  pay  that  fum  for 
.flitruttion  in  the  mo  ft  important,  as  well  33  moil  difficult,  part  of  his  bufinefs.  ,  P  7 
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,  ,  inches  (Treater  than  three  only  four  inches  thick,  four  inches  more  added  to  it  For  C  immey. 

not  more  than  two  or  th.ee  , aches  7^  the  throat  would  have  left  the  depth  of  * 

times  the  width  of  the  new  back  of  the  chimney  ft  h  ^  ^  meafur€d  upon  the  hearth  b  c  only  eight 

inches,  which  would  have  been  too  little  ;  a  niche  c 
and  e  was  therefore  made  in  the  new  back  of  the  fire¬ 
place  for  receiving  the  grate,  which  niche  was  fix  inches 
deep  in  the  centre  ol  it,  below  1 3  inches  wide,  <  or 
equal  in  width  to  the  grate.  )  and  23  inches  high  ;  fi- 
ni  filing  above  with  a  temicircuiar  arch,  which,  m  its 
higheft  part,  rofe  feven  inches  above  the  upper  part  of 
the  grate.— The  door-way  for  the  chimneysweeper, 
which  begins  juft  above  the  top  of  the  niche,  may  be 
feen  diftin&ly  in  both  the  figures  6  and  7.  —  '  he  fpace 
marked  g9  fig.  7.  behind  this  door  way,  may  either  be 
filled  with  loofe  bricks,  or  may  be  left  void. —  Hie  man-, 
ner  in  which  the  piece  of  Hone  f \  fig.  7*  which  is  put 
under  the  mantle  of  the  chimney  to  reduce  the  height 
eff  the  opening  of  the  fire  place,  is  rounded  off  on  the  in-  • 
fide  in  order  to  give  a  fair  run  to  the  column  6.  fmoke 
in  its  alcent  through  the  throat  of  the  chimney,  is  clear¬ 
ly  expreffed  in  this  figure.  The  plan  fig.  $.  and  eleva¬ 
tion  fig.  6.  ihow  how  much  the  width  of  the  opening 
of  the  fire-place  111  front  is  diminifhed,  and  how  the  co¬ 
vings  in  the  new  fire-place  are  formed. 

A  peifedl  idea  of  the  form  and  dimenfion  of  the  fire¬ 
place  in  ics  original  ftate,  as  alfo  after  its  alteration,  may 
be  had  by  a  careful  infpedion  of  thefe  figures. 

In  chimneys,  like  that  reprefented  in  figure  8,  where 
the  jambs  A  and  B  projeft  far  into  the  room,  and 
where  the  front  edge  of  the  marble  flab  0 ,  which  forms 
the  coving,  does  not  come  fo  far  forward  as  the  front 
of  the  jambs,  the  workmen  in  conft-ni&iug  the  new  co¬ 
vings  are  very  apt  to  place  them, — not  in  the  line  c  Ay 
which  they  ought  to  do, — but  in  the  line  c  0 ,  which  is* 
a  gieat  fault. —  The  covings  of  a  chimney  fhould  never 
range  behind  the  front  of  the  jambs,  however  thofe 
jambs  may  projed  into  the  room  ; — but  it  is  not  abso¬ 
lutely  neceffary  that  the  covings  ftiould  make  a  JiniJh 
with  the  internal  front  corners  of  the  jambs,  or  that 
they  fhould  be  continued  from  the  bacK  r,  quite  to  the 
front  of  the  jambs  at  A.—' They  may  finiih  in  front  at 
a  and  b ;  and  fmall  corners  A,  0,  a>  may  be  left  for  pla¬ 
cing  the  fhovels,  tongs,  &c. 

Were  the  new  coving  to  range  with  the  front  edge 
of  the  old  coving  0,  the  obliquity  of  the  new  coving 
would  commonly  be  too  great;— or  the  angle  d  c  0. 
would  exceed  135  degrees,  which  it  never  Jhould  do , — 
or  at  leaft  never  by  more  than  a  very  few  degrees.  No 

r  ,  Krino*  It  to  its  oroner  Place,  inconvenience  of  any  impoitance  will  aiife  from  making 

Sat  U tTfay" plTpldhularly  under  the  back  part'uf  the  the  obliquity  of  the  covings  left  than  what  is  here  re- 
threat  of  the  chimney.  This  ilope,  (which  will  bung  commended  ;  but  many  cannot  fail  to  be  produced  by 

the  back  forward  four  or  five  inches,  or  juft  as  we  have  made  fo  liberally  from 

Count  Rumford’s  efiay  on  chimney  fire-places,  will  be 
fufiicient.  we  hope,  to  bring  fully  within  the  compre- 
henfion  of  thofe  who  are  acquainted  with  pneumatics, 
and  pneumatic  chemiftry  the  principles  on  which  chim¬ 
neys  and  fire-places  fhouid.be  conftruded  ;  but  fuch  as 
are  in  a  great  meafiire  ftrangers  to  thefe  fciences  will 
do  well  to  confult  the  effay  itfelf.  With  a  benevolence 
which  does  him  honour,  the  ingenious  author  has  ex- 
prefled  a  wifh  that  his  dodrines  on  this  important  fub- 
jed  may  be  widely  propagated  ;  and  to  encourage  ar- 
tifts  to  ftudy  them,  he  has  declared  to  the  public  in  ge- 
neitd,  that  **  as  he  doea  not  intend  to  take  out  lnmfelf?. 
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this  opening  maybe  left ;  and  lines  drawn  from /  to  A, 
and  from  k  to  B,  will  (how  the  width  and  pohtion  ot 
the  front  of  the  new  covings: — but  when  the  opening 
of  the  fire-place  in  front  is  ft  ill  wider,  it  muft  be  redu¬ 
ce^  •  which  is  to  be  done  in  the  following  manner  : 

From  r,  the  middle  of  the  line  A  15,  c  a  and  cb 
muft  be  fet  off  equal  to  the  width  of  the  back  (1  k)9 
added  to  half  its  width  (/i);  and  lines  drawn  from  /  to 
a,  and  from  h  to  b ,  will  fhow  the  ground  plan  01  the 
fronts  of  the  new  covings. 

When  this  is  done,  nothing  more  will  be  nece.^aty 
than  to  build  up  the  back  and  covings  ;  and  if  the  fire¬ 
place  is  defigned  for  burning  coals,  to  fix  the  grate  in 
its  proper  place,  according  to  the  dire&ions  already 

given. _ When  the  width  of  the  fire  place  is  reduced, 

the  edges  of  the  covings  a  A  and  b  B  are  to  make  a 
finifh  with  the  front  of  the  jambs.— And  in  general  it 
will  be  beft,  not  only  for  the  fake  of  the  appearance  of 
the  chimney,  but  for  other  reaions  alfo,  to  lower  the 
height  of  the  opening  of  the  fire  place  whenever  its 

width  in  front  is  dimiuiftred.  , 

A  front  view  of  the  chimney,  after  it  has  been  thus 
altered,  is  exhibited  in  fig.  4-  wh^re  the  under  part  of 
the  door-way  is  reprelented,  as  doled  by  the  white  dot- 

*  ted  lines.  .  .  -  , 

When  the  wall  of  the  chimney  in  front,  meaiured 
from  the  upper  part  of  thebreaft  of  the  chimney  to  the 
front  of  the  mantle,  is  very  thin,  it  may  happen,  and 
efpecially  in  chimneys  defigned  for  burning  wood  upon 
the  hearth,  or  upon  doqs,  that  the  depth  of  the  chim¬ 
ney,  determining  according  to  the  directions  here  given, 

may  be  too  fmall.  ,. 

Thus,  for  example,  fuppofing  the  wall  of  the  chim¬ 
ney  in  front,  from  the  upper  part  of  the  breaft  of  the 
chimney  to  the  front  of  the  mantle,  to  be  only  four 
inches,  (which  is  fometimes  the  cafe,  particularly  m 
rooms  fituated  near  the  top  of  a  houfej,  in  this  cafe,  if 
we  take  four  inches  for  the  width  of  the  throat,  this 
will  give  eight  inches  only  for  the  depth  of  the  fire¬ 
place,  which  would  be  too  little,  even  were  coals  to  be 
burnt  inftead  of  wood. — In  this  cafe  (fays  the  Count) 
I  fhould  increafe  the  depth  of  the  fire-place  at  the 
hearih  to  1  2  or  13  inches,  and  ihould  build  the  oack 
perpendicular  to  the  height  of  the  top  of  the  burning 
fuel  (whether  it  be  wood  burnt  upon  the  hearth  or 
coals  in  a  grate)  ;  and  then,  Hoping  the  back  by  a  gen¬ 
tle  inclination  forward,  bring  it  to  its  proper  place, 


much  as  the  depth  of  the  fire-place  is  increafed), 
though  it  ought  not  to  be  too  abrupt,  yet  it  ought 
to  be  quite  finifhed  at  the  height  of  eight  or  ten 
inches  above  the  fire,  otherwife  it  may  perhaps  caufe  the 
chimney  to  fmoke  ;  but  when  it  is  very  near  the  fire, 
the  heat  of  the  fire  will  enable  the  current  of  riling 
fmoke  to  overcome  the  obftacle  which  this  flope  wi  1 
oppofe  to  its  afeent,  which  it  could  not  do  io  eafily 
were  the  Hope  fituated  at  a  greater  diftance  from  the 

burning  fuel.  .  ,  r 

Fig.  5,  6,  and  7,  Ihow  a  plan,  elevation,  and  fettion 
of  a  fire-place  conftrmfted  or  altered  upon  this  principle. 
—The  wall  of  the  chimney  in  front  at  a9  fig.  7.  being 
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chimney-  0r  to  fuffer  others  to  take  out,  any  patent  for  any  in-  is  affixed  a  brufh  of  hair,  or  wire,  or  fpunge,  or  other  (A 

^wtener^  veRtion  of  his  which  may  be  of  public  utility,  all  per-  clattic  fubftance,  as  the  ocealkm  may  require.  ^ 

^  ions  are  at  full  liberty  to  imitate  tlcm,  and  vend  them,  This  invention  is  doubtlefs  well  calculated  to  anfwer 
for  their  own  emolument,  when  and  where,  and  in  any  the  purpofe  intended,  and  may  perhaps  be  the  means  of 
way  they  may  think  proper.”  .  diminifhing  the  number  of  thofe  obje&s  of  mifery,  the 

Cuimnft  Sweepers  are  a  clafs  of  men  who  earn  their  unfortunate  chimneysweepers. 

•  fnbfittence  by  clearing  chimney?  of  foot,  which  occa-  CHTNA  is  an  empiie  of  fuch  antiquity  and  extent 
fions  them  to  frr.oke.  While  chimneys  continued  to  be  the  laws  arid  cuftoms  of  the  people  are  fo  lingular,  and 

*  built  in  fo  fimple  a  manner,  and  of  fuch  a  width  as  they  the  populoulnds  of  the  country  fo  very  great _ that  it 

are  flill  obferved  to  be  in  old  houfes,  they  were  fo  ealily  has  attracted  mucli  of  the  attention  of  Europeans  ever 
cleaned  that  this  fervice  could  be  performed  by  a  fer-  fince  it  was  vifited  in  the  1  3th  century  by  Marco  Paulo 
vant  with  a  wifp  of  ft  raw,  or  a  little  brufhwood  fallen-  the  Venetian  traveller.  Of  fuch  a  country  it  would  be 
ed  to  a  rope  ;  but  after  the  flues,  in  order  to  fave  room,  'Unpaidunable  not  to  give  fome  account  in  a  work  of 
were  made  narrower,  or  when  feveral  dues  were  united  this  nature  ;  but  we  have  not,  in  truth,  much  to  add  to 
together,  the  cleaning  of  them  became  fo  difficult,  that  what  has  been  faid  of  China  and  the  Chinefe  in  the 
they  required  boys,  or  people  of  fmall  fize,  accuflomed  Encyclopaedia  Britannica  Since  the  article  China  in 
to  that  employment.  The  firft  chimney. {Weepers  in  that  woVk  was  publifhed,  the  court  of  Pekin  has  indeed 

-  Germany  came  from  Savoy,  Piedmont,  and  the  neigh-  been  vilited  by  an  embaffiy  from  Great  Britain,  and  the 
Touring  territories.  Tfcefc  for  a  long  time  were  the  origin  of  the  people,  as  well  as  the  antiquity  of  their 
only  countries  where  the  cleaning  of  chimneys  was  fol-  empire,  has  been  inveftigated  by  Sir  William  Jones 
lowed  as  a  trade  ;  and  lie:%ce  Profeflor  Beckmann  con-  with  his  ufual  diligence  ;  but  from  his  memoir,  pub- 
cludes  with  great  probability,  that  chimneys  were  in-  lifhed  in  the  fecond  volume  of  the  Afiatic  Refearches, 
vented  in  Italy.  The  Lotharingians,  however,  under-  and  from  S11  George  Staunton's  account  of  the  embaf- 
took  the  bufinefs  of  chimney- fweeping  alfo;  on  which  ac-  fy,  there  is  not  much  to  be  extracted  which  would  be 
count  the  duke  ofLotharingia  was  ftyled  th  z  imperial  fire-  either  atnufing  or  inftru&ive  to  our  readers. 
mqfler .  The  firft  Germans  who  condefcended  to  clean  We  have  already  obferved,  from  Grofier  and  others, 
chimneys  were  miners  ;  and  the  chimney- fweepers  in  that  the  Chinefe  not  only  lay  claim  to  the  higheil  an- 
mliat  empire  Hill  procure  their  boys  from  the  foreft  of  tiquity,  but  even  contend  that  their  firft  emperor  was 
Hartz,  where  the  greateft  mines  are  wrought.  Very  the  firft  man.  Both  tliefe  pofitions  are  controverted  by 
lately,  and  perhaps  at  pi efent,  the  greater  part  of  the  Sir  William  Jones,  who,  though  he  allows  the  Chinefe 
chimney  fweepers  inParis  were  Savoyards,  many  of  them  empire  to  be  very  ancient  when  compared  with  the 
not  above  eight  years  of  age,  who,  for  the  paltry  fum  oldeft  European  ftate,  is  yet  decidedly  of  opinion  that  - 
.of  five  fous,  which  they  were  obliged  to  (hare  with  their  it  was  not  founded  at  an  earlier  period  than  the  12th 
avaricious  matter,  would  fcramble,  at  the  hazard  of  century  before  the  Chrittian  era ;  and  that  the  people, 
their  lives,  through  a  narrow  funnel  fifty  feet  in  length,  fo  far  from  being  aborigines,  are  a  mixed  race  of  Tar- 
and  with  their  befoms  clean  it  from  foot  and  dirt,  tars  and  Hindoos.  He  begins  his  inveftigation  with  afk- 
At  what  prccife  period  chimney. fweeping  became  a  ing,  “  Whence  came  the  fingular  people  who  long  had 
trade  in  England  and  Scotland,  we  have  not  been  able  governed  China,  before  they  were  conquered  by  the 
to  learn;  but  among  us,  as  well  as  elfewhere,  young  Tartars?  On  this  problem  (fays  hej)  four  opinions*//^ 
boys  are  employed  in  this  bufinefs,  who  are  faid  to  be  have  been  advanced,  and  all  rather  peremptorily  after  ted 
veiy  harfhly  treated  by  fellows  who  ftole  them  from  the  than  fupported  by  argument  and.  evidence.  By  a  fewvoLii‘ 
doors  of  cottages  in  the  country.  That  children  have  writers  it  lias  been  urged,  that  the  Chinefe  are  an  origi-mem;2' 
been  fometimes  kidnapped  by  chimney- fweepers,  we  can  nal  race,  who  have  dwelled  for  ages,  if  not  from  eterni- 
have  no  doubt ;  but  that  the  pradlice  is  frequent,  we  ty,  in  the  land  which  they  now  poftfefs.  By  others, 
do  not  believe.  We  think  however  that  the  bufinefs  and  chiefly  by  the  miffionaries,  it  is  i  11  fitted  that  they 
might  be  wholly  abolifhed ;  for  a  narrow  funnel  might  fprung  from  the  fame  flock  with  the  Hebrews  and  the 
certainly,  if  not  very  crooked,  be  fwept  by  a  bundle  of  Arabs.  A  third  aflertion  is  that  of  the  Arabs  them- 
-iiravv  or  brufliwood^  fattened  to  a  rope,  as  well  as  one  felves,  and  of  M.  Pauw,  who  hold  it  indubitable,  that 
that  is  wider :  and  the  bricks  which  feparate  the  conti-  they  were  originally  Tartars ,  defeending  in  wild  clans 
guous  flues  we  know  to  be  lefs  injured  by  this  method  from  the  fteeps  of  Imaus-:  And  a  fourth,  at  leatt  as 
of  fweeping,  when  cautioufiy  gone  about,  than  by  fend-  dogmatically  pronounced  as  any  of  the  preceding,  is 
ing  boys  up  the  chimneys.  that  of  the  Brahmans,  who  decide,  without  allowing 

On  the  4th  of  July  1796,  letters  patent  were  grant-  any  appeal  from  their  decilion,  that  the  Chinas  (for  fo 
ed  to  Hamel  Davfs,  of  the  pariih  ot  St  Giles  Middle-  they  are  named  in  Sanfcrh)  were  Hindoos  of  the  mili- 
iex,  for  his  invention  of  a  machine,  by  which  he  pro*  tary  call,  who,  abandoning  theprivileges  of  their  tribe, 

■poles  to  fweep  and  cleanfe  chimneys,  and  extingwilh  rambled  in  different  bodies  to  the  north-eatt  of  Bengal ; 
chimneys  on  lire,  without  any  perion  going  up  the  and  forgetting  by  degrees  the  rites  and  the  religion  of 
fame,  as  is  nuw  the  practice.  1  he  machine  confiils  of  their  ancettors,  eftablifhed  feparate  principalities,  which 
an  apparatus  of  rack  work,  of  various  lengths,  which,  were  afterwards  united  in  the  plains  and  valleys  which  I 
f  y  means  of  a  hand  turn,  is  made  to  afeend  the  chim-  aie  now  poffefTed  by  them.” 

ney.  The  lengths  of  the  vaek-work  are  joined  tore-  Of  thefe  opinions,  Sir  William  having  very  complete, 
ther  by  means  of  mortices  and  tenons,  with  a  fpring  !y  demolifhed  the  firtl  three,  proceeds  to  elhbldh  the 
which  holds  them  fad.  In  each  length  is  a  joint,  by  fourth,  which  he  conlrdcfs  as  interetting  as  well  as  new 
which  the  rack  vvoik  will  accommodate  itttlr  to  angles  in  Europe.  In  the  Sanfcrit  inftitutes  of  civil  and  reli- 
,vr  turns  in  the  flues.  To  the  hr  11  or  npperrnott  ]e:  j  ,h  gious  duties,  revealed,  as  the  Hindoos  believe,  by  Menu 

the 
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he  fon  of  Brahma,  we  find  (fays  he)  the  following  cun-  word  in 
nus  oaflaffe :  ‘  Many  families  of  the  military  clafs,  having 
gradually  abandoned  the  ordinances  of  th  cheda,  andthe 

®  c  Ti  -  _  / _ - «  *i;, .oil  m  n  {late  or  degradation  , 
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abhorrence,  and  fpeak  of  themfelves  as  the 


Cl. 


cmnoany  of  Brahmans,  lived  in  a  ftate  of  degradation  ; 
as  the  people  of  Pandi-aca  and  Odra,  thofe  of  Dravira 
and  Camhoja,  the  Yavanas  and  Sac, is,  the  Patadat  and 
P.Mrvas,  the  Chinas,  and  Come  other  nations.  A 
full  comment  on  this  text  (continues  the  prefident) 
would  be  fuperfluous  •,  but  fince  the  teftimony  of  the 
Indian  author,  who,  though  not  a  divine  per  fon  age, 
w„s  certainly  a  very  ancient  lawyer,  moralift,  and  hitto- 
riart,  is  dirett  and  pofitive,  difinterefted  and  unfufpeft- 
ed,  it  would  decide  the  queftion  before  us  if  we  could 
be  lure  that  the  word  China  figntfies  a  Lhmefe. 
this  faft  Sir  William  Jones  took  the  very  heft  method, 
to  be  fatisfied.  He  confulted  a  number  of  Pandits  fe- 
parately,  who  all  affured  him  that  the  word  China  has 
no  other  fignification  in  Sanfcrit ;  that  the  Cbmas  of 
Menu  fettled  in  a  fine  country  to  the  north -eaft  of 
Gnur,  and  to  the  eaft  of  Cam-imp  and  Nopal;  that  they 
had  long  been,  and  ftill  are,  famed  as  ingenious  artifi¬ 
cers;  and  that  they  (the  Pandits)  had  themfelves  Teen 
old  Chinefe  idols,  which  bore  a  man. felt  relation  to  the 
primitive  religion  of  India.  He  then  laid  before  one 
of  the  beft  informed  Pandits  a  map  of  Alia  ;  and  when 
his  own  country  was  pointed  out  to  him,  t  e  ' 

immediately  placed  his  finger  on  the  north-weftern  pro¬ 
vinces  of  China,  as  the  place  where  he  faid  the  Chinas 
of  Menu  firft  eftablifhed  themfelves. 

In  the  opinion  of  Sir  William  Jones,  this  is  complete 
evidence  that  the  Chinefe  arc  defended  fern  an  In¬ 
dian  race  ;  but  he  does  not  believe  that  the  Ch.neie  em¬ 
pire,  as  we  now  call  it,  was  formed  when  the  laws  of 
Menu  were  colle&ed  ;  and  for  his  calling  this  fact  in 
queftion,  he  offers  reafons,  which  to  us  are  perfeftly  la- 
tisfaftory.  By  a  diligent  and  accurate  companion  of  an¬ 
cient  Sanfcrit  writings,  he  has  been  able  to  fix  the  period 
of  the  compilation  of  thofe  laws  at  between  1000  and 
,  eoo  years  before  Chrift  ;  but  by  the  evidence  of  Con- 
fucius  himfelf,  he  proves,  that  if  the  Chinefe  empire  was 
formed,  it  could  be  only  in  its  cradle  in  the  i  2th  cen¬ 
tury  before  our  era.  In  the  fecond  part  ot  the  work, 
intkled  Lun  Yu,  Confucius  declares,  that  although 
he,  like  other  men,  could  relate,  as  mere  leflons  ot  mo¬ 
rality,  the  hiftories  of  the  firft  and  fecond  imperial 
hoiiles,  yet,  for  want  of  evidence,  he  could  glve  no 
tain  account  of  them.”  Now,  fays  Sir  William,  if  the 

Chinefe  themfelves  do  not  pretend  that  any  h'ftormal 
monument  exifted  in  the  age  of  Confucius  prectdmg 
the  rife  of  their  third  dy  natty,  about  "^yea-before 
the  Chriftian  epoch,  we  may  juftly  conclude,  that  . 
empire  was  then  in  its  infancy,  and  ud  r.  .  g 
maturity  till  feme  ages  afterwards.  Nay,  he  l3  ,nch^d 
to  bring  its  origin  ftill  lower  down. 

he  till  the  eighth  century  before  the  birth  of  our  ba- 
Jiour.  that  a  fmall  kingdom  was  eieaed  in  the  pawnee 
of  Sbeu.fi,  the  capital  of  which  flood  nearly  in  the  J  ,th 
de  cree  of  northern  Latitude,  and  about  five  degree  to 
the  weft  of  'Si-gatt.  That  country  and  its  metropolis 
were  both  called  Chin;  and  the  dominion  ot  >«pnnces 
was  gradually  extended  to  the  eaft  and  we  it  The  ter- 
ritory  of  Chin,  fo  called  by  the  old  Hindoos,  by  the 
Perfians,  and  by  the  Chinefe,  gave  its  name  to  a, race 
of  emperors,  whole  tyranny  made  their  merno.y 
popular,  that  the  modern  inhabitants  of  Clnna  - 
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people  of  a  milder  and  more  virtuous  dynatty  :  but  it 
is  highly  probable,  that  the  whole  nation  defended 
from  the  Chinas  of  Menu,  and  mixing  with  tht  Tar¬ 
tars,  by  whom  the  plains  of  Honan  and  the  more  (out  i- 
era  provinces  were  thinly  inhabited,  formed  by  degree 
the  race  of  men  whom  we  now  fee  in  poffeffion  ot  the 

noblefi  empire  in  Afia.”  .  . 

In  fupoort  of  this  opinion,  which  the  accomplithea 
author  offers  as  the  refult  of  long  and  anxious  inqui¬ 
ries,  he  obferves,  that  the  Chineie  have  no  ancient 
monuments  from  which  their  origin  can  be  traced,  even 
by  plaufible  conjedlure  ;  that  their  fciences.  are  wholly 
exotic  ;  that  their  mechanic  arts  have  nothing  m  them 
which  any  fet  of  men,  in  a  country  fo  highly  favoured 
by  nature,  might  not  have  difeovered  and  improved  ; 
that  their  philofophy  feems  yet  in  fo  rude  a  (late  as 
hardly  to  deferve  the  appellation  ;  and  that  their  popu¬ 
lar  religion  was  imported  from  India  in  an  age  compa¬ 
ratively  modern.  He  then  inftitutes  a  companion  be¬ 
tween  the  mythology  of  the  Chinefe  and  that  of  the 
Hindoos;  of  which  the  refult  is,  that  the  former  people 
had  an  ancient  fyffem  of  ceremonies  and  fuperilitions 
which  has  an  apparent  affinity  with  fome  parts  of  the 
oldeft  Indian  worfhip.  “They  believed  in  the  agency 
of  genii  or  tutelary  fpirits,  prefidmg  over  the  (tars  and 
the  clouds  ;  over  lakes  and  rivers,  mountains,  valleys, 
and  woods  ;  over  certain  regions  and  towns  ;  over  ad 
the  elements,  of  which,  like  the  Hindoos,  they  reckon¬ 
ed  five  ;  and  particularly  over  jirey  the  moll  brilliant  ot 
them.  To  thofe  deities  they  offered  victims  on  high 
places.  And  the  following  paffage  fiom  one  of  their 
facred  books,  (ays  Sir  William,  is  very  much  in  the 
flyle  of  the  Brahmans  :  4  Even  they  who  perform  a 

facrifice  with  due  reverence,  cannot  peBe&ly  affure 
themfelvelves  that  the  divine  fpirits  accept  their  obla¬ 
tions  ;  and  far  lefs  can  they,  who  adore  the  gods  with 
languor  and  ofcitancy,  clearly  perceive  their  facred  il- 
lapiesd  Thefe  (continues  the  prefident)  are  imper¬ 
fect  traces  indeed,  but  they  are  traces  of  an  affinity  be¬ 
tween  the  religion  of  Menu  and  that  of  the  Chinas , 
whom  he  names  among  the  apoftates  from  it  ;  and  bc- 
fide3  them,  we  difeover  many  other  very  fmgular  marks 
of  relation  between  the  Chinefe  and  the  old  Hindoos. 

44  This  relation  (he  thinks)  appears  in  the  remark¬ 
able  period  of  432,000,  and  the  cycle  of  60  years  ;  in 
the  predile&ion  for  the  mytiical  number  nine  ;  in  many 
fimifar  fails  and  great  feffivals,  efpecially  at  the  folilices 
and  equinoxes  ;  in  the  obfequies,  confiding  of  rice  and 
fruits  offered  to  the  manes  of  their  ancefiors  ;  in  the 
dread  of  dying  childlefs,  led  fuch  offerings  (hould  be 
intermitted  ;  and  perhaps  in  their  common  abhorrence 
of  red  objedts,  which  the  Indians  carried  fo  far,  that 
Menu  himfelf,  where  he  allows  a  Brahman  to  trade, 
if  he  cannot  otherwife  fupport  life,  abfolutely  forbids  his 
trading  in  any  fort  of  red  cloths,  whether  linen,  or 
woollen,  or  made  of  woven  bark.  In  a  word,  fays  Sir 
William  Jones,  all  the  circum fiances  which  have  been 
mentioned  Bern  to  prove  (as  far  as  fuch  a  quefiion  ad¬ 
mits  proof),  that  the  Chinefe  and  Hindoos  weie  origi¬ 
nally  the  fame  people  ;  but  having  been  feparated  near 
4000  years,  they  have  retained  few.lliong  features  ot 
their  ancient  confmguinity,  especially  as  the  Hindoos 
have  preferved  their  old  language  and  ritual,  while  the 
Chinefe  very  fo  on  loll  both  ;  and  the  Hindoos  have 
^  G.  confiantly 
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Chinn,  conftantly  intermarried  among  themfelves,  while  the 
Chinefe,  by  a  mixture  of  Tartarian  blood  from  the  time 
of  their  firft  eftablifliment,  have  at  length  formed  a  race 
diftindl  in  appearance  both  from  Indians  and  Tartars.’’ 

Sir  George  Staunton,  who  accompanied  the  Earl  of 
Macartney  on  his  embaffy  to  the  emperor  of  China, 
does  not  indeed  dire&ly  controvert  this  reasoning ;  but 
overlooking  it  altogether,  gives  to  the  Chinefe  a  much 
higher  antiquity  than  Sir  William  Jones  is  inclined  to 
allow  them.  Taking  it  for  granted  that  their  cycle  is 
their  own,  and  that  it  is  not  the  offspring  of  agronomi¬ 
cal  fcience,  but  of  repeated  observations,  he  feems  to 
give  implicit  credit  to  thofe  annals  of  the  empire  which 
almoft  every  other  writer  has  confidered  as  fabulous. 

11  Next  to  the  (Indies  which  teach  the  economy  of 
life,  the  Chinefe  (fays  he)  value  mod  the  hiftory  of  the 
events  of  their  own  country,  which  is,  to  them,  the 
globe  ;  and  of  the  celeltial  movements  which  they  had 
an  opportunity  of  obfeiving  at  the  fame  time.”  In  re¬ 
gard  to  the  former,  he  tells  us,  that  “  from  about  three 
centuries  before  the  Chriftian  era  the  tranfadlions  of  the 
Chinefe  empire  have  been  regularly,  and  without  any 
intervening  chafm,  recorded  both  in  official  documents 
and  by  private  contemporary  writers.  Nowhere  had 
hiftory  become  fo  much  an  objedf  of  public  attention, 
and  nowhere  more  the  occupation  of  learned  individuals. 
Every  confiderable  town  throughout  the  empire  was  a 
kind  of  univerfity,  in  which  degrees  were  conferred  on 
the  proficient  in  the  hiftory  and  government  of  the  ftate. 
Hiftorical  works  were  multiplied  throughout.  The 
accounts  of  recent  events  were  expofed  to  the  correction 
of  the  witnefTes  of  the  fads,  and  compilations  of  former 
tranfa&ions  to  the  criticifms  of  rival  writers.”  In  re¬ 
gard  to  the  latter,  the  movements  of  the  heavenly  bo¬ 
dies,  he  thinks  that  in  no  country”  are  there  ftronger  in¬ 
ducements  or  better  opportunities  to  watch  them  than 
in  China  ;  and  hence  he  infers,  that  the  cycle  of  fixty 
years  is  of  Chinefe  formation.  46  In  a  climate  (fays  he) 
favourable  to  aftronomy,  the  balance  of  hours  beyond 
the  number  of  days  during  which  the  fun  appeared  to 
return  oppofite  to,  and  to  obfeure,  or  to  mix  among  the 
lame  fixed  ftars,  might  be  afeertained  in  a  ffiort  time ; 
and  occafioned  the  addition  of  a  day  to  every  fourth 
year,  in  order  to  maintain  regularity  in  the  computation 
of  time,  in  regard  to  the  return  of  the  feafons  ;  but  ma¬ 
ny  ages  mull  have  pafl  before  a  period  could  have  been 
difeovered,  in  which  the  unequal  returns  of  the  fun  and 
moon  were  fo  accurately  adjufted,  that  at  its  termina¬ 
tion  the  new  and  full  moons  lhould  return,  not  only  to 
the  fame  day,  but  within  an  hour  and  a  half  of  the  time 
they  had  happened,  when  the  period  commenced.  The 
knowledge  of  fuch  a  period  or  cycle  could  be  obtained 
only  by  a  multiplicity  ot  careful  and  accurate  obferva- 
tions.  Many  revolutions  of  thofe  great  luminaries  muft 
have  been  pompleted,  and  numberlefs  conjunctions  have 
paft  over,  before  their  returns  could  be  afeertained  to 
happen  in  the  fame  day,  at  the  end  of  nineteen  years. 
The  fmall  difference  of  time  between  the  returning  pe¬ 
riods  of  this  cycle,  was  partly  kffened  by  the  interven¬ 
tion  of  another  of  60  years,  or  of  720  revolutions  of  the 
moon,  which,  with  the  fettled  intercalation  of  22  luna¬ 
tions,  were  at  firft  fuppofed  to  bring  a  perfe&  coinci¬ 
dence  of  the  relative  pofitions  of  the  fun  and  moon  : 
but  even  according  to  this  period,  every  new  year  was 
made  conflantly  to  recede,  in  a  very  fmall  degree,  which 


the  Chinefe  covre&ed  afterwards  from  time  to  time.  CL 
This  cycle  anfwered  a  double  purpofe,  one  as  an  era  for  — \ 
chronological  reckoning,  and  the  other  as  a  regulating 
period  for  a  luni-folar  year.  Each  year  of  the  cycle  u 
diftinguifhed  by  the  union  of  two  charadlers,  taken  from 
fuch  an  arrangement  of  an  unequal  number  of  words 
placed  in  oppofite  columns,  that  the  fame  two  charac- 
ters  cannot  be  found  again  together  for  fixty  years. 
The  firft  column  contains  a  feries  of  ten  words,  the  other 
twelve  ;  which  laft  are,  in  fad,  the  fame  that  denote  the 
twelve  hours  or  divifious  of  the  day,  each  being  double 
the  European  hour.  The  firft  word  or  character  of 
the  firft  feries  or  column  of  ten  words,  joined  to  the 
firft  word  of  the  fecond  feries  or  column  of  twelve, 
marks  the  firft  year  of  the  cycle  ,*  and  fo  on  until  the 
firft  feries  is  exhaufted,  when  the  eleventh  word  of 
the  fecond  feries,  combined  with  the  firft  of  the  firft  fe¬ 
ries,  marks  the  eleventh  year  of  the  cycle  ;  and  the 
twelfth  or  laft  of  the  fecond  feries,  joined  with  the  fe- 
cond  of  the  firft  feries,  ferves  for  denoting  the  twelfth 
year.  The  third  of  the  firft  feries  becomes  united  in 
regular  progreffion  with  the  firft  of  the  fecond  feries,  to 
mark  the  thirteenth  year  ;  and  proceeding  by  this  rule, 
the  firft  charader  in  the  firft  and  in  the  fecond  feries  can. 
not  come  again  together  for  fixty  years,  or  until  the 
firft  year  of  the  fecond  cycle.  The  Chriftfan  year 
1797  anfwers  to  the  54th  year  of  the  68th  Chinefe  cy. 
cle,  which  afeertains  its  commencement  to  have  been 
2277  years  before  the  birth  of  Chrfft;  unkfs  it  be  fup¬ 
pofed  that  the  official  records  and  public  annals  of  the 
empire,  which  bear  teftimony  to  it,  fhoukl  all  be  falfi- 
fied,  and  that  the  cycle  when  firft  eftablifhed  fhould 
have  been  antidated  ;  which  is  indeed  as  little  probable 
as  that  the  period,  for  example,  of  the  Olympiads  fhould 
be  afferted  to  have  commenced  many  ages  prior  to  the 
firft  Olympic  games.” 

This  is  a  very  pofitive  decifion  agafnft  the  opinion  of 
a  man  whofe  talents  and  knowledge  of  oriental  learning 
were  fuch  as  to  give  to  his  opinions  on  fuch  iubjeds 
the  greateft  weight.  If  the  ftatements  and  reafonings 
of  Sir  George  Staunton  be  accurate,  the  Chinefe  em¬ 
pire  muft  have  fubfiited  at  leaf!  3000  years  before  the 
Chriftian  era ;  for  he  fays  exprefsly,  that  many  ages 
muft  have  elapfed  before  the  commencement  of  that 
cycle,  which,  according  to  him,  commenced  2277  years 
before  the  birth  of  Chrift.  But  furely  Confucius  was 
as  well  acquainted  with  the  ancient  annals  of  his  own 
country,  and  the  credibility  which  is  due  to  them,  as 
any  man  of  the  prefent  age,  whether  Chinefe  or  Euro¬ 
pean  ;  and  we  have  feen,  that  he  confidered  none  of 
them  as  authentic  which  relate  events  previous  to  the 
1  ith  century  before  our  era.  Even  this  is  by  much  too 
early  a  period  at  which  to  rely  upon  them  with  impli¬ 
cit  confidence,  if  it  be  true,  as  Sir  George  informs  us, 
that  the  tranfa&ions  of  the  empire  have  been  regularly 
recorded  only  from  about  three  centuries  before  the  birth 
of  Clirift.  With  refpedt  to  the  cycle,  there  is  every 
probability  that  it  was  derived  from  India,  where  we 
know  that  aftronomy  has  been  cultivated  as  a  fcience 
from  time  immemorial,  and  where,  we  have  fhewn  in 
another  place,  that  the  commencement  of  the  cycle  was 
a&ually  antedated  (fee  Philosophy,  n°  9 .Encycl)  We 
have  therefore  no  hefitation  in  preferring  Sir  Willi  am 
Jones’s  opinion  of  the  origin  of  the  Chinefe  empire  to 
Sir  George  Staunton’s ;  not  merely  becaufe  we  believe 

the 
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the  former  of  thefe  gentlemen  to  have  been  more  con-  drop  the  mode  of  writing  pradlfed  by  their  anceftors,  China. 


verfant  than  the  latter  with  Clunefe  literature,  but  be- 
caufe  we  think  his  reafoning  more  confident  with  itfelf, 
and  his  concluflon  more  confonant  to  that  outline  of 
chronology,  which,  as  he  obfevves,  has  been  fo  correCfly 
traced  for  the  laft  2000  years,  that  we  mint  be  hardy 
fceptics  to  call  it  in  queftion. 

There  is  another  point  very  nearly  related  indeed 
to  this,  about  which  thefe  two  learned  men  likeivifc 
differ.  Sir  George  Staunton  informs  us,  that  c<  no  ac¬ 
counts  of  a  general  delude  are  mentioned  in  Chinefe  hi- 
ftory.”  Sir  William  Jones,  on  the  other  hand,  in  the 
difeourfe  already  quoted,  fays,  4<  I  may  afliire  you,  al¬ 
ter  full  inquiry  and  confideration,  that  the  Chinefe,  like 
the  Hindoo^  believe  this  earth  to  have  been  wholly  co¬ 
vered  with  water,  which,  in  works  undifputed  au¬ 
thenticity,  they  ddcribe  as  flowing  abundantly ,  then  fub - 
Jiving^  and  feparating  the  higher  from  the  lower  age  of 
■man hind”  To  which  of  thefe  authors  (hall  we  give 
credit  l  The  high  antiquity  which  Sir  George  Staun¬ 
ton  sfiigns  to  the  Chinefe  empire,  rendered  it  needfary 
for  the  perfons  from  whom  he  drew  his  information  to 
get  quit  by  any  means  of  an  nniverfal  deluge.  The 
i){km  of  Sir  William  Jones  left  him  at  liberty  to  admit  this  Angular  people,  the  dluttrious  prdident  of  the  AE- 
or  rejeft  that  event  according  to  evidence;  and  in  ad-  atic  Society  gives  the  following  account  from  a  Chinefe 
dition  to  the  authentic  records  to  which  he  appeals,  he  writer  named  Li  Ya.n g  Ping.  “  The  carlieft  of  them 
quotes  a  mythological  fable  of  the  Chinefe,  and  another  weie  nothing  more  than  the  outlines  of  viflble  objeCts, 
of  the  Hindoos,  which,  though  he  lays  not  upon  them  earthly  and  celeftial ;  but  as  things  merely  intellectual 
any  great  ftrefs,  appear  to  us,  when  compared  together,  could  not  be  expreffed  by  thofe  figures,  the  gramma- 
not  only  to  corroborate  his  opinion  refpc&ing  the  de-  rians  of  China  contrived  to  reprefent  the  various  opera- 


aj3d  to  adopt  another  fo  very  inconvenient  as  that  which  v 
the  Chinefe  have  ufed  from  the  foundation  of  their  em¬ 
pire  ?  I  he  force  of  this  objeCIion,  however,  willvanifh, 
when  it  is  remembered  that  the  Chinas  were  of  the  mi¬ 
litary  call  :  that  they  had  gradually  abandoned  the  or- 
dinancts  of  the  Veda,  and  were  in  confeqnence  degra¬ 
ded  ;  and  that  they  rambled  from  their  native  country 
in  fmall  bodies.  We  do  not  know  that  the  military  caft 
among  the  Hindoos  was  ever  much  devoted  to  letters ; 
there  is  the  greeted  reafon  to  believe  that  a  degraded 
caft  would  negle&  them  ;  and  it  \%  certain  that  fmall 
bodies  of  men,  wandering  in  deferts,  would  have  their 
time  and  then*  attention  completely  occupied  in  provi¬ 
ding  for  the  day  that  was  pafinig  over  them-  That  the 
Chinas-  fhould  have  forgotten  the  alphabetical  charac¬ 
ters  of  the  Hindoos  is  therefore  io  far  from  being  an 
objection  to  Sir  William  Jones’s  account  of  their  de- 
feent  from  that  people,  that  it  is  the  natural  confeqnence 
of 'the  manner  in  which  he  fays  they  rambled  from  Min- 
doftan  to  the  northern  provinces  of  what  now  conil i  - 
tutes  the  Chinefe  empire. 

Of  the  origin  of  the  charters  which  are  ufed  by 


feent  of  the  ChiV.efe,  but  Hkewife  to  fhevv  that  both 
they  and  the  Hindoos  have  preferved  a  tiaditionary  ac¬ 
count  of  the  deluge  very  fimilar  to  that  which  is  given 
by  Mofes.  The  Chinefe  fable  is  this :  “  The  mother 
of  Fo-hi  was  the  daughter  of  Heaven ,  fur  named  Flower- 
loving  ;  and  as  the  nymph  was  walking  alone  on  the 
brink  of  a  river  with  a  fimilar  name,  file  found  herfelf  on 
a  fudden  encircled  with  a  rainbow  ;  foon  after  which 
fire  became  pregnant,  and  at  the  end  of  twelve  years 
was  delivered  of  a  fon,  radiant  as  herfelf,  who,  among 
other  titles,  had  that  of  Sui,  or  the  Star  of  the  Tear.” 
lu  the  mythological  fyftem  of  the  Hindoos,  “  the  nymph 
Rohini,  who  prefides  over  the  fourth  lunar  mar.flon, 
was  the  favourite  miftrels  of  Soma  or  the  Moon,  among 
whofe  numerous  epithets  we  find  Cumudanayaca ,  or  de¬ 
lighting  in  a  foecies  of  water fower  that  bloffoms  at 
night.  The  offspring  of  Rohini  and  Soma  was  Bud- 
ha,  regent  of  a  planet ;  and  he  married  I  la,  whofe  fa¬ 
ther  was  preferved  in  a  miraculous  ark  from  an  uni¬ 
versal  deluge. ”  The  learned  preftdent  fliews,  that,  ac¬ 
cording  to  the  Brahman?,  the  Chinefe  defeended  from 
Budha  ;  and  he  mentions  a  divine  perfonage  connected 
with  the  Chinefe  account  of  the  birth  of  Fo-hi,  whofe 
name  was  Ni  u-va.  But  if  all  thefe  circumstances  be  laid 
together,  it  will  appear,  we  think,  pretty  evident,  that 
the  two  ancient  nations  have  preferved  the  fame  tradi¬ 
tion  of  an  univerfal  deluge,  and  that  the  Chinefe  rain¬ 
bow  and  Niu  va,  with  the  Indian  ark,  point  to  the 
flood  of  Noah. 

To  Sir  William  Jones’s  derivation  of  the  Chinefe 
from  the  Hindoos,  the  ftate  of  their  written  language 
may  occur  as  an  objection  ;  for  fince  it  is  certain  that 
alphabetical  chara&ers  were  in  ufe  among  the  Hindoos 
before  the  period  at  which  he  places  the  emigration  of 
the  Chinas^  how,  it  may  be  afked,  came  thefe  people  to 
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tions  of  the  mind  by  metaphors  drawn  from  the  pro¬ 
ductions  of  nature.  Thus  the  idea  of  rouglmefs  and  of 
rotundity,  of  motion  and  reft,  were  conveyed  to  the  eye 
by  fig  ns  reprefenting  a  mountain,  the  iky,  a  river,  and 
the  earth.  The  figures  of  the  fun,  the  moon,  and  the 
ftars,  differently  combined,  flood  for  frnoothnefs  and 
fplendour,  for  any  thing  artfully  wrought,  or  woven 
with  delicate  workmanfhip.  Extenfion,  growth,  in- 
creafe,  and  many  other  qualities,  were  painted  in  cha¬ 
racters  taken  from  the  clouds,  from  the  firmament,  and 
from  the  vegetable  part  of  the  creation.  The  different 
ways  of  moving,  agility  and  flownefs,  idlenefs  and  di¬ 
ligence,  were  expreffed  by  various  infeCts,  birds,  fifties, 
and  quadrupeds.  In  this  manner  paffions  and  fentiments 
were  traced  by  the  pencil,  and  ideas  not  fubjedt  to  any 
fenfe  were  exhibited  to  the  fight  ;  until  by  degrees  new 
combinations  were  invented,  new  expreffions  added, 
the  characters  deviated  imperceptibly  from  their  primi¬ 
tive  fhape,  and  the  Chmeie  language  became  not  only 
clear  and  forcible,  but  rich  and  elegant  in  the  higheft 
degree*.”  *  rfatlc 

Of  this  language,  both  as  it  is  fpoken  and  written,  Rfcurcbes9 
Sir  George  naunton  has  given  an  account  fo  clear  and™1-11  Me 
fcientific,  that  it  will  undoubtedly  place  him  high  amon<*m°ir  I3‘ 
the  molt  eminent  philologifts  of  the  j  8th  century.  As 
there  is  nothing  relating  to  the  Chinefe  more  wonder¬ 
ful  than  their  language*  which  is  very  little  underftood 
in  Europe,  we  fhail  lay  before  our  readers  a  pretty  co¬ 
pious  abftraCt  of  what  he  fays  on  the  fubjed,  referring 
them  for  further  in  ormation  to  his  account  of  Lord 
Macartney’s  E  mb  a  fly  to  China. 

“  In  the  Chinefe  tongue  (fays  Sir  George)  the 
founds  of  feveral  letters  in  moft  alphabets  are  utterly 
unknown,  and  the  organs  of  a  native  advanced  in  life 
cannot  pronounce  them.  In  endeavouring  to  utter  the 
3  G  2  founds 
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China,  founds  of  B,  D,  R,  and  X,  for  indance,  he  fubditutes 

— v - fome  other  founds  to  which  the  fame  organ  lias  been 

accuftomed  ;  L  for  R,  and,  as  we  have  reaion  to  think 
from  fome  cxprefilons  of  Sir  William  Jones’s,  F  for  B. 
The  nice  diftinftions  between  the  tones  and  accents  of 
words  nearly  reftmbling  eaeh  other  in  found,  but  vary¬ 
ing  much  in  fenfe,  require  a  nicety  ol  ear  to  diftirignifh, 
and  of  vocal  powers  to  render  them  exaftly.  Synony¬ 
mous  words  are  therefore  frequently  introduced  in  Chi- 
nefe  dialogue  to  prevent  any  doubt  about  the  intended 
fenfe  ;  and  if  in  an  intricate  difeuflion  any  uncertainty 
fhOtild  dill  remain  as  to  the  meaning  of  a  particular  ex- 
prefiion,  recourfe  is  bad  to  the  ultimate  criterion  of  tra¬ 
cing  with  the  finger  in  the  air,  or  otherwife,  the  form 
of  the  eharafter,  and  thus  ascertaining  at  once  which 
was  meant  to  be  exprtffed.  In  a  Chinefe  fentence 
there  is  no  marked  diftinftiori  of  fnbdantives,  adjeftives, 
or  verbs  ;  nor  any  accordance  of  gender,  number,  and 
cafe.  A  very  few  particles  denote  the  paft,  the  pre- 
fent,  and  the  future  ;  nor  are  thofe  auxiliaries  employ- 
^  ed  when  the  intended  time  may  be  otherwife  inferred 
with  certainty.  A  Chinefe  who  means  to  declare  his 
intention  of  departing  to-morrow,  never  fays  that  he 
<will  depart  to-morrow  ;  becaufe  the  ex  predion  of  the 
morrow  is  fufficient  to  afeertain  that  his  departure  mud 
be  future.  The  plural  number  is  marked  by  the  addi¬ 
tion  of  a  word,  without  which  the  fhigular  always  is  im¬ 
plied.  Neither  the  memory  nor  the  organs  of  fpeech 
are  burthened  with  the  pronunciation  of  more  founds 
to  exprefs  ideas  than  are  abfolutely  neceffary  to  mark 
their  difference.  The  language  is  entirely  monofyllabie. 
A  finale  fy liable  always  expreffes  a  complete  idea.  Each 
fyllable  may  be  founded  by  an  European  confonant  pre- 
*  ceding  a  vowel,  fometimes  followed  by  a  liquid.  Such 
an  order  of  words  prevents  the  harfhnefs  of  fueceeding 
confonants  founding  ill  together;  and  renders  the  lan¬ 
guage  as  foft  and  harmonious  as  the  Italian  is  felt  to  be, 

„  from  the  rarity  of  confonant s,  and  the  frequency  of  its 
vowel  terminations. 

“  The  names  or  founds,  by  which  men  may  be  firfl 
fuppofed  to  have  diflinguifhed  other  animals,  when  oc¬ 
casion  offered  to  defignate  them  in  their  abfence,  were 
attempts  at  an  imitation  of  the  founds  peculiar  to  thofe 
beings  ;  and  flill,  in  Chinefe,  the  name,  for  example,  of 
a  cat,  is  a  pretty  near  refemblance  of  its  ufual  cry.  It 
occurred  as  naturally  to  endeavour,  in  fpeaking,  to  imi¬ 
tate  the  voice,  if  prafticable,  as  it  was  in  writing  to 
Iketeh  a  rude  figure  of  the  objeft  of  defeription.  It  is 
obfervable,  that  the  radical  words  of  mod  languages, 
Separated  from  the  feivile  letters,  which  maik  their  in¬ 
flections,  according  to  their  conjugations  or  declenfions, 
are  monofyllabie.  A  part  of  each  radical  word  is  re¬ 
tained  in  compolitioii  to  denote  the  meaning  and  etymo¬ 
logy  of  the  compound,  which  thus  becomes  poly  fy  lia¬ 
ble  ;  but  the  Chinefe  grammarians,  aware  of  the  incon¬ 
venience  refultir.g  from  the  length  and  complication  of 
founds,  confined  all  their  words,  however  fignificant  of 
combined  ideas,  to  fingle  founds ;  and  retained  only  in 
writing,  Some  part  at  lead  of  the  form  of  each  charac¬ 
ter  denoting  a  fimple  idea,  in  the  compound  charafters 
conveying  complex  ideas.” 

This  is  a  very  plaufible,  and  perhaps  the  true,  ac¬ 
count  of  the  monofyllabie  form  of  the  Chinefe  language; 
but  it  is  proper  to  date  the  different  account  which  is 
given  of  this  peculiarity  by  Sir  William  Jones.  **  It 


has  arifen,  according  to  him,  from  the  lingular  habits 
of  the  people  ;  for  though  their  common  tongue  be  f0  1 
mufically  accented  as  to  form  a  kind  of  recitative,  yet  it 
wants  thofe  grammatical  accents  without  which  all  hu- 
man  tongues  would  appear  monofyllabie.  Thus  Anuta 
with  an  accent  on  the  fird  fyllable,  means,  in  the  San. 
ferit  language,  mmeafurcille ,  and  the  natives  or  Bengal 
pronounce  it  Omiio;  but  when  the  religion  of  Buddha 
the  fon  of  Maya,  was  carried  into  China ,  the  people  of 
that  country,  unable  to  pronounce  the  name  of  tluir 
new  god,  called  him  Foe,  the  fon  of  Mo  ye;  and  cii- 
divided  his  epithet  A  mi  l  a  into  three  fyllables  O-mi-to 
annexing  to  them  certain  ideas  of  their  own,  and  ex- 
pr effing  them  in  writing  by  three  diftir.ft  fymbols. 
Hence  it  is  that  they  have  clipped  their  language  into 
monofyllables,  even  when  the  ideas  expieffed  by  them, 
and  the  written  fymbols  for  thofe  ideas,  are  very  com- 
plex.” 

“  In  the  Chinefe  language  Sir  George  Staunton  in¬ 
forms  us  that  there  is  a  certain  order,  or  fettled  fyntax, 
in  the  fucceffion  of  words  in  the  fame  fentence  ;  a  fuc- 
eeflion  fixed  by  cudom,  differently  in  different  langua¬ 
ges,  but  founded  on  no  rule  or  natural  order  of  ide-:&y  as 
has  been  fometimes  fuppofed  ;  for  though  a  fentence 
cor. fids  of  feveral  ideas,  to  be  rendered  by  feveral  words, 
thefc  ideas  all  exid  and  are  coimefted  together  in  the 
fame  inftant  ;  forming  a  pifture  or  image,  every  part  of 
which  is  conceived  at  once.  The  formation  of  Chinefe 
fentences  is  often  the  fimple d  and  mod  artlefs  pofiible, 
and  fuch  as  may  naturally  have  occurred  at  the  origin  of 
fociety.  To  interrogate,  for  example,  is  often  at  lead 
to  require  the  folution  of  a  queftion,  whether  the  fub- 
jeft  of  doubt  be  in  a  particular  way  or  the  contrary ; 
and  accordingly  a  Chinefe  inquiring  about  his  friends 
health,  will  fometimes  fay,  Lou,  poo  houP  The  literal 
meaning  of  which  words  is,  “  well,  not  well?”  A  fimple 
eharafter  repeated  dands  fometimes  for  more  than  one 
of  the  objects  which  fingly  it  denotes,  and  fometimes 
for  a  coile&ive  quantity  of  the  fame  thing.  The  cha* 
r after  of  moo  fingly  is  a  tree,  lepeated  is  a  thicket,  and 
tripled  is  a  fored 

“In  Chinefe  there  are  fcarcely  fifteen  hundred  di- 
dinft  founds.  In  the  written  language  there  are  at 
lead  eighty  thoufand  charafters  or  different  forms  of 
letters,  which  number  divided  by  the  fiid  gives  nearly 
fifty  fenfes  or  charafters  upon  an  average  to  every  found 
expreffed  ;  a  disproportion,  however,  that  gives  more 
the  appearance  than  the  reality  of  equivocation  and  un¬ 
certainty  to  the  oral  language  of  the  Chinefe. 

“  The  charafters  of  the  Chinefe  language  were  ori¬ 
ginally  traced,  in  mod  indances,  with  a  view  to  exprefs 
either  real  images,  or  the  allegorical  figns  of  ideas :  a 
circle,  for  example,  for  the  fun,  and  a  crefcent  for  the 
moon.  A  man  was  reprefented  by  an  ereft  figure,  with 
lines  to  mark  the  extremities.  It  was  evident  that  the 
difficulty  and  tedioufnefs  of  imitation  will  have  occasion¬ 
ed  foon  a  change  to  traits  more  fimple  and  more  quick¬ 
ly  traced.  Of  the  entire  figure  of  a  man,  little  more 
than  the  lower  extremities  only  continue  to  be  drawn, 
by  two  lines  forming  an  angle  with  each  other.  A 
faint  refemblance,  in  fome  few  indances,  dill  remains  of 
the  original  forms  in  the  prefent  hieroglyphic  charac¬ 
ters  ;  and  the  gradation  of  their  changes  is  traced  in 
feveral  Chinefe  books.  Not  above  half  a  dozen  of  the 
prefent  charafters  confid  each  of  a  fingle  line;  but  mod 
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r  tVm  confift  of  many,  and  a  few  of  fo  many  as  feventy 
£5  ftrokes.  The  form  of  thole  charader*  has  not 
ten  fo  flux  as  the  found  of  words,  as  appears  in  the  • 
ft,ace  of  almoft  all  the  countt.es  bordering  on  the  Chi- 
nefe  Sea  or  Eaftern  Afia,  where  the  Chinele  written, 
but  not  the  oral  language,  is  underftood  ;  in  like  man¬ 
ner,  as  one  form  of  Arabic  figures  to  denote  number  , 
Ind  one  fet  of  notes  for  muf.c,  are  uniform  and  intel¬ 
ligible  throughout  Europe,  notwithftand.ng  the  variety 

0t  !<SA  cenam  order  or  connedion  is  to  be  perceived  i« 
the  arrangement  of  the  written  charaders  of  the  Chr- 
-  efe  •  as  if  it  had  been  formed  originally  upon  a  fyftem 
to  take  place  at  once,  and  not  grown  up,  as  other  an- 
qua  rts,  by  flow  and  diftant  intervals.  _  Upwards  of  two 
hundred  charaders,  generally  confifting  each  of  a  few 
lines  or  ftrokes,  are  made  to  mark  the  pnnapal  objeds 
of  nature,  fomewhat  in  the  manner  of  Bifhop  Wilkin  s 
eivifions  in  his  ingenious  book  on  the  fubjeft  of  un  - 
verfa” language,  or  real  charader  Thefe  may  be  con-- 
fdered  as  the  genera  or  roots  of  language,  in  which 
every  other  word  or  fpecies,  in  a  fyflemat.c  fenfe,  is  re¬ 
ferred  to  its  proper  genus.  The  heart  is  a  genus  of 
which  the  reprefentation  of  a  curve  line  approaches 
fomewhat  to  the  -orm  of  the  objed  ;  and  tk  fpec.es 
refeuble  to  it  include  all  the  fent.me.Hs, 
affcCtions,  that  agitate  the  human  brea...  Each  fpec  e, 
t  accompanied  by  fome  ma.k  denoting  the  gems  or 
heart  Under  the  genus  band  are  arranged  mo.,  trades- 
and  manual  exercifts.  Under  the 
foil  of  fpeech,  fludv,  writing,  undemanding,  and  de 
ba-e  A  horizontal  line  marks  a  unit  ;  crofted  by  a  - 
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s  the  units  aiuci  umt  — . 
which  the  Chinefe  fnppofe  all  bodies  m 


“to  be  compounded^  fornTfo""mar.y  genera,  each 
ot  which  comorehends  a  great  number  of  fpecies  under 
it  As  in  every  compound  charader  or  fpecies  the 
-'-ridred  mark  of  the  genus  is  difcetmble  by  a  lludcnt 
of  that  language,  in  ahule  time  he  is  enabled  to  con- 
lull  the  Chinefe  dictionary,  in  v/luch  tlie  compound  cha- 
1  afters  or  fpecies  are  arranged  under  then  proper  gene- 
la  The  charaders  of  thefe  genera  are  placed  «  the 
beginning  of  the  didiornry,  in  an  order  which,  like 
hat  of  the  alphabet,  is  invariable,  and  foon  becomes  fa- 

S,°  ,„  the"  learner.  The  f««i«« 
follow  each  other,  accotdmg  to  the,  num 

“fo.1.  c.cU  confoU,  tMWl  'hf  "  'I 

which  feive  to  point  out  the  genus.  I  he  Ipecics  want 
cd  is  thus  foonPfound  out.  Its  meaning  and  Pro"uccl3’ 
tio-r  are  -riven  through  other  words  in  common  ufe  ,  the 
fiill  of  which  denotes  its  fignincat.on  and  the  other 
found  When  no  or.e  common  word  is  tonnd  to  ren 

£  ...  r.~  fo‘»i.  '* »  fr 

fonant  of  the  firlt  word  and  the  vowel  of  the  feco..d  jo 
ed  together  form  the  prec.le  found 

“  The  compofilion  ot  many  of  the  (-hin«=T‘la  , 
ters  often  difplays  confiderable  ingenuity,  and  ferves  al- 

!he°pe$ean  Sf  ha^S  in- 


hand  of  the  emperor,  it  is  fent  by  him  as  a  compliment,  — ^ 
which  is  very  highly  prized,  and  fuch  as  he  was  pkai 
to  lend  to  the  embaffador.  r 

«  Upon  the-  formation,  changes,  ®nd  ?}J.uf‘ons  °. 
compound  charaders,  the  Chinefe  have  P^hfhed  mmr> 
thousand  volumes  of  philological  learning.  Nowhe  c 
does  critieilm  more  abound,  or  is  more  find.  1  he  - 
trodudion  or  alteration  of  a  charader  is  a  f«» 
dertaking,  and  feldom  fails  to  meet  with  oppolmon. 

The  mol  ancient  writings  of  the  Chinefe  arc |ft.  1  Clas¬ 
cal  amongfl  them.  The  language  ferns  in  no  .nftance 
to  have  been  derived  from  or  mixed  with  any  other. 

The  wiitten Teems  to  have  followed  the  oral  language 
foon  after  the  men  who  fpoke  it  were  formed  into  a  re¬ 
gular  fociety.  Though  it  is  likely  that  all  hieroglyphi- 
cal  languages  were  originally  founded  on  t  e  Pr'nc‘P 
of  imitation,  yet  in  the  gradual  progrefs  towards  a.b - 
trary  forms  and  founds,  it  is  probable  that  every  fociety 
devilled  from  the  originals  in  a  different  manner  from 
the  others ;  and  thus  for  every  independent  f^iety 
there  arofe  a  feparate  hieroglyphic  language.  As  toon 
as  a  communication  took  place  between  any  two  of 
them,  each  would  hear  names  and  founds  not  common 
to  both  i  each  reciprocally  would  mark  down  fuch 
names  in  the  founds  of  its  own  charader*,  bearing,  as 
hieroglyphics,  a  different  fenfe.  I11  that  inftance,  con 
fequently,  tliofe  characters  ceafe  to  be  hieroglyphics, 
and  were  merely  marks  of  found  If  the  foreign  founds 
could  not  be  expreffed  but  by  the  ufe  of  a  part  of  two 
hieroglyphics,  in  the  manner  mentioned  to  be  ufed  tome- 
times' in ‘Chinefe  dictionaries,  the  two  marks  joined  to¬ 
gether  become  in  faft  a  fyllable.  If  a  frequent  in  - 
courfe  fliould  take  place  between  communities  fpeakmg 
different  languages,  the  neceff.ty  of  ufmg  hieroglyphics 
merely  as  marks  of  found  would  frequently  recur  1 
praftice  would  lead  imperceptibly  to  thcd.fcovcry  t  at, 
with  a  tew  hieroglyphics,  every  found  of  -he  foreign 
language  might  be  expreffed  ;  and  the  hieroglyphics 
whfch  anfwered  belt  this  purpofe,  either  as  t<>  exaftnefs 
of  found  or  fimplicity  of  form,  would  be  felefted  for 
this  particular  ufe;  andferving  as  fo  many  letter.,  would 
fort-"i  in  faCt  together  what  is  called  an  alphabet.  1 1ms, 
the  paffar-e  from  hieroglyphic  to  alphabetic  writing  may 
naturally  be  traced,  without  the  neceffity  of  having 
‘  recomfe  to  divine  inftruftion,  as  feme  learned  men 
have  conjeftured,  on  the  ground  that  the  art  o.  wntmg. 
by  an  alphabet  is  too  refined  and  artificial  for  untutore 

rea<t‘>The  Chinefe  printed  charafter  is  the  fame.as  is 
ufed  in  molt  manulcripts,  and  is  chiefly  former,  of. 
ftraight  lines,  in  angular  pofitions,  as  molt  letters  are  in 
Eaftern  tongues,  elpecially  the  Sanfcnt ;  the  char  . 
of  which,  in  fome  inftances,  admit  of  additions  to  their 
original  form,  producing  a  modification  of  the  tentc. 
A  miming  hand  is  ufed  by  the  Chinele  only  on  trivial 
occaf.ons,  or  for  private  notes,  or  for  the  eate  and  ex¬ 
pedition  of  the  writer  ;  and  differs  from  the  other  as. 
much  as  an  European  manufcr.pt  does  f.om  punt. 
There  are  books  with  alternate  columns  of  both  k.nds 
of  writing  for  their  mutual  explanation  to  a  learner.  _ 

“  The  principal  difficulty  in  the  iluay  of  Chinefe  wri¬ 
tings  ariles  from  the  general  cxcluhon  ol  thc  aux.hary 
particks  of  colloquial  language,  that  fix  the  relatio  b  - 
keen  indeclinable  words,  fuel,  as  are  t  « 

Chinefe  language.  The  judgment  muft  be  conftantly 
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exercifed  by  the  fttident,  to  firpply  the  abfenee  of  fuch. 
affiftance.  That  judgment  mull  be  guided  by  attention 
to  the  manners,  cuftorrs,  laws,  and  opinions  of  the  Chi- 
nefe,  and  to  the  events  and  local  circumftances  of  the 
country,  to  which  the  allufions  of  language  perpetually 
refer.  If  it  in  general  be  true,  that  a  language  is  diffi¬ 
cult  to  be  undcrflood  in  proportion  to  the  diftance  of 
the  country  where  it  is  fpoken,  and  that  of  him  who 
endeavours  to  acquire  it,  becaufe  in  that  proportion 
the  allufions  to  which  language  has  continually  recourfe 
are  lefs  known  to  the  learner,  fome  idea  may  be  concei¬ 
ved  of  the  ob'lacles  which  an  European  may  expe&  to 
meet  in  reading  Chiiiefe,  not  only  from  the  remotenefs 
of  fituation,  but  from  the  difference  between  him  and 
the  native  of  China  in' all  other  refpedts.  The  Chinete 
charadiers  are  in  fadf  /ketches  or  abridged  figures,  and 
a  fenterce  is  often  a  firing  of  metaphors.  The  diffe¬ 
rent  relations  of  lire  are  not  marked  by  arbitrary  found?, 
/imply  conveying  the  idea  of  fuch  connexion  ;  but  the 
qualities  naturally  expe&ed  to  arife  out  of  fuch  relations 
become  frequently  the  name  by  which  they  are  refpe&ive- 
ly  known.  Kindred,  for  example,  of  every  degree  h  thus, 
diftfnguiihed  with  a  miniitenefs  unknown  in  other  langua¬ 
ges.  That  of  China  has  diftinft  chara&ers  for  every  modi¬ 
fication  known  by  them  of  objeds  in  the  phyficai  and  in- 
t  elk  dual  world.  Abftradl  terms  are  no  otherwjfe  expref- 
/ed  bv  the  Chinefe  than  by  applying  to  each  the  name  of 
the  moil  prominent  objeds  to  which  it  might  be  applied, 
which  is  likewife  indeed  generally  the  cafe  of  other  lan¬ 
guages.  Among  the  Latins  the  abftract  idea  of  virtue, 
for  example,  was  exprefied  under  the  name  of  valour  or 
firengtb  (virtus),  being  the  quality  moll  efieemed  a- 
mong  them,  as  filial  piety  is  confidered  to  be  in  China. 
The  words  of  an  alphabetic  language  being  formed  of 
different  comb  nations  o>  letters  or  elemental  parts,  each 
with  a  difiind  found  and  name,  whoever  knows  and 
combines  thefe  together,  may  read  the  words  without 
the  leafi  knowledge  of  their  meaning  ;  not  lo  hierogly¬ 
phic  language,  in  which  each  charadcr  has  indeed  a 
found  annexed  to  it,  but  which  bears  no  certain  relation 
to  the  unnamed  lines  or  firokes  of  which  it  is  compo- 
led.  .  Such  charader  is  ftudied  and  belt  learned  bv  be¬ 
coming  acquainted  with  the  idea  attached  to  it  ;  and  a 
did  ion  ary  of  hieroglyphics  is  lefs  a  vocabulary  of  the 
terms  of  one  language  with  the  correfpondent  terms  in 

flr°Iher^t,anun  e"crcI°P3edl‘a  containing  explanations 
of  the  ideas  themfelves  reprefented  by  fuch  hierogly¬ 
phics.  In  fuch  fenfe  only  can  the  acquifition  of  Chi- 
nefe  words  be  jiiftly  faid  to  engroff  moll  of  the  time  of 
men  of  learning  among  them.  The  knowledge  of  the 
fciences  of  the  Chinefe,  however  imperfed,  and  of  their 
moft  extenfive  literature,  is  certainly  fiifficient  to  oc- 
enpy  the  life  of  man.  Enough,  however,  of  the  lan¬ 
guage  is  imperceptibly  acquired  by  every  native,  and 
may,  with  diligence,  be  acquired  by  foreigners  for  the 

ordinary  concerns  of  life  •  and  further 
__  a  a  .  >  ana  riirtner  improvements 

mult  depend  on  capacity  and  Opportunity.” 

Next  to  the  Angular  ftrudure  of  the  oral  anti  writ- 
ten  language  of  the  Chinefe,  there  is  perhaps  not  W 

than’tT  hlft°iy  m7e,  fl,rpnl5nS  t0  a  native  of  Europe 
than  the  number  of  the  people,  and  the  means  by  which 

they  contrive  to  procure  fubfiftence,  without  foreign 

trade,  in  a  country  fo  crouded,  and  at  the  fame  time 

not  everywhere  of  a  fertile  foil.  In  the  Encyclopedia, 

the  population  of  this  vaft  empire  is  ftated,  from  M 
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Grofier,  at  MomilKeiw  :  but  great  a*  this  is,  when  COf,,  a 
pared  with  the  population  of  every  other  extenfive  coun 
try,  it  appears  to  be  far  (hort  of  the  truth.  Sir  George 
Staunton  has  pubhlhed  a  ftatement,  taken  from  one  of 
the  public  otiices  111  the  capital,  and  given  by  a  -Teat 
and  refutable  mauderin  to  Lord  Macartney/in  4ich 
it  is  the  urn  that  China  Proper  contains  not  fewer  than 
333  millions  of  inhabitants  As  the  extent  of  the  coun. 
try  is  1,297,999  fquarc  miles,  there  aie  of  courfe  very 
near  260  inhabitants  to  every  fouare  mile  ;  and  of  thefe 
miles  a  very  cor.fiderable  proportion  confiils  of  noth!™ 
but  barren  rocks.  That  this  account  is  accurate  there 
can  be  httie  doubt ;  tor  the  extent  of  the  provinces  was 
afeer tamed  hy  aftr«wonuc«l  obfervations,  as  well  as  bv 
admeasurement ;  and  the  number  of  individuals  is  regu- 
larly  taken  tit  eaelr  drviiion  of  a  diftricl  by  a  tythino- 
man,  or  every  tenth  mafter  of  a  family,  Thefe  returns 
are  collected  by  officers  refident  fo  near  as  to  be  capable 
of  cor  reding  any  grofs  miitake,  and  are  all  lodged  in 
the  great  register  of  Pekin.  h 

For  this  exceffive  population  our  author  fatisfadonly 
accounts.  Celibacy,  Says  he,  is  rare  in  China,  even  in 
he  military  ptofeffion  ;  the  marriages  are  orolific  as 
weh  as  early,  and  the  influence  of  the  patriarchal  ly. 
ob  M  b,e|C:SPIa1'nt,d  a^rwards,  is  fuch,  that  a  man's 

btCn^  t0,rhls  ,wealth-  11  ««  reckoned  a  dil'ciedit 
to  be  without  offspring;  and  they  who  have  none  adopt 
others,  who  become  theirs  exclufively.  1„  cafe  of  „Jr 
"age,  ffiould  a  wife  prove  barren,  a^econd  mav  be  eC 
pouted  in  the  lifetime  ot  the  iirft.  The  opulent  as  in 
moft  parts  of  the  Eaft  are  allowed,  without  repkach? 
to  keep  concubines,  of  whom  the  children  are  conf, der¬ 
ail  th  hemlthf;  °f  the  'eg't'mate  wifer.and  partake  in 
all  the  rights  of  legitimacy.  “  Accidents  fometimes  of 
extraordinary  drought,  and  fometimes  of  exceffive  in 
unoations,  occafionally  produce  famine  in  particula' 
provinces,  and  famine  difeafe  ;  but  there  are  tew  dram! 

JaZn'1’0’ TH? Kth%0f  emiffratl°n  or  f^eign  navi- 
gallon.  The  number  of  man  .inures,  whofe  occupa¬ 
tions  are  not  always  favourable  to  health,  v/hofe  con- 
ftant  confinement  to  particular  fpots,  and  fometimes  in 
a  clofe  or  tainted  atmofphere,  muft  be  injurious,  and 
whofe  refidence  in  towns  expofes  them  to  irregularities, 
bears  but  a  very  fmall  proportion  to  that  ot' hufband- 
men  in  China.  In  general  there  feems  to  be  no  other 
bounds  to  Chinefe  populoulnefs  than  thofe  which  the 
neceuty  of  fuofiftence  may  put  to  it.  Thefe  bounda- 
nes  are  certainly  more  enlarged  than  in  other  countries. 

1  he  whole  furface  of  the  empire  1?,  with  trifling  excep¬ 
tions,  dedicated  to  the  produdion  of  food  for  man 
alone.  t  here  is  no  meadow,  and  very  little  pafture  • 
nor  are  fields  cultivated  in  oats,  beaus,  cr  turnips,  for 
the  fuppoit  ot  cattle  of  any  kind.  Few  parks  or  plea- 
fure  grounds  are  teen,  excepting  thofe  belonging  to  the 
emperor.  Little  land  is  taken  up  for  roads,  which  are 
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few  and  narrow,  the  chief  communication  berWbv  o 

ter.  There  are  nn  - -  1  1  r-  1 


ter  There  are  no  commons,  or  lands  fuffered  to  lie 
walte  by  the  neglect,  or  the  caprice,  or  for  the  fportof 
great  proprietors.  No  arable  land  lies  fallow  *  The 
foil,  under  a  hot  and  fertilizing  fun,  yields  annually,  i„ 
moft  mftances,  double  crops,  in  confequence  of  adapt 
mg  the  culture  to  the  foil,  and  of  fupplying  i,s  defeds 
by  mixture  with  other  earths,  hy  manure,  by  irrirra 
Uon  by  careful  and  judicious  induftry  of  evefy  kind* 
ihe  labour  of  man  is  little  diverted  from  that  induftry 

to 
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to  rainifter  to  the  luxuries  of  the  opulent  and  power- 
Jful  or  in  employments  of  no  real  life.  .  Even  the  fol- 
diers  of  the  Chinefe  army,  except  during  the  fhort  in- 
tcivals  of  the  guards  which  they  are  called  to  mount, 
or  the  exercifes,  or  other  occafional  fervices  which  they 
perform,  are  inoftly  employed  in  agriculture  'Hie  quan¬ 
tity  of  fnbfi Hence  is  increafed  alfo,  by  converting  more 
fpecies  of  animals  and  vegetables  to  that  purpole  than  is 
ufual  in  other  countries.  And  even  in  the  preparation  of 
their  food  the  Chinefehave  economy  and  management.” 

The  government  of  China  is  defpotic  ;  and  it  is  a 
curious  fpeftacle  to  behold  fo  large  a  proportion  of  the 
whole  human  race,  conneaed  together -in  one  great  fy- 
ftem  of  polity,  fubmitting  quietly,  and  through  fo  con- 
fiderable  an  extent  of  country,  to  one  great  fovereign  ; 
and  uniform  in  their  laws,  their  manners,  and  their  lan¬ 
guage,  but  differing  effentially  in  each  of  thefe  refpetls 
from  eve*y  other  portion  of  mankind  ;  and  neither  de- 
firous  of  communicating  with  nor  forming  any  deftgns 
againft  the  reft  of  the  world.  To  produce  fuch  a  phe- 
nomenon,  many  caufes  mull  be  combined  ;  but  perhaps 
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annals  of  the  empire  teftify,  that  for  a  long  period  of 
time,  the  earth,  like  the  other  elements  of  nature,  was 
enjoyed  by  its  inhabitants  almoft  in  common.  Their 
country  was  divided  into  (mall  equal  diitridfts  ; .  every 
diftriift  was  cultivated  conjointly  by  eight  labouring  fa¬ 
milies,  which  compofed  each  hamlet  ;  and  they  enjoyed 
all  the  profit  of  their  labours,  except  a  certain  (hare 
of  the  produce  referved  for  public  expences.  It  is 
true,  indeed,  that  after  a  revolution,  deplored  in  all  the 
Chinefe  hiftories,  which  happened  prior  to  the  Chriftian 
era,  the  ufurper  granted  all  the  lands  away  to  the  part¬ 
ners  of  of  his  victories,  leaving  to  the  cultivators  of  the 
foil  a  fmall  pittance  only  out  of  tfie  revenue  which  it 
yielded.  Property  in  land  alfo  became  hereditary  :  but 
in  proccfs  of  time,  the  molt  con  fiderable  domains  were 
fubdtvided  into  very  moderate  parcels  by  the  fnccefiive 
diftribution  of  the  pofTeffions  of  every  father  equally 
among  all  his  Tons  ;  the  daughters  being  always  married 
without  dower.  It  very  rarely  happened  that  tneie 
was  but  an  only  fon  to  enjoy  the  whole  property  of  his 
deceafed  parents ;  and  it  could  fcarcely  be  increafed  by 


China. 


pire,  and  in  the  belief  that  the  emperor  is  the  vicege¬ 
rent  of  heaven,  and  guided  in  all  his  actions  by  divine 

mfThe" patriarchal  fyftcm  is  founded  upon  that  filial 
piety  which  the  philofophers  of  China  have  uniformly 
reprefented  as  the  greateft  of  human  virtues.  Thele 
fages,  while  they  fuccelsfully  inculcated  this  duty,  have 
left  parental  afSeclion  to  its  own  natural  influence;  and 
hence  in  China  parents  are  lefs  frequently  negleiled  than 
infants  are  expofed.  The  laws  of  the  empire,  to  cor¬ 
roborate  the  difpolition  to  filial  obedience,  furmlh  an 
opportunity  for  punching  any  breach  of  it,  by  leaving 
a  man’s  offspring  entirely  within  his  own  power  :  and 
hence  it  is,  that  with  the  poor,  marriage,  as  we  have 
laid,  is  a  meafure  of  prudence  ;  becaute  the  children, 
particularly  the  fons,  are  bound  to  maintain  their  pa* 

reA*  Chinefe  dwelling  is  generally  furrounded  by  a 
wall  fix  or  feven  feet  high.  Within  this  mclofure  a 
whole  family,  of  three  generations,  with  all  their  respec¬ 
tive  wives  and  children,  will  frequently  be  found.  One 
fmall  room  is  made  to  ferve  for  the  individuals  of  each 
branch  of  the  family,  fleeping  in  different  beds,  divided 
only  by  mats  hanging  from  the  ceiling.  One  common 

room  is  ufed  for  eating.  .  ,  .  r 

The  prevalence  of  this  cuftom,  of  retaining  the  leve- 
ral  branches  of  a  family  under  the  fame  roof,  is  attend¬ 
ed  with  important  effefts  It  renders  the  younger  tern- 
perate  and  orderly  in  their  condud  under  the  authority 
and  example  of  the  older  ;  and  it  enables  the  whole  to 
fubfift,  like  foldiers  in  a  mefs,  with  more  economy  and 
advantage.  As  the  venerable  patriarch  of  each  habi¬ 
tation  prefides  over  his  defendants  with  the  authority 
of  a  magiftrate  ;  fo  the  different  orders  of  magift rates 
are,  in  their  different  diftrids  and  provinces,  looked  up 
to  with  the  veneration  due  from  children  to  their  pa¬ 
rents,  while  the  emperor  is  revered  as  the  grand  patri¬ 
arch  of  the  whole  empire.  A 

Another  thing  which  contributes  much  to  the  p  - 
manency  of  the  government  and  the  internal  quiet  o*  t  le 
empire  is,  that  in  China  there  is  lefs  inequality  in  the 
fortunes  than  in  the  conditions  of  men.  ’I  he  ancient 


conftant  tendency  to  level  wealth;  and  few  could  fuc* 
ceed  to  fuch  an  accumulation  of  it  as  to  render  them 
independent  of  any  efforts  of  their  own  for  its  increafe. 
Befides,  wealth  alone  confers  in  China  but  little  impor¬ 
tance,  and  no  power  ;  nov  is  property,  without  office, 
always  perfedly  fecure.  There  is  no  hereditary  digni¬ 
ty,  which  might  accompany,  and  g.ive  it  pre-eminence 
and  weight.  The  delegated  authority  of  government 
often  leans  more  heavily  on  the  unprotected  rich  than 
on  the  poor,  who  are  lefs  objeds  of  temptation.  And 
it  is  a  common  remark  among  the  Chinefe,  that  for¬ 
tunes,  either  by  being  parcelled  out  to  many  heirs,  or 
by  being  loft  in  commercial  fpeculations,  gaming,  or 
extravagance,  or  extorted  by  oppreffive  mandai  ines  fel- 
dom  continue  to  be  confiderable  in  the  individuals  of 
the  fame  family  beyond  the  third  generation.  To  af- 
cend  again  the  ladder  of  ambition,  it  is  neceffary,  by 
long  and  laborious  ftudy,  to  excel  in  the  learning  of  the 
country,  which  alone  qualifies  for  public  employments 
There  are  properly  but  three  claffes  of  men  in  China: 
men  of  letters,  from  whom  the  mandai  ines  are  taken  ; 
cultivators  of  the  ground  ;  and  mechanics,  including, 
merchants.  In  Pekin  alone  is  conferred  the  higheft  de¬ 
gree  of  literature  upon  thofe  who,  in  public  examina¬ 
tions,  are  found  moil  able  in  the  fcicnces  of  morality 
and  government  a3  taught  in  the  ancient  Chinefe  wri¬ 
ters  ;  with  which  ftudies  the  hiftory  of  their  country  is 
intimately  blended.  Among  fuch  graduates  all  the  ci¬ 
vil  offices  in  the  ftate  are  diftributed  by  the  emperor  ; 
and  they  compofe  all  the  great  tribunals  of  the  empire. 
The  candidates  for  thofe  degrees  are  fuch  as  have  fuc- 
ceeded  in  fimilar  examinations  in  the  principal  city  of 
each  province.  Thofe  who  have  been  chofen  in  the 
cities  of  the  fecond  order,  or  chief  town  of  every  dif- 
tiid  in  the  province,  are  the  candidates  in  the  provin¬ 
cial  capital.  They  who  fail  in  the  firft  and  fecond 
claffes  have  ftill  a  claim  on  fubordinate  offices,  propor¬ 
tioned  to  the  clafs  in  which  they  had  fucceeded.  Thofe 
examinations  are  carried  on  with  great  folemnity,  and 
apoarent  fairnefs.  Military  rank  is  like  wife  given  to 
thofe  who  are  found  upon  competition  to  excel  in  the 
military  art?  and  in  warlike  exercifes.  This  diftnbution 
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of  offices  contributes  greatly  to  the  peace  of  the  em¬ 
pire-,  for  the  people  chearfully  fubmit  to  the  authority 
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of  thofe  whom  they  believe  to  be  placed  over  them  by 
merit  alone,  and  love  that  conRitution  which  brings 
within  the  reach  of  the  meaneft  fubjed,  who  has  talents 
and  induftry,  the  higheft  Ration  next  to  the  fupreme. 

“The  great  tribunals?are  ftuated,  for  the  fake  o'  con¬ 
venience,  near  the  fonthcrn  gate  of  the  imperial  palace 
at  Pekin  To  them  accounts  of  all  the  tranfa&ions  of 
the  empire  are  regularly  tranfmittcd.  They  are  coun¬ 
cils  of  reference  from  the-emperor,  to  whom  they  report 
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every  buhnefs  of  moment,  with  the  motives  for  the  ad¬ 


vice  which  they  offer  on  the  occafion.  There  is  a  body 
of  do&rine  compoled  from  the  writings  of  the  earlieft 
ages  of  the  empire,  confirmed  by  fubfequent  lawgivers 
and  fovereigns,  and  tranfmitted  from  age  to  age  with 
increafing  veneration,  which  ferves  as  rules  to  guide  the 
judgement  of  thofe  tribunals.  This  do&rine  feems,  in¬ 
deed,  founded  on  the  broadeft  bafis  of  univerfal  jufticc, 
and  on  the  pureR  principles  of  humanity. 

His  Imperial  majefty  generally  conforms  to  the  fug- 
geftions  of  thofe  tribunals.  One  tribunal  is  dire&ed  to 
confider  the  qualifications  of  the  different  mandarines 
for  different  offices,  and  to  propofe  their  removal  when 
found  incapable  or  unjuft.  One  has  for  objedt  the  pre- 
fervation  of  the  manners  or  morals  of  the  empire,  call¬ 
ed  by  Europeans  the  tribunal  of  ceremonies,  which  it  re¬ 
gulates  on  the  maxim,  that  exterior  forms  contribute 
not  a  little  to  prevent  the  breach  of  moral  rules.  The 
moft  arduous  and  critical  is  the  tribunal  of  cenfors  ; 
taking  into  its  confideration  the  effe&of  fubfifting  laws, 
the  condu£l  of  the  other  triounals,  of  the  princes  and 
great  officers  of  Rate,  and  even  of  the  emperor  himfelf. 
There  are  feyeral  fubordinate  tribunals ;  Rich  as  thofe 
of  mathematics,  of  medicine,  of  public  works,  of  litera- 
ture  and  hiltory.  The  whole  is  a  regular  and  confident 
iyitem,  eftabhffied  at  a  very  early  period,  continued 
with  little  alterations  through  every  dynafty,  and  re¬ 
vived  after  any  interruption  from  the  caprice  or  paffions 
of  particular  princes.  Whatever  deviation  has  been 
made  by  the  prefent  family  on  the  throne,  arifes  from 
the  admiffion  of  as  many  Tartars  as  Chinefe  into  every 
tribunal  .  The  opinions  of  the  former  ate  fuppofed  al¬ 
ways  to  preponderate  5  and  many  of  them  are  indeed 


each  other,  there  appeared  nothing  unlikely  in  the  cal.  Chi™  ■  - 
culation  of  the  infantry  ;  but  they  met  few  cavalry.  If— y. ' 
the  number  mentioned  really  do  exift,  a  great  prooor- 
tion  of  them  mud  have  been  in  Tartary,  or  on  fome 
iervice  diftant  from  the  route  of  the  embafl'y. 

“  0t  the  trooPs>  efpecially  cavalry,  a  vaft  number  are 
1  attars,  who  have  a  higher  pay  than  their  Chinefe  fel- 
low-foldiers.  The  principal  officers  of  confidence  in 
the  army  are  Tartars  alfo  None  of  either  nation  are 
received  into  the  fervice  but  fuch  as  are  healthy,  ftronsr 
and  lightly.  The  pay  and  allowances  of  a  Chinefe 
lioifeman  are  three  Chinefe  ounces,  heavier  than  Euro¬ 
pean  ounces,  and  three  tenths  of  an  ounce,  of  fiver, 
and  fifteen  meafures  or  rations  (the  weight  not  men¬ 
tioned)  of  rice  every  lunar  month.  A  Tartar  horfe- 
man,  feven  funilar  ounces  of  filver,  and  20  meafures  of 
rice  for  the- fame  period.  A  Chinefe  foot  foldier  has 
one  ounce  and  fix  tenths  of  an  ounce  of  filver,  and  ten 
meafures  of  rice  ;  and  a  Tartar  of  the  fame  defeription 
has  two  ounces  of  filver,  and  ten  meafures  of  rice  every 
lunar  month  !  he  emperor  furnifhes  the  arms,  accoutre¬ 
ments,  and  the  upper  garment,  to  all  the  foldiers.  Be- 
iide  their  ordinary  pay  and  allowances,  they  alfo  receive 
donations  from  the  emperor  on  particular  occalions ; 
as  when  they  marry,  and  when  they  have  male  children 
born.  On  the  death  of  their  parents  they  obtain  <a 
gitt  of  confutation  as  do  their  families  when  the  fol- 
diers  themfelves  die. 

“  ^  he  public  revenues  of  China  Proper  are  faid  to  be 
fittfe  lets  than  200,000,000  of  ounces  of  filver,  which 
may  be  equal  to  about  66,000.000  of  pounds  fterling: 
or  about  three  times  thofe  of  France  before  the  late 
iubverfion.  From  the  produce  of  the  taxes  all  the  ci¬ 
vil  and  military  expences,  and  the  incidental  and  extra- 
ordinary  charges  are  firft  paid  upon  the  fpot  out  of 
the  treafunes  of  the  refpe&ive  provinces  where  fuch 
expences  are  incurred  ;  and  the  remainder  is  remitted  to 
the  Imperial  treafury  at  Pekin.  This  furplus  amount- 
ed,  in  the  year  1792,  to  the  fum  of  56,614,32b  ounces 
of  filver,  or  12,204,776  pounds  fteding,  according  to 
an  account  taken  in  round  numbers.  In  cafe  of  infur- 
re  10ns,  or  other  occurrences  requiring  extraordinary 
expences,  they  are  generally  levied  by  additional  taxes 
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men  of  enumerable  talent's  and' 'ftrength’of' m\rTZ  T  th"  P,rov!"ceVad-iac6nt  to  ,he  f«:cne  of  action,  or 
well  as  poliihed  manners.  They  ^however  7Sne-  “St'S  occafion  of  the  expence, 
ral,  fitter  for  military  than  civil  ,  '  the  ac-mmiftration  of  the  vaft  revenue  of  the  ffate, 

the  opportunities  of  committing  abufes  are  not  often 
neglected  ;  as  may  be  inferied  from  the  frequent  confrf- 
cation  to  the  emperor  in  confluence  of  fuch  tranfgref- 
hons.  It  vs  indeed  affirmed,  that  much  corruption  and 
oppreffion  prevail  in  moft  of  the  public  departments, 
by  which  confiderable  fortunes  are  acquired,  notvvith- 
ftanding  the  modicity  of  the  public  falaries.” 

With  fuch  a  ftanding  army  and  fo  vaft  a  revenue,  it 
will  no  longer  appear  Wonderful  that  one  man  fhould 
govern  with  delpotic  fway  even  the  immenfe  multitude 
of  people  who  inhabit  the  empire  of  China,  efpecially 
trained  up  as  thole  people  are  in  habits  of  filial  fubmif. 
lion  to  their  fupenors.  But  there  are  fome  circumftan- 
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•  ral,  fitter  for  military  than  civil  offices.  The  hardy°edu 
cation  thorough  manners,  the  adtive  fpirit,  the  wan- 
denng  difpofition,  the  loofe  principles,  and  the  irregu¬ 
lar  conduft  of  the  Tartar,  fit  him  better  for  the  pro- 
feffion  pradtice,  and  purfuits  of  war,  than  the  calm,*  re- 

•  plated,  and  domeftic  habits  octhe  Chinefe.  Warriors 
.eem  naturally  the  offspring  of  Tartary,  as  literati  are 
of  China;  and  accordingly,  the  principal  military  com- 
mauds  are  conferred  on  natives  of  the  former  country 

rtetm*-  th<  off,™ 


are  on  thofe  of  the  latter, 

A  military  mandarin,  who  was  much  with  Lord 
STS  "I  S.1— lf  *  officer,  ,f. 


ferted,  that,  “  including  Tartars  the  talofH  -°  lr  fuPe"ors-  ^lit  there  are  fome 
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winch  contiihute  peihaps  more  than  even  thefe  habits 


and  <7  7  °f  Ch,r  am“unted  to  1 .000,000  infantry, 
and  80c, 000  cavalry.  I-  rom  the  obfervations  made  by 

the  embaffy  in  the  courfe  of  their  travels  through  the 
-  empire,  of  the  garrtfons  in  the  cities  of  the  feveral  or- 
and  of  the  military  polls  at  fmall  diftances  from 
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and  that  power  to  preferve  the  {lability  of  the  govern- 
ment.  I  he  emperor  referves  to  himfelf  alone  the  ri.ffit 
of  relieving  the  wants  of  the  poor,  produced  by  famine 
or  any  other  unforefcen  calamity.  On  fuch  occafion s 

he 
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he  always  come*  forward.  He  orders  the  public  gra-  This  is  In  faft  tue  cafe, 
uaries  to  be  opened  ;  remits  the  taxes  to  thofe  who  are 
viuted  with  misfortune  ;  affords  afliltance  to  enable  them 
to  retrieve  their  affairs  ;  and  appears  to  his  fubjedls  as 
{landing  almoft  in  the  place  of  Providence  in  their  fa¬ 
vour.  He  is  perfectly  aware  by  how  much  a  ftronger 
chain  he  thus  maintains  his  abfolute  dominion,  than  the 
mere  dread  of  punifhment  would  afford.  The  emperor, 
to  whom  the  Britifh  embaffy  was  Cent,  {hewed  himfelf 
fo  jealous  of  retaining  the  exclufive  privilege  of  bene¬ 
volence  to  liis  fubje&s,  that  he  not  only  reje&ed,  but 
was  offended  at,  a  propofal  once  made  to  him  by  fome 
cor.fiderable  merchants,  to  contribute  towards  the  relief 
of  a  fuffering  province  ;  whilll  he  ferupkd  not,  at  the 
fame  time,  to  accept  the  donation  of  a  rich  widow  to¬ 
wards  the  expences  of  a  war  in  which  he  was  engaged. 

This  veneration,  excited  towards  the  emperor  by  his 
apparent  benevolence,  is  increafed  by  an  opinion  zea- 
1  ou fly  initilled  into  the  people,  that  he  has  the  facility 
of  predi&ing  future  events  of  the  greateil  importance. 

The  Chinefe,  given  up  to  the  dotages  of  judicial  ailro- 
logy,  are  firmly  perfuaded  that  eclipfes  of  the  iun  and 
moon  have  a  powerful  influence  on  the  operations  of 
nature  and  the  tranfa&ions  of  mankind  ;  and  the  pe¬ 
riods  of  their  occurrence  become,  of  courfe,  obje&s  of^ 
attention  and  folicitude.  The  government  of  the  coun¬ 
try,  ever  anxious  to  ellablifh  its  authority  in  the  general 
opinion  of  its  fuperior  wifdom  and  cor  Rant  care  for  the 
welfare  of  the  people,  employs  the  European  miffion- 
aries  at  Pekin  (for  it  is  doubtful  if  any  one  of  the  na¬ 
tives  has  fo  much  fcience)  to  calculate  eclipfes,  and 
then  announces  them  to  the  people  with  that  folemnity 
which  is  fitted  to  enfure  veneration  for  the  fuperintend- 
ing  power  whence  fuch  knowledge  is  immediately  de¬ 
rived  to  them.  Eclipfes  of  the  fnn,  in  particular,  are 
confide ?ed  as  omeuous  of  fome  general  calamity  ;  and 
as  great  pains  are  taken  to  infpire  them  with  a  belief 
that  their  profperity  is  owing  to  the  wifdom  and  virtues 
of  their  fovereign,  fo  they  are  tempted  to  attribute  to 
fome  deficiency  on  his  part  whatever  they  think  por¬ 
tentous.  1.  o  this  prejudice  the  emperor  finds  it  pru¬ 
dent  to  accommodate  his  conduft.  He  never  ventures 
on  any  undertaking  of  importance  at  the  approach  of 
a  folar  eclipfe,  but  affe&s  to  withdraw  himfelf  from  the 
prefence  6?*his  courtiers,  to  examine  flri&ly  into  his 
late  adminiftration  of  the  empire,  in  order  to  correct 
any  error,  for  the  commiffion  of  which  the  eclipfe  may 
have  been  an  admonition.  On  thefe  occafions  be  in¬ 
vites  his  fubjefis  to  give  him  freely  their  advice  :  hut  it  is 
plain  that  advice  muff  be  offered  with  great  deference 
to  a  being  for  whofe  admonition  the  motions  of  the  fun 
and  moon  are  believed  to  be  regulated  ;  and  while  fuch 
notions  are  implicitly  admitted,  the  perfon  of  the  Chi¬ 
nefe  emperor,  as  well  as  his  authority,  muft  be  looked 
upon  by  his  fubje&s  as  fomething  more  than  human. 
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He  is  not  only  approached 
in  perfon  with  teftimonies  of  the  utmoft  refpedl,  but  is 
adored  when  abfent  with  all  the  rites  and  ceremonies 
which  are  ufed  by  the  Chinefe  in  the  worfhip  of  their 
divinities.  On  his  birth-day,  at  the  new  and  full  moon, 
and  probably  on  other  feffivals,  all  the  mandarines  re- 
fident  in  the  neighbourhood  of  any  of  his  numerous  pa¬ 
laces  affemble  about  noon,  and  repairing  to  the  palace, 
folemnly  proflrate  themfelves  nine  times  before  the 
throne,  their  foreheads  ftriking  the  floor  each  time  ; 
whilft  incenfe  is  burning  on  tripods  on  each  fide  of  it, 
and  offerings  are  made,  on  an  altar  before  it,  of  tea  and 
fruits  to  the  fpirit  of  the  abfent  emperor.  Over  the 
throne  are  feen  the  Chinefe  chara&ers  of  glory  and  per¬ 
fection  ;  and  the  name  of  the  Deity  is  given  to  the  em¬ 
peror,  who  is  confidered  by  his  votaries  as  poffdfing  in 
fome  fenfe  the  attribute  of  ubiquity.  Mr  Barrow,  one 
of  the  gentlemen  of  the  embaffy,  was  p  reft  at  at  Tuen- 
min-yuen ,  one  of  the  imperial  palaces,  when  thefe  idola¬ 
trous  rites  of  adoration  were  performed,  and  he  was  af- 
j’ured  that  they  took  place  on  that  day  in  all  parts  of 
the  empire,  the  proftraters  being  everywhere  attentive 
to  turn  their  faces  toward  ■  the  capital. 

That  he  who  claims  adoration  in  his  abfence  does 
not  appear  on  his  birth-day  to  receive  the  compliments 
of  his  iubje&s,  will  not  furprife  the  reader.  The  man¬ 
ner  in  which  that  feftival  is  celebrated  at  the  palace, 
where  the  emperor  happens  to  be  refident,  is  thus  de- 
feribed  by  Sir  George  Staunton,  who  witneffed  this 
more  than  augult  ceremony  at  the  palace  of  Zhe-hal  in 
Tartary.  “  The  princes,  tributaries,  ambaffadors,  great 
officers  of  (late,  and  principal  mandarines,  were  affem- 
bled  in  a  vail  hall ;  and  upon  particular  notice,  were  in¬ 
troduced  into  an  inner  building,  bearing,  at  leaft,  the 
femblance  of  a  temple.  It  was  chiefly  furnifhed  with 
great  inftruments  of  mufic,  among  which  were  fets  of 
cylindrical  bells,  fufpended  in  a  line  from  ornamented 
frames  of  wood,  and  gradually  diminifhing  in  lize  from 
one  extremity  to  the  other,  and  alfo  triangular  pieces 
of  metal  arranged  in  the  fame  order  as  the  bells.  To 
the  found  of  thefe  inftrnments  a  flow  and  folemn  hymn 
was  lung  by  eunuchs,  who  had  fuch  a  command  of  their 
voices  as  to  refemble  the  effedl  of  the  mufical  glaffes  at 
a  diitance.  The  performers  were  directed,  in  gliding 
from  one  tone  to  another,  by  the  ftriking  of  a  fhrill 
and  fonorous  cymbal ;  and  the  judges  of  mufic  among 
the  gentlemen  of  the  embaffy  were  much  pleafed  with 
their  execution.  ’The  whole  had  indeed  a  grand  effe&. 
During  the  performance,  and  at  particular  fignals,  nine 
times  repeated,  all  the  perfons  proilrated  themfelves 
nine  times,  except  the  ambaffador  and  his  fuite,  who 
made  a  profound  obeifance  (a).  But  he  whom  it  was 
meant  to  honour,  continued,  as  if  it  were  in  imitation  of 
the  Deity,  invifibk  the  whole  time.” 

That  the  awful  imprefiion  meant  to  be  made  upon 
_  3  H  the 


(a)  The  Chinefe  court,  which  confiders  all  other  fovereigns  as  fubordinate  to  their  own,  exa&s  from  foreign 
nunifters,  as  well  as  from  natives  of  the  empire,  nine  proftrations  upon  their  firil  introdu&ion  to  the  emperor. 
This  demand  was  made,  in  the  laft  century,  of  the  Dutch,  who  inftantly  complied  with  it  in  hopes  of  obtaining 
in  return  fome  lucrative  advantages  ;  and  the  confequence  was,  that  their  ambaffador  was  treated  with  negledt, 
and  dilmiffed  without  promife  of  the  fmallcft  favour.  It  was  likewife  made  of  a  Ruffian  ambaffador  in  the  pre- 
fent  century  ;  but  he  would  not  comply  with  it,  until  a  regular  agreement  was  made  for  its  return,  on  a  like  oc- 
cafion,  to  his  own  fovereign.  Lord  Macartney,  who  was  repeatedly  urged  to  go  through  the  fame  abjca.cere- 
monv,  difplayed  fuch  firmnefs  and  addrefs,  that  after  much  evafion  it  was  at  laft  announced  to  him,  that  his  im¬ 
perial  majefty  would  be  fatisfied  with  the  fame  form  of  refpe&ful  obedience  that  the  Englifh  are  in  the  habit  of 
paying  to  their  own  fovereign ;  and  upon  thefe  terms  his  lordfhip  was  introduced  and  gracioufly  received; 
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the  minds  of  men  by  this  apparent  worfiiip  of  a  fellow- 
'  mortal  might  not  be  too  quickly  effaced,  all  fcenes  of 
fport  and  gaiety  were  poftponed  to  the  next  day,  when 
a  variety  of  entertainments  was  exhibited  in  the  pre¬ 
fence  of  the  emperor,  furrounded  by  his  court  and  tri¬ 
butary  princes. 

Notwithftanding  the  general  veneration  of  the  Chi- 
nefe  for  the  perfon  and  government  of  their  emperor, 
the  mandarines  affertcd  that  a  fedl  had  for  ages  lubfift- 
ed  in  the  country,  wliofe  chief  principles  were  founded 
on  an  antipathy  to  monarchy,  and  who  nourifhed  hopes 
of  at  lafl  fubverting  it.  Their  meetings  were  held  in 
the  utmofl  fecrecy,  and  no  man  avowed  any  knowledge 
of  them  ;  but  a  fort  of  inquifition  was  hid  to  be  efta- 
hlifhed  in  order  to  find  them  out,  and  they  who  were 
fufpedled  of  fuch  fentiments  were  cut  .off,  or  hunted  out 
of  fociety.  Should  the  French  declaration  of  the  rights 
of  man,  which,  through  the  zeal  of  its  authors,  has 
beentranflated  into  one  of  the  languages  of  India,  find 
its  way  into  China  (of  which  the  court  is  faid  to  be 
much  afraid),  it  would  indeed  be  a  powerful  engine  in 
the  hands  of  this  fecret  fedl  to  fap  the  foundations  of  the 
ancient  government.  The  minds  of  many  of  the  Chinefe 
are  far  from  fatisfied  with  their  condition,  which  lays 
both  their  perfons  and  their  fortunes  at  the  mercy  of 
the  mandarines.  No  private  man  in  China  is  exempted 
from  corporal  punifhment,  which  may  be  inftantly  in- 
flidfed  on  him  at  the  nod  of  a  magiftrate  ;  and  when  he 
has  occafion  to  fpeak  to  a  great  mandarine,  he  is  obliged, 
by  the  police  of  the  country,  to  throw  himfelf  on  his 
knees,  and  in  that  pofture  to  communicate  his  bufinefs. 
The  mandarine  himfelf,  on  the  other  hand,  lies  under 
the  hardfhip  of  being  frequently  refponfible  for  events 
which  he  could  not  controul.  Upon  the  general  prin¬ 
ciple  that  it  is  his  duty  to  watch  over  the  moials  of  the 
people,  he  is  in  many  cafes  confidered  as  a  criminal  for  not 
preventing  crimes  which  he  had  not  been  able  to  prevent. 
The  mandarines  are  thus  aware  of  not  being  guaranteed 
by  goodcondudl  againtl  difgrace  ;  and  feeling  the  cha¬ 
grin  of  infecurity,  many  of  them  mull  doubtlefs  be  ripe 
for  a  revolt.  Fear  may  keep  them  quiet  during  the 
rei  m  of  a  fovereign  pofTefied  of  abilities  and  vigilance  ; 
but  the  maxims  which  regulate  the  imperial  fucceffion 
are  fuch,  that  a  firm  confederacy  could  hardly  fail  at 
the  death  of  an  emperor  to  introduce  great  changes  in¬ 
to  the  conflitution.  The  throne  of  China  is  neither 
hereditary  nor  eledlive.  The  choice  of  a  fucceffor  is 
left  entirely  to  the  reigning  prince,  who  may  exclude, 
as  has  been  inftanced,  even  his  own  offspring  and  fami¬ 
ly.  i  o  prevent  commotions  and  fraud,  it  is  no  un¬ 
common  pradlice  for  the  emperor,  during  hi3  lifetime, 
to  declare  his  fucceffor  ;  for  when  his  fucceffion  is  fet¬ 
tled  by  a  written  teftament,  the  throne  is  not  always 
filled  by  him  for  whom  it  was  deftined.  The  father  of 
the  empeior  to  whom  the  Britifh  embaffy  was  fent,  is 
faid  to  have  obtained  poffeffion  of  the  throne  by  fud- 
deniy  entering  the  palace  in  the  laft  moments  of  his 
pie  eceffor,  and  fubflituting  his  own  name  in  a  tefta- 
me  1.  i  intended  tor  the  exaltation  of  another. 

to  what  has  been  faid  in  the  Encyclopaedia  of  the  re¬ 
ligion  of  the  Chinefe,  we  have  here  very  little  to  add. 
Various  deities  are  worfhipped  in  the  empire  by  very  dif¬ 
ferent  rites  and  ceremonies;  but  there  is  in  China  no  ftate 
religion.  None  is  paid,  preferred,  or  encouraged  by  it. 
The  emperor  is  of  one  faith  j  many  of  the  mandarines  of 


another  ;  and  the  majority  of  the  common  people  of  a 
third,  which  is  that  of  Fo.  The  men  of  letters  vene¬ 
rate  rather  than  adore  Confucius  ;  and  meet  to  honour 
and  celebrate  his  memory  in  halls  of  a  finiDle  but  neat 
conftrudlion.  The  numerous  and  lower  claffes  of  the 
people  are  lefa  able  than  inclined  to  contribute  much 
towards  the  eredlion  of  large  and  coftly  edifices  for  on- 
blic  worfhip  :  their  attention  is  almoil  wholly  engaged 
by  their  houfhold  gods  ;  for  every  houfe  has  its  altar 
and  its  deities. 

“  No  people  are,  in  fadl,  more  fuperftitiom  than  the 
common  Chinefe.  Befide  the  habitual  offices  of  devo¬ 
tion  on  the  part  of  the  priefts  and  females,  the  temples 
are  particularly  frequented  by  the  difciples  of  Fo  pre- 
vioufiy  to  any  undertaking  of  importance  ;  whether  to 
marry,  or  go  a  journey,  or  conclude  a  bargain,  or 
change  fituation,  or  for  any  other  material  event  in  life, 
it  is  neceffary  firft  to  confult  the  fuperintendant  deity. 
This  is  performed  by  various  methods.  Some  place  a 
parcel  of  confecrated  flicks,  differently  marked  and 
numbered,  which  the  confultar:t,  kneeling  before  the 
altar,  fhakes  in  a  hollow  bamboo,  until  one  ot  them  falls 
on  the  ground  ;  its  mark  is  examined,  and  referred  to 
a  correipondent  mark  in  a  book  which  the  priefl  holds 
open,  and  fometimes  even  it  is  written  upon  a  fheet  of 
paper  palled  upon  the  infide  of  the  temple.  Polygonal 
pieces  of  wood  are  by  others  thrown  into  the  air.  Each 
fide  has  its  particular  mark  ;  the  ude  that  is  uppermoft 
when  fallen  on  the  floor  is  in  like  manner  referred  to 
its  correipondent  mark  in  the  book  or  fheet  of  fate. 
If  the  fir  ft  throw  be  favourable,  the  perfon  who  made 
it  proftrates  himfelf  in  gratitude,  and  undertakes  after¬ 
wards  with  confidence  the  bufinefs  in  agitation.  But 
if  the  throw  fhould  be  adverfe,  he  tries  a  fecond  time, 
and  the  third  throw  determines,  at  any  rate,  the  quef- 
tion.  In  other  refpe&s,  the  people  of  the  prefent  day 
feem  to  pay  little  attention  to  their  priefts.  The 
temples  are,  however,  always  open  for  fuch  as  choofe 
to  confult  the  decrees  of  heaven.  They  return  thanks 
when  the  oracle  proves  propitious  to  their  wifhes  Yet 
they  oftener  caft  lots  to  know  the  iffue  of  a  projected 
enterprife  than  fupplicate  for  its  being  favourable  ;  and 
their  worfiiip  confifls  more  in  thankfgiving  than  in 
prayer. 

v‘  The  Chinefe  are  feldom  faid  to  carry  the  objects  to 
be  obtained  by  their  devotion  beyond  the  benefits  of 
this  life.  Yet  the  religion  of  Fo  profeffes  the  do&rine 
of  the  tranfmigration  ot  fouls,  and  promifes  happinefs 
to  the  people  on  conditions,  which  were  no  doubt  ori¬ 
ginally  intended  to  confift  in  the  performance  of  moral 
duties  ;  but  in  lieu  of  which  are  too  frequently  fubfti- 
tuted  thofe  of  contributions  towards  the  eredlion  or’  re¬ 
pair  of  temples,  the  maintenance  of  priefts,  and  a  flridt 
attention  to  particular  obfervances.  The  negledl  of 
thefe  is  anounced  as  puni (liable  by  the  fouls  of  the  de¬ 
faulters  paffing  into  the  bodies  of  the  meaneft  animals, 
in  whom  the  fufferings  are  to  be  proportioned  to  the 
tranfgreffions  committed  in  the  human  form.” 

Though  the  Chinefe  artifts  are  very  ingenious  as 
mere  workmen,  there  is  hardly  any  thing  which  de- 
ferves  the  name  of  fcience  in  the  whole  empire.  So 
little  is  the  ftudy  of  mathematics  cultivated,  that  there 
are  few  fhopkeepers  in  China  who  can  perform  the  or¬ 
dinary  operations  of  arithmetic  ;  but  caft  up  their  ac¬ 
counts  by  means  of  an  inftrument  called  fwanpan  (See 
2  SwAN- 
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l  him.  Swanpan  Encycl. ) .  Though  the  competition  of  gun- 

t  -y“-  powder  was  certainly  known  in  China  much  earlier 
than  in  Europe,  and  though  the  Chinefe  had  employed 
it  from  the  beginning  in  blafting  rocks,  and  in  making 
a  vail  variety  of  lire- works  ;  yet  Sir  George  Staunton 
feems  convinced,  that  they  never  thought  of  the  inven¬ 
tion  of  guns  till  they  were  taught  by  the  Europeans  to 
introduce  them  into  their  armies. 

The  ftate  of  phylic  in  this  vaft  country  Is  extremly 
low,  being  nowhere  taught  in  public  fchools  or  colleges. 
“  A  young  man  who  wifhes  to  become  a  phyfician,  has 
no  other  way  of  acquiring  medical  knowledge  than  by 
engaging  himfelf  to  fome  pradlitioner  a3  an  apprentice. 
He  has  thus  the  opportunity  of  feeing  his  matter's 
. practice,  of  vifiting  his  patients  with  him,  and  of  learn¬ 
ing  fnch  parts  of  his  knowledge  and  fecretsas  the  other 
choofes  to  communicate  to  him.  The  emoluments  of 
the  profeffion  feldom  exceed  the  Ml  of  the  pra&itioner. 
As  many  copper  coin  as  fcarcely  are  equal  to  fixpence 
fterling  is  faid  to  be  the  ufual  fee  among  the  people  ; 
and  perhaps  quadruple  among  the  mandarines.  Medi¬ 
cine  is  not  divided  in  China  into  diflindl  branches  as  in 
.molt  parts  of  Europe.  The  fame  perfon  a£ls  as  phyii- 
-cien,  furgeon,  and  apothecary.  The  furgical  part  of 
the  profeflion  is  (till  more  backward  than  the  others. 
Amputation?  in  cafes  of  compound  fradure  and  gan- 
.grene,  is  utterly  unknown  ;  and  death  is  the  fpeedy 
-confequence  of  fuch  accidents.  The  Chinefe  method 
of  inoculation,  which  was  introduced  into  the  empire 
about  the  beginning  of  the  tenth  century  of  our  era, 
is  as  follows  :  When  the  difeafe  breaks  out  in  any 
diftridl,  the  phylicians  of  the  place  carefully  collect  a 
quantity  of  ripe  matter  from  puttules  of  the  proper  fort; 
which  being  dried  and  pulveriied,  is  clofely  fhut  up  in 
.a  porcelain  jar,  lo  as  to  exclude  from  it  the  atmofpheric 
.air ;  and  in  this  manner  it  will  retain  its  pioperties  for 
many  years.  When  the  patient  has  been  duly  prepared 
by  medicines,  generally  ot  an  aperient  kind,  and  ilridlly 
dieted  for  a  fhort  time,  a  lucky  day  is  chofen  to  fprinkle 
.a  little  of  the  variolus  powder  upon  a  fmall  piece  of 
fine  cotton  wool,  and  to  infert  it  into  the  noltrils  of 
the  patient. 

“  No  male  phyfician  is  allowed  to  attend  a  pregnant 
woman,  and  (till  lefs  to  pradlilc  midwifery  ;  in  the  in- 
dclicy  of  which  both  iexes  feem  to  agree  in  China. 
There  are  books  written  on  that  art  for  the  ufe  of  fe¬ 
male  practitioners,  with  drawings  of  the  Rate  and  por¬ 
tion  of  the  infant  at  different  periods  of  geftation  ;  toge¬ 
ther  with  a  variety  of  directions  and  preferiptions  for 
every  fuppofed  cale  that  may  take  place  :  the  whole 
mixed  with  a  number  of  fuperflitious  obfervances. 

Many  practitioners  of  phyfic  take  the  advantage,  as 
elfevvherc,  of  the  obfeurity  in  which  that  art  is  invol¬ 
ved,  and  of  the  ignorance  and  credulity  of  the  people, 
to  gain  money  by  the  lale  of  nottnims  and  fecrets  of 
their  own.  They  dittribute  hand  bills,  fetting  forth 
the  efficacy  of  their  medicines,  with  attefted  cures  an¬ 
nexed  to  them.  And  there  is  one  led  which  boldly 
arrogates  to  itfelf  the  pofleflion  of  a  medical  fecret  not 
to  die!  To  thole  who  had  all  the  enjoyments  of  this 
life,  there  remained  unaecomplifhed  no  other  wifh  than 
that  of  remaining  for  ever  in  it.  And  accordingly  fe- 
veral  iovereigns  of  China  have  been  known  to  cheiifh 
the  idea  of  the  poflibility  of  inch  a  medicine.  i  hey 
had  put  themfelves,  in  full  health,  under  the  care  of 


thofe  religious  empirics,  and  took  large  draughts  of  the 
boafted  beverage  of  immortality.  The  compofition 
did  not  confiff  of  merely  harmlefs  ingredients ;  but  pro¬ 
bably  of  fuch  extrads  and  proportions  of  the  poppy, 
and  of  other  fubftances  and  liquors,  as  occafioning  a 
temporary  exaltation  of  the  imagination,  paffed  for  an 
indication  of  its  vivifying  effects.  Thus  encouraged, 
they  had  recourle  to  frequent  repetitions  of  the  dofe, 
which  brought  on  quickly  languor  and  debility  of  fpi- 
rits ;  and  the  deluded  patients  often  became  victims  to 
deceit  and  folly  in  the  flower  of  their  age. 

u  There  are  in  China  no  profeffors  of  the  fciences  con¬ 
nected  with  medicine.  The  human  body  is  never,  un- 
lefs  privately,  differed  there.  Books,  indeed,  with 
diawings  of  its  internal  ftrudture  are  fometimes  publtth- 
ed  ;  but  thefe  are  extremely  imperfect,  and  confuited, 
perhaps,  oftener  to  find  out  the  name  of  the  fpirit  un¬ 
der  whofe  protection  each  particular  part  is  placed,  than 
for  obferving  its  form  and  fituation. 

“  It  is  a  matter  of  doubt,  whether  natural  hiftory,  na¬ 
tural  philofophy,  or  cliemiflry,  be,  as  fciences,  much 
more  improved  than  anatomy  in  China.  There  are  fe- 
veral  treatifes,  indeed,  on  particular  fubjedts  in  each. 
The  Chinefe  like  wife  poffefs  a  very  voluminous  Ency¬ 
clopaedia,  containing  many  fads  and  obfervations  rela¬ 
tive  to  them  ;  but  from  the  few  refearches  which  the 
gentlemen  of  the  embaffy  had  leifure  or  opportunity 
to  make  during  their  fhort  vifit  to  the  country,  they 
perceived  no  traces  of  any  general  iyliein  or  doctrine 
by  which  feparate  faCts  or  oblervatious  were  connected 
and  compared,  or  the  common  properties  of  bodies  af- 
certained  by  experiment  ;  or  where  kindred  arts  were 
conducted  on  iimilar  views,  or  rules  framed,  or  deduc¬ 
tions  drawn  from  analogy,  or  principles  laid  down  to 
conftitute  a  Lienee.” 

Of  all  people  the  Chinefe  are  perhaps  the  moil  eager 
in  their  curiofity  about  foreigners  coming  among  them, 
and  the  mod  indifferent  about  the  countries  of  fuch  fo¬ 
reigners.  They  have  been  always  in  the  habit  of  con¬ 
fining  their  ideas  to  their  own  country,  emphatically 
fly  led  the  middle  kingdom .  No  Chinefe  ever  thinks  of 
quitting  it,  except  a  few  of  defperate  fortunes  refiding* 
near  the  fea  coafl,  or  fea  faring  men,  who  form  a  chfs, 
in  a  great  meafure,  apart  from  fociety.  Even  foreign 
commodities  confumed  in  China  remind  them  only  of 
Canton,  whence  they  lcceived  them,  as  if  produced  in 
it  ;  and  thefe  commodities  they  confider,  perhaps  pro¬ 
perly,  as  of  no  real  benefit  to  the  empire.  Regions  out 
of  Afia  are  fcarcely  mentioned  in  their  books,  or  no¬ 
ticed  in  their  diilorted  maps  ;  and  the  great  body  of 
the  people  would  be  little  gratified  with  accounts  of 
filch  regions,  which  did  not  contain  tales  of  wonders 
not  performed  at  home,  or  of  powers  exerted  beyond 
the  ordinary  boundaries  of  nature. 

CHINESE  pump.  See  Pump  in  this  Supplement. 

CHINESE  weights  are  fo  vety  different  in  many 
iefpe£ts  from  thofe  in  'ufe  eliewhere,  that  it  will  at  leail 
gratify  the  curiofity  ot  our  readers  to  take  fome  notice 
of  them  in  this  Work.  Of  thefe  weights  CharL-a  Co- 
quebert  has  prefented  a  fpecimen  to  the  Phibmathema- 
tical  Sociery  in  Paris.  They  are  made  of  copper,  and 
bear  a  great  lelemblance  in  form  to  the  body  ot  a  vio¬ 
lin.  Like  that  iiittrument,  they  are  rounded  off  at  the 
extremities,  and  indented  on  the  lides  to  admit  the  fin¬ 
gers.  The  faces  are  flat  and  parallel,  and  have  Chinefe 
3  H  3  characters 
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Cftinefe*  chara&ers  engraver*  on  the  upper  furface.  Tliey  ad- 
vance  in  a  regular  decimal  progreflion,  of  which  Coque- 
bert  has  difeovered  four  diftindl  feries,  the  units  of 
which  are  in  the  proportion  of  1,  10,  ico,  icoo.  In- 
ftead  of  employing  a  combination  of  one,  two,  four, 
and  eight  units,  or  after  the  new  fyftem  of  one,  two, 
and  five  units,  the  Chinefe  have  a  dillindf  weight  for 
every  intermediate  number  between  one  and  ten.  Thus 
they  have  weights  of  1,  2,  3,  4,  5,  6,  7,  8,  9,  io>  20, 
30,  40,  50,  60,  70,  80,  90,  &c.  Of  courfe,  thofe 
weights  which  Hand  related  to  each  other  in  the  pro¬ 
portion  of  6  to  7,  7  to  8,  8  to  9,  9  to  10,  differ  fo 
little  in  fize,  that  it  would  be  impolfible  to  diilinguifh 
them  without  the  help  of  the  charafters  whieh  are  en¬ 
graven  upon  the  face.  This  is  confeffedly  a  defedf  in 
the  fyftem.  Of  the  four  different  feries  exhibited  to 
the  fociety,  the  higheft  bears  in  China  the  name  of  kin, 
and  is  nearly  of  equal  value  with  a  pound  avoirdupois. 
The  kin  contains  ten  times  the  number  of  units  of  the 
next  inferior  weight,  whieli  the  Chinefe  denominate 
leang  or  loam,  and  whieh  the  Europeans  call  tael,  taille, 
or  Chinefe  ounce.  This  ounce  is  divided  into  ten  tften , 
which  anfwers  nearly  to  our  drachm.  The  then  is 
again  fubdivided  into  ten  fen .  The  Chinefe  extend  the 
decimal  fubdivifion  of  their  weights  eonfiderably  farther. 
They  have  diftin<5f  names,  which  are  all  monofyllabic, 
for  nine  feries  below  the  fen.  Suppofing  the  kin  to 
ftand  for  unity,  they  have, 
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The  Chinefe  weights,  compared  with  the  greateft 
precifion,  and  with  the  help  of  the  beft  inftruments, 
bear  the  following  proportion  to  our  weights  :  The 
kin  is  equal  to  one  pound  12  ounces  2  drachms  24 
grains ;  the  leang  one  ounce  one  drachm  60  grains  ; 
the  tfien  7^  grain's  T8-^  ;  the  fen  7  grains  T-|o*  Confe- 
quently  the  lafl  of  this  feries,  the  fun,  amounts  to  no 
more  than  o  grains  00000000708. 

Chinese  Wheel  is  an  engine  employed  in  the  province 
of  Kiangfee ,  and  probably  through  the  whole  empire, 
for  raifing  water  from  rivers  to  irrigate  plantations  of 
fugar  canes,  on  a  fandy  foil,  eonfiderably  elevated  above 
the  level  of  the  river.  By  Sir  George  Staunton,  who 
fays  that  it  is  ingenious  in  its  contrivance,  cheap  in  its 
materials,  cafy  in  its  operation,  and  effc&ual  to  its  pur 
pofe,  it  is  thus  deferibed  : 

“  Two  hard  wood-pofts  or  uprights  are  firmly  fixed 
in  the  bed  of  the  river,  in  a  line  perpendicular  to  its 
bank.  Thefe  polls  fuppoit  the  axis,  about  ten  feet  in 
length,  of  a  large  and  durable  wheel,  confifting  of  two 
unequal  rims,  the  diameter  of  one  of  which,  clofelt  to  the 
bank,  being  about  fifteen  inehes  {horter  than  that  of 
the  outer  rim  ;  but  both  dipping  in  the  ft  ream,  while 
the  oppofite  fegment  of  the  wheel  rifes  above  the  eleva¬ 
ted  bank.  This  double  wheel  is  connected  with  the 
axis,  and  is  fupported  by  16  or  18  fpokes  obliquely  in- 
ferted  near  eaeh  extremity  of  the  axis,  and  crofting  each 
other  at  about  two-thirds  of  their  length.  They  are 
there  ftrengthened  by  a  coneentric  circle,  and  fattened 
afterwards  to  the  rims  :  the  {pokes  inferted  in  the  in¬ 
terior  extremity  of  the  axis  reaching  the  outer  rim, 
and  thofe  proceeding  from  the  exterior  extremity  of  the 
fame  axis,  reaching  the  inner  and  fmaller  rim.  Between 
the  rims  and  the  crofting  of  the  fpokes  is  woven  a  kind 


of  clofe  balket-work,  ferving  as  laddie-boards  or  floats, 
whieh  meeting  fucceflively  the  current  of  the  ftream, 
obey  its  impulfe,  and  turn  round  the  wheel.  To  both 
its  rims  are  attached  fmall  tubes  or  fpouts  of  wood, 
with  an  inclination  of  about  25  degrees  to  the  horizon, 
or  to  the  axis  of  the  wheel.  The  tubes  arc  clofed  at 
their  outer  extremity,  and  open  at  the  oppofite  end. 
By  this  pofition,  the  tubes  whieh  happen  in  the  motion 
of  the  wheel  to  be  in  the  ftream  with  their  mouths  or 
open  ends  uppermoft,  fill  with  water.  As  that  fegment 
of  the  wheel  liles,  the  mouths  of  the  tubes  attach  to  it, 
alter  their  relative  inclination,  but  not  fo  much  as  to  let 
their  contents  flow  out  till  fuch  fegment  of  the  wheel 
becomes  the  top.  The  mouths  of  thofe  tubes  are  then 
relatively  deprefled,  and  pour  the  water  into  a  wide 
trough  placed  on  polls,  from  whence  it  is  conveyed  as 
may  be  wanted  among  the  canes. 

“  The  only  materials  employed  in  the  conftru&ion 
of  this  water-wheel,  except  the  nave  or  axis,  and  the 
polls  on  which  it  refts,  are  afforded  by  the  bamboo. 
’1  he  rims,  the  fpokes,  the  ladle  boards  or  floats,  and 
the  tubes  or  fpouts,  and  even  the  cords,  are  made  of 
entire  lengths,  or  Angle  joints,  or  large  pieces,  or  thin 
flices,  of  the  bamboo.  Neither  nails,  nor  pins,  nor 
ferews,  nor  any  kind  of  metal  enters  into  its  conftruc- 
tion.  The  parts  are  hound  together  firmly  by  cord¬ 
age,  alfo  of  flit  bamboo.  Thus,  at  a  very  trifling  ex¬ 
pence,  is  conftru&ed  a  machine  which,  without  labour 
or  attendance,  will  furnilh,  from  a  confiderable  depth, 
a  refervoir  with  a  conftant  fupply  of  water  adequate  to 
every  agricultural  purpoie. 

<4  Thefe  wheels  are  from  20  to  40  feet  in  diameter, 
according  to  the  height  of  the  bank  and  confequent 
elevation  to  which  the  water  is  to  be  railed.  Such  a 
wheel  is  capable  of  fuftaining  with  eafe  20  tubes  or 
fpouts,  of  the  length  of  four  feet,  and  diameter  two 
inches  in  the  clear.  The  contents  of  fucli  a  tube  would 
be  equal  to  fix-tenths  of  a  gallon,  and  a  periphery  of 
20  tubes,  twelve  gallons.  A  ftream  of  a  moderate  ve¬ 
locity  would  be  fuftieient  to  turn  the  wheel  at  the  rate 
of  four  revolutions  in  one  minute,  by  which  would  be 
lifted  48  gallons  of  water  in  that  fhort  period  ;  in  one 
hour,  .880  gallons;  and  69120  gallons,  or  upwards  of 
300  tons  of  water,  in  a  day.” 

Sir  George,  who  law  this  wheel  in  motion,  thinks  it 
preferable  in  many  refpedts  to  any  machine  yet  in  ule 
for  hmilar  purpofes.  He  obferves,  that,  while  it  ap¬ 
proaches  near  to  the  Pcrfian  wheel,  of  which  a  deicrip- 
tion  and  figure  is  given  in  the  article  Hydrostatics 
( Encycl.) ,  it  is  more  fimple  than  that  wheel  in  its  con¬ 
trivance,  and  much  lefs  -ex  pen  five.  This  is  indeed  true  ; 
but  the  fimpleft  engine  or  the  kind,  and  therefore  the 
beft  that  has  yet  been  invented,  is  perhaps  that  whieh 
is  employed  to  throw  water  into  the  mofs  of  Blair 
Drummond  in  Perthfhire.  See  Moss,  Encycl. 

CHOPINE,  Choppine,  or  Chopeene,  a  high 
Ihoe,  or  rather  clog,  worn  200  years  ago  by  the  Ita¬ 
lians. 

Tom  Coryat,  in  his  Crudities  1611,  p.  262,  calls 
them  chapincys ,  and  gives  the  following  account  of  them : 
“  There  is  one  thing  uied  of  the  Venetian  women  and 
fome  others  dwelling  in  the  cities  andtownes  lubjedl  to 
the  figniory  of  Venice,  that  is  not  to  be  obferved,  I 
thinke,  amongft  any  other  women  in  Chriftendome, 
which  is  fo  common  in  Venice,  that  no  women  whatfo- 
ever  goeth  without  it,  either  in  her  houfe  or  abroad, 
l  a 
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Chtl  Iry  a  thing  made  of  wood  and  covered  with  leather  of  fundry 
B  ^  colors,  fome  with  white ,  fome  redcle,  fame  yellow.  It  is 
called  a  chap  in  cry,  which  they  wear  under  their  Jhoes, 
Many  of  them  are  curioufly  painted  ;  iome  alfo  of  them 
I  have  feen  fairely  gilt ;  fo  uncomely  a  thing,  in  my 
opinion,  that  it  is  pitty  this  foolifh  cuftom  is  not  ckane 
banifhed  and  exterminated  out  of  the  citie.  "There  are 
many  of  thefe  chapineys  of  a  great  height ,  even  half  a  yard 
high ,  which  maketh  many  of  their  women  that  are  very 
(hort  feeme  much  taller  than  the  tallell  women  we  have 
in  England.  Alfo  I  have  heard  it  obferved  among 
them,  that  by  how  much  the  nobler  a  woman  is,  by  fo 
much  the  higher  are  her  chapineys.  All  their  gentle¬ 
women,  and  moil  of  their  wives  and  widowes  that  are 
of  any  wealth,  are  affifted  eyther  by  men  or  women 
when  they  walke  abroad,  to  the  end  they  may  not  fall. 
They  are  borne  up  mofl  commonly  by  the  left  arme, 
otherwife  they  might  quickly  take  a  fall.” 

CHOWDRY,  in  Bengal,  the  poflefTor  of  feveral 
Taloohs.  It  is  alfo  ufed  as  fy  nonymous  with  Taloohdar , 
anciently  a  collector.  See  Ta look  in  this  Supplement. 

CMRISOM  v/as  not,  as  is  faid  in  the  Encyclopaedia, 
a  face-cloth  or  piece  of  linen  laid  over  the  child’s  head 
when  it  was  baptized  ;  but  it  was  a  white  vefture  or 
garment,  which,  immediately  after  it  was  baptized,  the 
priefl  put  upon  it,  faying,  “  Take  this  white  vefture  as 
a  token  of  the  innocency  which,  by  God’s  grace  in 
this  holy  facrament  baptitm,  is  given  unto  thee,  and 
for  a  fign  whereby  thou  art  admonilhed,  fo  long  as  thou 
liveft,  to  give  thylelf  to  innocence  of  living,  that  after 
this  tranfitoiy  life  thou  mayeft  be  partaker  ot  life  ever- 
lafting.  Amen.” 

As  foon  as  the  prieft  had  pronounced  thefe  words, 
he  anointed  the  infant  upon  the  head,  faying,  “  Al¬ 
mighty  God,  the  Father  of  our  Lord  Jefus  Chrift,  who 
hath  regenerated  thee  by  water  and  the  Holy.  Ghoft, 
and  hath  given  unto  thee  the  remiflion  of  ail  thy  fins ; 
he  vouchfafe  to  anoint  thee  with  the  unftion  of  his 
Holy  Spirit,  and  biing  thee  to  the  inheritance  of  ever- 
lafting  life.  Amen.” 

!It  was  from  this  anointing  or  chrifm  that  the  white 
garment  got  the  name  of  chrifom ,  which,  after  being 
worn  a  few  days,  was  offered  to  the  prieft  to  be  kept 
in  the  church  or  veftry,  in  cider  to  be  produced  as 
evidence  againft  the  perfon  whole  chrifom  it  was,  fhould 
he  afterwards  deny  the  faith  in  which  he  had  been 
baptized.  Thefe  ceremonies  were  retained,  for  iome 
time  after  the  reformation,  in  the  church  of  England, 
which  ordered  the  mother  of  the  child  (if  the  child  was 
then  alive,  to  offer,  when  {he  was  chu  ched,  the  chrifom 
and  other  accuftomed  offerings.  It  the  child  died  be¬ 
fore  its  mother  was  churched,  the  chrifom  was  not  gi- 
ven  to  the  prieft,  but  employed  as  a  fhroud,  in  which 
•  the  body  was  buried  ;  and  hence  it  is  that  chrifoms  are 
now  enumerated,  molt  abfurdly  indeed,  in  the  weekly 
bills  of  mortality.  We  fay  abfurdly  ;  becaufe  children 
who  die  unbaptized  are  called  chrifoms ,  though  the  chri-  , 
fom,  when  it  was  ufed,  was  never  put  on  till  baptiim. 
See  Whitby  on  the  Booh  of  Common  Prayer ,  &c, 

CHRONOLOGICAL  charact  ers  are  ch  a  rafters 
by  which  times  arc  diftinguifhed-  Of  thefe  fome  are 
natural  or  aftronomical ;  others,  artificial  or  tiiftorical. 
The  natural  charafters  are  fuch  as  depend  on  the?  mo¬ 
tions  of  the  ftarsor  luminaries,  as  eclipfes,  foljliceS)  equi¬ 


noxes,  the  different  afpecis  of  the  planets.  See.  The  ar-  Chrono- 
tificial  charafters  are  thofe  that  have  been  invented  and 
eilablilhed  by  men  ;  as  the  folar  cycle,  t^e  lunar  cycle ,  church. 
8c c.  Hiftorical  chronological  charafters  are  thofe  iup-  ^  -v— nJ 
ported  by  the  teftimony  of  hiftorians,  when  they  fix  the 
dates  of  certain  events  to  certain  periods .  Hutton  s  Ma» 
themalical  Dictionary. 

CHRONOSCOPE,  a  word  fometimes  ufed  to  de¬ 
note  a  pendulum  or  machine  to  meafure  time. 

CHUCK!  AH,  in  Bengal,  the  jurifdiftion  of  a  Fo - 
gedar.  See  Fogedar  in  this  Supplement. 

CHURCH  is  a  word  which  has  many  different  fig- 
nifications,  all  fufficientiy  explained  in  the  Encyclopae¬ 
dia  Britanniea,  where  there  is  likewife  given  a  concife 
hijlory  of  theChriftian  church  (fee  History,  Seft.  ii.), 
defeftive,  indeed,  but  perhaps  not  more  fo  than  v/as  to 
be  expefted  from  the  limits  of  the  work  and  the  extent 
of  the  fubjeft. 

Of  the  conftitution  of  the  primitive  and  apoftolfcai 
church,  no  man  can  have  a  corredl  notion  who  has  not 
taken  the  trouble  to  confult  the  primitive  and  apoftoli- 
cal  writers  ;  for,  as  we  have  elfewhere  obferved,  all  mo¬ 
dern  compilers  of  ecclefiaftical  hiftory  are  more  or  lefa 
prejudiced  in  behalf  of  the  particular  church  to  which 
they  belong,  and  wreft  the  language  of  the  original 
writers  fo  as  to  make  them  bear  witnefs  to  the  antiqui¬ 
ty  of  modes  of  faith  and  ccclfiaftical polity,  which  are  not 
perhaps  a  hundred  years  old. 

On  this  account  we  {hall  not  here  attempt  to  correft 
what  we  really  think  the  mi  flakes  of  him  who  compiled 
the  feftion  of  ecclefiaftical  hiftory  in  the  Encyclopaedia. 

Molheim  and  Sir  Peter  King,  whom  he  feems  to  have 
implicitly  followed,  were  indeed  great  men  ;  and  it 
would  be  folly  to  deny  that  the  Hijlory  of  the  former, 
and  the  Inquiry  of  the  latter,  into  the  Lonfitution  of  the 
Primitive  Church,  arc  works  of  learning  and  ingenuity  j 
but  it  is  not  perhaps  too  much  to  fay,  that  both  au¬ 
thors  wrote  under  the  influence  of  prejudice.  Our  readers 
will  dilcovcr  how  clofely  either  the  one  or  the  other 
lias  adhered  to  truth,  by  ftudying  the  ecclefiaftical  wri¬ 
ters  of  the  firft  four  centuries.  Such  a  ftudy  will  make 
them  acquainted  with  the  doftrines,  difeiphne,  and  wor- 
fhip  of  the  church  before  it  was  incorporated  with  the 
ftate  ;  and  we  know  not  that  kind  of  knowledge  which 
is  of  more  importance  to  the  divine,  however  much  it 
may  be  defpiicd  in  this  age  of  affefted  fcience  and  real 
ignorance. 

Of  the  principal  churches  at  prefent  exifting,  a  pretty 
full  account  is  given  in  the  Encyclopaedia,  either  under 
their  different  denominations,  or  under  the  titles  of  thofe 
tenets  by  which  they  are  chiefly  diftinguilhed  ;  fo  that 
from  that  Work  alone  a  reader  may  form  a  tolerably 
accurate  notion  of  the  faith,  woifffip,  conftitution,  and 
ditcipline  of  the  church  of  Rome,  the  churches  ot  Eng¬ 
land  and  Scotland,  the  Lutheran  and  Calvmiitica! 
churches  on  the  continent  of  Europe,  as  well  as  of  the 
various  fefts  which  have  arifen  in  thefe  kingdoms  du¬ 
ring  the  courfeof  the  lall  and  prefent  centuries.  There 
is,  however,  one  church  which  boafts  of  a  very  high  an¬ 
tiquity,  and  is  certainly  fpread  over  a  larger  extent  of 
country  than  all  the  other  churches  that  we  have  men¬ 
tioned,  of  which  the  account  given  in  the  Encyclopse-. 
dia  is  exceedingly  de  eftive.  Our  readers  will  perceive 
that  the  church  to  which  we  allude  is 
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Church*  Greek  Church ,  which  comprehends  in  its 

v  fom  (a)  a  confiderable  part  of  Greece,  the  Grecian 
The  Greek  ifles,  Wallachia,  Moldavia,  Egypt,  AbyfTinia,  Nubia, 
church.  Lybia,  Arabia,  Mcfopotamia,  Syria,  Cilicia,  and  Pale- 
;ftine,  which  are  all  under  the  jurifdi&ion  of  the  patri¬ 
archs  of  Conftantinople,  Alexandria,  Antioch,  and  Je- 
rufalem.  If  to  thefe  we  add  the  whole  of  the  Ruffian 
empire  in  Europe,  great  part  of  Siberia  in  Afia,  Af- 
tracan,  Cafan,  and  Georgia — it  will  be  evident  that  the 
Greek  church  has  a  wider  extent  of  territory  than  the 
Latin,  with  all  the  branches  which  have  fprung  from 
it;  and  that  it  is  with  great  impropriety  that  the  church 
of  Rome  is  called  by  her  members  the  catholic  or  uni¬ 
versal  church.  That  in  thefe  widely  diftant  countries 
the  profeffors  of  Chriilianity  are  agreed  in  every  minute 
article  of  belief,  it  would  be  rafh  to  affert ;  but  there  is 
certainly  fuch  an  agreement  among  them  with  refpe<fl 
both  to  faith  and  to  discipline,  that  they  mutually  hold 
communion  with  each  other,  and  are  in  fa£t  but  one 
church. 

As  the  Greek  church  has  no  public  or  eftablifhed 
articles,  like  thofe  of  the  churches  of  England  and 
Scotland,  we  can  collect  what  is  its  doftrine  only  from 
its  creeds,  from  the  councils  vvhofe  decrees  it  receives  (b), 
from  the  different  offices  in  its  liturgies,  and  from  the 
catechifms  which  it  authorifes  to  be  taught.  “  The 
.do£trine  of  the  Trinity,  and  the  articles  of  the  Nicene 
and  Athanafian  creeds,  are  received  by  the  Greeks  in 
common  with  other  Chriffians.  In  one  particular,  in¬ 
deed,  they  differ  from  the  other  churches  of  Europe, 
whether  Romifh  or  reformed.  They  believe,  that  the 
Holy  Spirit  proceeds  from  the  Father  only,  and  not 
from  the  Father  and  the  Son  ;  and  in  defence  of  this 
opinion  they  appeal  to  eccleiiaftical  hiftory,  the  a£ts 
of  councils,  the  writings  of  the  fathers,  ancient  manu¬ 
scripts,  and  efpecially  to  a  copy  of  the  creed  of  Con¬ 
ftantinople,  engraven  on  two  tables  of  filver,  and  hung 
up  in  the  church  of  St  Peter  at  Rome  by  order  of  Leo 
III.  Of  the  Nicene  or  Conftantinopolitan  creed,  there 
fore,  as  it  is  received  by  them,  the  eighth  article  runs 
in  thefe  words  ;  *  I  believe  in  the  Holy  Ghoft,  the 
Lord  and  Giver  of  life,  who  proceedeth  from  the  Fa¬ 
ther,  and  with  the  Father  and  the  Son  together  is 
worfhipped  and  glorified And  the  correfponding  ar¬ 
ticle  of  the  Athanafian  creed  is  of  courfe,  “  The  Holy 
Ghoft  is  of  the  Father,  neither  made,  nor  created,  nor 
begotten,  but  proceeding  f 

Though  the  bifhops  and  clergy  of  the  Greek  church 
remonies,  &c % bhor  the  ufe  of  images,  which  they  pretend  to  be  one 
It  admits  Gfcau^eo^  their  Reparation  from  the  fee  of  Rome,  they  ad- 
pi&ures,  mit  int0  their  churches  the  pictures  of  faints  to  inftru£t, 
but  not  of  they  fay,  the  ignorant,  and  to  animate  the  devotion  of 
others.  This  pia&iee  they  confider  as  by  no  means 
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bo-  contrary  to  the  fecond  commandment  of  the  decalogue, 
which,  according  to  them,  prohibits  only  the  worfhip- 
ping  of  fuch  idols  as  the  Gentiles  believed  to  be  gods ; 
whereas  their  pictures,  being  uled  merely  as  remembran¬ 
cers  of  Chrift  and  the  faints,  have  written  on  each  of 
them  the  name  of  the  perfon  whom  it  is  meant  to  re- 
prefent.  Dr  King  affiues  us  that  the  more  learned  of 
the  Ruffian  clergy  would  willingly  allow  no  reprefenta- 
tion  whatever  of  God  the  Father  ;  and  that,  during  the 
reign  of  Peter  the  Great,  the  fynod  not  only  cenfured 
the  ufe  of  fuch  pictures  in  churches,  but  petitioned  the 
emperor  that  they  might  be  everywhere  taken  down. 

Peter,  however,  though  he  fully  concurred  in  opinion 
with  the  fynod,  thought  this  a  meafure  for  which 
the  minds  of  his  fubje&s  were  not  ripe,  and  dreaded, 
that  if  carried  into  execution  it  would  occaliou  a  gene¬ 
ral  infurre<ftion.  Such  pi£tures,  therefore,  though  not 
more  impious  than  abfurd,  are  ftill  in  ufe  ;  and  in  many 
churches,  as  well  ancient  as  modern,  the  figure  of  Da¬ 
niel’s  Ancient  of  Days ,  together  with  that  of  Chrijl  and 
a  dove^  are  painted  in  one  group  to  fignify  the  Holy 
Trinity.  Nay,  when  our  author  was  in  St  Peterfburg, 
not  thirty  years  ago,  there  was  in  the  church  of  St  Ni¬ 
cholas. the  picture  of  an  old  man  holding  a  globe,  and 
furrounded  with  angels,  on  which  God  the  Father 
was  inferibed  ;  and  we  have  not  heard  that  the  picture 
has  been  lince  taken  down. 

In  the  Greek  as  well  as  in  the  Roman  church,  the  j nvocati- 
invocation  of  faints  is  pra&ifed,  but  they  are  not  invo- of  faints 
ked  in  either  as  deities,  but  merely  as  interceffors  with 
the  Supreme  God,  “  it  being  more  modeft  (fay  the 
Greeks),  as  well  as  more  available,  to  apply  to  them  to 
intercede  with  God,  than  to  addrefs  ourfelves  immedi¬ 
ately  to  the  Almighty.”  Plaufible  as  this  reafoning 
may  at  firfl  fight  appear,  it  aferibes  to  the  faints  the  di¬ 
vine  attribute  of  ubiquity,  and  is  likewife  in  direct  contra¬ 
diction  to  the  doCirine  of  St  Paul,  who  hath  taught 
us,  that  as  “  there  is  one  God,  fo  there  is  but  one  me¬ 
diator  between  God  and  man,  the  man  Chrift  Jefus.” 

The  Greek  church,  at  the  celebration  of  the  Lord’s 
Supper,  commemorates  the  faithful  departed,  and  even the  dead 
prays  for  the  remiffion  of  their  fins  ;  but  fhe  allows  not 
of  purgatory,  nor  pretends  to  determine  dogmatically 
concerning  the  ftate  or  condition  of  departed  fouls. 

She  mull,  however,  believe  that  no  final  judgment  is 
paffed  upon  the  great  body  of  mankind  (c)  till  the 
confnmmation  of  all  things,  otherwife  fuch  prayers 
could  not  be  offered  without  abfurdity;  and  in  this  part 
of  her  doClrine  fhe  is  certainly  countenanced  by  all  the 
,  writers  of  the  primitive  church,  if  not  by  fome  pafiages 
of  the  facred  feriptures  *.  The  practice  of  praying  for  *•  j\0\ 
the  dead  is  loudly  condemned  in  every  Proteftant  cotin-uv.194 
try,  and  yet  there  is  no  Chriftian  who  does  not  in  effect  "“3 1  "7 
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(a)  King's  Rites  and  Ceremonies  of  the  Greek  Church  —  Bruce's  Travels  to  the  Source  of  the  Nile — and  Loho's 
.  Voyage  to  Ahyjfinia . 

(b)  I11  the  Greek  church  feven  general  councils  are  received,  and  nine  provincial  ones.  The  feven  general 
councils  are,  1.  The  council  of  Nice,  held  in  the  year  325,  under  Conftantine.  2  The  firft  council  of  Conllan- 


tinople,  held  A.  D.  381,  under  Theodofius  the  Great.  3.  The  council  of  Ephefus,  A.  I).  431,  in  the  reign 
of  Theodofius  Minor.  4.  The  council  of  Calcedon,  A.  D-  451,  in  the  reign  of  Marcian.  5.  The  fecond  covn- 
cil  of  Conftantinople,  A.  I).  553,  in  the  reign  of  Juftinian.  6.  The  third  council  of  Conftantinople  in  Trull, 
A.  D.  680,  in  the  reign  of  Conftantine  Pagonatus.  7.  The  fecond  council  of  Nice,  A.  D.  787. 

(c)  We  fay  the  great  body  of  mankind,  becaufe  fhe  doubtlefs  believes  that  Enoch,  Elias,  and  thofe  faints  who 
jofc  with  our  Saviour,  have  been  already  judged,  aud  now  enjoy  their  reward  in  heaven. 
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Cflh.  pray  for  his  departed  friends*  This  may  appear  a  pa-  adequate  account  of  it  without  fweiling  tins  aiticle  £zx  ^  "rc  1,^i 
~“T:idox,  but  it  is  an  obvious  and  a  certain  truth;  for  beyond  its  due  proportion.  Of  this  the  reader  will  be  jq 
where  is  the  man  who  bel:eve3  in  a  general  judgment,  convinced,  when  he  is  informed  that  the  feveral  books Intricate 
and  does  not  nvtjh  that  his  deceafed  wife,  or  parent,  or  containing  the  church  fervice  for  all  the  day  s  in  the  and  tedious* 
child,  or  friend,  <i  may  find  mercy  of  the  Lord  in  that  year,  amount  to  more  than  twenty  volumes  in  folio, 
day?”  Such  a  wiOi  is  the  efience  of  a  prayer ;  which  befides  one  large  volume  called  the  regulation,  which 
confrfts  not  of  the  founds  in  which  our  fentiments  are  contains  the  direftions  how  the  reft  are  to  be  ufed. 
oioathed)  but  in  the  afpirations  of  a  devout  heart.  The  four  gofpels  make  one  volume  by  themfelves ; 

Supererogation  with  its  confequent  indulgencies  and  and  whenever  the  gofpel  is  read  in  any  fervice,  the  dea- 
ryjn.°  difpenfations,  which  were  once  fo  profitable,  and  after-  con  exclaims;  “  Wifdom,  ftand  up.  Let  us  hear  the 
es.  wards  fo  fatal  to  theinterefts  of  the  court  of  Rome,are  ut- "  holy  gofpel.”  The  pried  then  faith,  “  The  leffon  from 

terly  difallowed  in  the  Greek  church,  which  likewife  lays  the  gofpel  according  to  St  Matthew,  St  Mark,  &c.5' 
no  claim  to  the  charaCler  of  infallibility.  She  is  indeed,-  The  deacon  fays  again,  “  Let  us  ftand.”  1  he  choir, 

like  fome  other  churches,  very  inconfiftent  on  this  lad  at  the  beginning  and  end  of  the  golpel,  always  lays, 

topic  ;  for  whilft  (he  pretends  not  to  an  abfolute  exemp-  “  Glory  be  to  thee,  O  Lord,  dory  be  to  thee.”  From 
tiou  from  error,  her  clergy  feem  to  confider  their  own  the  old  teftament  and  the  epiftles  extra&s  only  are  ufed 
particular  mode  of  v/orfhip  as  that  which  alone  is  ac-  in  the  fervice  ;  and  when  they  are  to  be  read,  the  dea- 
cep table  to  God.  con  calls  out,  “  Attend.” 

•reJiina-  Prededination  is  a  dogma  of  the  Greek  church,-  The  fervice  of  this  church  as  it  now  ftands,  and  was 
ion  and  a  very  prevailing  opinion  amongft  the  people  of  at  firll  drawn  up  in  writing,  is  calculated  for  the  ufe  of 
Rufiia  ;  “  and  I  mud  do  the  juflice  (fays  Dr  King)  to  monafieries  ;  and  when  it  was  afterwards  applied  to  pa¬ 
th  0fe  who  have  written  upon  it,  efpecialiy  the  lateft  rocliial  churches,  many  of  the  offices  or  forms,  which 

authors  of  that  country,  to  fay  that  they  have  treated  were  compoled  for  different  hours  of  the  day  and  night, 
it,  as  depending  on  the  attribute  of  preference  in  the  were  ufed  as  one  fervice,  without  the  flighted  altera- 
divine  nature,  with  a  much  better  kind  of  logic  than  tion  being  made  to  avoid  repetitions.  Something  of 
that  with  which  fuch  points  are  generally  difeuffed  ”  this  kind  has  taken  place  in  the  church  of  England, 

As  our  author  has  not  given  us  the  reafoning  of  the  where  the  matins,  the  litany,  and  the  communion, 

Ruffian  doctors  on  this  difficult  fubjed,  we  cannot  ha-  which  were  formerly  three  diftind  fervices,  read  at  dif* 
yard  any  opinion  of  our  own  on  the  fontidnefs  of  their  ferent  times  of  the  day,  are  now  run  into  one  fervice  ; 
logic  ;  but  from  the  date  of  fcience  in  that  vad  empire,  which  by  thofc  not  accudomed  to  it  is  therefore  deem- 

was  repreferited  to  us  by  an  abler  judge  than  he,  ed  long,  as  well  as  de formed  by  needlefs  repetitions.  TI  , 

we  doubt  of  its  being  entitled  to  the  praife  which  he  The  fervice  of  every  dty,  whether  it  has  a  vigil  or  Begins  in 
bellows  on  it.  (See  Russia,  np  134.  Encycl)  not,  begins  in  the  evening  of  what  we  would  call  the  the  even- 

J  fa.  In  the  Greek  church  there  are  feven  fac r ament s ;  or,  as  preceding  day,  as  among  the  Jews  ;  and  -for  the  fame  inS' 
saints,  they  arc  there  termed,  myjl tries,  viz.  baptifm  ;  th zchrifm,  reafon,  becaufe  it  is  faid  in  the  Mofaic  account  of  the 
or  baptifmal  undion  ;  the  eucharijl ;  tonftffion ;  ordina -  creation,  that  “  the  evening  and  the  morning  were  the 
tion  ;  ^  marriage  ;  and  the  mydery  of  the  holy  oil,  or  eu-  firft  day.”  The  feveral  fervices,  according  to  the  ori- 
chelawn.  By  the  Greeks  a  mydery  is  defined  to  be  ginal  or  monkifh  inditution,  are, -I.  The  ve/per s,  which 
u  a  ceremony7  or  ad  appointed  by  God,  111  which  God  uled  to  be  celebrated  a  little  before  fun-fet  ;  2.  The  of* 
giveth  or  fignifieth  his  grace;  and  of  the  feven  which  ter-vefpers,  anfwering  to  the  ccmpktorium  of  the  Latin 
they  celebrate,  four  are  to  be  received  by  all  Cliridians,  church,  which  ufed  to  be  celebrated  a‘ter  the  monks 
viz.  bapt'fm,  the  baptifmal  unBion,  the  eucharijl,  and  con  had  fupped,  and  before  they  went  to  bed  ;  3.  The  me- 
fejjion .  Of  thefe,  baptifm  and  the  eucharijl  are  deemed  fonysBicon,  or  midnight  fervice  ;  4,  The  matins  at  break 

of  day,  anfwering  to  the  laudes  of  the  Romifli  church  ? 

5.  The  JirJl  hour  of  prayer,  or  prim  a,  at  fun  rife  ;  6. 

The  third  hour,  or  tertia ,  at  the  third  hour  of  the  day  ; 

7.  The  Jixth  hour ,  or  fexta ,  at  noon  ;  8.  The  ninth  hour, 
or  nona ,  in  the  afternoon  at  the  ninth  hour  of  the  day; 

Thefe  are  called  the  canonical  hours  ;  but  it  is  to  be 
obferved,  that  tfye  after- vejpers  were  not  added  till  a 
late  period,  before  which  the  reafon  affigned  for  the 
number  of  fervices  being  feven,  was,  that  David  faith/ 

“  Seven  times  a  day  will  I  praife  thee.”  When  all  the 
pfalms  and  hymns  were  fling,  thefe  daily  ft ry ices  could 
not  poffihly  have  been  performed  in  lefs  than  twelve  or 
fourteen  hours  I11  the  church  oi  Ruffia,  and  probably  in 
other  branches  or  the  Greek  church,  there  are  at  prelent 
bwt  three  fervices  in  the  day  :  the  ninth  hour,  the  vefpcrs * 
and  the  after-vefpers  making  one  ;  the  mefonyeBic&n,  the 
matins,  and  prima ,  another  ;  and  the  third  and  Jixth 
hour,  with  the  communion ,  the  laft.  In  all  the  fervices^ 
except  the  communion,  prayers  and  prailes  are  offered 
to  fome  faint,  and  to  the  Virgin  Mary,  almoll  as  often 
as  to  God  ;  and  in  fome  of  the  fervices,  after  every 
fhort  prayer  uttered  by  the  deacon  or  the  pried,  the 

choir 


the  chief ;  and  of  the  other  three,  none,  not  even  the 
euchelaton ,  is  confidered  as  obligatory  upon  all. 

With  refpecl  to  baptifm,  we  know  not  that  they  hold 
any  peculiar  opinions.  They  confider  it  indeed  as  fo 
absolutely  neceffary  to  falvation,  that  in  cafes  of  extre¬ 
mity,  when  a  prieft  or  deacon  cannot  be  had,  it  may  be 
adminiflered  by  a  midwife  or  any  other  perfon,  and  is 
not  to  be  repeated  on  any  occalion  whatever.  In  this 
opinion,  as  well  as  in  the  pradi  :e  founded  on  it,  they 
are  in  perfe6t  harmony  with  the  church  of  Rome, 
which,  as  every  perfon  knows,  has  for  many  ages  al¬ 
lowed  the  validity  of  lay  baptifm  iri  cafes  of  neceffity. 
The  Portuguefe  Jefuits,  who  in  the  lad  century  yifited 
Ahyffinia  in  the  capacity  of  miffionaricSj  have  maintain¬ 
ed  that,  once  every  year,  all  grown  people  are  in  ihat 
country  baptized  :  but  Mr  Bruce  has  ffiown,  by  the 
mod  incontrovertible  evidence,  that  this  was  a  mere 
fiftion,  invented  to  throw7  odium  upon  what  the  church 
of  Rome  c?dls  the  eadern  fchifm,  and  abbots  perhaps 
D;  -  fer_  more  than  paganifrn  itfelf. 

vi'lof  the  The  daily  fervice  of  the  Greek  church  is  fo  long  arid 
^  fo  complicated,  that  it  is  impoffible  for  us  to  give  an 
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Church/  choir  chaunts,  “  Lord  have  mercy  upon  us, 

^  forty,  or  fifty  times,  fucceffi  vely. 

Though  the  number  of  ferviccs  is  the  fame  every 
day,  the  fervices  themfelves  are  conftantly  varying  in 
fome  particular  or  other,  as  there  is  not  a  day  which, 
in  the  Greek  church,  is  not  either  a  fad  or  a  feftival. 
Befides  the  faints,  vvhofe  fefiivals  are  marked  in  the  ca¬ 
lendar,  and  who  are  fo  very  numerous  that  there  are  more 
than  one  for  every  day  in  the  year,  there  are  other  faints 
and  feltivals,  to  which  fome  portion  of  the  fervice  for 
every  day  of  the  week  is  appropriated.  Thus,  Sunday 
is  dedicated  to  the  refurred  ion  ;  Monday,  to  the  angels  ; 
Tuefday,  to  St  John  Baptilt ;  Wednefday,  to  the  virgin 
and  the  crofs  ;  Thurfday,  to  the  apoltles  ;  Friday,  to  the 
paffion  of  Chrift  ;  and  Saturday,  to  the  faints  and  mar¬ 
tyrs.  For  thefe  days  there  are  particular  hymns  and 
fervices,  in  two  volumes  folio,  to  which  there  is  a  fup- 
plement  containing  fervices  for  the  faints  and  feltivals, 
as  they  occur  in  the  calendar  throughout  the  year. 
Thefe  different  fervices  are  mixed  together,  and  adj lift¬ 
ed  by  the  direddons  contained  in  the  book  of  regulation; 
and  it  is  the  difficulty  of  this  adjuftment  which  makes  the 
public  worffiip  of  the  Greek  church  fo  very  intricate, 
that,  as  was  faid  of  the  fervice  of  the  Engliffi  church 
before  the  Reformation,  “  there  is  more  bufinefs  to  find 
out  what  fhould  be  read, than  to  read  it  when  found  out.” 

Wc  have  obdrved,  that  the  Gieeks  have  no  peculiar 
opinions  refpeding  the  nature  of  baptifm  ;  but  the  rites 
and  ceremonies  with  which  that  ordinance  is  admini 
Itered  will  appear  to  our  unlearned  readers  very  extra- 
Mode  cf  ordinary.  On  the  day  that  a  woman  is  delivered,  the 
adminifter  pried:  goes  to  the  houfe,  and  ufes  a  form  of  prayer  for 
ingbaptifm.  her  and  for  the  child.  On  the  eighth  day  the  child 
fhould  be  regularly  carried  to  the  church,  where  the 
priefl  having  figned  it  with  the  fign  of  the  crofs  on  the 
forehead,  on  the  mouth,  and  on  the  bread,  offers  up 
for  it  a  prayer,  in  which  he  firli  gives  it  a  name,  com¬ 
monly  the  name  of  the  faint  for  that  day  in  the  calen¬ 
dar  ;  he  then  takes  it  from  the  midwife,  and  ltanding 
before  the  picture  of  the  blefied  virgin,  he  makes  the 
fign  of  the  crofs  with  the  infant,  uttering  a  kind  of 
hymn  in  honour  of  the  Virgin  and  of  Simeon,  who 
held  in  his  bofom  the  Saviour  of  our  fouls.  He  then 
difmifies  the  company  with  an  exportation  not  to  delay 
the  baotifing  of  the  infant,  fhould  it  appear  in  danger 
of  death  before  the  regular  time  for  its  baptifm. 

On  the  fortieth  day  after  her  delivery,  the  mother 
fhould  attend  the  church  to  be  purified,  and  carry  the 
child  again  to  be  preferred,  the  perfon  who  is  to  be 
fponfor  being  prefent.  Upon  their  arrival  at  the  church 
door,  the  pried  utters  tome  pious  exclamations  ;  and 
then,  the  mother  holding  the  child  in  her  arms  and 
bowing  down  her  head,  he  makes  the  fign  of  the  crofs 
upon  her  and  the  child,  and  laying  his  hand  upon  its 
head  he  prays,  that  the  woman  may  be  cleanfed  from 
every  fin  and  from  every  defilement,  and  that  the  child 
may  be  fandified  and  endued  with  undemanding,  with 
wifdom,  and  with  gentlenefs  of  manners.  He  then 
figns  it  again,  and  again  prays  for  it,  for  its  parents, 
and  for  its  fponfor  ;  after  which,  if  it  has  been  privately 
baptized,  he  takes  it  in  his  arms,  and  makes  with  it  the 
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thirty,  fign  cf  the  crofs  before  the  door  of  the  church,  Lying, 


u  N.  N.  the  fervant  or  God,  enters  into  the  church,  in 
the  name  of  the  Father,  and  of  the  Son,  and  of  the 
Holy  Ghoil,  now  and  for  ever,  even  unto  ages  ot  ages. 
Amen.5'  He  then  carries  the  child  into  the  church, 
faying,  “  He  fhall  go  into  thine  lioufe,  and  fhall  worfhip 
toward  thy  holy  temple  and  advancine  into  the  mid¬ 
dle  of  the  church,  he  fays,  “  In  the  midft  of  thy  church 
(hall  he  praife  thee.,,  Then,  if  the  child  be  a  boy,  he 
carries  him  within  the  rails  of  the  altar ;  but  if  a  girl, 
only  to  the  door,  and  fays  “  Nunc  dimiitis  (d)  after 
which  he  delivers  it  to  the  fponfor,  who  makes  three 
reverences,  and  retires. 

This  is  called  the  prefentation  of  the  child  in  the 
temple,  and  can  only  be  performed  after  it  has  been 
baptized.  Jn  the  detail  we  have  given,  we  have  fuppo- 
fed  that  it  wa3  baptized  privately  be'ore  the* purifica¬ 
tion  of  the  mother,  which  is  now  indeed  commonly  the 
cafe.  Such  baptifm,  however,  is  not  regular,  being  al¬ 
lowed  only  in  cafes  of  neceffity ;  and  when  it  has  not 
taken  place,  the  mother  and  child  are  difmifTed  as  foon 
as  file  is  purified,  and  return  at  fome  other  time,  not 
fixed,  in  order  that  the  child  may  be  publicly  baptized. 

Previous  to  baptifm,  the  child,  though  not  two 
months  old,  mud  be  folemnly  initiated  into  the  church 
as  a  c«atechumen  (See  Catechumen  EneycL ).  By 
thofe  whofe  religion  is  a  realonable  fervice,  fucli  initia¬ 
tion  of  an  infant  will  be  con  fide  red  as  a  very  idle  cere¬ 
mony  ;  and  the  rites  with  which  it  is  performed  are  not 
well  calculated  to  give  it  even  a  fidlitious  importance. 
At  the  door  of  the  church  the  prieft  unties  the  girdle 
of  the  infant  ;  takes  off  ail  his  clothes  but  one  looie  gar¬ 
ment  ;  turns  him  towards  the  eaft,  with  his  head  unco¬ 
vered,  his  feet  naked,  and  his  hands  held  down  ;  blows 
thrice  in  bis  face  ;  figns  him  thrice  with  the  fign  of  the 
crofs  on  the  forehead  and  on  the  bread,  and  lays  his 
hand  upon  his  head,  praying  that  his  “  ancient  error 
may  be  put  away  from  him  ;  that  his  heart  may  be  fil¬ 
led  with  faith,  hope,  and  charity  ;  and  that  he  may 
walk  in  the  ways  of  God’s  commandments.”  The 
pried  then  four  times  exorcifes  the  infant,  commanding 
Satan,  in  the  fird  exorcifm,  to  u  tremble,  depart,  and 
flee  from  ChrifFs  creature,  nor  dare  to  return  again, 
nor  dare  to  lurk  concealed  within  him,  or  to  meet  him, 
or  to  meditate  againd  him,  either  in  the  evening  or  the 
morning,  at  midnight,  or  at  noon-day.”  In  the  lad 
exorciim  he  blows  thrice  upon  the  child’s  mouth,  upon 
his  forehead,  and  upon  his  bread  ;  faying,  each  time, 

“  Drive  away  from  him  every  evil  and  unclean  lpirit 
that  lurks  in  him,  and  hath  made  itfelf  a  ned  in  his 
heart.”  The  child  is  now  become  a  catechumen,  and, 
being  turned  to  the  wed,  uncovered,  without  (hoes,  and 
his  hands  lifted  up,  the  pried  repeatedly  afks  him  if  he 
renounces  and  has  renounced  the  Devil  and  all  his  works? 
and  receiving,  from  the  fponfor  the  proper  anfwer,  he 
fays,  “  Blow  and  fpit  upon  him  5”  and  having  blown 
and  fpit  upon  the  catechumen,  he  turns  him  to  the  ead, 
and  holding  down  his  hands,  afks  him  repeatedly  if  he 
be  joined  to  Chrift,  and  if  he  believes  in  him  ?  The  ca¬ 
techumen  or  his  fponfor  replies  to  each  queftion,  that 
he  is,  and  has  been,  joined  to  Chrift  ;  and  as  a  proof  of 

his 


(d)  We  quote  the  words  of  Dr  King. 
Greek  hymns  have  Latin  defignations  ? 


Is  it  poffible  that  in  the  Greek  church  Latin  hymns  are  ufed,  or  that 
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his  faith  he  repeats,  from  beginning  to  end,  the  Nicene  end,  the  3 2cl  Pfalm 
a  repetition  of  the  formerly  repeated 


"  creed.  A*ter 
quefiions  and  arifwers,  the  pried  prays  that  the  cate¬ 
chumen  may  be  called  to  God’s  holy  fa  notification,  and 
receive  the  grace  of  God’s  holy  baptifm. 

Baptiim  may  be  celebrated  immediately  after  the 
candidate  has  been  made  a  catechumen,  or  on  any  fub- 
feqnent  day  at  no  great  didance,  In  the  fiift  part  of 
the  form  there  is  not  much  that  is  Angular,  or  with 
which  every  fcholar  is  not  acquainted.  After  praying 
that  the  water  may  be  fandfified,  in  terms  differing  little 
from  thofe  which  are  ufed  in  the  mod  refpe&able  Pro- 
teilant  churches,  the  pried  dips  his  fingers  in  it,  figns 
it  thrice  with  the  fign  of  the  crofs ;  and  then  blowing 
upon  it,  fays  three  times,  “  Let  every  adverfe  power  be 
confounded  under  the  fign  of  the  crofs.”  He  then  fo- 
lemnly  exorcifes  it  of  the  daemon  of  darknefs  and  all 
evil  fpirits;  and  prays,  that  “  the  perfon  to  be  baptized 
therein  may  put  off  the  old  man,  which  is  corrupt  after 
the  lud  of  fraud,  and  may  put  on  the  new  man  after 
the  image  of  Him  that  made  him.”  After  this,  he 
blows  thrice  into  a  veffel  of  oil  of  olives  held  by  the 
deacon,  fi^ns  it  thrice  with  the  fign  of  the  crofs  ;  and 
prays  fervently,  that  it  may  “  become  to  thofe  who  are 
anointed  with  faith,  and  are  partakers  thereof,  the  unc¬ 
tion  of  incorruption,  the  armour  of  righteoufnefs,  the 
renewing  of  foul  and  body,  for  turning  afide  all  machi¬ 
nations  of  the  devil,  and  for  deliverance  from  all  evil.” 
He  then  fings  allelujah  thrice  with  the  people,  and 
pours  the  oil  on  the  top  of  the  water  ;  and  making 
three  erodes  with  it,  fay3  aloud,  “  Bleffed  be  God,  who 
enlighteneth  and  fandfifieth  every  man  that  cometh  in¬ 
to  the  world,  now  and  forever,  even  unto  ages  of  ages.” 
The  perfon  to  be  baptized  is  then  prefented  ;  and  the 
pried,  taking  fome  of  the  oil  with  two  fingers,  and  ma¬ 
king  the  fign  of  the  crofs  on  his  forehead,  on  his  breaft, 
and  betwixt  his  fhoulders,  fays,  “  N  the  fervant  of  God 
is  anointed  with  the  oil  of  gkdnefs,  in  the  name  of  the 
Father,  and  of  the  Son,  and  of  the  Holy  Ghod,  now 
and  forever,  even  unto  ages  of  ages.  Amen.”  He  then 
figns  him  on  the  bread  and  the  middle  of  the  back, 
laying,  “  For  the  healing  of  his  foul  and  body  ;”  then 
on  the  ears,  faving,  “  For  hearing  the  faith;”  then 
011  the  palms  of  the  hands,  faying,  4<  Thy  hands  have 
made  me  and  fafhioned  me  then  on  the  feet, 
he  may  walk  in  the  way  of  thy  commandments, 
ter  the  whole  body  is  thus  anointed,  the  pridl  baptizes 
him,  ufing  the  trine  immerfion;  which  is  unquedfonably 
the  mod  primitive  manner.  He  takes  the  child  in  his 
arms,  and  holding  him  upright  with  his  face  towards 
the  ead,  he  fays,  “  N  the  fervant  of  God  is  baptized  (dip- 
ping  him  the  firfi  time),  in  the  name  of  the  Father,  A- 
men  ;  in  the  name  of  the  Son  ( dipping  him  again),  A- 
men  ;  and  of  the  Holy  Gliod  (dipping  him  the  third 
time),  Amen,  now  and  for  ever,  even  unto  ages  of  ages. 
Amen.”  After  the  baptifm,  the  prieft  wipes  his  hands, 
and  with  the  people  fings  thrice,  'from  beginning  to 
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he  then  puts  upon  the  baptized  Church, 
perfon  a  white  garment;  faying,  “  N  the  fervant  of 
God  is  clothed  with  the  garment  of  righteoufnefs,  in 
the  name  of  the  Father,  and  of  the  Son,  and  of  the 
Holy  Ghod,  now  and  for  ever,  even  unto  ages  of  ages 
(e).”  He  then  prays  that  he  may  be  delivered  from 
the  evil  one,  and  all  his  inlidious  fnares  ;  that  he  may 
be  confirmed  in  the  true  faith  ;  and  that  he  may  pre- 
ferve  his  foul  in  purity  and  righteoufnefs  :  and  proceeds 
immediately  to  anoint  him  with  the  Holy  Chrifm.  1^ 

This  chrifm  is  a  very  different  thing  from  the  oil  b*p- 
with  which  he  was  anointed  previous  to  baptifm,  and?1/m*1 
which  was  ufed  in  the  confecration  of  the  baptifmalC  ln 
water.  It  can  be  prepared  only  by  a  bifhop,  and  only 
on  one  day  in  the  year,  m.  Thurfday  in  Paffion  week  ; 
and  as  the  anointing  with  it  is  fubdituted  in  place  of 
the  apodolical  rite  of  laying  on  hands,  called  confirma¬ 
tion  in  the  wedern  churches,  great  quantities  cf  it  are 
of  courfe  prepared  at  once,  and  didributed  through  the 
different  churches  of  each  diocefe.  The  chrifm  confifU 
of  the  following  ingredients,  which  in  different  propor¬ 
tions  are  all  boiled  together,  and  aftei  wards  lolemnly 
confecrated  by  the  bifhop  :  Fine  oil  (we  iuppofe  of 
olives),  white  wine,  ftyrax  calamita  (f),  palm-dew, 
rofe- flowers,  black  palm-gum,  Bafil-gum,  marjoram, 
thick  and  thin  oil  of  nutmegs  in  very  different  quanti¬ 
ties,  oil  of  cinnamon,  oil  of  cloves,  lignum  Rhodii,  oil 
of  oranges,  oil  of  marjoram,  oil  of  lavender,  oil  of  rofe-  - 
mary,  effence  of  rofemary,  cedar,  black  baliam  of  Pe¬ 
ru,  fandarac,  whited  maitic,  and  Venice  turpentine. 

With  this  holy  mixture  the  baptized  petfon  is  anointed, 
the  pried  making  with  it  the  fign  of  the  crofs  on  his 
forehead,  on  his  eyes,  his  nodrils,  his  mouth,  both  ears, 
his  bread,  his  hands,  aud  his  feet ;  faying  at  each  part, 

44  The  feal  of  the  gift  of  the  Holy  Ghod.  Amen.” 

Then  with  the  fponfor  and  the  child  he  goes  thrice 
round  the  font,  turning  from  the  right  to  the  left ;  the 
choir,  in  the  mean  time,  finging,  “  As  many  of  you  as 
are  baptized  unto  Chrift  have  put  on  Chrid,  alltlujah.” 

Seven  days  after  this  ceremony  is  performed,  the 
child  is  again  brought* to  the  church  ;  when  the  pried, 
after  praying  for  him,  unties  his  girdle  and  linen  clothes, 
wafhes  him  with  clean  water,  and,  fprinkling  him,  fays, 

“  Thou  had  been  judified,  enlightened,  fan&ified,  in 
That  the  name  of  our  Lord  Jefus  Chrid,  and  with  the  Spirit 
Af-  of  our  God.”  Then  taking  a  new  fponge  moidened 
with  water,  he  wafhes  his  face,  bread,  Sc c.  ;  faying, 

“  Thou  had  been  baptized,  enlightened,  anointed,  fanc- 
tified,  wafhed,  in  the  name  of  the  Father,  and  of  the  Son, 
and  of  the  Ploly  Ghod,  now  and  for  ever,  even  unto  ages 
of  ages.  Amen.” 

1  he  lad  ceremony  appended  to  baptifm  is  that  ofThe  ton- 
the  tonfure,  or  {having  the  head  of  the  child  in  thelure* 
form  of  the  crofs.  At  what  time  this  rite  crept  into 
the  church  it  would  not  be  eafy  to  difcover.  Some 
think  it  received  its  origin  from  the  religious  ceremo¬ 
nies  of  the  Heathen,  who  certainly  rounded  the  corners 
3  I  of 


(e)  The  reader  will  perceive,  that  many  of  thefe  rites  and  ceremonies  are  common  to  the  Greek  church  and 
the  church  of  Rome  in  the  celebration  of  the  faerament  of  baptifm. 

(f)  Wc  quote  the  words  of  Dr  King,  taking  it  for  granted  that  oirr  readers  will  pardon  our  not  giving  our- 
fuva,  much  trouble  to  difcover,  on  the  prefent  occafion,  what  particular  fpecies  or  variety  of  the  dorax  he  means 
by  this  defignation.  See  Styrax,  Encycl . 
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Church,  of  their  heads,  and  marred  their  beards,  at  a  very  early 


] 


in  honour  of  their  idols  (See  Theology,  nJ 
15^.  Encycl )  ;  and  fome  pious,  but  foolifh  Chriftians, 
efteemed  it -highly  commendable  to  transfer  to  the  true 
God  that  worfhip,  in  a  different  form,  which  had  been 
rendered  by  their  anceftor3  to  falfe  deities.  Others 
will  have  the  tonfure  to  typify  the  dedication  of  the 
perfon  to  the  iervice  of  God ;  the  cutting  off  of  the 
hair  being  always  coniidered  as  a  mark  of  fervitude. 
Be  thefe  conjeftures  as  they  may,  the  prieft,  after  the 
child  is  baptized,  offers  up  for  him  feveral  prayers,  all 
alluding  to  the  rite  to  be  performed  ;  and  then  cuts  his 
hair  crofa  wife,  faying,  “  N  the  fervarit  of  God  is  fhorn, 
in  the  name  of  the  Father,  and  of  the  Son,  and  of  the 
Holy  Ghotl,  now  and  for  ever,  even  unto  ages  of  ages. 
Amend ’ 

We  have  given  a  full  account  of  the  manner  in  which 
the  facrament  of  baptifm  is  celebrated  among  the 
Greeks,  that  the  reader  may  have  fome  notion  of  the 
childifh  fu perdition  of  that  church,  with  which  certain 


zealous  Pioteftants  in  England  were  very  defirous,  at 


commu- 
nion- offi¬ 
ces. 


the  beginning  of  this  century,  to  form  a  union.  There 
is  no  occafion  for  dwelling  fo  long  upon  their  other  of- 
The  Greeks  dees.  For  the  celebration  of  the  Lord’s  Supper  they 
have  three  have  three  liturgies  that  are  occafionally  ufed,  m.  that 
of  St  Chryfoliom,  which  is  in  ordinary  daily  ufe  ;  that 
of  St  Bafil,  nfed  on  particular  days  ;  and  that  of  the 
prefanHifiedy  as  it  is  called,  which  is  ufed  on  the  Wed- 
nefdays  and  Fridays  during  the  great  faft  before  Eafler. 
Between  the  liturgies  of  St  Chiyfoilom  and  St  Bafil 
there  is  no  effential  difference;  and  the  office  of  the  pre- 
fanftified  is  meiely  a  form  of  difpenfing  the  communion 
with  elements  which  had  been  confecrated  on  the  pre¬ 
ceding  Sunday.  We  would  gladly  infert  the  liturgy  of 
St  Chryfoftom,  or  at  lead  fuck  an  ab draft  of  it  as  we 
have  given  of  the  form  of  adminiftering  baptifm  ;  but 
as  our  limits  will  not  permit  us  to  do  lo,  we  mull  re¬ 
fer  fuch  of  our  readers  as  have  any  curioftty  refpefting 
fu'pjefts  of  this  nature  to  Dr  King's  Rites  and  Ceremo¬ 
nies  of  the  Greek  Church . 

It  is  proper,  however,  to  obferve  here,  that  many 
fuperflitious  ceremonies  have  been  added  to  the  ftrvice 
fince  the  age  of  St  Chryfoftom,  and  that  no  man  can 
compare  his  genuine  works  with  the  liturgy  which  now 
goes  under  his  name,  and  entertain  the  fmalleft  doubt 
but  that  the  latter  has  been  greatly,  though  gradually, 
Strange  ce-  coirupted.  In  the  offertory  there  is  a  Grange  ccremo- 
1  tmony  at  ny,  called  the  flaying  of  the  Holy  Lamb ,  when  the  prieft, 
the  offer-  taking  into  his  left  hand  one  of  the  five  loaves  which 
are  to  be  confecrated,  thrufb  a  fpear  into  the  right  fide 
of  it  ;  faying.  “  He  was  led  as  a  lamb  to  the  daugh¬ 
ter  then  into  the  left  fide,  adding,  “  And  as  a  hlame- 
lefs  lamb  before  his  (hearers  is  dumb,  fo  he  openeth  not 
his  mouth  then  into  the  upper  part  of  the  loaf ;  fay. 
In  his  humiliation  his  judgment  was  taken  away: 


tory. 
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clare  his  generation  ?”  lie  then  thrufts  the  fpear  0.  Cb?t| 
bliquely  into  the  loaf,  lifting  ic  up,  and  faying,  “  For 
his  life  was  taken  away  from  the  earth.”  After  this 
he  lays  down  the  loaf,  and  cutting  it  crofswife,  fays, 

“  The  Lamb  of  God,  which  taketh  away  the  fins  of 
the  world,  is  (lain  for  the  life  and  falvation  of  the  world.” 

All  this,  and  more  to  the  fame  purpofe,  js  unqueftion- 
ably  modern  ;  but  we  have  no  doubt  but  that  the  piieft 
ufes  the  words  of  Chryfoftom  himfelf,  when,  in  the  1?  ; 
confecration  of  the  elements,  he  fays,  “  We  offer  unto  The 
thee  this  reafonablc,  this  unbloody  facrifice  ;  and  we^atlon  ii 
implore,  we  pray  thee,  we  humbly  befeech  thee,  to  fend 
down  thy  Holy  Spirit  upon  us,  and  thofe  oblations 
prefented  unto  thee  ;  and  make  this  bread  the  precious 
body  of  thy  Chrift  ;  and  that  which  is  in  this  cup  the 
precious  blood  of  thy  Chi  iff,  changing  them  by  thy 
Holy  Spirit.” 

Dr  King  observes,  that  this  invocation  of  the  Holy 
Spirit  upon  the  elements,  which  in  the  eaffern  church 
is  always  ufed  after  the  Words  of  Chrift,  “  This  is  my 
body,  this  is  my  blood,  &c.”  is  inconfiftent  with  the 
Popifh  doftrine  of  tranfubflantiation  :  and  he  is  un¬ 
doubtedly  right  ;  for  the  church  of  Rome  teaches,  that 
the  change  is ’made  about  the  middle  of  the  mafs,  when 
the  prieft,  taking  into  his  hand  tirft  the  bread  and  then 
the  wine,  pronounces  over  each  ftparatelv  the  facred 
words  of  confecration  ;  i.  e.  the  words  of  Chrift.  “  It 
is  the  office  of  the  prieft,  in  this  and  in  all  other  facra- 
ments  (fays  a  dignitary  of  that  church),  only  to  per¬ 
form  the  outward  fenfihle  part  ;  but  the  inward  invffihle 
effect  is  the  work  of  the  great  God,  who  accordingly 
changes  the  fubftance  of  the  bread  and  wine  into  the 
body  and  blood  of  Chrift  the  very  inftant  that  the  fa¬ 
cred  words  of  confecration  are  pronounced  by  the  prieft 
over  them.”  But  if  this  be  fo,  it  would  be  impious, 
and  we  believe  that  by  the  church  of  Rome  it  is  deem¬ 
ed  impious,  lo  pray  afterwards,  that  God  would  fend 
down  his  Holy  Spirit  to  change  into  the  body  and 


blood  of  Chrift  elements  which  he  had  already  changed 


and  into  the  lower  part  ;  adding,  “And  who  fhall  de- 


into  that  body  and  blood,  in  coniequer.ee  ot  the  pritft’s 
pronouncing  over  them  the  all-powerful  words  of  Chrift. 

Yet  is  it  certain,  that  in  the  prefent  Greek  church  tran- 
fubftantiation  is  as  much  an  article  of  faith  as  in  the 
church  of  Rome ;  for  now  every  bifhop  at  his  confe¬ 
cration  declares,  in  the  moft  folemn  manner,  that  he  be¬ 
lieves  and  “  undcrftartds  that  the  tranfubflantiation  of  T ran  1 
the  body  and  blood  of  Chrift,  in  the  holy  fupper,  is  ef-itanW 
ftfted  by  the  influence  and  Operation  of  the  Holy 
Ghoft,  when  the  bifhop  or  prieft  invokes  God  the  Fa* 
ther  in  thefe  words,  and  make  this  bread  the  precious 
body  of  thy  Chrifly  &c.”  This  is  indeed  a  different  ac¬ 
count  from  tint  of  the  I,? tin  church  ©f  the  time  at 
which  this  portentous  change  is  wrought  ;  but  fuch  dif¬ 
ference  is  a  matter  of  very  little  importance  (g).  If 
the  change  itfelf  he  admitted,  the  conftqnences  rriuft  be 
the  fame,  whether  it  be  fuppofed  to  take  place  when 

the 


if 


(g)  Mr  Bruce  feems  to  doubt  whether  tranfubftantiation  be  the  doftrine  of  the  Abyffinian  church,  and  relates 
.  convention  which  he  had  on  the  fubjeft  with  a  prieft  ;  who  foleranly  affirmed,  that  he  never  believed  in  the 
fi on nf  the  hread  and  wine  into  the  fubftance  of  our  Saviour’s  body  and  blood.  It  mult 


converfion  of  the  fubftance  of  the  bread  and  wine  into  the  fubftance  of  our  Saviour’s  body  ; 
be  remembered,  however,  that  the  prieft  had  at  the  time  a  powerful  reafon  for  wiihing  that  doftrine  not  to  be 
true.  The  Jefuits  uniformly  atteft,  that  the  Abyffinians  believe  in  the  real  prefence  ;  though  it  muft  not  be 
forgotten,  that  Ludolf  was  of  a  different  opinion,  and  that  no  man  had  ftudied  the  language  of  Abyffinia  more 
fuccefsfully  than  he. 
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the  pried  pronounces  the  words  of  inditntion,  or  after 
he  has  invoked  the  defcent  of  the  Holy  Ghoft ;  in  ei¬ 
ther  caie  it  leads  to  idolatry.  It  may  be  proper  to  men¬ 
tion,  that  in  the  Greek  church  it  is  deemed  elfential  to 
the  validity  of  this  holy  facrament,  that  a  little  warm 
water  he  mixed  with  the  wine  ;  that  the  napkin,  which 
is  fpread  over  the  holy  table,  and  aniwers  to  the  cor¬ 
porals  of  the  church  of  Rome,  be  confecrated  by  a  bi- 
lhop,  and  that  it  have  fome  fmall  particles  of  the  re- 
thliqties  of  a  martyr  mixed  in  the  web,  otherwife  the  eu- 
charift  cannot  be  adminidered.  In  this  church  chil¬ 
dren  may  receive  the  communion  immediately  after  bap- 
tifm  ;  and  the  lay  communicants,  of  whatever  age,  re¬ 
ceive  both  the  dements  together,  the  bread  being  pop¬ 
ped  in  the  cup  :  The  clergy  receive  them  feparately. 

We  have  obferved,  that  one  of  the  ieven  mvjkries  or 
facraments  of  the  Greek  church  is  confeffvon  ;  but  among 
the  Gretks  it  is  a  ninth  more  rational  and  eddying 
fervice  than  in  the  church  of  Rome.  In  the  Greek 
church  the  end  of  eonfeflion  is  the  amendment  of  the 
penitent ;  in  the  church  of  Rome  it  is  to  magnify  the 
glory  of  the  pried  In  the  former  church,  the  confef- 
fors  pretend  only  to  abate  or  remit  the  penance,  decla¬ 
ring  the  pardon  from  God  alone;  in  the  latter,  they 
take  upon  them  to  forgive  the  fin  itfelf.  The  Greek 
church  prelcribes  confeftion  four  times  in  the  year  to 
all  her  members  ;  but  the  laity,  for  the  mod  part,  con- 
fefs  only  once  a  year  previous  to  receiving  the  holy  com¬ 
munion  ;  and  to  this  they  are  in  Ruflia  obliged  by  the 
laws  of  the  cmpiie. 

The  ceremonies  with  which  matrimony  is  pei formed 
in  the  Greek  church  con  fid  of  three  diliindt  offices, 
formerly  ctlebrated  at  different  times,  after  certain  in- 
tcrvals,  which  now  make  but  one  fervice.  Flrd,  there 
was  a  folemn  fervice,  when  the  parties  betrothed  them- 
felves  to  each  other,  by  giving  and  receiving  rings  or 
other  prefents  as  pledges  of  their  mutual  fidelity  and  at¬ 
tachment.  The  ancient  ufage  was  for  the  man  to  re¬ 
ceive  a  gold  ring  and  the  woman  a  filver  one,  which 
is  dill  alluded  to  in  the  rubric,  though,  in  the  prefent 
pra&ice,  the  rings  are  generally  both  of  gold.  At  this 
time  the  dowry  was  paid,  and  certain  obligations  were 
entered  into  to  forfeit  fums  in  proportion  to  it,  if  ei¬ 
ther  of  the  parties  fhould  refufe  to  ratify  the  engage¬ 
ment-  At  this  ceremony,  called  the  ^»<r7?ov,  or  record¬ 
ing  of  the  pledges  before  <3 ivitnejfes ,  the  pried  gives  lighted 
tapers  to  the  parties  to  be  contracted,  making  the  fign 
of  the  crofs  on  the  forehead  of  each  with  the  end  of  the 
taper  before  he  deliver  it. 

The  fecond  ceremony,  which  is  properly  the  mar¬ 


riage,  is  called  the  office  of  matrimonial  coronation ,  frgra  Ghurch.  ^ 
a  fmgular  circumdance  in  it,  that  of  crowning  the  par-  ' 
ties.  This  is  done  in  token  of  the  triumph  of  conti-  , 
nence  ;  and  therefore  it  has,  in  fome  places,  been  omit¬ 
ted  at  fee  or.  d  marriages.  Formerly  thefe  crowns  were 
garlands  made  ot  flowers  or  fhrubs  ;  but  now  there  are 
kept,  in  mod  churches,  crowns  of  filver  or  tome  other 
metal  for  the  celebration  of  matrimony.  At  the  put¬ 
ting  of  them  on,  the  pried  lays,  “  N,  the  fervant  of 
God,  is  crowned  for  the  handmaid  of  God  and  “  N, 
handmaid  of  God,  is  crowned  for  the  fervant  of  God, 
in  the  name  of  the  Father,  and  of  the  Son,  and  of  the 
Holy  Ghod adding  thrice,  “  O  Lord  our  God, 
crown  them  with  glory  and  honour  ” 

The  third  ceremony  is  that  of  diflblvlng  the  crowns 
on  the  eighth  day  ;  after  which  the  bride  is  conducted 
to  the  bridegroom’s  boufe,  immediately  to  enter  on  the 
cares  oF  his  family.  22 

With  rcfpecf  to  difeipline  and  government,  the  Greek  Re  >mar 
church  bears  a  flriking  relemblance  to  that  of  Rome.ajlcl|eculdr 
In  both  there  is  the  fame  divifion  of  the  clergy  into  re-c 
gular  and  feculp.r ;  the  fame  fpiritual  jurifdidlion  of 
Lifhops  end  their  officials,  and  the  fame  didindtion  of 
ranks  and  offices.  In  fome  points  the  difciplin£  of  the 
Greeks  differs  from  that  of  the  Romans.  All  orders 
of  fecular  clergy  in  the  Greek  church  inferior  to  bilhopa 
are  permitted  to  marry  ;  but  celibacy,  and  the  aflump- 
tiori  of  the  monadic  habits,  are  indifpenlably  requilite 
in  thofe  who  are  candidates  for  the  mitre.  The  regu¬ 
lar  clergy,  lays  Mr  Daliaway,  are  generally  men  of  a 
certain  education;  whereas  the  feculars  are  of  the  meaner 
fort,  and  illiterate  in  the  extreme.  23 

In  the  Greek  church  there  are  five  orders  of  clergy  Five  orders 
promoted  by  the  im petition  of  hands  ;  but  it  does  notof  cler&y* 
appear  that  the  ordination  of  the  reader,  or  of  the  fub- 
deacon,  is  confidercd  as  a  facrament.  The  forms  ufed 
in  the  ordination  of  deacons,  prefbyters,  and  bifliops, 
are  ferious  and  iignificnnt  (h),  bearing  in  themfelves 
evidence  of  great  antiquity.  The  candidate  for  the 
deaconate  or  priedhood  kneels  before  the  holy  table, 
and  the  bifhop,  laying  his  right  hand  on  his  head,  faith,  24 
“  The  divine  grace,  which  healeth  our  infirmities,  and  Form  of 
fupplieth  our  defe&s,  promoteth  N,  the  mod  pious  fub>  ordination. 
deacon ,  to  the  order  of  deacon  or,  in  the  cafe  of  the 
priedhood,  “  The  mod  pious  deacon  to  the  order  of  a 
pre/by  ter  ;  let  11s  pray  for  him,  that  the  grace  of  the 
Holy  Spirit  may  come  upon  him.”  It  does  not  ap¬ 
pear,  from  Dr  King’s  account  of  thefe  offices,  that  in 
the  Greek  church  the  attending  prelbyters  lay  on  their 
hands  together  with  the  bifhop  at  the  ordination  of  a 
3  I  2  prefbyter, 


(h)  We  mud  except  thofe  nfed  in  the  church  of  Abyffinra,  which,  according  to  Mr  Bruce,  are  fhamcfully  in¬ 
decent.  “  A  number  of  men  and  children  prefent  themlelves  at  a  didance,  and  there  ft  and,  from  humility,  not 
daring  to  approach  the  abuna  or  bffiop.  He  then  afks  who  thefe  are  ?  and  they  tell  him  that  they  want  to  be 
deacons.  On  this,  with  a  fmall  iron  crofs  in  his  hand,  after  making  two  or  three  figns,  he  blows  with  his  mouth 
twice  or  thrice  upon  them  ;  faying,  Let  them  be  deacons .  I  faw  once  (fays  our  author)  all  the  army  of  Begem- 
der  made  deacons,  juft  returned  from  (bedding  the  blood  of  10,000  men.  With  thole  weie  mingled  about  10 00 
women,  who  confequcntly  having  part  of  the  lame  blad  and  brandifhment  of  the  crofs,  were  as  good  deacons  as 
the  reft  In  the  ordination  of  priefts  a  little  more  ceremony  is  ufed  ;  for  they  mud  be  able  to  read  a  chapter 
of  St  Mark,  which  they  do  in  a  language  of  which  the  abuna  underdands  not  one  word.  They  then  give  him 
a  brick  of  fait,  to  the  value  perhaps  of  "fixpence,  for  their  ordination  ;  which,  on  account  of  this  prefent,  the 
Jefuits  maintained  to  be  Simoniacal.”  There  is  but  one  bifhop  or  abuna  in  Abyflinian,  and  he  is  always  a  fo- 
reigner,  fubordinate  in  his  jurifdi£tion  to  the  patriarch  of  Alexandria. 


Church. 
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Solemn 
confecra- 
tion  of 
bifiiops. 
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prefbyter,  as  is  pra&ifed  in  the  church  of  England  ;  but 
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The  lad  facrament  of  the  Greek  church  is  that  of 


feveral  bifhops  lay  on  their  hands  together  with  the 
archbifhop  at  the  confecration  of  a  bifhop. 

This  is  indeed  a  very  i'olemn  cerem*  ny.  The  can¬ 
didate  for  the  epifcopate,  who  is  always  an  archiman¬ 
drite  or  hiercmonaehus ,  i.  e.  an  abbot  or  chief  monk  in 
fome  monaftery,  being  named  to  the  vacant  fee,  and 
the  ele&ion  being  confirmed,  repairs,  at  the  time  ap¬ 
pointed,  to  the  church  where  the  confecration  is  to  be 
performed.  Being  arrived,  he  is  introduced  by  the 
proto-pope  (1)  and  proto- deacon  to  the  archbifhop  and 
bifhops,  who  are  arranged  in  proper  order  on  a  tempo¬ 
rary  theatre  or  platform  erected  in  the  church  for  the 
occafion.  He  there  gives  an  account  of  his  faith  ;  de¬ 
clares  folemnly  that  he  has  neither  given  nor  promifed 
money,  or  any  bribe-worthy  fervice,  for  his  dignity  ; 
and  promifes  to  adhere  fteadily  to  the  traditions  and 
canons  of  the  eaflern  church,  to  vifit  his  diocele  regu 
larly,  and  to  oppofe  drenuoufly  all  innovations  and  he- 
refies,  particularly  the  errors  of  the  Latin  church.  This 
being  'done,  the  archbifhop  fays,  “  The  grace  of  the 
Holy  Spirit,  through  my  humility,  exalts  thee  N.  archi¬ 
mandrite  or  hieromonachus,  beloved  of  God,  to  be 
bifhop  of  the  cities  N.  N.  which  God  preferve.”  With 
much  ceremony  the  bifhop  ele&  is  then  conduced  from 
the  theatre,  within  the  rails  of  the  holy  altar,  where  he 
kneels  down  with  the  other  bifhops,  who  hold  open 
over  his  head  the  holy  gofpel  with  the  letters  inverted, 
the  archbifhop  faying  aloud,  u  The  divine  grace,  which 
always  healeth  our  infirmities,  and  fupplieth  our  defeats, 
by  my  hand  condu&eth  thee  N.  archimandrite  or  hiero¬ 
monachus,  beloved  of  God,  bifhop  eledl  of  the  cities  of 
N.  N.  which  God  preferve  ! — Let  us  pray  therefore 
for  him,  that  the  grace  of  the  mod  Holy  Spirit  may 
come  upon  him.”  Then  the  prieds  fay  thrice,  “  Lord 
have  mercy  upon  us  and  while  the  bifhops  continue 
to  hold  the  gofpel,  the  archbifhop  figns  the  newly  con- 
fecrated  bifhop  thrice  with  the  fign  of  the  crofs,  faying, 
“  In  the  name  of  the  Father,  and  of  the  Son,  and  of  the 
Holy  Ghoft,  now  and  for  ever,  even  unto  ages  of  ages. 
Amen.”  Then  all  the  bifiiops  putting  their  right  hands 
on  his  head,  the  archbifhop  prays  that  he  may  be  con¬ 
firmed  in  the  office  of  which  they  have  judged  him 
worthy,  that  his  priefihood  may  be  rendered  irreproach¬ 
able,  and  that  he  himfelf  may  be  made  holy  and  worthy 
to  be  heard  of  God.  After  this,  one  of  the  affifling 
bifhops  reads  a  fhort  litany  in  a  low  voice,  to  be  heard 
only  by  thofe  within  the  altar,  and  the  other  bifhops 
make  the  refponfes.  At  the  tnd  of  the  litany  the  arch¬ 
bifhop,  laying  his  hand  again  upon  the  head  of  the  new¬ 
ly  confecrated  bifhop,  prays  in  very  decent  and  devout 
terms,  that  Chrid  will  render  him  an  imitator  of  himfelf, 
the  true  fhepherd  ;  that  lie  will  make  him  a  leader  of 
the  blind,  a  light  to  thofe  who  walk  in  darknefs,  and  a 
teacher  of  infants  ;  that  he  may  fhine  in  the  world,  and 
receive  at  laft  the  great  reward  prepared  for  thofe  who 
contend  boldly  for  the  preaching  of  the  gofpel.  After 
this  the  padoral-ftaff  is  delivered  to  the  new  bifhop, 
with  a  very  proper  and  folemn  exhortation  from  the 
archbifhop,  to  feed  the  flock  of  Chrift  committed  to  his 
care. 


the  holy  oil  or  euchelaion,  which  is  not  confined  to 
perions  periculofe  fgrotanlilus ,  et  mortis  periculo  imminent  e% 
like  the  extreme  un&ion  of  the  Romifh  church  ;  but  is 
adminiftered,  if  required,  to  devout  perfons  upon  the 
flighted:  malady.  Though  this  ordinance  is  derived 
from  St  James,  chap.  v.  ver.  14,  15.  it  is  by  no  means 
deemed  neceflary  to  falvation,  or  obligatory  upon  all 
Chriflians;  and  it  is  well  that  it  is  not,  for  feven  prielts 
are  required  to  adminifier  it  regularly,  and  it  cannot  be 
adminifiered  at  all  by  lefs  than  three.  The  oil  is  con¬ 
fecrated  with  much  folemnity;  after  which  each  pried, 
in  his  turn,  takes  a  twig,  and  dipping  it  in  the  oil  now- 
made  holy,  anoints  the  lick  perfon  crofs-wife,  on  the 
forehead,  on  the  noflrils,  on  the  paps,  the  mouth,  the 
bread,  and  both  fides  of  the  hands,  praying  that  he 
may  be  delivered  from  the  bodily  infirmity  under  Hitch 
he  labours,  and  raifed  up  by  the  grace  of  Jefus  Chrift.  ^  I 
In  the  Greek,  as  well  as  in  the  Latin  church,  there  The  lav 
is  a  fervice,  called  the  divine  lavipedium ;  obferved  on  thedunn, 
Thursday  of  paffion-week,  in  imitation  of  our  Saviour’s 
humility.  At  Condantinople  Jefus  Chrift  is,  on  this 
occafion,  perfonified  by  the  Patriarch,  and  everywhere 
elfe  by  the  bifhop  of  the  diocefe,  and  the  twelve  apodles 
by  twelve  regular  prieds,  wlieil  a  ludicrous  conted  arifes 
who  fh all  reprefent  Judas  ;  for  the  name  attaches  for 
life.  This  office  is  performed  at  the  wed  end  of  the 
church,  where  an  arm  chair  is  fet  at  the  bottom,  facing 
the  ead,  for  the  bifhop  ;  and  on  each  fide  are  placed 
twelve  chairs  for  the  twelve  prieds,  who  are  to  repre¬ 
fent  the  twelve  apodles.  The  prayers  and  hymns  ufed 
on  this  occafion  are  exceedingly  beautiful  and  appro¬ 
priate  ;  and  when  the  fird  gofpel,  relating  our  Saviour’s 
wafhing  of  his  difciples  feet,  begins  to  be  read,  the 
bifhop  or  patriarch  rifes  up,,  and  takes  off  his  pontifical 
vedments  by  himfelf  without  aflidance.  He  then  girds 
himfelf  with  a  towel,  and  taking  a  bafon  of  water  in 
his  hand,  kneels  down  and  wafhes  one  foot  of  each 
prieft,  beginning  with  the  younged ;  and  after  having 
wafhed  it  he  kiffes  it.  All  this  is  done  as  the  feveral 
circumdanees  are  read ;  and  when  he  comes  to  the  lad 
pried,  wTho  is  fuppofed  to  reprefent  Peter,  that  pried 
rifes  up  and  faith,  “  Lord,  dod  thou  wafh  my  feet  ?” 

& c.  The  bifhop  anfwers  in  the  words  of  our  Saviour ; 
and  having  finifhed  the  whole,  puts  on  his  garments  a- 
gain,  and  fits  down;  and  as  the  fecond  gofpel  is  read(  k), 
repeats  the  words  of  our  Saviour,  “  Know  ye  what  I 
have  done  unto  you  ?”  Sc c.  The  office  is  certainly  an¬ 
cient,  and  if  decently  performed  mud  be  affefting 

Under  the  word  Patriarchs  {Encycl.)  we  have  rhe p, 
given  a  fufficient  account  of  the  rife  of  the  patriarchates,  lege-  oi 
as  well  as  of  the  various  degrees  of  rank  and  authority  patriarj 


claimed  by  the  bifhops  of  feveral  other  fees  in  the  Greek 


church.  It  may  be  proper  to  add  here,  that  after  the 
taking  of  Condantinople  by  Mohammed  II.  he  conti¬ 
nued  to  the  patriarch  of  that  city  the  fame  prefent 
which  the  Greek  emperors  had  been  accudomed  to 
make — a  padoral  daff,  a  white  horfe,  and  four  hundred 
ducats  in  gold.  To  the  Greek  church  and  the  main¬ 
tenance  of  its  clergy  he  left  indeed  ample  revenues, 
which  they  have  gradually  facrificed  to  their  incondan. 

_  CY, 


(1)  In  the  Greek  church  all  parifh  prieds  are  called  papas  or  popes  ;  and  the  proto  pope  is  an  archprefbyter. 
(k)  The  fird  gofpel  is  John  xiii.  3 — 12.  The  fecond  gofpel  is  John  xiii.  12 — 18. 
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Cf  ch,  cy,  their  ambition,  and  their  private  jealoufy.  Still, 
however,  the  patriarch  of  Conftantinople  fills  a  very  lu- 
crative  and  high  office.  “  Befides  the  power  of  nomi¬ 
nating  the  other  three  patriarchs,  and  all  epifcopal  dig¬ 
nitaries  (fays  Mr  Dallaway),  he  enjoys  a  moil  extenfive 
jurifdi&ion,  comprising  the  churches  of  Anatolia,  Greece, 
Wailachia,  Moldavia,  and  the  iflands  of  the  Archipelago. 
Since  the  clofe  of  the  fixteenth  century,  the  Ruffian 
church  lias  claimed  a  jurifdi&ion  independent  of  the  fee  of 
Conftantinople  ;  though  appeals  have  been  made  to  that 
fee  in  cafes  of  extraordinary  importance.  The  influence 
of  the  patriarch  with  the  Porte  is  very  extenflve,  as  far 
as  his  own  nation  is  concerned.  His  memorials  are 
never  denied  ;  and  he  can,  in  fadl,  command  the  death, 
the  exile,  imprifonment  for  life,  depofition  from  offices, 
or  pecuniary  fine,  of  any  Greek  whom  he  may  be  in¬ 
clined  to  punifh  with  rigour,  or  who  has  treated  his  au¬ 
thority  with  contempt.  On  the  death  of  the  patriarch 
the  moft  eager  competition  is  exerted  to  fill  the  vacant 
throne  ;  which,  as  it  is  obtained  by  bribery  and  in¬ 
trigue,  is  of  courfe  a  very  unftable  feat  to  the  fuccefsful 
candidate,  fhould  another  offer  to  accept  the  appoint¬ 
ment  at  a  lower  falary.,,  For  a  fuller  account  of  the 
doctrines,  difcipline,  arid  worfhip  of  the  Greek  church 
at  prefent,  we  refer  the  reader  to  King’s  Rites  and  Ce - 
remonies  of  the  Greek  Church  in  RuJJia ,  and  to  Dalla- 
<ivay’s  Conjlanthople  ancient  and  modern  ( published  in 
1797)  ;  from  which  two  works  this  abftracl  has  been 
mottlv  taken. 

CHUS  AN  Islands,  a  duller  of  fmall  iflands  on  the 
call  coaft  of  China,  which  were  vifited  by  Lord  Ma¬ 
cartney  in  his  courfe  to  Pekin.  Moft  of  thefe  iflands 
Item  to  be  hills  lifing  regularly  out  of  the  fea,  and 
rounded  at  top,  as  if  any  points  or  angles  exifting  in 
their  original  formation  had  been  gradually  worn  off 
into  a  globular  and  uniform  Ihape.  Many  of  them, 
though  clofe  to  each  other,  are  divided  by  channels  of 
great  depth.  They  reft  upon  a  foundation  of  giey  or 
red  granite,  fome  part  refembling  porphyry,  except  in 
hardnefs.  They  were,  certainly,  not  formed  by  the 
iucceffive  alluvion  from  the  earth  brought  into  the  fea 
by  the  great  river  at  whofe  mouth  they  are  fituated, 
like  the  numerous  low  and  muddy  iflands  at  the  mouth 
of  the  Po,  and  many  others  ;  but  fhould  rather  be  con- 
fideied  as  the  remains  of  part  of  the  continent  thus 
(cooped  and  furrowed,  as  it  were,  into  iflands,  by  the 
■  force  of  violent  torrents  carrying  off,  further  into  the 
lea,  whatever  was  lefs  refiftible  than  the  rocks  juft  men¬ 
tioned.  Some  of  them  wore  a  very  inviting  afpedt ; 
one  in  particular,  called  Poo-too,  is  deferibed  as  a  per- 
fedl  paradife.  This  fpot  was  chofen,  no  doubt,  for  its 
natural  beauties,  and  afterwards  embellilhed,  by  a  fet  of 
religious  men,  who,  to  the  number  of  three  thoufand, 
pofiVfs  the  whole  of  it,  living  there  in  a  ilate  of  celi¬ 
bacy.  It  contains  four  hundred  temples,  to  each  of 
which  are  annexed  dwelling  houfes  and  gardens  for  the 
accommodation  of  thofe  monks.  This  large  motiaftery, 
as  it  may  be  called,  is  richly  endowed,  and  its  fame  is 
fpread  throughout  the  empire. 

The  Englifh  Eaft  India  Company  had  once  a  fa&ory 
at  Chufan,  the  principal  of  thefe  iflands,  from  which 
they  were  many  years  ago  interdidled.  This,  accord¬ 
ing  to  the  account  of  a  Chinefe  merchant  who  remem¬ 
bered  the  fadtory,  was  not  occafioned  by  any  ofFence 
given  by  the  Englifh,  but  by  the  avarice  of  the  officers 


governing  at  Canton,  who  draw  large  fums  from  the 
accumulation  of  foreign  trade  in  that  port.  Perhaps, 
too,  the  exceffive  jealoufy  of  the  Chinefe  government 
might  fancy  danger  in  the  unrtftrained  communication 
between  foreigners  and  the  fubjedls  of  that  empire  in 
feveral  of  its  ports  at  the  fame  time. 

Ting-hai,  the  chief  town  of  Chufan,  refembles  Ve¬ 
nice,  but  on  a  fmaller  feale.  It  is  furrounded,  as  well 
as  interfered,  by  canals,  over  which  are  thrown  fteep 
bridges,  afeended  by  fteps  like  the  Rialto.  The  ftreets 
are  narrow,  and  paved  with  fquare  flat  ftones  ;  but  the 
houfes,  unlike  the  Venetian  buildings,  are  low  and  moft- 
ly  of  one  ftory.  The  ornaments  of  thefe  buildings  are 
confined  chiefly  to  the  roofs,  on  the  ridges  of  which  are 
uncouth  figures  of  animals  in  clay,  ftone,  or  iron.  The 
town  is  full  of  (hops,  containing  chiefly  articles  of  clo¬ 
thing,  food,  and  furniture,  difplayed  to  full  advantage. 
Even  coffins  are  painted  in  a  variety  of  lively  and  con- 
trafting  colours.  The  fmaller  quadrupeds,  including 
dogs,  intended  for  food,  are  expofed  alive  for  fale,  as 
well  as  poultry,  and  fifh  in  tubs  of  water,  with  eels  in 
fand.  When  the  gentlemen  belonging  to  the  embafly 
were  at  Ting-hai,  they  were  ftruck  with  the  number  of 
places  where  tin-leaf  and  fticks  of  odoriferous  wood 
were  fold  for  burning  in  the  temples,  which  indicated 
no  flight  degree  of  fuperftition  in  the  people.  Super- 
ftition,  however,  made  them  not  idle  ;  for  throughout 
the  whole  place  there  wa3  a  quick  and  adlive  indnftry* 
Men  pafled  bullly  through  the  ftreets,  while  not  an  in¬ 
dividual  was  feen  afking  alms  ;  and  the  women  were 
employed  in  the  (hops.  At  Chufan,  the  number  of  va¬ 
luable  harbours,  or  places  of  perfedl  fecurity  for  fhips 
of  any  burden,  is  almoft  equal  to  the  number  of  iflands.. 
This  advantage,  together  with  that  of  their  central  fl- 
t nation,  in  relpedl  to  the  eaftern  coft  of  China,  and  the 
vicinity  of  Corea,  Japan,  Leoo-keoo,  and  Formofa,  at¬ 
tract  confiderable  commerce,  efpecially  to  Ning-poo,  a, 
city  of  great  trade  in  the  adjoining  province  of  Che-chi- 
ang,  to  which  all  the  Chufan  iflands  are  annexed.  From 
one  port  in  that  province  twelve  vefTcls  fail  annually  for- 
copper  to  Japan. 

According  to  Brookes,  Chufan  is  in  N.  Lat.  30.  o, 
and  E.  Long.  124.  o. 

CINARA,  or  Cynara,  which  we  tranflate  arti¬ 
choke,  is,  according  to  Profeffor  Beckmann,  the  name, 
which  was  given  by  the  ancients  to  a  plant  very  diffe¬ 
rent  trom  the  artichoke  of  our  kitchen  .gardens,  though, 
he  admits  that  they  belong  to  the  fame  genus.  The 
proofs  which  he  adduces  for  the -truth  of  his  opinion 
are  too  tedious  to  be  introduced  into  this  Work,  efpeci¬ 
ally  as  they  appear  not  to  us  to  be  abfolutely  conclufive. 
We  mull  there ‘ore  refer  the  reader  to  his  Hiftory  of 
Inventions.  The  cinara ,  carduus ,  and  fcolymus  (fee 
Scolymus  in  this  Supplement),  were  in  his  opinion 
fpecies  of  the  thiJUe ,  of  which  the  roots  and  young 
Jhoots ,  as  well  as  the  bottom  of  the  calyx  of  the  la  ft,, 
were  eaten.  He  has  proved  indeed,  lie  thinks,  that 
the  Greeks  and  Romans  ufed  the  pulpy  bottom  of  the 
calyx,  and  the  tendered  ftaiks  and  young  (hoots  of  ma¬ 
ny  plants  belonging  to  the  thiflle  kind,  in  the  lame 
manner  as  we  ufe  artichokes  and  cardoons,  but  that 
thefe  latter  were  unknown  to  them. 

“It  appears  probable  (fays  he)  that  the  ufe  of  thefe 
tliiftles,  at  leaft  in  Italy  and  Europe  in  general,  was  in 
the  courfe  of  time  laid  afide  and  forgotten,  ar:d  that  the 
2  ai  ti- 
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artichoke,  when  it  was  firft  brought  to  Italy  from  the 
Levant,  was  confidered  as  a  new  fpecies  of  food.  It  is 
undoubtedly  certain  that  our  artichoke  was  fird  known 
in  that  country  in  the  15th  century.  Hermolaus  Bar¬ 
hams,  who  died  in  1494,  relates  that  this  plant  was 
fir  ft  feen  at  Venice  in  a  garden  in  1473,  at  which  time 
it  was  very  fcarce.  About  the  ye.it  *4^6,  one  of  the 
family  of  Strozza  brought  the  firft  artichokes  to  Flo¬ 
rence  from  Naples.  Politian,  in  a  letter  in  which  he 
deferibes  the  difhes  he  found  at  a  grand  entertainment 
in  Italy  in  1488,  among  thefe  mentions  artichokes. 
They  were  introduced  into  Fiance  in  the  beginning  of 
the  1 6th  century,  and  into  England  in  the  reign  of 
Henry  VIII.” 

The  original  country  of  the  artichoke  is  unknown. 
Linn seus  fays  tlv.it  it  grew  wild  in  Narbonne,  Italy, 
and  Sicily,  as  the  cardoon  did  in  Crete  *,  but  oui  au¬ 
thor  has  proved  very  fufficienlly,  that  with  refpe&  to 
both  thefe  fa&s  the  great  botanift  was  mi  (informed. 
The  artichoke  is  certainly  known  in  Peril  4 ;  but  Ta¬ 
vernier  fays  exprefsly,  that  it  was  carried  thither,  like 
afparagus  and  other  European  vegetables  ol  the  kitchen 
garden,  by  the  Carmelite  and  other  monks  ;  and  that 
it  was  only  in  later  times  that  it  became  common. 

CINNABAR.  See  Chemistry  in  this  Supplement, 
nQ  91. 

CIRCLE  of  Curvature,  or  circle  of  equicnrva- 
ture,  is  that  circle  which  has  the  fame  curvature  with  a 
{riven  curve  at  a  certain  uoint ;  01  that  circle  whole  ra¬ 
dius  is  equal  to  the  radius  of  curvature  of  the  given 
curve  at  that  point. 

Circles  of  Declination  are  great  circles  interfering 
each  other  in  the  poles  of  the  world. 

Circle  of  Dffpatior, ,  in  optics.  See  Optics,  En - 
cyrl.  n°  253. 

Circle  E  quant,  in  the  Ptolemaic  aftronomy,  is  a 
circle  deferibed  on  the  centre  of  the  equant.  Its  chief 
ufe  is  to  find  the  variation  of  the  firft  inequality. 

CiRCLhs  of  Excurfton  are  little  circles  parallel  to  the 
ecliptic,  and  at  fuch  a  diftance  from  it,  as  that  the  ex¬ 
cursions  of  the  planets  towards  the  poles  of  the  ecliptic 
may  be  included  within  them  ;  being  ufually  fixed  at 
about  10  degrees. 

Circles  of  P of  tion,  are  circles  palling  through  the 
common  interfe&ions  of  the  horizon  and  meridian,  and 
th  rough  any  degree  of  the  ecliptic,  or  the  centre  of 
any  ftar,  or  other  point  in  the  heavens  ;  and  are  ufed 
for  finding  out  the  lituacion  or  pofilion  of  any  ftar. 
Thefe  are  ufually  fix  in  number,  cutting  the  equinoctial 
into  t  2  equal  paits,  which  the  afirologers  call  the  crlef 
tial  houfes,  and  hence  they  are  fometimes  called  circles 
of  the  celfl-al  houfes . 

CIRCULAR  Lines,  a  name  given  by  fome  authors 
to  fnch  ftraight  lines  as  are  divided  by  means  of  the  di- 
vifiens  made  in  the  arch  of  a  circle;  fnch  a  the  fines, 
tangents,  fecants,  &c. 

Circular  Paris ,  called,  from  the  ufe  which  he  firft 
made  of  them,  Napier's  circular  parts,  are  the  five  parts 
of  a  right-angled  or  a  qnadrantal  fpherical  tiiangle  ;  they 
are  the  two  legs,  the  complement  of  fhe  hypothenufc, 
and  the  complements  of  the  two  oblique  angles. 

Concerning  thefe  circular  parts,  Napier  gave  ?.  gene¬ 
ral  rule  in  his  Logaritbmorum  Canonis  Defer  iptio,  which 
is  this  ;  “  The  re&*ngle  under  the  radius  and  the  fine 
*>f  the  middle  part  is  equal  to  the  re&angle  under  the 
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tangents  of  the  adjacent  parts,  and  to  the  re&angle  un¬ 
der  the  cofines  of  the  oppofite  pr.rts.  The*  right  angle 
or  qundrantal  fide  being  negle&ed,  the  two  fides  and 
the  complements  of  the  other  three  natural  parts  are 
called  the  circular  parts,  as  they  follow  each  other  as  it 
were  in  a  circular  order.  Of  thefe,  any  one  being  fix¬ 
ed  upon  as  the  middle  pa**t,  thole  next  it  are  the  adja¬ 
cent,  and  thofe  fartheft  from  it  the  oppofite  parts.” 

This  rule  contains  within  itfelf  all  the  particular  rules 
for  the  LI  at  ion  of  right-angled  fpherical  triangles,  and 
they  were  thus  brought  into  one  general  cornprehenfive 
theorem,  for  the  fake  0?  the  memory  ;  as  thus,  by 
charging  the  memory  with  this  one  rule  alone  :  All  the 
cafes  cf  right  angled  fpherical  triangles  may  be  refol- 
ved,  and  thole  of  oblique  ones  alio,  by  letting  fall  a  per¬ 
pendicular,  excepting  the  two  caies  in  which  there  are 
given  either  the  three  fides,  or  the  three  angles.  And 
for  thefe  a  fimilar  expedient  has  been  devifed  by  Lord 
Buchan  aod  Dr  Minto,  which  may  be  thus  exprefiVd  : 
“  Of  the  circular  parts  of  an  oblique  fpherical  triangle, 
the  re&angle  under  the  tangents  of  half  the  film  and 
half  the  difference  of  the  Lgments  at  the  middle  part 


Lgments  at 

(formed  by  a  perpendicular  drawn  from  an  angle  to  the 
oppofite  llde),  is  equal  to  the  re&angle  under  the  tan¬ 
gents  of  half  the  fum  and  half  the  difference  of  the  op¬ 
pofite  paits.”  By  the  circular  parts  of  an  oblique  fphe¬ 
rical  triangle  are  meant  its  three  fides  and  the  fupple- 
ments  of  its  three  angles.  Any  of  thefe  fix  being  af- 
fumed  as  a  middle  part,  the  oppofite  parts  are  thofe 
two  of  the  fame  denomination  with  it,  that  is,  if  the 
middle  part  is  one  of  the  fides,  the  oppofite  parts  are 
the  other  two,  and,  if  the  middle  part  is  the  fupple- 
ment  of  one  of  the  angles,  the  oppofite  parts  are  the 
fupplements  of  the  other  two.  Since  every  plane  tri- 
an vie  may  he  confidered  as  detcribed  on  the  inrface  of 
a  fphere  of  an  infinite  radius,  thefe  two  rules  may  be 
applied  to  plane  triangles,  provided  the  middle  part  be 
reftri&ed  to  a  fide. 

Thus  it  apnears  that  two  fimple  rules  fuffice  for  the 
folution  of  all  the  pofiible  cafes  of  plane  and  fpherical 
triangles.  Thefe  rules,  from  their  neatnefs,  and  the 
manner  in  which  they  are  expreffed,  cannot  fail  of  en¬ 
graving  themfelvcs  deeply  on  the  memory  of  every  one 
who  is  a  little  verled  in  trigonometry.  It  is  a  circum- 
ftance  worthy  of  notice,  that  a  perion  of  a  very  weak 
memory  may  carry  the  whole  art  of  trigonometry  in 
his  head. 

CIRCULATING  Decimals.  See  Decimals  in 
this  Supplement. 

CLOCK,  a  machine  for  meafuring  time,  of  which  a 
defeription  is  given  in  the  Encyclopedia.  For  the 
fcientific  principles  of  clock  and  watch  making,  as  well 
as  for  a  fhort  account  of  the  moll  valuable  conftru&ions, 
fee  W at CH- Making  in  this  Supplement, 

COACH,  as  we  have  obferved  in  the  Encyclopedia, 
is  a  very  modern  invention,  if  by  that  wo'd  be  meant  a 
covered  carriage  fufpended  on  fprings  We  learn,  in¬ 
deed,  from  the  laborious  refearches  of  Profefior  Beck¬ 
mann,  that  coaches  of  fome  kind  were  known  in  the  be¬ 
ginning  of  the  1 6th  century  ;  but  they  were  ufed  only 
by  women  of  the  firft  rank,  for  the  men  thought  it  dif- 
graceful  to  ride  in  them.  At  that  period,  when  the 
cle&ors  and  princes  did  not  choofe  to  be  prefent  at  the 
meetings  of  the  Hates,  they  txcufed  themielves  by  in¬ 
forming  the  emperor  that  their  health  would  not  permit 
j  v  them 
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them  to  ride  on  horfeback  ;  and  it  was  confidered  as  a 
point  eftablifhed,  that  it  was  unbecoming  for  them  to 
ride  like  women.  It  is  certain,  however,  that,  about 
the  end  of  the  15th  century,  the  emperor,  kings,  and 
princes,  began  to  employ  covered  carriages  on  journeys, 
and  afterwards  011  public  foleirmitres. 

The  wcckiin-r  carriage  of  the  lint  wile  of  the  empe¬ 
ror  Leopold,  who  was  a  Spanifri  princei's,  coll,  together 
with  the  harncfs,  38,000  florins.  The  coaches  ufed  by 
that  emperor  are  thus  defcribed  by  Kink  :  “  In  the  im¬ 
perial  coaches  no  great  magnificence  was  to  be  feen  ; 
they  were  covered  over  with  red  cloth  and  black  nails. 
Mheharnefs  was  black,  and  in  the  whole  work  there 
was  no  gold.  The  pannels  were 'of  glafs,  and  on  this 
account  they  weie  called  the  imperial  glafs  coaches.  On 
fcftivals  the  harnefs  was  ornamented  with  red  lifk  frin¬ 
ges.  The  imoerial  coaches  were  difiinguifhed  only  by 
their  having  leather  traces  ;  but  the  ladies  in  the  impe¬ 
rial  fuite  were  obliged  to  be  contented  with  carriages, 
the  traces  of  which  were  made  of  ropes. ”  At  the  mag- 
nifreent  court  of  Duke  Erneft  Augullus  of  Hanover, 
there  were  in  the  year  16S1  fifty  gilt  coaches  with  fix 
horfes  each.  So  early  did  Hanover  begin  to  iurpafs 
other  cities  in  the  number  of  its  carriages.  The  lirfl: 
tiliv-  that  ambafladors  appeared  in  coaches  on  a  public 
loiemnity  was  at  the  imperial  commiflion  held  at  Erfurth 
in  1613  refpedting  the  affair  of  Julfcrs. 

In  the  hiftory  of  France  we  And  many  proofs  that  at 
Paris,  in  the  rath,  15th,  and  even  16th  centuries,  the 
French  monarchy  rode  commonly  on  horfes,  the  fervants 
of  the  court  on  mules,  and  the  prlncefles,  together  with 
the  principal  ladies,  fometimes  on  afles.  Perfons  of  the 
frit  rank  often  fat  behind  their  equerry,  and  the  hone 
was  often  led  by  fervants.  Carriages,  however,  of  forne 
kind  appear  to  have  been  11  fed  very  early  in  France. 
An  ordinance  of  Philip  the  Fair,  iflued  in  1294  for  lup- 
preflrng  luxury,  and  in  which  the  citizens  wives  are  for¬ 
bid  to  uie  carriages  fears J,  is  flill  preferved.  Under 
Francis  I.  or  rather  about  1350,  forr.eivhat  later,  there 
Were  in  Paris  for  the  firfl  time  only  three  coaches. 

The  oldefl  carriages  ufed  by  the  ladies  in  England 
were  known  under  the  new  forgotten  name  of  whirli- 
cotes .  When  Richard  IT.  towards  the  end  of  the  14th 
century,  was  obliged  to  fly  before  his  rebellious  Jubjedts, 
he  and  all  his  followers  were  on  horfeback  :  his  mother 
only,  who  was  indifpofed,  rode  in  a  carriage.  '1  his, 
however,  became  afterwards  feme  what  unhtfhionable, 
when  that  monarch’s  queen,  Ann,  the  daughter  of  the 
Emperor  Charles  IV.  fhewed  the  Englifh  ladies  how 
gracefully  and  conveniently  file  could  ride  on  a  fide- 
laddle.  Whirlicotes  were  laid  afide,  therefore,  except 
at  coronations  and  other  public  folemnities.  Coaches 
were  firfl:  known  in  England  about  the  year  15^0?  and, 
as  Stow  fays,  were  introduced  from  Germany  by  Fitz- 
ailen,  earl  of  Arundel.  In  the  year  1598,  when  the 
Englifh  ambafiador  came  to  Scotland,  he  bad  a  coach 
with  him.  Anderion  places  the  period  when  coaches 
began  to  be  in  common  ufe  about  the  year  1605.  Ihe 
celebrated  duke  of  Buckingham,  the  unworthy  favou¬ 
rite  of  two  kings,  was  the  firfl  perfon  who  rode  with  a 
coach  and  fix  horfes,  in  1619.  To  ridicule  this  new 
pomp,  the  carl  of  Northumberland  put  eight  horfes  to 
his  carriage. 

Refpedting  the  progrefs  of  luxury  with  regard. to 
coaches,  rhe  reader  will  find  much  curious  information 


in  the  firfl  volume  of  Profeflbr  Beckmann’s  Hiflory  of 
Inventions.  It  is  perhaps  one  of  the  mofl  entertaining 
articles  in  that  very  learned  work.  The  author,  how¬ 
ever,  with  all  his  labour1,  has  not  beer,  able  to  afeertain 
the  country  in  which  coaches  hung  on  fprings  weie  firfl 
ufed  ;  but  he  feems  inclined  to  give  the  credit  of  the 
invention  to  Hungary. 

COBALT  (fee  Chemistry- Index,  in  this  Supple¬ 
ment).  is  a  valuable  article  to  potters  and  dyers.  To 
fit  it  for  their  life,  it  is  firfl  roafled  and  freed  from  the 
foreign  mineral  bodies  with  which  it  is  united:  it  is  then 
well  calcined,  and  fold  either  mixed  or  itnmixed  \Vith 
fine  band  under  the  name  of  zaffer  f %affera)  ;  or  it  is 
melted  with  filiceous  earth  and  pot  allies  to  a  kind  of 
blue  glafs  called  fnuilt ,  which  when  ground  very  fine  is 
known  in  commerce  by  the  name  of  powder  blue.  All 
thefe  articles,  becaufe  they  are  moft  durable  pigments, 
and  thole  which  befl.  withfland  fire,  and  becaufe  one  can 
produce  with  them  every  fhade  cf  blue,  are  employed 
above  all  for  tinging  cryflal  and  for  enamelling  ;  for 
counterfeiting  opaque  ard  trsnfparent  precious  flones, 
and  for  painting  and  varrifhir.g  real  porcelain  and  ear¬ 
then  and  potters  ware.  This  colour  is  indiipenfably  ne- 
ccflary  to  the  painter  when  he  is  defirous  of  imitating 
the  fine  azure  colour  of  many  butterflies  and  other  natu¬ 
ral  objects;  and  the  cheaper  kind  is  employed  to  give  a 
blueifh  tinge  to  new-wafhed  linen,  which  fo  readily  chan¬ 
ges  to  a  difagrteable  yellow,  though  not  without  injury 
to  the  health  as  well  as  to  the  linen. 

Profeflbr  Beckmann,  in  his  Hiflory  of  Inventions , 
gives  the  following  account  of  the  paint  prepared  from 
cobalt.  “  About  the  end  of  the  15th  century  cobalt  ap¬ 
pears  to  have  been  dug  up  in  great  quantity  in  the 
mines  on  the  borders  of  Saxony  and  Bohemia,  difeove- 
red  not  long'before  that  period.  .  As  it  was  not  known 
at  firfl  to  what  ufe  it  could  be  applied,  it  was  thrown 
afide  as  a  ufelefs  mineral.  The  miners  had  an  averfion 
to  it,  not  only  becaufc  it  gave  them  much  fruitlefs  la¬ 
bour,  but  becaufe  it  often  proved  prejudicial  to  their 
health  by  the  arfenical  particles  with  which  it  was  com¬ 
bined  ;  and  it  appears  even  that  the  mineralogical  name 
cobalt  then  firfl  took  its  rife.  At  any  rate,  I  have  ne¬ 
ver  met  with  it  before  the  beginning  of  the  16th  cen¬ 
tury  ;  and  Mr.theflus  and  Agricola  fecin  to  have  lirfl 
ufed  it  in  their  writings.  Frifch  derives  it  fiom  the 
Bohemian  word  how,  which  fignifits  metal ;  but  the 
conjecture  that  it  was  formed  from  cola/us ,  which  was 
the  name  of  a  fpirit  that,  according  to  the  fuperflitious 
notions  of7  the  times,  haunted  mines,  dtllroyed  the  la¬ 
bours  of  the  miners,  and  often  gave  them  a  great  deal  of 
unneceffaiy  trouble,  is  more  probable;  and  there  is  rea- 
foil  to  think  that  the  latter  is  borrowed  from  the  Greek. 
The  miners,  perhaps,  gave  this  name  to  the  mineral  out 
of  joke,  becaufe  it  thwarted  them  as  much  as  the  fuppo- 
fed  fpirit,  by  exciting  falfe  hopes  and  rendering  their  la¬ 
bour  often  fruitlefs  It  was  once  cuftomary,  therefore, 
to  introduce  into  the  church -fervicc  a  prayer  that  God 
would  preferve  miners  and  their  works  from  lobolts  and 
fpirits 

u  Refpecling  the  invention  of  making  an  ufeful  kind 
of  blue  glafs  from  cobalt,  we  have  no  better  information 
than  that  which  Klotzfch  has  publifhed  from  the  papers 
of  Chriftian  Lehmann.  The  former,  author  of  an  hi- 
ftorical  work  refpedting  the  upper  diftrift  of  the  mines-, 
in  Mifnia,  and  a  clergyman  at  Scheibenberg,  colledled 

with 
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with  threat  diligence  every  information  that  refpe&ed  the 
hi  (lory  of  the  neighbouring  country,  and  died  at  a  great 
?. rre  in  1688.  According  to  his  account,  the  colour- 
mills  at  the  time  when  he  wrote  were  about  a  hundred 
years  old  ;  and  as  he  began  firft  to  write  towards  the 
end  of  the  thirty  years  war,  the  invention  feems  to  fall 
about  1  ^40  or  i  He  relates  the  circumftanee  as 

follows  :  *  Chriftopher  Schurer,  a  glafs- maker  at  Plat, 
ten,  a  place  which  belongs  Hill  to  Bohemia,  retired  to 
Neudeck,  where  he  eftablifhed  his  bufinefs.  Being  once 
at  Schneeberg,  he  colledled  fome  of  the  beautiful  co¬ 
loured  pieces  of  cobalt  which  were  found  there,  tried 
them  in  his  furnace  ;  and  finding  that  they  melted,  he 
mixed  fome  cobalt  with  glafs  metal,  and  obtained  line 
blue  glafs.  At  firft  he  prepared  it  only  for  the  ufe  of 
the  potters  ;  but  in  the  courfe  of  time  it  was  carried  as 
an  article  of  mercliandife  to  Nuremberg,  and  thence  to 
Holland.  As  painting  on  glafs  was  then  much  culti¬ 
vated  in  Holland,  the  artifts  there  knew  better  how  to 
appreciate  this  invention.  Some  Dutchmen  therefore 
repaired  to  Neudeck,  in  order  that  they  might  learn  the 
procefs  ufed  in  preparing  this  new  paint.  By  great  pi  omi- 
fes  they  perfuaded  the  inventor  to  remove  to  Magdeburg, 
where  he  alfo  made  glafs  from  the  cobalt  of  Schneeberg; 
but  he  again  returned  to  his  former  reftdence,  where  he 
conftru&ed  a  handmill  to  grind  his  glafs,  and  afterwards 
ere&cd  one  driven  by  water.  At  that  period  the  colour 
was  worth  7!  dollars  per  cwt.  and  in  Holland  from  50 
to  60  florins.  Eight  colour  mills  of  the  fame  kind,  for 
which  roafted  cobalt  was  procured  in  calks  from  Schnee¬ 
berg,  were  foon  conftru&ed  in  Plolland;  and  it  appears 
that  the  Dutch  muft  have  been  much  better  acquainted 
with  the  art  of  preparing,  and  particularly  with  that  of 
grinding  it,  than  the  Saxons  ;  for  the  Ele&or  John 
George  fent  for  two  colour-makers  from  Holland,  and 
gave  a  thoufand  florins  towards  the  enabling  them  to 
improve  the  art.  He  was  induced  to  make  this  advance 
chiefly  by  a  remark  of  the  people  of  Schneeberg,  that 
the  part  of  the  cobalt  which  dropped  down  while  it 
was  roafling  contained  more  colour  than  the  roafted  Co¬ 
balt  itfelf.  "in  a  little  time  more  colour-mills  were  ere£t- 
.  ed  around  Schneeberg.  Hans  Burghard,  a  merchant 
and  chamberlain  of  Schneeberg,  built  one,  by  which  the 
,  eleven  mills  at  Platten  were  much  injured.  Paul  Nord- 
,  hoff,  a  Frieftander,  a  man  of  great  ingenuity,  who  lived 
at  the  Zwittermill,  made  a  great  many  experiments  in 
order  to  improve  the  colour;  by  which  he  was  reduced 
to  fo  much  poverty  that  lie  was  at  length  forced  to 
abandon  that  place,  where  he  had  been  employed  for 
ten  years  in  the  colour-manufa&ory.  Pie  retired  to 
Annaberg,  eftabliftied  there  in  1649,  by  the  afiiftance 
of  a  merchant  at  Leipfic,  a  colour  manufactory,  of  which 
he  was  appointed  the  director;  and  by  thefe  means  ren¬ 
dered  the  Annaberg  cobalt  of  utility.  The  conlump- 
tion  of  this  article,  however,  muft  have  decreafed  in  the 
courfe  of  time  ;  for  in  the  year  1659,  vv^en  tliere  vyere 
mills  of  the  fame  kind  at  more  of  the  towns  in  the  neigh¬ 
bourhood  of  mines,  he  had  on  hand  above  8000  quin¬ 
tals.’  Thus  far  Lehmann.” 

Kofsler  fays,  that  the  Bohemian  cobalt  is  not  fo  good 
as  that  of  Mifnia,  and  that  its  colour  is  more  like  that 
of  allies.  Wetruft,  however,  that  the  qualities  of  fo¬ 
reign  cobalt  fhall  foon  be  a  matter  of  little  importance  to 
the  Britilh  artift,  as  a  rich  mine  of  this  mineral  has  late¬ 
ly  been  difeovered  near  Penzance  in  Cornwal. 
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COFFEA,  the  CofPF.R-Tree,  is  a  plant  which  has  Ccffj 
been  botanically  defevibed  in  the  Encyclopaedia  Britan.  — / 
nica,  where  fome  account  is  like  wife  given  of  the  modes 
of  cultivating  it,  as  well  as  of  the  qualities  or  its  fruit. 

Since  that  account,  however,  was  publifhed,  two  work? 
have  fallen  into  our  hands,  from  which  vve  deem  it  our 
duty  to  make  fucli  extracts  as  may  not  only  correct 
fome  miftakes  which  we  had  committed,  but  alfo  com- 
municate  tifeful  information  to  the  public. 

In  our  former  article  we  adopted  the  common  opi¬ 
nion,  that  the  coffee  produced  in  A  rabia  is  fo  greatly 
fuperior  to  that  which  is  raifed  everywhere  elfe,  that  it 
is  vain  to  think  of  cultivating  the  plant  to  any  extent  in 
the  Weft  India  iflands.  We  are  happy  to  find  that  this 
is  a  vulgar  error.  In  the  year  1783,  when  the  culti¬ 
vation  or  cofFee  was  not  fo  well  underftood  in  Jamaica 
as  at  prefent,  fome  famples  from  that  ifland  were  pro¬ 
duced  in  London,  and  pronounced  by  the  dealers 
to  be  equal  to  the  very  beft  brought  from  the 
Eaft.  “  Two  of  the  famples  were  equal  to  the  belt  J 

Mocha  cofFee,  and  two  more  of  them  fuperior  to  any 
coffee  to  be  had  at  the  grocers  {hops  in  London,  unlels  I 
yon  will  pay  the  price  or  picked  coffee  for  it,  which  is 
two  (hillings  per  pound  more  than  for  that  which  they 
call  the  bejl  coffee.  All  the  reft  of  the  famples  were  far 
from  bad  coffee,  and  very  little  inferior,  if  at  all,  to 
what  the  grocers  call  bejl  coffee  *  MM 

If  this  be  fo,  it  furely  becomes  the  legiflature  of^r“1* 
Great  Britain  to  encourage  the  cultivation  of  coffee  in  °^u 
the  Weft  Indies,  efpecially  as  it  thrives  beft  in  foil  which 
is  not  fit  for  the  fugar-cane,  and  may  be  raifed  in  con-  1 
liderable  quantities  by  thofe  who  are  not  able  to  flock 
a  fugar  plantation.  The  encouraging  every  article  which 
increafes  the  intercourfe  with  our  colonies  is  increafmg 
our  commerce.  The  payment  fdr  all  the  ftaples  o'  the 
Weft  Indies  is  made  in  our  manufa&ures  ;  the  fale  of 
which  muft  increafe  in  proportion  to  the  numbers  that 
are  employed  in  the  cultivation  of  what  is  bartered  for 
them.  Our  Weft  India  iflands,  without  draining  us  of 
fpecie  or  bullion,  can  fupply  us  with  many  of  thofe  ve-  1 
ry  articles  for  which  we  are  drained  in  other  parts  of 
the  world,  and  particularly  with  coffee. 

To  give  a  detailed  account  of  the  introdu&ion  of  the 
coffee-tree  into  the  Weft  Indies,  would  fwell  this  article 
to  very  little  purpofe.  According  to  Boerhaave,  a 
Dutch  governor  was  the  firft  perfon  who  procured  frefh 
berries  from  Mocha,  and  planted  them  in  Batavia ;  and 
in  the  year  1 690  fent  a  plant  from  thence  to  Amfter- 
dam,  which  came  £0  maturity,  and  produced  thofe  ber¬ 
ries  which  have  fince  furnifhed  all  that  is  now  cultiva-  I 
ten  in  the  Weft  Indies. 

In  1714a  plant  from  the  garden  of  Amfterdam  was 
fent  by  Mr  Pancras,  a  burgomafter,  and  director  of  the 
botanic  garden,  as  a  prefent  to  Louis  XIV.  which  was 
placed  in  the  garden  at  Marly.  In  1718  the  Dutch 
began  to  cultivate  coffee  in  Surinam;  in  1721  the 
French  began  to  cultivate  it  at  Cayenne;  in  1727  at 
Martinico;  and  in  1728  the  Englifh  began  to  cultivate 
it  in  Jamaica. 

As  it  lias  been  more  cultivated  in  the  French  Well 
India  iflands  than  in  the  Britifh,  it  may  be  of  impoit- 
ance  to  our  colonifts'  to  be  made  acquainted  with  the 
practice  of  the  French  planters.  Accordingly  Dr  La* 
borie,  a  royalift  of  St  Dorningo,  has  lately  publifhed  a 
volume  for  their  inftru&ion  on  this  fubjeft ;  in  which 
•  are 
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1‘ofi  pre  many  judicious  obfervations,  the  refult  oflong  expe- 
-v  *  rienec,  refpefling  the  foil  fit  for  a  coffee-plantation  ; 
the  various  eftabliffiments  neceffary  ;  the  cultivation  of 
the  coffee-tree  through  the  feveral  ftages  of  its  growth 
and  duration  ;  and  the  management  and  ufe  of  the  ne¬ 
groes  and  cattle. 

With  refpedl  to  foil,  it  is  a  fadl,  fays  he,  beyond  con- 
tradi&ion,  that  low  lands,  and  even  the  mountains  near 
the  champaign  country,  are  lefs  proper  for  the  produc¬ 
tion  of  coffee,  than  lands  which  are  high  and  at  a  di- 
fiance  from  the  fea.  The  coffee-tree  delights  in  a  com¬ 
paratively  cool  climate,  and  in  an  open  and  permeable 
virgin  foil ;  and  is  hurt  by  the  parching  definitive  air 
of  the  fea.  The  foil  on  the  mountains  of  St  Domingo 
confifis  generally  of  a  bed  of  mould  more  or  lefs  deep  ; 
but  which,  for  the  production  of  coffee-trees,  ought  not 
to  he  lefs  than  four  or  five  feet.  If  the  declivity  be 
gentle,  the  fofted  and  mod  friable  earth  is  preferable  to 
all  others;  but  in  deep  grounds  a  firm  though  not  clayey 
foil,  mixed  with  a  proportion  of  gravel  or  fmnll  flones, 
through  which  the  water  nmy  find  an  eafy  way,  is  the 
mod  defirable.  The  colour  of  the  ground  is  of  little 
confequence,  though  fuch  as  is  fomewhat  reddifh  is  ge¬ 
nerally  to  be  preferred*  With  regard  to  expofure,  the 
north  and  weft  are  the  mod  eligible  in  low  and  hot  fi¬ 
xations,  becaufe  thefe  expofures  are  the  cooled  ;  and 
on  the  highed  mountains  the  fonth  and  ead  are  to  be 
cbofen,  becaufe  they  are  the  hotted.  On  the  whole, 
neither  the  highed  nor  the  lowed  fixations  are  the  bed, 
but  thofe* which  are  confiderably  above  the  middle  of 
the  mountains. 

Whatever  be  the  planter’s  circiimdanees  in  point  of 
fortune,  and  our  author  thinks  that  he  ought  not  to 
undertake  a  fettlement  without  the  command  of  3000 
or  4000  pounds  llerling,  he  ought  not  to  fet  out  with 
a  great  number  of  negroes.  If  he  cannot  command  a 
plentiful  fupply  of  vidluals  from  fome  contiguous  plan¬ 
tation,  fix,  or  at  the  mod  twelve,  male  negroes,  with 
one  or  two  women,  will  be  found  fufincient  to  make  the 
fird  effay.  After  building  two  huts,  one  for  the  mader 
or  overieer  and  the  other  for  the  flaves,  they  are  to  com¬ 
mence  their  operations  by  cutting  away  the  underwood 
and  creeping  plants  with  the  bill,  and  felling  the  trees 
The  trees  are  to  be  cut  as  low  as  poffible,  but  the  roots 
are  to  be  left  in  the  ground,  becaufe  they  preferve  the 
foil  during  the  fird  period  of  culture  ;  and  in  burning 
this  mafs  of  wood  and  fhrubs,  the  only  way  fometimes 
of  clearing  the  ground,  care  mwft  be  taken  that  the  fire 
be  nowhere  fo  violent  as  to  convert  the  foil  into  the 
confidence  of  brick,  which  it  is  very  apt  to  do  if  the 
ioil  be  clayey.  Amid  the  coffee-trees,  after  they  are 
planted,  may  be  fown  beans,  maize,  and  all  kinds  of  ef- 
culent  plants,  pot  herbs,  and  roots  ;  but  particular  care 
mud  be  taken  to  remove  from  thefe  plantations  all  creep¬ 
ing  plants,  fuch  as  melons,  yams,  potatoes,  gourds,  and 
more  efpecially  tobacco,  which  multiplies  to  a  vaft  ex¬ 
tent,  and  exhauds  the  ground. 

In  St  Domingo  the  mod  approved  method  of  plant¬ 
ing  the  coffee-tree  is  in  diaight  rows  eroding  each  other 
at  right  angles,  and  the  dillance  between  the  plants  is 
regulated  by  the  quality  and  expofure  of  the  ground. 

I  lie  richer  the  foil,  the  expofures  being  the  fame,  and 
the  cooler  the  expofure,  the  quality  of  the  foil  being 
the  fame,  the  farther  mud  the  trees  be  planted  afunder. 
If  on  the  north  and  wed  the  ground  be  good,  plant  ftill 
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farther  ;  but,  on  the  contrary,  if  to  the  ead  or  fouth  it 
be  light  (which  it  generally  is),  plant  dill  nearer.  Thus 
if  it  be  pioper  on  a  fouth  or  ead  expofure  to  plant  at 
the  didance  of  fix  feet,  it  will  be  neceifary  to  plant  at 
the  dillance  of  feven  on  a  weft  or  north  expofure,  if  the 
ground  be  of  the  fame  quality  as  in  the  other  fitua- 
tions. 

Though  coffee,  like  all  other  vegetables,  grows  from 
the  feed,  Dr  Laborie  advifes,  in  the  forming  of  large 
plantations,  to  make  ufe  of  faplings  reared  in  uurfe- 
ries  ;  and  the  fituation  fitted  for  a  nurfery  is  a  plain,  or 
at  lead  a  ground  of  gentle  afeent,  where  the  mould  is 
crumbly.  I11  forming  a  nurfery,  fome  plant  the  whole 
cherry  ;  but  our  author  recommends  the  taking  off  the 
Ik  in,  and  waffling  the  ieparated  feeds;  in  which  we  fufpeft 
that  he  is  midaken,  as  his  practice  is  certainly  a  devia¬ 
tion  from  nature.  The  nurfery  mud  be  kept  very  clear 
of  weeds,  and  neither  corn  nor  any  thing  eife  fown 
in  it. 

The  bed  feafon  for  tranfpianting  the  faplings  is  du¬ 
ring  the  genial  rains  of  April  and  May,  when  great  at¬ 
tention  is  required,  as  the  treasures  of  future  harveds 
are  at  dake.  Thole  plants  are  the  fitted  for  being  re¬ 
moved  which,  in  the  language  of  our  author,  are 
crowned ,  or  have  each  four  little  boughs  ;  and,  if  the 
feeds  were  frelh  and  fown  in  furrow's  about  an  inch  from 
each  other,  this  perfection  is  generally  attained  in  the 
courfe  of  a  year.  The  faplings  mud  not  be  pulled  up 
by  force,  but  carefully  railed  by  means  of  a  flat,  fharp, 
iron  (hovel,  thrnft  deep  under  their  roots  ;  and  the  foon- 
er  they  are  planted,  after  being  taken  up,  the  better. 

In  planting,  the  fird  thing  to  be  done  is  to  thrud 
into  the  ground  a  dibble,  or  Tharp  pointed  dick,  round 
which  a  hole  is  dug  from  nine  to  twelve  inches  in  dia¬ 
meter,  and  from  fifteen  to  eighteen  in  depth.  Then  a 
quantity  of  the  mould  taken  out  of  the  hole  is  thrown 
back  into  it,  till  its  depth  be  diminilhed  about  four  or  fix 
inches  ;  and  the  plant  being  fupported  with  the  left 
hand,  in  the  middle  of  the  hole,  while  the  end  of  its 
draight  root,  which  our  author  calls  its  pivot,  touches 
lightly  the  new  bed,  the  furrounding  mould  is  with  the 
right  hand  thrown  in,  to  the  height  of  fix  inches.  This 
being  lightly  preffed  down  with  both  hands,  more  earth 
is  thrown  in  and  preffed  in  the  fame  manner,  care  being 
taken  not  to  hurt,  or  bend,  or  difplace  the  fapling, 
which  muft  be  fet  fo  deep  that  its  two  inferior  branches 
be  rather  below  the  level  of  the  ground.  On  this  ac¬ 
count  three  or  four  inches  of  the  hole  are  left  open, 
wh’ch,  by  the  time  that  thefe  branches  rife  above  its 
margin,  are  filled  up  by  the  furrounding  earth.  The 
bufinefs  is  finifticd  by  finking  the  (harp-pointed  ilick  at 
the  upper  margin  of  the  hole,  where  it  ferves  as  a  fmall 
fence  to  the  infant  tree.  In  hot  fituations  plantain 
trees  are  intermingled  with  the  coft'ee  trees  for  the  pur- 
pofe  of  (hade  and  coolnefs.  They  are  ufually  placed  in 
every  fourth  or  fixth  row,  as  the  tiees  are  more  or  lefs 
diftant,  and  the  expofure  more  or  lefs  hot. 

To  the  bufinefs  of  planting  very  foon  fucceeds  that 
of  weeding ;  for  there  is  hardly  any  plant  to  which 
weeds  are  fo  pernicious  as  the  coffee  tree  :  they  caufe 
it  to  grow  yellow,  fade,  wither,  and  perifh.  Where 
the  ground  dopes  much,  efpecially  if  the  foil  be  foft 
and  friable,  the  wreeds  muft  be  taken  up  by  the  hand  ; 
for  if  they  be  rooted  out  by  the  hoe,  the  foil  will  be  fo 
loofened  that  the  rains  will  fweep  it  away.  Some 
4  3  K  weeds* 
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Coffea.  weeds,  however,  from  the  depth  of  their  roots  mud  be 
dug  up  ;  and  when  that  is  the  cafe  the  earth  muft  be 
carefully  returned  and  preffed  down.  If,  in  weeding, 
any  faplings  be  found  withered,  others  of  the  fame 
fize  mull  be  brought  from  the  nurfery  and  planted  in 
their  Head,  with  what  our  author  calls  their  clod,  i.  e. 
with  the  earth  of  the  nurfery  adhering  to  their  roots. 
If  any  fapling  be  found  broken  or  twined,  it  muft  be 
cut  clofe  by  the  ground  in  a  floping  direction,  the  cut 
furface  facing  the  north,  and  it  will  foon  put  forth  fuck¬ 
ers,  of  which  the  beft  only  need  be  preferved.  In  plan¬ 
tations  of  eighteen  or  twenty' months  old  trees  are  often 
found  with  yellow,  withered  leaves,  of  which  the  caufe 
is  fometimes  a  premature  load  of  fruit,  which  muft 
therefore  be  inftantly  removed  or  the  tree  will  perifh. 
If,  after  this,  it  begin  not  in  a  few  days  to  recover,  it  is 
probably  eaten  at  the  roots  by  a  large  white  worm  re- 
fembling  a  Hug.  In  that  cafe  the  tre'e  muft  be  remo¬ 
ved,  the  worm  taken  out,  and  before  another  tree  be 
planted  in  its  ftead,  a  large  hole  muft  be  made  in  the 
ground,  expofed  to  the  influence  of  the  fun  at  leaft  for 
a  fortnight. 

The  natural  height  of  the  coffee  tree  is  from  1 5  to 
iS  feet  ;  and  if  left  to  itfelf  it  would  have  the  form  of 
moft  other  trees,  i.  e.  a  naked  trunk  and  a  branchy  head. 
This  is  prevented  by  what  the  planters  call  flopping ; 
which  is  performed  by  cutting  off  the  top  of  the  tree 
when  it  has  arrived  at  the  proper  height,  which  varies 
according  to  circumftances.  In  the  beft  foil  and  moft 
genial  expofure,  it  is  fuffercd  to  grow  to  the  height  of 
five  feet,  and  in  the  word  flopped  at  two  ;  but  under  the 
fame  afped,  and  on  ground  of  the  fame  quality,  all  the 
trees  ought  to  be  Hopped  at  the  fame  height.  This  ope¬ 
ration  of  flopping  is  very  apt  to  make  the  trees  put 
forth  fuperfluous  branches,  which  renders  them  inac- 
ceffible  to  the  genial  warmth  of  the  fun,  and,  of  courfe, 
deficient  in  the  powers  of  fructification.  Thefe  muft 
be  pinched  away  while  yet  tender;  for  if  they  be  differ¬ 
ed  to  grow  till  it  become  neceffary  to  cut  them,  a  num¬ 
ber  of  fprouts  fucceed  ;  whereas,  when  they  are  pluck¬ 
ed,  the  wound  foon  cicatrizes,  and  nothing  follows. 

The  faw  and  the  knife,  however,  muft  fometimes  be 
ufed  ;  for  when  trees  grow  old  their  heads  are  apt  to 
fpoil ;  fuperfluous  branches  may  have  been  left  upon 
them  through  neglect  ;  a  bough  may  have  been  broken 
by  accident  ;  or  branches  may  be  fpent  by  too  great  a 
load  of  fruit.  In  all  thefe  cafes  recourfe  muft  be  had 
to  pruning,  which  fhould  be  performed  immediately  af¬ 
ter  crop,  and  in  fuch  a  mariner  as  that  the  tree,  when 
it  puts  forth  its  new  branches,  may  ftill  have  as  much 
as  pofiible  its  natural  or  former  appearance.  This  will 
be  accomplifhed  by  cutting  the  withered  bough  imme¬ 
diately  above  a  knot,  whence  a  good  fecondary  branch 
is  put  forth,  which  may  be  eafily  trained  into  the  pro¬ 
per  fhape.  Our  author  directs  the  cut  to  be  always 
made  fo  as  that  the  floping  furface  {hall  face  the  north; 
by  which  expofure  it  will  efcape  the  injury  which  it 
would  otherwife  receive  from  the  excefiive  heat  of  the 
fun.  This  is  a  good  advice  ;  but  it  would  ftill  be  an 
improvement  on  it  to  treat  the  wound  with  Forfyth’s 
or  Hit’s  plafter,  which  we  have  deferibed  elfewhere 
(See  EncycL  Vol.  XVIII.  page  562).  When  the  tree 
is  completely  pruned,  the  mofs  and  other  excrefcences 
muft  be  feraped  from  the  trunk  with  a  wooden  knife, 
great  care  being  taken  not  to  injure  the  bark. 


After  pruning  follows  what  is  called  nipping.  This  Co 
is  nothing  more  than  the  lemovai  of  thofe  fuperfluous  *—  / 
fmall  twigs  which  are  fent  forth  from  every  cut  furface 
in  fuch  numbers  as  would  foon  exhauft  the  tree;  and  it 
is  called  nipping,  becaufe  they  are  plucked  away  by  the 
hand,  and  not  cut  by  the  knife.  It  is  needlefs  to  add, 
that  when  the  ground  begins  to  be  impoverifhed,  it 
muft  be  enriched  by  proper  manure.  This  is  known 
to  every  hafbandman  both  in  Europe  and  in  the  Well 
Indies  ;  but  it  is  not  perhaps  fo  generally  known  that 
the  weedings,  and  chiefly  the  red  Heins  of  coffee,  when 
gathered  into  pits,  are,  in  procefs  of  time,  converted 
into  a  black  mould,  which  our  author  fays  makes  the 
very  beft  manure. 

“  The  fruit  of  the  coffee,  when  perfectly  ripe,  ap-  I 
pears  like  "a  fmall  oval  cherry.  Under  a  red  and  fhining 
Hein  a  whitifh  clammy  lufeious  pulp  prefents  itfelf, 
which  generally  inclofes  two  feeds.  Thefe  feeds  have 
one  fide  flat,  the  other  hemifpherical.  The  firfl  is 
marked  with  a  longitudinal  fiffure,  and  the  flat  fides  are  j 
applied  to  each  other.  When  the  feeds  are  opened, 
they  are  found  covered  with  a  white,  ligneous,  brittle 
membrane,  denominated  parchment ;  on  the  infide  of 
which  is  another  filver-coloured  membrane,  exceedingly 
thin,  and  feeming  to  originate  from  the  fiffure  of  the 
feeds.  Sometimes  the  cherry  has  but  one  feed  or  grain, 
which  then  is  in  the  form  of  a  fmall  egg.  This  is  pe¬ 
culiar  to  old  decayed  trees,  or  to  the  extremities  of  fome 
fmall  branches.” 

The  bufinefs  of  preparation  confifts  in  taking  the 
feed  from  its  covering,  in  drying,  and  in  cleaning  it  fo 
as  to  have  every  advantage  at  market.  O111  author 
thinks  that  the  beft  method  of  preparing  the  coffee  is 
to  ftrip  the  feed  of'its  outer  fkin  immediately  on  its  be¬ 
ing  pulled,  and  to  dry  it  in  its  parchment.  The  pro¬ 
cefs  has  been  already  deferibed  in  the  Encyclopaedia  ; 
but  we  believe  it  to  be  an  injudicious  one.  We  have 
the  authority  of  a  very  eminent  botanifl  well  ac*#  J 
quainted  with  all  the  vegetable  productions  of  the  Weft  ^V/H 
Indies,  to  fay,  that  the  improvement  which  we  have 
there  mentioned,  as  propofed  by  Mr  Miller,  is  greatly 
preferable  to  Dr  Laborie’s  practice.  Indeed  he  him- 
felf  admits,  that  coffee  dried  in  the  cherry  is  more  heavy 
than  when  dried  in  parchment,  and  that  it  generally 
has  a  higher  flavour.  Nay,  he  fays  exprefsly,  that  “  if 
a  planter  wants  to  have  coffee  of  the  firfl  quality,  either 
for  himfelf  or  for  his  friends,  he  muft  fet  a  part  a  num¬ 
ber  of  his  oldefl  trees,  and  not  gather  the  fruit  till  it  is 
ripened  into  drynefs .  It  is  in  that  manner,  he  believes, 
that  the  Arabians  in  Yemen  make  their  little  harvefts ;  I 
and  he  declares,  that  coffee  thus  nourifhed  on  the  tree 
to  the  laft  moment,  muft  have  every  perfedion  of  which 
it  is  capable.”  His  only  plaufible  objedion  is,  that 
the  trees  are  foon  exhaufted  when  the  fruit  is  left  fo 
long  upon  them ;  but  doubtlefa  this  exhauftion  might 
be  retarded  by  proper  manure. 

The  chemical  analyfis  of  coffee  evince3  that  it  pofi  1 
feffes  a  great  portion  of  mildly  bitter  and  lightly  aiirin* 
gent  gummous  and  reflnous  extrad ;  a  considerable 
quantity  of  oil  ;  a  fixed  fait ;  and  a  volatile  fait. — Thefe 
are  its  medicinal  conflituent  principles.  The  intention 
of  torrefadion  is  not  only  to  make  it  deliver  thofe  prin¬ 
ciples,  and  make  them  foluble  in  water,  but  to  give  it 
a  property  it  does  not  peffefs  in  the  natural  flate  of  the 
berry.  By  the  adion  of  fire,  its  leguminous*  tafte  and  j 
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(he  aqueous  part  of  its  mucilage  are  deflroyed  ;  Its  fa- 
Ime  properties  are  created  and  disengaged,  and  its  oil 
is  rendered  ernpyreumatic. — From  thence  arifes  the  pun¬ 
gent  fmdl,  and  exhilarating  flavour,  not  found  in  its  na¬ 
tural  ftate. 

The  roafting  of  the  berry  to  a  proper  degree  requires 
great  nicety:  Du  Four  juftly  remarks,  that  the  virtue 
and  agree ablenefs  of  the  drink  depend  on  it,  and  that 
both  are  often  injured  in  the  ordinary  method.  Ber¬ 
nier  fays,  when  he  was  at  Cairo,  where  it  is  fo  much 
u fed,  he  was  affured  by  the  befl  judges,  that  there  were 
only  two  people  in  that  great  city,  in  the  public  way, 
who  underftood  the  preparing  it  in  perfeftion.  If  it 
be  under-done,  its  virtues  will  not  be  imparted,  and  in 
life  it  will  load  and  opprefs  the  ftomach  :  —  It  it  be 
overdone,  it  will  yield  a  flat,  burnt,  and  bitter  take,  its 
virtues  will  be  deflroyed,  and  in  ufe  it  will  heat  the  body, 
and  aft  as  an  afiringent. 

Fourteen  pounds  weight  of  raw  coffee  is  generally 
reduced,  at  the  public  roafting  houles  in  London,  to 
eleven  pounds  by  the  roafting  ;  for  which  the  dealer 
pays  feven  pence  halfpenny,  at  the  rate  of  five  fnillings 
for  every  hundred  weight.  In  Paris,  the  fame  quan¬ 
tity  is  reduced  to  ten  pounds  and  an  half.  But  the 
roafting  ought  to  be  regulated  by  the  age  and  quality 
of  the  coffee,  and  by  nicer  rules  than  the  appearance  of 
the  fumes,  and  fuch  as  are  ufually  praftiled  :  therefore 
the  reduftion  mufl  ccnfequently  vary,  and  no  exaft 
flandard  can  be  afeertained.  Befides,  by  mixing  dif¬ 
ferent  forts  of  coffee  together,  that  require  different  de¬ 
grees  of  heat  and  roafting,  coffee  has  feldom  all  the  ad¬ 
vantages  it  is  capable  of  receiving  to  make  it  delicate, 
grateful,  and  pleafant.  This  indeed  can  be  effefted  no 
way  fo  well  as  by  people  who  have  it  roafted  in  their 
own  houfes,  to  their  own  tafte,  and  frefh  as  they  want 
it  for  ufe.  The  clofer  it  is  confined  at  the  time  of  roaft¬ 
ing,  and  till  ufed,  the  better  will  its  volatile  pungency, 
flavour,  and  virtues,  be  preferved. 

The  mode  of  preparing  this  beverage  for  common 
ufe  differs  in  different  countries,  principally  as  to  the 
additions  made  to  it- — But  though  that  is  generally 
underftood,  and  that  tafte,  conftitution,  the  quality  of 
the  coffee,  and  the  quantity  intended  to  be  drunk,  muft 
be  confulted,  in  regard  to  the  proportion  of  coffee  to 
the  water  in  making  it— yet  there  is  one  material  point, 
the  importance  of  which  is  not  well  underftood,  and 
which  admits  of  no  deviation. 

The  prefervatien  of  the  virtues  of  coffee,  particularly 
when  it  is  of  a  fine  quality,  and  exempt  from  raiikntfs, 
as  has  been  faid,  depends  on  carefully  confining  it  after 
it  has  been  roafted;  and  not  powdering  it  until  the 
time  of  ufing  it,  that  the  volatile  and  aethereal  princi¬ 
ples,  generated  by  the  fire,  may  not  efcape.  But  all 
this  will  fignify  nothing,  and  the  befl  materials,  will  be 
ufe  Ids,  unlefs  the  following  important  admonition  is 
ftriftly  attended  to  ;  which  is,  that  after  the  liquor  is 
made, — it  ihould  be  bright  and  clear,  and  entirely 
exempt  from  the  leafl  cloudinefs  or  foul  appearance, 
from  a  fufpenfion  of  any  of  the  particles  of  thelubftance 
of  the  coffee. 


There  is  fcarcely  any  vegetable  infufion  or  decoftion  Coffer, 
whofe  effefts  differ  from  its  grofs  origin  more  than  that  Colchefter. 
of  which  we  are  fpeaking.  Coffee  taken  in  fuhftance  ’r~v 
caufes  oppreffion  at  the  ftomach,  heat,  naufea,  and  in- 
digeflion  :  confequeritly  a  continued  ufe  of  a  prepara¬ 
tion  of  it,  in  which  any  quantity  of  its  fubftance  is  con¬ 
tained,  befides  being  difgufting  to  the  palate,  muft  tend 
to  produce  the  fame  indifpofitions.  The  refiduum  of 
the  roafted  berry,  after  its  virtues  are  extrafted  from  it, 
is  little  more  than  an  earthy  calx,  and  mufl  therefore  be 
injurious. 

The  want  of  attention  to  this  circumftance  has  been 
the  caufe  of  many  of  the  complaints!  againfl  coffee,  and 
of  the  averfion  which  fome  people  have  to  it ;  and  ft  is 
from  this  confideration  that  coffee  fhould  not  be  pre¬ 
pared  with  milk  inftead  of  water,  nor  fhould  the  milk 
be  added  to  it  on  the  fire,  as  is  fomet lines  the  cafe,  for 
economical  dietetic  purpofes,  where  only  a  fmall  quan¬ 
tity  of  coffee  is  ufed,  as  the  tenacity  of  the  milk  im¬ 
pedes  the  precipitation  of  the  grounds,  which  is  necef- 
fary  for  the  purity  of  the  liquor,  and  therefore  neither 
the  milk  nor  the  iugar  fhould  be  added  until  after  it  is 
made  with  water  in  the  ufual  way,  and  the  clarification 
of  it  is  completed  (a). — The  milk  fhould  be  hot  when 
added  to  the  liquor  of  the  coffee,  which  fhould  alfo  be 
hot,  or  both  fhould  be  heated  together,  in  this  mode  of 
ufing  coffee  as  an  article  of  fuftenance. 

If  a  knowledge  of  the  principles  of  coffee,  founded 
on  examination  and  various  experiments,  added  to  ob- 
fervations  made  on  the  extenfive  and  indiferiminate  ufe 
of  it,  cannot  anthorile  us  to  attribute  to  it  any  parti¬ 
cular  quality  unfriendly  to  the  human  frame  ; — it  the 
unerring  tell  of  experience  has  confirmed  its  utility,  in 
many  countries,  not  exclufively  produftive  of  thole  in¬ 
conveniences,  habits,  and  difeafes,  for  which  its  pecu¬ 
liar  properties  feem  moll  applicable — let  thofe  proper¬ 
ties  be  duly  conlidered  ;  and  let  us  refleft  on  the  Hate 
of  our  atmofphere,  the  food  and  modes  of  life  of  the 
inhabitants, — and  the  chronical  infirmities  which  derive 
their  origin  from  thefe  fources,  and  it  will  be  evident 
what  falutary  effefts  might  be  expefted  from  the  general 
dietetic  ufe  of  coffee  in  Great  Britain. 

COFFERDams,  ox  Batardeauxy  in  bridge-building, 
are  inclofures  formed  for  laying  the  foundation  of  piers, 
and  for  other  works  in  water,  to  exclude  the  furround¬ 
ing  water,  and  fo  prevent  it  from  interrupting  the  work¬ 
men. 

COLCHESTER,  the  chief  town  in  Effex,  is  de¬ 
scribed  in  the  Encyclopaedia  Britannica  ;  but  the  de- 
feription  is  in  many  refpefts  erroneous.  The  following 
account  of  it  was  lent  to  us  by  an  obliging  correfpon- 
dent,  who  is  defirous  that  the  place  of  his  nativity  may 
be  accurately  deferibed  in  this  Supplement. 

Colcheflcr  is  pleafantly  fituated  upon  an  eminence, 
gradually  rifing  on  the  fouth  fide  ot  the  river  Colne. 

It  is  the  ancient  Cvlonia  Camulodunum ,  from  which 
word  Colonia,  both  the  town  and  the  river  Colne,  re¬ 
ceived  their  names.  The  Saxons  called  it  Co!neceajki\ 

That  it  flourifhed  under  the  Romans,  fevtral  buildings 
full  of  their  bricks,  and  innumerable  quantities  of  coin 
_ 3  &  2  dug 


(a)  It  is  not  to  coffee  alone  that  this  refieftion  is  confined  ;  every  article  we  ufe  as  a  diluter  demands  the 
fame  attention.  Malt  liquors,  particularly  fmall  bee,r,  which  in  this  refpeft  is  much  neglefted,  ou,:ht  always  to 
be  carefully  fined.  The  feculent  matter  entangled  by  the  mucilage  of  the  malt  is  hurtful  to  digdlion,  and  de- 
tiimental  to  health. 
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Colchefler,  dug  up  in  and  about  it,  fully  evince.  Tn  the  year  1763, 
^Colours  a  curjous  tefiellated  or  mofaic  pavement  was  found  in 
the  garden  of  the  late  Mr  Barnard,  furgeon  in  the 
High  Street*  now  the  property  of  Mr  John  Wallis, 
about  three  feet  under  the  furface  of  the  earth.  The 
emperor  Conftantine  the  Great  was  born  here,  his  mo¬ 
ther  Helen  being  daughter  of  Cool,  governor  or  king 
of  this  diftrid  under  the  Romans.  She  is  faid  to  have 
found  out  the  crofs  of  Chrift  at  Jernfalem  ;  and  on  that 
account  the  arms  of  this  town  are  a  crofs  regulee  be¬ 
tween  three  ducal  coronets,  two  in  chief  and  one  in 
bafe,  the  coronet  in  bafe  pafling  through  the  crofs. 

The  walls  wherewith  the  town  was  encompaffed  are 
Ml  tolerably  entire  on  the  fouth,  eaft,  and  weft  fides, 
but  much  decayed  on  the  north  fide :  they  are  general¬ 
ly  about  nine  feet  thick.  By  a  ftatute  of  King  Henry 
VUL  this  town  was  made  the  fee  of  a  fuffragan  biftiep. 

This  town  is  the  mod  noted  in  England  for  making 
.of  baize  ;  is  is  alfo  of  fpecial  note  for  candying  the  erin- 
go  roots,  and  for  oyfters. 

In  the  conclufion  of  the  civil  war  1648,  this  town 
differed  a  fevere  fiege  of  ten  weeks  ;  and  the  belieged 
making  a  very  refolute  defence,  the  fiege  was  turned 
into  a  blockade,  wherein  the  garrifon  and  inhabitants 
differed  the  utmoft  extremity  of  hunger,  being  reduced 
to  eat  horfe-flefh,  dogs,  and  cats,  and  were  at  laft  obli¬ 
ged  to  furrender  at  diferetion,  when  their  two  valiant 
chief  officers,  Sir  Charles  Luca3  and  Sir  George  Lifle, 
were  fhot  under  the  caftle  walls  in  cold  blood.  Col- 
chefter  is  a  borough  by  prefeription,  and  under  that 
right  fends  two  members  to  parliament,  all  their  char¬ 
ters  being  filent  upon  that  head.  The  charter  was  re¬ 
newed  in  1763.  The  town  is  now  governed  by  a  may¬ 
or,  recorder,  12  aldermen,  18  affiftants,  and  18  com¬ 
mon-council  men.  Quarter  fefiions  are  held  here  four 
times  in  the  year. 

The  famous  abbey  gate  of  St  John  is  ftill  Handing, 
and  allowed  to  be  a  furprifing,  curious,  and  beautiful 
piece  of  Gothic  architedure,  great  numbers  of  perfons 
coming  from  remote  parts  to  fee  it.  It  was  built,  to¬ 
gether  with  the  abbey,  in  1097,  and  Gudo,  fteward  to 
King  William  Rufus,  laid  the  firft  ftone. 

St  Ann’s  chapel,  Handing  at  the  eaft  end  of  the 
town,  is  valuable  in  the  efteem  of  antiquaiians  as  a 
building  of  great  note  in  the  early  days  of  Chriftianity, 
and  made  no  fmall  figure  in  hiftory  many  centuries  paft. 
It  is  now  pretty  entire. 

St  Botoph’s  priory  was  founded  by  Ernulphus  in  the 
reign  of  Henry  I.  in  the  year  t  1 10.  It  was  demoliffi- 
ed  in  the  wars  of  Charles  I.  by  the  parliament  aimy 
under  Sir  Thomas  Fairfax.  The  ruins  ftill  exhibit  a 
beautiful  fketch  of  ancient  mafonry,  much  admired  by 
the  lovers  of  antiquities.  The  caftle  is  ftill  pretty  en¬ 
tire,  and  is  a  magnificent  ftrudure,  in  which  great  im¬ 
provements  have  of  late  been  made.  Here  is  an  excel¬ 
lent  and  valuable  library. 

The  markets,  which  are  on  Wednefday  and  Satur¬ 
day,  are  very  well  fupplied  with  all  kind  of  proyifions. 
There  are  no  lefs  than  fix  diflenting  meeting-houfes  in 
this  town.  Colchefter  is  5  i  miles  from  London.  It 
had  16  pariffi  churches,  in  and  out  of  the  walls,  but 
now  only  1 2  are  ufed,  the  reft  being  damaged  at  the 
fiege  in  1648. 

COLOURS.  See  Pigments  in  this  Supplement. 
Accidental  Colours ,  a  name  given  to  a  very  curious 
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optical  phenomenon,  which  was  firft,  we  believe,  at-  Cok 
tended  to  by  Buffon.  That  philofopher  wrote  a  fliort  ^ 
paper  on  it,  which  was  publiffied  in  the  Memoirs  of 
the  Academy  of  Sciences  for  the  year  1743. 

If  a  perfon  look  ftedfaftly  and  for  a  considerable  time 
at  a  fmall  red  fquaie  painted  upon  white  paper,  he  will 
at  laft  obferve  a  kind  of  green-coloured  border  furround  i 
the  red  fquare.  If  he  now  turn  his  eyes  to  fome  other 
part  of  the  paper,  he  will  fee  an  imaginary  fquare  of  a 
delicate  green  bordering  on  blue,  and  correfponding  ex- 
a&ly  in  point  of  fize  with  the  red  fquare.  This  imagi¬ 
nary  fquare  continues  vifible  for  fome  time,  and  indeed 
does  not  difappear  till  the  eye  has  viewed  fucceflively  a 
number  of  new  objeds.  It  is  to  this  imaginary  fquare 
that  the  improper  name  of  accidental  colour  has  been 
given.  If  the  fmall  fquare  be  yellow ,  the  imaginary 
fquare  or  accidental  colour  is  blue  :  the  accidental  co¬ 
lour  of  green  is  red  5  of  blue,  yellow  ;  of  white,  black  • 
and  on  the  contrary,  that  of  black  is  white. 

The  firft  perfon,  as  far  as  we  know,  who  gave  a  fa- 
tisfa&ory  explanation  of  thefe  phenomena  was^Piofeffor 
ScherfFer  of  Vienna,  whofe  differtation,  tranflated  by 
Mr  Bernoulli,  has  been  publiffied  in  the  26th  volume  of 
the  Journal  de  Phyfique. 

In  order  to  underfland  thefe  phenomena,  let  us  re¬ 
coiled,  in  the  firft  place,  that  lighc  confifts  of  feven  rays, 
namely,  red,  orange,  yellow,  green,  blue,  indigo,  violet^ 
that  whitenefs  confifts  in  a  mixture  of  all  thefe1  rays ; 
and  that  tliofe  bodies  which  refled  but  very  little  light 
are  black.  1  hofe  bodies  that  are  of  any  particular  co¬ 
lour,  refied  a  much  greater  quantity  of  the  rays  which 
conftitute  that  particular  colour  than  of  any  other  rays. 

Thus  red  bodies  refled  moft  red  rays;  green  bodies, 
moft  green  rays,  and  fo  on. 

Let  us  recoiled,  in  the  fecond  place,  that  when  two 
impreffions  are  made  at  the  fame  time  upon  any  of  our 
organs  of  fenfation,  one  of  which  is  ftrong  and  the 
other  weak,  we  only  perceive  the  former.  Thus  if  we 
examine  by  the  prifm  the  rays  refleded  by  a  red  rofe, 
we  (hall  find  that  they  are  of  four  kinds,  namely,  red, 
yellow,  green,  and  blue.  In  this  cafe,  the  impreflion 
made  by  the  red  rays  makes  that  made  by  the  others 
quite  infenfible.  For  the  fame  reafon,  when  a  perion 
goes  trom  bioad  day  light  into  an  ill-lighted  room,  it 
appears  to  him  at  firft  perfediy  dark,  the  preceding 
ftrong  impreflion  rendering  hirn  for  fome  time  incapable 
of  feeling  the  weaker  impreflion. 

With  the  affi fiance  of  thefe  two  remarks,  it  will  not 
be  difficult  to  explain  the  phenomena  of  accidental  co¬ 
lours.  When  a  peifon  confiders  attentively  for  fome 
time  a  white  fquare  lying  on  any  black  fubflance  (paper 
for  intiance),  it  is  evident  that  the  part  of  the  retina 
on  which  the  white  fquare  is  painted,  receives  a  flronger 
impreflion  than  any  other  part  ;  at  leaft  the  greateft 
number  of  rays  ftrike  upon  it.  A  weaker  irriprefiion, 
therefore,  will  ad  on  it  with  much  lefs  force  than  upon 
the  reft  of  the  retina.  Confequently,  when  the  eye  is 
turned  from  the  white  fquare  to  fome  other  part  of  the 
black  paper,  a  fquare  is  perceived  of  the  lame  fize  with 
the  white  fquare,  and  much  blacker  that  any  other  part 
of  the  paper  ;  this  is  evidently  in  confequence  of  the 
weaker  impreflion  made  by  the  rays  refleded  by  the 
black  paper  upon  that  part  of  the  eye  previoufly  fa¬ 
tigued  by  the  copious  refledion  from  the  white  fquare. 

For  the  very  fame  reafon,  if,  after  looking  for  a  fuffi- 

cient 
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cient  time  at  a  white  fquare  lying  on  a  black  ground, 
we  turn  our  eyes  upon  a  fheet  of  white  paper,  we  per¬ 
ceive  a  very  well  defined  black  fqmre.  in  this  cale, 
the  part  of  the  retina  already  fatigued  is  not  fo  fenfible 
to  the  rays  rtfk&ed  by  the  white  paper  as  the  other 
parts  of  it  which  have  not  been  fatigued.  The  reafon 
then  that  black  is  the  accidental  colour  of  white  is  fuf- 
ficiently  evident. 

On  the  contrary,  when  we  look  a  fufificient  time  at  a 
Uack  fquare  lying  upon  a  white  ground,  if  we  turn  our 
eyes  to  any  other  part  of  the  white  paper,  or  even  upon 
black  paper,  we  fhall  perceive  a  fmall  fquare  anfwering 
to  the  black  fquare,  and  much  brighter  than  any  other 
pan  of  the  paper :  evidently  becaufe  that  part  of  the 
retina  on  which  the  black  fquare  was  painted  being  lefs 
fatigued  is  more  fufceptible  of  impreftions  than  any 
other  part  of  the  eye.  Thus  we  fee  why  the  accidental 
colour  of  black  is  white,  and  why  that  offwliite  on  the 
contrary  is  black.  Thefe  fads,  indeed,  have  been  long 
known,  and  they  have  been  generally  explained  in  this 
manner. 

When  a  perfon  has  looked  for  a  fufficicnt  time  at 
a  red  fquare  placed  on  a  fheet  of  white  paper,  and  then 
turns  his  eyes  to  another  part  of  the  paper,  that  part 
of  the  retina  on  which  the  red  Was  painted  being  fa¬ 
tigued,  the  red  rays  reflected  from  the  white  paper  c<^fe 
to  make  any  fenfible  impreffion  on  it,  and  confequently 
there  will  be  feen  upon  the  white  paper  a  fquare  fimiiar 
to  the  red  fquare,  and  the  colour  of  which  is  that 
which  would  re ful t  from  the  mixture  of  all  the  rays  of 
light  except  the  red.  In  general,  therefore,  the  acci¬ 
dental  colour  is  the  colour  which  rcfults  from  the  mix¬ 
ture  of  all  the  rays  of  light,  tliofe  rays  excepted  which 
are  the  fame  with  the  primitive  colour. 

Now,  in  order  to  difeover  thefe  accidental  colours, 
let  us  recoiled  the  manner  which  Newton  employed  to 
determine  the  colour  which  refults  from  the  mixture  of 
leveral  others,  the  fpecies  and  quantity  of  which  are 
known.  He  did  it  by  dividing  the  circumference  of  a 
circle,  fo  that  the  arches  are  to  one  another  in  the 
proportion  of  a  firing  fliortened  by  degrees,  in  order  to 
found  one  after  another  the  notes  of  an  odave  ;  which 
is  nearly  the  proportion  that  the  different  rays  occupy 
when  light  is  decompofed  by  means  of  the  prifm.  Or 
fuppofe  the  circumference  of  the  circle,  as  ufual,  divi¬ 
ded  into  360  degrees,  the  different  rays,  according  to 
Benvenut,  fhould  occupy  the  following  arches: 
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of  the ^ arch  to  which  it  is  molt  contiguous,  the  refult- 
mg  comur  will  approach  more  or  lefs  to  the  colour  of' 
the  contiguous  arch  towards  which  the  line,  palling 
through  the  centre  of  the  circle,  and  the  common  cen¬ 
tre  of  gravity  of  the  arches,  falls.  And  farther,  the  re¬ 
fusing  colour  will  be  more  or  lefs  deep  according  to 
the  d 3 dance  of  the  common  centre  of  gravity  from  the 
centre  of  the  circle. 

In  the  cafe  under  confederation  at  prefent,  namely,  to 
deteimme  the  different  accidental  colours,  the  applica¬ 
tion  of  this  method  is  remarkably  e a fy;  becaufe  only 
one  of  thefeven  primitive  colours  is  excluded,  and  conic-  • 
quently  the  fix  colours  from  the  mixture  of  w  hich  we  with 
to  know  the  refulting  colour  are  all  contiguous.  For  it 
is  evident,  that  the  fum  of  the  fix  arches,  reprefenting 
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Red, 
Orange, 
Yellow, 
Green, 
Blue,  , 
Indigo, 
Violet, 
Let  us  now 
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-  60. 

‘  60. 

-  -  -  -  go. 
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-  compare  the  a£lion  of  colours  on  one 

another  with  that  of  different  weights;  and  for  that  pur- 
pofe  let  us  fuppofe  each  colour  concentrated  in  the  cen¬ 
tre  of  gravity  of  its  arch.  In  order  to  find  the  colour 
refnlting  from  any  mixture,  we  have  only  to  find  the 
common  centre  of  gravity  of  the  arches  which  reprefeut 
the  different  colours :  The  colour  refulting  from  the 
mixture  will  be  that  of  the  arch  to  which  the  common 
centre  of  gravity  approaches  neareft.  And  if  that  com¬ 
mon  centre  of  gravity  is  not  in  the  flraight  line  which 
joins  the  centre  of  the  circle,  and  the  centre  of  gravity 


thefe  fix  colours,  will  be  divided  into  two  equal  parts  by 
the  line  which  partes  through  the  centre  of  the  circle  and 
their  common-centre^  of  gravity  ;  and  that  if  the  fame 
line  be  produced  till  it  icaches  the  circumference  of  the 
circle  on  the  other  fide,  it  will  alio  divide  the  arch  repre- 
fentingthe  feventhor  omitted  colour  into  tv/o equal  parts. 
Let  us  fuppofe,  for  inflance,  that  the  violet  is  omitted, 
and  that  we  wanted  to  know  the  colour  refulting  from 
the  mixture  of  the  other  fix  colours,  we  have  only  to 
biiea  the  arch  representing  the  violet,  and  from  the 
point  of  iedion  to  draw  a  diameter  to  the  circle,  the 
arch  of  the  circle  oppofite  to  the  violet  through  which 
the  diameter  paffeswill  indicate  the  colour  of  the  mixture. 
The  arch  reprefenting.  the  violet  being  8o°,  let  us  take, 
the  half  of  it,  which  is  40°,  and  let  us  add  to  it  450 
for  the  red,  27°  for  the  orange,  and  48°  for  the  yellow, 
we  fhall  have  i6ju,  which  wants  20°  of  half  the  cir¬ 
cumference  of  the  circle.  If  now  we  add  the  6o°  for 
the  green,  the  fum  total  will  be  220°,  confiderably 
more  than  half  the  circumference;  confequently  the 
common  centre  of  gravity  is  neareft  the  green  arch;  but 
it  falls  1  ow  nearer  the  yellow  than  the  flraight  line  which 
joins  the  centre  of  the  circle  and  the  centre  of  gravity  of 
the  green  arch.  Hence  we  fee  that  the  refulting  colour 
will  be  green,  but  that  it  will  have  a  (hade  of  yellow. 

It  is  evident,  then,  that  the  accidental  colour  of  vio¬ 
let  muff  be  green  with  a  fhade  of  yellow  ;  and  this  is 
actually  the  cafe,  as  any  one  may  convince  himlelf  by 
making  the  experiment. 

Suppofe,  now,  we  wanted  to  know  the  accidental  co¬ 
lour  of  green,  or,  which  is  the  lame  thing,  the  colour  re¬ 
fulting  from  the  mixture  of  all  the  primitive  rays  ex¬ 
cept  the  green.  The  green  arch  is  60^,  the  half  of 
which  is  30°;  if  to  this  we  add  6o°  for  the  blue  arch, 
and  qou  for  the  indigo  arch,  we  fhall  have  130^,  or 
50°  degrees  lefs  than  a  femicircle.  If  to  this  vve  add 
the  violet  arch,  which  is  800,  we  fhall  have  30"  more 
than  the  femicircle  ;  confequently  the  common  centre 
of  gravity  falls  neareft  the  violet,  and  it  i3  iop  nearer 
the  red  arch  than  is  the  centre  of  gravity  of  the  violet 
arch.  Hence  we  know  that  the  accidental  colour  of 
green  will  be  violet  or  purple,  with  a  fhade  of  red:  And 
experiment  confirms  this. 

Buffon  obferved,  that  the  accidental  colour  of  blue 
was  reddifh  and  pale.  Let  us  fee  whether  we  fhall  ob¬ 
tain  the  fame  refult  from  our  method.  Let  us  fuppofe 
that  Buffon  employed  a  light  blue.  In  that  cafe,  it  to 
30,  the  half  of  the  blue  arch,  we  add  60  for  the  green, 

48  for  the  yellow,  and  27  for  the  orange,  we  fhall  have 
165°,  or  1 50  lefs  than  half  the  circumference  of  the 
I  circle ; 
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circle  :  Confequently  the  common  centre  will  fall  neared  that  are  continually  taking  place  in  the  border  of  our  Cold 
the  red  ach,  but  within  *  50  of  the  orange  Theacciden-  little  fquare  ;  fometimes  it  is  large,  fometimes  finall ;  at  ! 
tul  colour  mud  therefore  be  red,  with  a  fhnde  of  orange  5  one  time  it  difappears  altogether,  and  the  next  moment  Coir 


or,  which  is  the  fame  thing,  it  mud  be  a  pale  red. 

In  the  fame  manner  we  may  difcover,  that  the  acciden¬ 
tal  colour  of  indigo  is  yellow,  inclining  a  good  deal  to 
orange  ;  and  that  the  accidental  colour  of  indigo  and 
blue  together  is  orange,  with  a  ftrong  (hade  of  red. 
Both  of  which  correfpond  accurately  with  experiment- 

It  would  be  eafy  to  indicate,  in  the  fame  manner, 
the  accidental  colour  of  any  primitive  colour,  if  what 
has  been  faid  were  not  fufFicient  to  explain  the  caufe  of 
accidental  colours,  and  to  {how  that  their  phenomena 
correfpond  exactly,  both  with  the  Newtonian  theory  of 
optics,  and  with  what  we  know  to  be  laws  of  our  fen- 
fations  in  other  particulars. 

From  the  theory  above  given,  which  is  that  of  Profeffor 
Scherffer,  the  following  confequences  may  be  deduced : 

I.  The  accidental  colour  of  a  red  fquare,  lying  upon 
a  white  or  a  black  ground,  ought  to  be  blackifh,  if  we 
cad  our  eyes  upon  a  red  coloured  furface.  2.  If  the 
furface  upon  which  we  look  at  a  red  fquare  be  itfelf 
coloured,  if  it  be  yellow,  for  indance,  the  white  paper 
upon  which  we  afterwards  cad  our  eyes  will  appear 
blue,  with  a  green  fquare  in  it  correfponding  to  the  ori¬ 
ginal  red  fquare.  And,  in  general,  we  ought  to  per¬ 
ceive  the  accidental  colour  cf  the  ground  on  which  the 
fquare  is  placed,  as  well  as  the  fquare  itfelf.  3.  If  while 
we  are  looking  at  the  little  fquare  we  change  the  fitua- 
tion  of  the  eye,  fo  that  its  image  (hall  occupy  a  diffe¬ 
rent  place  on  the  retina,  when  we  turn  our  eyes  to  the 
white  paper  we  (hall  fee  two  fquares,  or  at  lead  one  un¬ 
like  the  figure  of  the  original  one.  4.  If  the  white  pa¬ 
per  on  which  we  look  be  farther  diftant  than  the  little 
fquare  was,  the  imaginary  fquare  will  appear  confide- 
lably  larger  than  the  true  one.  5.  If  while  we  are 
looking  at  the  little  fquare,  we  gradually  make  the  eye 
approach  to  it,  without  altering  its  fituation,  the  ima¬ 
ginary  fquare  will  appear  with  a  pale  border.  Thefe, 
and  many  other  confequences  that  might  eafily  be  de¬ 
duced,  will  be  found  to  take  place  condantly  and  accu¬ 
rately,  if  any  one  choofes  to  put  them  to  the  ted  of  ex¬ 
periment  ;•  and  therefore  may  be  confidered  as  a  com* 
plcte  confirmation  of  the  theory  given  above  of  the 
caufe  of  accidental  colours. 

There  is  another  circumftance  refpe&ing  accidental 
colours  which  deferves  attention.  If  we  continue  look¬ 
ing  dedfadly  at  the  little  fquare  longer  than  is  neceffa- 
ry,  in  order  to  peiceivc  its  accidental  colour,  we  (hall 
at  lad  fee  its  border  tinged  with  the  accidental  colour 
of  the  ground  on  which  the  fquare  is  lying.  For  in- 
dance,  if  a  white  fquare  be  placed  upon  blue  paper,  its 
border  becomes  yellow  ;  if  upon  red  paper,  it  becomes 
green  ;  and  it  becomes  reddifh  upon  green.  In  like 
manner,  the  border  of  a  yellow  fquare  becomes  greeuifh 
upon  a  red  ground,  and  that  of  a  red  fquare  on  a  green 
ground  becomes  purple. 

The  caufe  of  this  phenomenon  feems  to  depend  upon 
the  contradlion  and  extension  of  the  image  of  the  fquare 
painted  on  the  retina.  We  know  for  certain,  that  the 
diameter  of  the  pupil  changes  during  our  infpc&ing  the 
fquare;  at  firit  it  becomes  lefs,  and  afterwards  increafes. 
And  though  we  cannot  fee  what  paffes  in  the  bottom 
of  the  eye,  we  can  fcarcely  doubt  that  fimilar  move¬ 
ments  are  going  on  there,  if  we  attend  to  the  changes 


makes  its  appearance  again. 

There  is  another  phenomenon  connected  with  acci¬ 
dental  colours,  which  it  is  not  fo  eafy  to  explain;  name* 
ly,  that  if  we  look  at  thefe  little  fquares  for  a  very  long 
time,  till  the  eye  is  very  much  fatigued,  their  acciden- 
tal  colours  will  appear  even  after  we  fhut  our  eyes.  The 
very  fame  thing  takes  place  if  we  attempt  to  look  at  a 
very  luminous  object ;  as  the  fun,  tor  indance.  Pro. 
ftffor  Scherffer  thinks  that  tin’s  may  be  partly  owing 
to  the  light  which  dill  paffes  through  the  eye-lids. 
That  fome  light  paffes  through  the  eye  lids  is  evident, 
becaufe  when  we  look  towards  a  drong  light  with  our 
eye-lids  fhut,  we  fee  diffinftly  their  colour,  derived  from 
the  blood -veffels  with  which  they  are  filled  ;  and  if  we 
pafs  our  finger  before  our  eyes,  we  fee  the  fhadovv  of 
the  finger  though  our  eye  lids  be  {hut,  provided  our 
eyes  be  turned  towaids  the  window.  But  that  this 
light  is  not  fnfficient  to  explain  the  phenomenon  in 
queftion  is  evident  from  this  circumdance,  that  the  fame 
accidental  colours  make  their  appearance  though  we  go  1 
immediately  into  the  darkeft  place.  Perhaps  we  have 
accounted  for  the  phenomenon  elfe where  (See  Meta¬ 
physics,  Encycl.  n°  54.).  We  pafs  over  the  other 
conje&ures  of  Profeffor  Scherffer,  which  are  exceedingly 
ingenious,  but  not  fufficiently  fupported  by  fadls  to  be 
admitted. 

COLUMBA  No  ach  1,  Noah's  dove ,  a  fmall  conftel- 
lation  in  the  fouthern  hemifphere,  confiftingof  10  liars. 

COMAR,  or  Khomar,  a  Zemindar’s  demefne  of 
land. 

COMBUSTION.  See  Chemistry  in  this  Sup¬ 
plement,  n°  293. 

COMPASS,  or  Mariner’s  Steering  Compass, 
is  an  inftrument  of  fo  great  value,  that  every  improve¬ 
ment  of  it,  propofed  by  men  of  fcience  or  of  experience, 
is  intitled  to  notice.  We  {hall  therefore  lay  before  our  I 
readers  fome  observations  on  the  defedls  of  the  compafs 
in  common  ufe,  which  have  fallen  into  our  hands  fince 
the  article  in  the  Encyclopedia  was  publifhed.  The 
firft  is  by  Captain  O’Brien  Drury  of  the  royal  Navy, 
and  relates  entirely  to  the  needle. 

“  Experience  (fays  this  officer)  (hews  us,  that  the 
needle  of  a  compafs,  as  well  as  all  other  magnets,  whe¬ 
ther  artificial  or  real,  perpetually  lofes  fomething  of  its 
magnetic  powers,  which  often  produces  a  difference  ex¬ 
ceeding  a  point  ;  and  I  am  well  convinced  that  the 
great  errors  in  {hip-reckonings  proceed  more  frequently 
from  the  incorre&nefs  of  the  compafs  than  from  any 
other  caufe.  % 

“  Steel  cannot  be  too  highly  tempered  for  the  needle 
of  a  fea-compafs,  as  the  more  it  is  hardened  the  more 
permanent  is  the  magnetifm  it  receives  ;  but,  to  pre¬ 
serve  the  magnetifm,  and  confequently  the  polarity  of 
the  needle,  I  recommend  to  have  the  needle  cafed  with 
thin,  well-polilhed,  foft  iron  ;  or  elfe  to  have  it  armed 
at  the  poles  with  a  bit  of  foft  iron.  I  have  found,  from 
many  experiments,  that  the  cafed  needle  preferved  its 
magnetifin  in  a  much  more  perfcdl  degree  than  the 
needle  not  cafed  ;  and  I  have  fometimes  thought  that 
the  magnetic  power  of  the  cafed  needle  had  increafed, 
while  the  magnetic  power  of  the  uncafed  and  unarmed 
needle  always  lofts  of  its  polarity.”  t  I 


This  is  not  an  opinion  taken  up  at  random,  but  is 
•'the  refult  oF  what  appears  to  have  been  a  fair  and  ju¬ 
dicious  experiment;  for  our  author  placed  a  cafed  needle, 
an  armed  needle,  and  one  without  either  cafe  or  armour, 
in  a  room  for  three  months ;  each  having  at  that  time 
precifely  the  fame  direction,  and  nearly  the  fame  degree 
of  force.  At  the  expiration  of  the  three  months,  he 
found  that  the  cafed  needle  and  the  armed  needle  had 
not  in  the  leaft  changed  their  direction  ;  but  the  other 
had  changed  two  degrees,  and  had  loft  very  confiderable 
of  its  magnetic  power.  If  there  was  any  change  in 
either  of  the  other  needles,  it  was  too  inconfiderable  to 
be  perceived. 

Thefe  obfervations  feem  to  be  new,  and  may  tend  to 
the  improvement  of  the  compafs.  But  it  is  not  with 
refpeft  to  the  needle  only  that  this  inftrument  is  defec¬ 
tive.  Mr  Bernard  Romans  of  Penfacola  well  obferves, 
that,  on  another  account,  the  heavieft  brafs  compaftes 
now  in  ufe  are  by  no  means  to  .be  relied  on  in  a  hol¬ 
low  or  high  fca.  This  is  owing  to  the  box  hanging 
in  two  brafs  rings,  confining  it  to  only  two  motions, 
both  vertical  and  at  right  angles  with  each  other  ;  by 
which  confinement  of  the  box,  upon  any  fuccuflion, 
more  efpecially  fudden  ones,  the  card  is  always  put  in¬ 
to  too  much  agitation,  and,  before  itcan  well  recover 
itfelf,  another  jerk  prevents  its  pointing  to  the  pole  ; 
nor  is  it  an  extraordinary  thing  to  fee  the  card  unfhip- 
ped  by  the  violence  of  the  fliip’s  pitching. 

All  thefe  inconveniences  are  remedied  to  the  full  by 
giving  the  box  a  vertical  motion  at  every  degree  and 
minute  of  the  circle,  and  compounding  thefe  motions 
with  a  horizontal  one  of  the  box  as  well  as  of  the  card. 
By  this  unconfined  difpofition  of  the  box,  the  effedt3 
of  the  jerks  on  the  card  are  avoided,  and  it  will  always 
very  fteadily  point  to  the  pole.  “  Experience  (fays 
our  author)  has  taught  me,  that  the  card  not  only  is 
not  in  the  fmalleft  degree  affedted  by  the  hollow  fea, 
but  that,  in  all  the  violent  fhocks  and  whirlings  the  box 
can  receive,  the  card  lies  as  flill  as  if  in  a  room  unaffect¬ 
ed  by  the  leaft  motion. 

“  Lately  a  compafs  was  invented  and  made  in  Hol¬ 
land,  which  has  all  thefe  motions.  It  is  ot  the  fize  of 
the  common  brafs  compaftes ;  the  bottom  of  the  brafs 
box,  inftead  of  being  like  a  bowl,  muft  be  railed  into  a 
hollow  cone,  like  the  bottom  of  a  common  glafs  bottle; 
the  veitex  of  the  cone  muft  be  raifed  fo  high  as  to  leave 
but  one  inch  between  the  card  and  the  glafs ;  the  box 
muft  be  of  the  ordinary  depth,  and  a  quantity  of  lead 
muft  be  poured  in  the  bottom  of  the  box,  round  the 
bafe  of  the  cone  ;  this  lecures  it  on  the  ftile  wheredn 
it  traverfes. 

“  This  ftile  is  firmly  fixed  in  the  centre  of  a  fquare 
wooden  box,  like  the  common  compafs,  except  that  it 
requires  a  thicker  bottom.  The  ftile  muft  be  of  brafs, 
about  fix  inches  long,  round,  and  of  the  thicknefs  of 
one* third  of  an  inch  ;  ills  head  blunt,  like  the  head  of 
a  fewing-thimble,  but  of  a  good  polifh  :  the  ftile  muft 
Hand  perpendicular.  The  inner  vertex  of  the  cone  muft 
alfo  be  'well  polifhed  ;  the  vertical  part  of  the  cone 
ought  to  be  thick  enough  to  allow  of  a  weli-polifhed 
cavity,  fnfficient  to  admit  a  fhort  ftile,  proceeding  from 
the  centre  of  the  card  whereon  it  traverfes.  The  com¬ 
pafs  I  faw  was  fo  conftrudled  ;  but  I  fee  no  realon  why 
the  ftile  might  not  proceed  from  the  centre  of  the  ver¬ 
tex  of  the  cone,  and  fo  be  received  by  the  card  the 


common  way.  The  needle  muft  be  a  magnetic  bar,  Comp 
blunt  at  each  end  ;  the  glafs  and  cover  are  put  on  in 
the  common  way.” 

A  compafs  of  this  kind  was  fubmitted  to  our  au¬ 
thor’s  examination  by  the  captain  of  a  (loop  of  war, 
who  aftured  him,  that  in  a  hard  gale,  which  lafted  fome 
days,  there  was  no  other  compafs  of  the  fmalleft  fern'ce, 

Mr  Romans  was  fatisfied  that  the  officer  did  not  piaife 
the  apparatus  more  than  it  deferved  ;  and  we  feel  our- 
felves  ftrongly  inclined  to  be  of  the  fame  opinion. 

It  muft  not  be  concealed,  however,  that  the  ingeni¬ 
ous  Mr  Nicholfon  feems  to  think  very  differently  of  all 
fuch  contrivances.  In  a  paper  publifhed  in  the  ninth 
number  of  his  valuable  Journal,  he  labours  to  prove, 
that  the  compafs  is  very  little  difturbed  by  tilting  the 
box  on  one  fide,  but  very  much  by  fudden  horizontal 
changes  of  place  ;  that  a  fcientific  provifion  againft  the 
latter  is  therefore  the  chief  requifite  in  a  well  made  in- 
ftiument  of  this  kind  ;  and  that  no  other  provifion  is 
requifite,  or  can  ealily  be  obtained,  than  good  work- 
manfhip  according  to  the  common  conftru&ion,  and  a 
proper  adjuftment  of  the  weight  with  regard  to  the 
centres  or  axes  of  fufpenfion.  The  fame  author  is  of 
opinion,  that  it  would  greatly  improve  the  compafs  to 
make  the  needle  flat  and  thin,  and  to  fufpend  it,  not, 
as  is  moft  commonly  done,  with  its  flat  fide,  but  with 
its  edge  tippermoft  ;  for  it  being  a  well-known  fa&, 
that  foft  fteel  lofes  its  magnetifm  fooner  than  hard,  it 
is  cbvious,  that  unlefs  both  Tides  of  a  needle  be  equally 
hard  (which  is  almoft  impofuble  if  they  be  diftant  from 
each  other),  the  magnetic  power  will,  in  procefs  of 
time,  deviate  towards  the  harder  fide.  „ 

The  Chtvefe  Compass  has  fome  advantages  oyer  the 
European  compafs,  from  which  it  differs  with  refpedi 
to  the  length  of  the  needle,  and  the  manner  in  which 
it  is  fufpended.  In  the  compafs  of  China,  the  magne¬ 
tic  needle  is  ftldom  above  an  inch  in  length,  and  is  lefs 
than  a  line  in  thicknefs.  It  is  poifed  with  great  nice¬ 
ty,  and  is  remarkably  fenfible,  or,  in  other  words,  points 
fteadily  towards  the  fame  portion  of  the  heavens.  This 
fteadinefs  is  accomplifhed  by  the  following  contrivance  : 

“  A  piece  of  thin  copper  is  ft  rapped  round  the  centre 
of  the  needle.  This  copper  is  rivetted  by  its  edges  to 
the  upper  part  of  a  fmatl  hemifpherical  cup,  of  the  fame 
metal,  turned  downwards.  The  cup  fo  inverted  ferves 
as  a  focket  to  receive  a  fteel  pivot  rifing  from  a  cavity 
made  into  a  round  piece  of  light  wood  or  cork,  which 
thus  forms  the  compafs- box*  The  furfaces  of  the  foc¬ 
ket  and  pivot,  intended  to  meet  each  other,  are  per¬ 
fectly  polifhed,  to  avoid,  as  much  as  poflible,  all  fridion. 

The  cup  Ins  a  proportionably  broad  margin,  which, 
be  fide  adding  to  its  weight,  tends,  from  its  horizontal 
po  fit  ion,  to  keep  the  centre  of  gravity,  in  all  fituations 
of  the  compafs,  nearly  in  coincidence  with  the  centre  of 
fufpenfion.  The  cavity,  in  which  the  needle  is  thus 
fufpended,  is  iri  form  circular,  and  is  little  moie  than 
fufficient  to  remove  the  needle,  cup,  and  pivot.  Over 
this  cavity  is  placed  a  thin  piece  of  Jtranfparent  talc, 
which  prevents  the  needle  from  being  affedled  by  any 
motion  of  the  external  air  ;  but  permits  the  apparent 
motion  of  the  former  to  be  eafily  obferved.  The  final! 
and  fhort  needle  oftheChinefe  has  a  material  advantage 
over  thofe  of  the  ufual  fize  in  Europe,  with  regard  to 
the  inclination  or  dip  towards  the  horizon  ;  which,  in 
the  latter,  requires  that  one  extremity  of  the  needle 
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fhould  be  made  fo  much  heavier  than  the  other  as  will 
counteradl  the  magnetic  attra&ion.  This  being  diffe¬ 
rent  in  different  parts  of  the  world,  the  needle  can  only 
be  accurately  true  at  the  place  for  which  it  had  been 
conftru&ed.  But  iri  fhort  and  light  needles,  fufpended 
after  the  Chinefe  manner,  the  weight  below  the  point 
of  fufpenfion  is  more  than  fufficient  to  overcome  the 
magnetic  power  of  the  dip  or  inclination  in  all  fitua- 
tions  of  the*  globe  ;  and  therefore  fuch  needles  will  ne- 
<ver  deviate  from  their  horizontal  pcTition.” 

COMPLEMENT,  in  general,  is  what  is  wanting,  or 
tieceffary,  to  complete  fome  certain  quantity  or  thing. 

Arithmetical  Complement,  is  what  a  number  or  lo¬ 
garithm  wants  of  unity  or  1  with  fome  number  of  cy¬ 
phers.  It  is  beft  found  by 'beginning  at  the  left-hand 
fide,  and  fubtra&ing  every  figure  from  9,  except  the  lafl, 
or  right  hand  figure,  which  mud  be  fubtra&ed  from  10. 
So,  the  arithmetical  comp,  of  the  log.  9T3297t45 
by  fubtradling  from  9’s,  &c,  is  0*4670286. 

The  arithmetical  complements  are  much  ufed  in  ope¬ 
rations  by  logarithms,  to  change  fubtraTions  into  ad¬ 
ditions,  which  are  more  conveniently  performed,  efpe- 
cially  when  there  are  more  than  one  of  them  in  the  ope¬ 
ration. 

Complement,  in  aftronomy,  is  ufed  for  the  diftance 
of  a  liar  from  the  zenith ;  or  the  arc  contained  between 
the  zenith  and  the  place  of  a  ftar  which  is  above  the 
'horizon.  It  is  the  fame  as  the  complement  of  the  alti¬ 
tude,  or  co-altitude,  or  the  zenith  diftance. 

Complement  of  the  Courfe ,  in  navigation,  is  the 
quantity  which  the  courfe  wants  of  90°,  or  8  points, 
viz.  a  quaiter  of  the  compars. 

Complement  of  the  Curtain ,  in  fortification,  is  that 
part  of  the  anterior  fide  of  the  curtain  which  makes  the 
demigorge. 

Complement  of  the  Line  of  Defence ,  is  the  remainder 
of  that  line,  after  the  angle  of  the  flank  is  taken  away. 

Complements  of  a  Parallelogram ,  or  in  a  Parallelo¬ 
gram ,  are  the  two  letter  parallelograms,  made  by  draw¬ 
ing  two  right  lines  parallel  to  each  fide  of  the  given  pa¬ 
rallelogram,  through  the  fame  point  in  the  diagonal. 

Complement  of  Life ,  a  term  much  ufed,  in  the  doc¬ 
trine  of  life  annuities,  by  De  Moivre  ;  and,  according  to 
him,  it  denotes  the  number  of  years  which  a  given  life 
wants  of  86,  this  being  the  age  which  he  confidered  as 
the  utmoft  probable  extent  of  life.  So  56  is  the  com¬ 
plement  of  30,  and  30  is  the  complement  of  56. 

COMPOSITION  of  Proportion ,  according  to  the 
1  qth  definition  of  the  5th  book  of  Euclid’s  Elements, 
is  when,  of  four  proportionals,  the  turn  of  the  ifl  and 
2d  is  to  the  2d,  as  the  fum  of  the  3d  and  4th  is  to  the 
4th. 

Composition  of  Ratios ,  is  the  adding  of  ratios  to¬ 
gether  :  which  is  performed  by  multiplying  together 
their  correfponding  terms,  viz.  the  antecedents  together, 
and  the  confequents  together,  for  the  antecedent  and 
confequent  of  the  compound  r^tio  ;  like  as  the  addi¬ 
tion  of  logarithms  is  the  fa  die  tiling1,  as  the  multiplica¬ 
tion  of  their  correfponding  numbers.  Or,  if  the  terms 
of  the  ratios  be  placed  fraftion-wife,  then  the  addition 
or  compofition  of  the  ratios  is  performed  by  multiply¬ 
ing  the  fractions  together. 

COMPOUND  Interest.  See  Algebra,  Encycl. 
and  Compound  Interest  in  this  Supplement. 

CONCEPTION,  a  city  of  Chili  in  South  America, 


was  vitited  in  1786  by  the  celebrated,  though  unfortu.  CcnJ , 
irate,  navigator  La  Peroufe,  Vho  gives  an  account  of  ^[i 
fome  particulars  relating  to  it  very  different  from  what  1 
we  have  given  of  it  under  the  article  Conception,  E&. 
cycl.  So  far  are  the  Spaniards  from  living  in  fecurity 
with  refpe&  to  the  Indians,  that,  according  to  him, 
they  are  under  continual  alarms  of  being  attacked  by 
thofe  bold  and  enterprifmg  favages.  “  The  Indians  of 
Chili  (fays  he)  are  no  longer  thofe  Americans  who 
were  infpired  with  terror  by  European  arms.  The  in- 
creafe  of  horfes,  which  are  difperfed  through  the  inte¬ 
rior  of  the  immenfe  deferts  of  America,  and  that  of 
oxen  and  fheep,  which  has  alfo  been  very  great,  have 
converted  thefe  people  into  a  nation  of  Arabs,  in  every 
thing  refembling  thofe  who  inhabit,  the  deferts  of  Ara¬ 
bia.  Conftantly  on  horfeback,  they  confider  an  excur- 
fion  of  two  hundred  leagues  as  a  very  fhort  journey,  • 
They  march  accompanied  by  their  docks  ;  feed  upon 
their  flefh  and  rrilk,  and  fometimes  upon  their  blood  ; 
and  cover  them felves  with  their  {kins,  of  which  they 
make  helmits,  cnirafles,  and  bucklers-  All  their  old 
cuftoms  are  laid  afide.  They  no  longer  feed  upon  the 
fame  fruits,  nor  wear  the  fame  drefs ;  but  have  a  more 
fli-iking  refemblance  to  the  Tartars,  or  to  the  inhabi¬ 
tants  of  the  banks  of  the  Red  Sea,  than  to  their  ancef- 
tors,  who  lived  twp  centuries  ago.  So  decifive  an  in-  [ 
fiuence  has  the  introdu&ion  of  two  domeftic  animals  had 
upon  the  manners  of  that  once  timid  people.  It  is 
eafy  to  conceive  what  formidable  enermes  they  mufl 
now  be  to  the  Spaniards;  for  fuppofing  them  defeated  in 
battle,  How  is  it  pofTible  to  follow  them  in  fuch  long 
excurfions  ?  How  is  it  pofTible  to  prevent  aflemblages, 
which  bring  together  in  a  finglepoint  nations  Icattered 
over  400  leagues  of  country,  and  thus  form  armies  of  - , 
30,000  men  ?” 

Of  thefe  people  M.  Rollin,  furgeon-major  of  the  fri-  ]  | 
gate  la  Buffalo,  gives  the  following  phyfiological  parti-v 
culars  :  “  They  are,  in  general  (fays  he),  of  lower  Ma¬ 
ture,  and  lefs  robuft,  than  Frenchmen,  though  they  en¬ 
dure  with  great  courage  the  fatigues  of  war  and  all  its 
attendant  privations.  There  is  ?.  great  famenefs  in  the  | 
phyfiognomy  of  mod  individuals.  The  face  is  laiger 
and  rounder  than  that  of  Europeans.  The  features  are  1 
more  ftrongly  marked.  The  eyes  are  fmall,  dull,  black, 
and  deeply  feated.  The  forehead  is  low  ;  the  eyebrows 
black  and  ttaggy  ;  the  nofe  fhort  and  flattened  ;  the 
cheek-bones  high  ;  the  lips  thick  ;  the  mouth  wide  ;  f : 
and  the  chin  diminutive.  The  women  are  fhort,  ill-  il 
made,  and  with  difgufting  countenances.  Both  men 
and  women  bore  their  nofe  and  ears,  which  they  adorn 
with  glafs  or  mother  of-pearl  trinkets.  The  colour  ot  I 

their  Ikin  is  a  reddifh  brown  :  That  of  their  nails  is  fi- 
rnilar,  but  not  io  deep.  The  hair  of  both  is  black, 
coarle,  and  very  thick.  The  men  have  little  beard ; 
but  their  arm-pits  and  parts  of  fex  are  well  turnifhed 
with  hair,  which  parts,  in  inofl  of  the  women,  have 
none.” 

The  military  governor  of  Conception,  who  was  an 
Irifhman,  returned,  while  M.  de  la  Peroufe  was  there, 
from  the  frontiers  of  the  Spanifh  fettlements,  where  he  j 
had  juft  concluded  a  glorious  peace  with  the  Indians. 

This  peace  was  highly  neceflary  to  the  people  of  his 
government,  whofe  diftant  habitations  were  expofed  to 
the  inroads  of  favage  cavalry,  whofe  pra&ice  it  is  to 
niaffacre  the  men  and  children,  and  to  make  the  wo-  fl 
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m  men  prifoners.  This  amiable  man,  wliofe  name  was 
i«'r  Higguitis  (probably  Higgins),  bad  fucceeded  in  gaining 
*01  j  the  good*  will  of  thefe  favages,  and  thereby  rendered 
^  the  moit  figual  fervice  to  the  nation  that  had  adopted 
him.  For  while  the  Indians  and  Spaniards  are  at  va¬ 
riance,  an  alliance  with  the  former  by  any  of  the  mari¬ 
time  powers  of  Europe  would  become  fo  formidable  to 
the  latter,  as  to  induce  them,  for  fear  of  their  lives,  to 
abandon  their  fettlements  in  Chili,  and  retire  to  Peru. 
This  was  clearly  feen  by  Monneron  the  engineer  on  the 
expedition,  who,  with  tire  true  fpirit  of  a  Frenchman, 
pointed  out  to  his  government  the  method  of  wrefting 
from  its  moil  faithful  ally  one  of  the  moil  valuable  pro¬ 
vinces  of  the  Spaniih  empire. 

La  Pcroufe  deferibes  the  common  people  of  Concep¬ 
tion  as  much  addi&ed  to  thieving,  and  the  women  as 
exceedingly  eafy  of  accefs.  “  They  are  a  degenerated 
and  mongrel  race  (fays  he)  ;  but  the  inhabitants  of  the 
firft  clafs,  the  true  bred  Spaniards,  are  polite  and  obli¬ 
ging  in  the  extreme.  The  bifhop  was  a  man  of  great 
fenfe,  of  agreeable  manners,  and  of  a  charity  of  which 
the  Spaniih  prelates  afford  frequent  examples.”  He 
was  a  Creole,  and  had  never  been  in  Europe.  Of  the 
monks  our  author  gives  a  very  different  character. 
“  The  misfortune  (fays  he)  of  having  nothing  to  do, 
the  want  of  family  ties,  the  profeflion  of  celibacy,  with¬ 
out  being  feparated  from  the  world,  and  their  living  in 
the  convenient  retirement  of  their  cells,  has  rendered, 
and  could  not  fail  to  render,  them  the  greateil  profli¬ 
gates  m  America.  Their  effrontery  is  inconceivable. 
I  have  feen  fomc  of  them  flay  till  midnight  at  a  ball ; 
aloof,  indeed,  from  the  good  company,  and  feated  among 
the  fervants.  Thefe  fame  monks  gave  our  young  men 
more  exadt  information  than  they  could  get  elfewhere, 
concerning  places  with  which  priefts  ought  to  have 
been  acquainted  only  in  order  to  interdict  the  entrance.” 

M.  dela  Peroufe  reprefents  that  part  of  Chili,  which 
is  called  the  Bijhopric  of  Conception ,  as  one  of  the  moil 
fertile  countries  in  the  univerfe.  Corn  yields  fixty  to 
one ;  the  vineyards  are  equally  productive  ;  and  the 
plains  are  covered  with  innumerable  flocks,  which,  tho’ 
left  to  themfelves,  multiply  beyond  all  imagination. 
Yet  this  colony  is  far  from  making  the  progrefs  that 
might  be  expedted  from  a  fituation  fo  favourable  to  an 
increafe  of  population.  The  influence  of  the  government 
incefiantly  counteracts  the  climate  and  the  foil.  Pro¬ 
hibitory  regulations  exift  from  one  end  of  Chili  to  the 
other  j  and  this  kingdom,  of  which  the  productions,  if 
carried  to  their  higheft  pitch,  would  feed  the  half  of 
Europe  ;  of  which  the  wool  would  fuffice  for  the  ma¬ 
nufactures  of  Great  Britain  and  France,  even  when  ma¬ 
nufactures  flourifhed  in  the  latter  country  ;  and  of 
which  the  cattle,  if  falted  down,  would  produce  an  im- 
menfe  revenue — is  entirely  deftitute  of  commerce,  and 
its  inhabitants  funk  in  floth  and  indolence.  Unlefs, 
therefore,  Spain  change  its  fyllem  entirely,  Chili  will 
never  reach  that  pitch  of  profperity  which  might  be 
expeCted  fiom  its  fituation  and  fertility.  For  the  lati¬ 
tude  and  longitude  of  Conception,  fee  EncycL 

CONDORCET  (Jean- Antoine  Nicolas  Caritat 
was  born  at  Ribemont  in  Picardy,  the  17th  of 
September  1743,  of  a  noble  and  very  ancient  family. 
At  the  age  of  1  5  lie  was  fent  to  lludy  philofophy  at 
the  college  of  Navarre,  and  had  the  good  foitune  to, fall 
into  the  hands  of  an  able  profeflor,  who  has  fince  dif- 
Su? pl.  Vol.  I.  Part  II. 
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tinguifhed  himfelf  by  his  geometrical  works.  The  Condorcet* 
young  Condorcet  had  no  relifh  for  the  bufinefs  of  the  ~ 
firft  courfe,  for  the  quibbles  of  ontology^  and  pneuma- 
tology,  and  all  the  wretched  appendages  of  fchool  me. 
taphyfics  :  But  in  the  following  year,  his  fludies,  being 
directed  to  the  mathematical  and  phyfical  fciences,  were 
entirely  congenial  to  his  tafte  ;  and  though  there  were 
upwards  of  120  fcholars,  he  diftinguifhed  himfelf  above 
them  all.  At  Eafter  he  held  a  public  thefis,  at  which 
Clairaut,  D’Alembert,  and  Fontaine,  afiifted.  •  He 
now  returned  home,  but  continued  to  culiivate  geome¬ 
try.  To  enjoy  more  opportunities  of  improvement,  he 
removed  in  1762  to  Paris  ;  where  he  attended  the  che¬ 
mical  courfe  of  Macquer  and  Beaume,  and  frequented 
the  literary  focieties  which  D’Alembert  had  formed  at 
the  houfe  of  Mademoifelle  de  Lefpinafle. 

In  1765,  when  only  22  years  old,  he  publiflied  a 
work  on  the  Integral  Calculus,  which  difeove red  vaft 
extent  and  originality  of  views.  Condorcet  was  already 
numbered  with  the  foremofl  mathematicians  in  Europe. 

“  There  was  not  (fays  La  Lande)  above  ten  of  that 
clafs  ;  one  at  Petersburg,  one  at  Berlin,  one  at  Bafle, 
one  at  Milan,  and  five  or  fix  at  Paris  ;  England,  which 
had  fet  fuch  an  illuftrious  example,  no  longer  produced 
a  Angle  geometer  that  could  rank  with  the  former.” 

It  is  mortifying  to  us  to  corffefs  that  this  remark  is  but 
too  much  founded  in  truth.  We  doubt  not  but  there 
are  in  Great  Britain  at  prefent  mathematicians  equal  in 
profundity  and  addrefs  to  any  who  have  exifted  iince 
the  illuftrious  Newton  ;  but  thefe  men  are  not  known 
to  the  learned  of  Europe,  becaufe  they  keep  their 
fcience  to  themfelve3.  They  have  no  encouragement, 
from  the  tafte  of  the  nation,  to  publifti  any  thing  in 
thofe  higher  departments  of  geometry  which  have  fo 
long  occupied  the  attention  of  the  mathematicians  on 
the  continent. 

In  1767  Condorcet  publifhed  his  folution  of  the  pro¬ 
blem  of  three  bodies  ;  and  in  the  following  year,  the  firft 
part  of  his  Analytical  Eflays  ;  in  which  he  entered 
very  profoundly  into  thofe  arduous  queftions,  He  was 
received  into  the  academy  on  the  8th  of  March  1769; 
and  from  that  time  till  1773  he  enriched  their  annual 
volumes  with  memoirs  on  infinite  feries,  on  partial  and 
finite  differences,  on  equations  of  condition,  and  on 
other  objects  of  importance  in  the  higher  calculus.  It 
mult  be  regretted,  that  he  indulged  fpeculation  per¬ 
haps  to  excefs  ;  the  fnethods  that  he  propofes  for  inte¬ 
gration  are  fometimes  of  a  nature  fo  extremely  general, 
as  to  refufe  to  be  accommodated  to  pradtice.  Profe- 
cuting  thofe  refearclies  for  feveral  years  longer,  he  com- 
pofed  an  ample  Treatife  on  the  Integral  Calculus,  in 
five  parts,  comprifing  the  dodtrincs  and  their  applica¬ 
tion.  It  was  afterwards  copied  out  for  the  prefs  in 
1785  by  Keralio,  formerly  governor  to  the ‘Infant  of 
Parma.  Only  1  28  pages  were  printed  ;  but  the  man u- 
feript  ftill  exifts;  as  does  that  of  an  elementary  Treatife 
on  Arithmetic.  It  istobe  hoped  that  both  of  thefe  will 
yet  be  given  to  the  public. 

His  attention  was  not,  however,  entirely  abforbed 
in  thofe  recondite  ftudies.  He  publifhed  about  this 
time  an  anonymous  pamphlet,  intitlcd  a  Letter  to  a 
Theologian ;  in  which  lie  replied  with  keen  fatire  to  the 
attacks  made  by  the  author  of  the  Three  Centuries  of 
Literature  againft  the  philofophical  fedt.  “  But  (fub- 
joins  the  prudeut  La  Lande)  he  pufhed  the  matter* 

3  L  feme  what 
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Condorcet.  fomewhat  too  far ;  for,  admitting  the  juftnefs  of  his 

Wl  fyftem,  it  was  more  prudent  to  confine  within  the  circle 

of  the  initiated  thofe  truths  which  are  dangerous  for 
the  multitude,  who  cannot  replace  by  found  principles 
what  they  would  lofe  of  fear,  of  confolation,  and  of 
hope.”  Condorcet  was  now  leagued  with  the  atheifts  ; 
and  La  Lande,  who  wifhes  well  to  the  fame  fe&,  cen- 
fures  not  his  principles,  but  only  regrets  his  rafhiiefs. 
He  was  indeed,  as  Mr  Burke  obferved,  a  fanatic  atlieift 
and  furious  democratic  republican. 

On  the  10th  of  June  177^  he  was  made  fecretary  of 
the  academy  of  fciences  ;  and  that  important  truth  he 
difeharged  through  the  red  of  his  life  with  great  ability 
and  uncommon  reputation.  The  duties  of  his  office 
required  him  to  write  the  lives  of  the  deceafed  acade¬ 
micians,  which  he  performed  with  diligence,  judgment, 
and  univerfal  applaufe  :  And  what  fpecies  of  compo- 
fitfon  is  capable  ef  being  rendered  fo  extenfively  ufeful 
as  biography  ?  In  the  molt  infinuating  form  it  con¬ 
veys  inflrudtion  ;  and,  bellowing  vitality  and  adtion  on 
the  rules  of  condudf  and  on  the  lefTons  of  virtue,  it  fires 
the  bread  with  the  nobleli  emulation.  The  life  of  a 
philofopher  mud  alfo  include  a  portion  of  the  hiftory 
of  fcience.  We  there  trace  the  fucceflive  Heps  which 
led  to  difeoveries,  and  learn  to  eftiraate  the  value  of 
thofe  acquifitions  by  the  efforts  that  were  made,  and 
the  obdacles  that  were  furmounted.  The  literati  of 
France  have  long  excelled  in  the  compofition  of  Eloges : 
but  thofe  of  Condorcet  are  of  a  very  fuperior  cad.  Re¬ 
plete  with  information  and  genuine  fcience,  theyr  main¬ 
tain  a  dignified  impartiality,  and  difplay  vigour  of  ima¬ 
gination,  with  boldnefs  and  energy  of  flyle.  The  intrepi¬ 
dity  (fay  his  Panegyrifls)  with  which  he  uttered  the  fen- 
timer.ts  of  truth  and  of  freedom,  could  not  have  been  ex¬ 
pelled  from  the  mouth  of  an  academician  under  an  ab¬ 
solute  monarchy.  It  could  not,  indeed,  till  the  prefent 
eventful  age,  have  been  expedled  under  any  government 
whatever ;  for  what  he  called  the  fentiments  of  truth  were 
the  dogmas  of  debafing  irreligion,  which  would  not  have 
been  permitted  in  the  far-famed  republics  of  Greece  and 
Rome;  and  what  he  dignified  with  the  appellation  of 
the  principles  of  freedom,  experience  has  fhown  to  have 
been  the  immediate  fource  of  anarchy,  out  of  which  has 
fprung  a  defpotifm,  the  heavicll  under  which  any  people 
have  groaned  fmee  the  creation  of  the  world. 

Befides  the  eloges,  which  pronerly  belonged  to  his 
province,  Condorcet  publifhed  in  a  feparate  volume 
the  lives  of  thofe  favants ,  who,  having  died  before  the 
renewal  of  the  academy  in  1699,  did  not  fall  in  with 
the  plan  of  Fontenelle.  The  fuppreffion  of  the  hiflory 

the  academy,  or  the  regular  abfl rafts  of  the  printed 
memoirs,  which  he  efFe&ed  in  1783,  afforded  him  more 
leifure.  In  1787  appeared,  yet  without  a  name,  his 
account  of  Turgot;  an  ineflimable  piece,  which,  in 
developing  the  beneficial  views  of  a  virtuous  and  enligh¬ 
tened  minifler,  exhibits  the  neateft  abftradt  of  the  prin¬ 
ciples  of  political  economy  that  is  extant  in  any  lan¬ 
guage.  Nearly  about  the  fame  time,  he  compofed  that 
elegant  life  which  is  prefixed  to  the  fplendid  edition  of 
the  works  of  Voltaire.  Condorcet  had  been  ele&ed 
member  of  the  academic  Frangaife  in  1782;  and  his  re¬ 
putation  as  a  fine  writer  wa.s  fo  well  .eflablifhed,  that 
bookfellers  were  folicitous  to  cover  their  undertakings 
with  the  fandtion  of  his  name.  He  promifed  an  addi¬ 
tional  volume  to  the  tranflation  of  Euler’s  Letters  to  a 
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German  Princefs  ;  but  it  was  never  finifhed.  The  part  Condi 
which  was  printed,  amounting  to  only  1  12  pages,  con-  — J 
tains  the  elements  of  the  calculation  of  probabilities,  and 
a  curious  plan  of  a  dictionary,  in  which  objects  ihould 
be  arranged  by  their  qualities  merely.  A  new  tranf. 
lation  or  Smith’s  celebrated  Wealth  of  Nations  was 
likewife  announced  with  the  notes  of  Condorcet,  tho’ 
he  was  never  heartily  engaged  about  it.  On  equally 
flight  grounds,  his  name  was  lent  to  the  Bibltotheque  de 
V Homme  Public ;  and  the  facility  of  his  temper  laid 
him  but  too  open,  at  this  period,  to  fuch  difiiigenuoiis 
arts.  Indeed  difingenuous  arts  feem  to  be  the  natural 
offspring  of  the  prefent  philofophy  of  France  ;  for  the 
tricks  played  by  Voltaire  to  his  bookfellers,  which  are 
well  known,  would  in  this  country  have  funk  into  dif- 
grace  the  grcatefl  genius  that  ever  lived  ;  and  the  at¬ 
tempt  of  Diderot  to  cheat  the  late  emprefs  of  Ruffb, 
by  idling  to  her,  at  an  iinmcnfe  price,  a  library,  which 
he  pretended  to  be  one  of  the  moft  valuable  in  Europe, 
when  he  poffeffed  not  perhaps  one  hundred  volumes, 
was  difingenjiiity  ingrafted  on  impudence.  But  to  re¬ 
turn  from  this  fhort  digreffion. 

Thefe  literary  purfuits  did  not  entirely  feduce  Con¬ 
dorcet  from  more  profound  Undies.  At  the  infligation 
of  Turgot,  he  fought  to  apply  analyfis  to  quell  ions  of 
politics  and  morality.  His  firfl  Memoir  on  Probabili¬ 
ties  was  read  to  the  academy  in  1781.  He  afterward 
extended  his  refearches  to  the  confederation  of  elections, 
fales,  and  fucceffions  ;  and  digeffing  thofe  remarks  and 
calculations  into  a  fy Hematic  fhape,  he  publifhed  in 
1785  a  quarto  volume,  containing  the  elements  of  a 
new  and  important  fcience. 

It  is  eafy  to  conceive  the  intereff  that  Condorcet 
would  take  in  the  fuccefs  ot  the  revolution.  A  ware  of 
the  piodigious  influence  of  newfpapers,  he  contributed 
largely  to  the  Journal  de  Paris ,  and  the  Chroniquc , 
which  acquired  great  celebrity  from  the  elegance  of  his 
pen  ;  and  not  very  long  before  his  death,  he  began,  in 
concert  with  tlie  famous  Sieyes,  a  Journal  of  Social  lu- 
flrudtion.  In  1791  he  wrote  a  pamphlet  in  favour  of 
republican  government,  which  procured  him  a  feat  in 
the  Legiflative  Affembly,  and  the  academy  permitted 
him  (till  to  retain  the  office  of  fecretary.  He  drew  up 
a  manifelto  on  the  fubjedt  of  the  war  menaced  by  the 
clowned  heads  ;  and  a  very  ample  report  on  public  in- 
ftrudtion,  which  has  in  part  been  lately  adopted  by  the 
councils  of  France.  He  was  an  early  member  of  the 
Jacobin  club,  that  adtive  inllrumcnt  of  the  revolution: 
but  perceiving  the  progrcfhve  ferocity  of  its  meafuies, 
he  forfook  it  in  March  1792. 

On  the  13th  of  Auguft,  when  the  king  was  conduct¬ 
ed  to  the  temple,  Condorcet  was  named  by  the  Af¬ 
fembly  to  draw  up  a  juflificatory  memorial  addreffed  to 
all  Europe.  At  the  diffoiution  of  that  Affembly,  he 
was  chofen  deputy  to  the  National  Convention,  and  for 
fome  time  adted  a  diftinguifhtd  part  in  its  deliberations. 

He  wa3  at  the  head  of  the  committee  appointed  to  pre¬ 
pare  the  plan  of  a  republican  conllitution.  But,  in  the 
meanwhile,  the  fadtfon  of  the  Mountain,  with  a  pecu¬ 
liar  energy  of  charadler,  was  rapidly  acquiring  flrength. 

The  report  of  the  committee  was  coldly  received -  was 
even  treated  with  contempt;  and,  on  the  31ft  of  May 
1793,  Robefpierre  completely  triumphed.  The  Brif- 
fotins  were  arrefled,  outlawed,  difperfed  ;  and  Condor¬ 
cet,  having  voted  againff  the  death  of  the  king,  was  in¬ 
volved 
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I  et. volved  in  the  profcription.  For  Tome  months  he  ob- 
tained  an  afylum  at  Paris  in  the  hoiife  of  a  woman, 
who  was  ignorant  of  his  perfon,  but  commiferated  his 
lot.  Nothing,  however,  could  elude  the  vigilance  of 
the  tyrant.  Menaces  of  a  ftridl  domiciliary  vifu  com 
pelled  him  at  laft,  in  March  1794,  to  quit  his  conceal¬ 
ment.  He  efcaped  the  barriers,  and  parted  the  firft  night 
in  the  plain  of  Montronge.  On  the  next  morning,  he 
repaired  to  the  houfe  of  an  old  friend  at  Fontenai,  who 
moft  unfortunately  had  gone  to  Paris,  and  was  not  ex. 
pe&ed  to  return  for  two  days.  In  thi3  deplorable  (late 
of  fufpenfe  did  Condorcet  oafs  one  night  in  a  quarry, 
and  another  under  a  tree  in  the  fields.  O11  the  third 
day  lie  haftened  to  meet  his  friend  ;  but  the  meeting 
was  fhort  and  unfatisfa&ory.  Afterahafty  rerreOiment, 
it  was  agreed  that  he  (hould  depart  in  the  meanwhile, 
to  return  again  at  night  after  all  the  fervants  were  re¬ 
tired  to  reft.  He  was  therefore  obliged  to  wander  a- 
bont  the  neighbourhood  of  Clamar.  Exhaufted  with 
hunger  and  fatigue,  and  his  feet  terribly  bruifed,  na¬ 
ture  could  hold  out  no  longer,  fie  entered  an  ale- 
houfe,  where  his  long  beard  and  haggard  looks  expoled 
him  to  fnfpicion.  A  member  of  the  revolutionary  com¬ 
mittee  of  Clamar  demanded  his  paffport,  led  him  away 
to  the  committee,  and  thence  transferred  him  to  the 
diftrid  o*  Bourg-la-Reine.  Having  arrived  too  late  for 
interrogation,  he  was  fhut  up  in  prifon  under  the  name 
of  Pierre  Simon,  with  the  intention  of  being  fent  to 
Paris.  On  the  28th  of  March  he  was  found  dead. 

Thus  miferably  perifhed  a  mod  able  philosopher,  and 
one  of  the  fineft  writers  of  tliofe  that  have  adorned  the 
prefent  century.  His  private  chara&er  is  defcribed  by 
La  Lande  as  eafy,  quiet,  kind,  and  obliging  ;  but  his 
behaviour  to  Diderot  when  dying,  difolayed,  inftead  of 
the  milk  of  human  kindnefs,  the  malignity  of  a  fiend. 
Neither  his  converfation  nor  his  external  deportment  be- 
fpokc  the  fire  of  his  genius.  D’Alembert  ufed  to  com. 
pare  him  to  a  volcano  covered  with  fnow.  He  had  a 
latent  weaknefs,  however,  of  conftitution,  which  often 
made  him  the  dupe  of  men  altogether  unworthy  of  his 
regai  d. 

It  was  during  the  period  of  his  concealment  at  Pa¬ 
ris,  uncertain  of  a  day’s  exiftence,  that  he  wrote  his 
Sketch  of  the  Progrefs  of  the  Human  Mind  ;  a  pro¬ 
duction  which  undoubtedly  difplays  genius,  though  it 
contains  fome  of  the  molt  extravagant  paradoxes  that 
ever  fell  from  the  pen  of  a  philofopher.  Among  other 
wonderful  things,  the  author  inculcates  the  owffibility, 
if  not  the  probability,  that  the  nature  of  man  may  be 
improved  to  abfolute  perfection  in  body  and  mind,  and 
his  exiftence  in  this  world  protracted  to  immortality. 
So  firmly  does  he  feem  to  have  been  perfuaded  of  the 
truth  of  this  unphilofophical  opinion,  that  he  fet  him- 
felf  ferioufly  to  confider  how  men  fhould  condudt  them- 
felves  when  the  population  fhould  become  too  great  for 
the  quantity  of  food  which  the  earth  can  produce  ;  and 
the  only  way  which  he  could  find  for  counteracting  this 
evil  was,  to  check  population  by  promifcuous  concubi¬ 
nage  and  other  practices,  with  an  account  of  which  we 
will  not  fully  our  pages.  Yet  we  are  told  by  La  Lande, 
that  this  (ketch  is  “  only  the  outline  of  a  great  work, 
which,  had  the  author  lived  to  complete  it,  would  have 
been  confidered  as  a  monument  ereCted  to  the  honour  of 
human  nature  1 i  \}*  La  Lande,  indeed,  fpeaks  of  the 


author  in  terms  of  high  refpcdl  ;  and  his  abilities  are  Conferva 
certainly  unqueftionable  :  but  what  (hall  we  think  of  i  •  11 
the  morals  of  that  man,  who  fiiit  ptirfued  with  ma-  ^ontagi°n« 
licious  reports,  and  afterwards  hired  ruffians  to  aftafii-*  jour>  je 
nate  *,  the  old  Duke  of  Rochefoucalt,  in  whofe  houfe  Plyf  Nov. 
he  had  been  brought  up  ;  by  whom  he  had  been  treat  -  1792* 
ed  as  a  fon  ;  and  at  whole  felicitation  Turgot  created 
for  him  a  lucrative  office  ;  and  by  the  power  of  the 
court  raifed  him  to  all  his  eminence  i  There  is  a  living 
Engiifti  writer,  who  has  laboured  hard  to  prove  that 
gratitude  is  a  crime.  Condorcet  mnft  furely  have  held 
the  fame  opinion  ;  and  therefore  could  not  blame  thofe 
low  born  tyrants  who  put  him  to  death  by  what  we 
would  call  an  unjuj} ftnience  ;  for  it  was  in  fome  degree 
to  his  writings  that  thofe  tyrants  were  indebted  for  tlieir 
power. 

About  the  end  of  the  year  1786,  Condorcet  married 
Marie  Louiie  Sophie  de  Grouchy,  whofe  youth,  wit, 
and  beauty,  were  lefs  attradive  in  the  eyes  of  a  philo¬ 
fopher  than  the  tender  and  courageous  anxiety  with 
which  (he  watched  the  couch,  and  aftuaged  the  fufier- 
ings,  of  the  fon  of  the  prefident  du  Paty,  who  had  been 
bitten  by  a  mad  dog.  This  union,  however,  we  are 
told,  was  fatal  to  his  repofe ;  it  tempted  him  into  the 
dangerous  road  of  ambition  ;  and  the  idea  of  providing 
for  a  wife  and  daughter  induced  him  to  feek  for  offices 
which  once  he  would  have  delpifed. 

CONFERVA  Jugalis  (lee  Conferva  Encyil .)  is 
introduced  here  merely  on  account  of  a  curious  circum* 

(lance  refpeCting  it,  which  was  communicated,  not  long 
ago,  to  the  Piiilomatic  Society  at  Paris.  Citizens 
Charles  and  Romain  Coquebert  having  colle&ed  fome 
of  this  Conferva  in  the  neighbourhood  of  Paris,  afeer- 
tained,  by  means  of  an  excellent  microfcope,  conftrudled 
by  Nairne  and  Blunt,  that,  in  this  fpecies,  there  are 
male  and  female  filaments,  which  unite  by  an  aflual  co¬ 
pulation  ;  that  certain  globules  contained  in  the  male 
filaments  pafs  into  the  interior  part  of  the  female  fila¬ 
ments  ;  and  that  by  this  union  there  are  formed  in  the 
latter  feeds,  or,  if  we  may  ufe  the  expiefiion,  fmall  ova, 
which  reproduce  the  fpecies.  This  is  the  fi rft  inftance, 
in  the  vegetable  kingdom,  of  a  reprodu&ion  abfolutely 
analogous  to  that  which  we  find  among  animals.  Phi - 
lofophical  Magazine ,  n°  3. 

May  this  fa&  be  depended  on  We  queftion  not,  in 
the  (lighted  degree,  the  veracity  of  the  editor  of  the 
very  refpe&able  mifcellany  from  which  we  have  copied 
it  ;  but  we  confefs  onrfelves  inclined  to  admit  the  phy- 
fiological  diicoveries  of  citizen  philofophers  with  great 
helitation.  The  fa&,  if  real,  is  certainly  curious,  and 
may  lead  to  important  conclufions;  and  we  therefore  re¬ 
commend  an  inveftigation  of  its  truth  to  our  botanical 
readers. 

CONGELATION,  fee  Chemistry  in  this  Sup¬ 
plement,  n°  280 — 283. 

CONTAGION  (lee  EncycL)  is  a  fubjedl  on  which 
much  has  been  written  to  very  little  purpofe.  Of  ail 
the  attempts  which  have  been  made  to  account  for  it, 
there  is  not  one  that  can  be  thought  fatisfadlory.  This, 
however,  is  not  perhaps  a  matter  of  great  importance, 
if  a  method  could  only  be  diicovered  to  flop  the  pro- 
grefa  of  contagion  where  it  is  known  to  have  place. 

Among  the  many  benefits  which  may  be  reaped  from 
the  late  difeoveries  in  Chemiftry,  even  this  defideratum 
3  L  2  promifes 
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proroifes  to  be  one  and  we  furety  need  not  add  one 
of  the  greateft.  Dr  James  Carmichael  Smyth,  phyfi- 
cian  extraordinary  to  his  Majefty,  fuggeffed,  in  the 
year  1795  or  1796,  a  procefs  for  determining  the  effedl 
of  the  nitric  acid  in  deftroying  contagion  ;  and  experi¬ 
ments,  according  to  his  dire&ions,  were  made  on  board 
the  Union  and  other  fhips  at  Sheernefs. 

The  Union  was  an  hofpital  (hip,  and  the  experiment 
on  board  her  was  conduced  by  Mr  Menzies,  late  fur- 
geon  to  his  Majefty’a  (loop  Difcovery,  and  by  Mr  Baf- 
fan,  furgeon  of  the  Union  ;  and  when  it  is  confidered, 
that  fre(h  contagion  was  daily  pouring  into  the  hofpital 
from  the  Ruffian  veffels,  which  were  at  that  time  lying 
in  the  Downs,  and  which  had  brought  with  them  a 
fpecies  of  fever  that  might  in  every  fenfe  of  the  word 
be  termed  an  epidemy,  it  will  be  allowed,  that  the  fuc- 
cefs  which  attended  it  was  fuch  that  it  cannot  be  too 
generally  known. 

The  wards  were  extremely  crowded,  and  the  fick  of 
every  defcription  lay  in  cradles,  promifcuoufly  arran¬ 
ged,  to  the  number  of  nearly  two  hundred  ;  of  which, 
about  one  hundred  and  fifty  were  in  different  ftages  of 
the  above  malignant  fever,  v/hich  was  extremely  conta¬ 
gious,  as  appeared  evident  from  its  rapid  prog  refs  and 
fatal  effe&s  among  the  attendants  on  the  fick  and  the 
fhip’s  company. 

The  utenfils  and  materials  provided  for  the  procefs 
were  the  following:  A  quantity  of  fine  fand,  about  two 
dozen  quart  earthen  pipkins,  as  many  common  tea¬ 
cups,  fome  long  (lips  of  glafs  to  be  ufed  as  fpatulas,  a 
quantity  of  concentrated  vitriolic  (fulphuric)  acid,  and 
a  quantity  of  pure  nitre  (nitrat  of  potato). 

The  procefs  was  conduced  in  the  following  manner: 

All  the  ports  and  fcuttles  were  tout  up  ;  the  fand, 
which  had  been  previoufly  heated  in  iron  pots,  was  then 
fcooped  out  into  the  pipkins  by  means  of  an  iron  ladle; 
and  in  this  heated  fand,  in  each  pipkin,  a  fmall  tea- cup 
was  immerfed,  containing  about  half  an  ounce  of  the 
fulphuric  acid,  to  which,  after  it  had  acquired  a  proper 
degree  of  heat,  an  equal  quantity  of  nitrat  of  potato  in 
powder  was  gradually  added,  and  the  mixture  ftirred 
with  a  glafs  fpatula  till  the  vapour  arofe  from  it  in  con- 
fiderable  quantity  (a).  The  pipkins  were  then  carried 
through  the  wards  by  the  nurfes  and  convalefcents,  who 
kept  walking  about  with  them  in  their  hands,  occafion- 
ally  putting  them  under  the  cradles  of  the  fick,  and  in 
every  corner  where  any  foul  air  was  fufpe&ed  to  lodge. 
In  this  manner  they  continued  fumigating,  -  until  the 
whole  fpace  between  decks  was  fore  and  aft  filled  with 
the  vapour,  which  appeared  like  a  thick  haze. 

The  vapour  at  firff  excited  a  good  deal  ef  coughing 
among  the  patients,  which  gradually  ceafed  as  it  be¬ 
came  more  generally  diffufed  through  the  wards  1  part 
of  this  effect,  however,  was  to  be  attributed  to  the  in¬ 
attention  of  thofe  who  carried  the  pipkins,  in  putting 
them  too  neat  the  faces  of  the  fick  ;  which  caufed  them 
to  inhale  the  ffrong  vapour  as  it  immediately  iffued  from 
the  cups. 
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The  body-clothes  and  bed- clothes  of  the  lick  were,  Co 
as  much  as  pofiihle,  expofed  to  the  nitrous  vapour  du- 
ring  the  fumigation  ;  and  all  the  foul  linen  removed 
from  them  was  immediately  immerfed  in  a  tub  of  cold 
water,  afterwards  carried  on  deck,  rinfed  out,  and  hung 
up  till  nearly  dry,  and  then  fumigated  before  it  was  ta¬ 
ken  ro  the  wafli-houfe  :  a  precaution  extremely  necef- 
fary  in  every  cafe  of  infe&ious  diforder.  Due  attention 
was  alfo  paid  to  cleanlinefs  and  ventilation. 

It  took  about  three  hours  to  fumigate  the  (hip.  In 
about  an  hour  after,  the  vapour  having  entirely  fubfi- 
ded,  the  ports  and  fcuttles  were  thrown  open  for  the 
admiffion  of  freto  air.  It  could  plainly  be  perceived 
that  the  air  of  the  hofpital  was  greatly  fweetened  even 
by  this  firff  fumigation.  The  procefs  was  repeated 
again  next  morning  ;  and  the  people  employed,  being 
now  better  acquainted  with  it,  were  more  expert,  and 
finitoed  the  whole  in  about  an  hour’s  time.  In  an 
hour  afterwards,  the  vapour  having  entirely  fubfided,. 
the  freto  air  wa3  freely  admitted  into  the  hofpital  as 
before.  Fewer  pipkins  were  employed  for  the  evening 
fumigations  than  for  thofe  of  the  mornings,  as  the  frefh 
air  could  not  be  admitted  fo  freely  after  the  former  as 
the  latter. 

The  pleafing  and  immediate  effe&  of  the  fumigation 
in  deftroying  the  offenfive  and  difagreeable  fmell,  arifing 
from  fo  many  fick  crowded  together,  was  now  very 
perceptible,  even  to  the  nurfes  and  attendants ;  the  con- 
fequenee  of  which  was,  that  they  began  to  place  fome 
degree  of  confidence  in  its  efficacy,  and  approached  the 
cradles  of  the  infe&ed  with  lefs  dread  of  being  attack¬ 
ed  with  the  diforder :  fo  that  the  fick  were  better  at¬ 
tended,  and  the  duty  of  the  hofpital  was  more  regular¬ 
ly  and  more  cheerfully  performed.  In  toort,  a  pleafing 
gleam  of  hope  feemed  now  to  caff  its  cheering  influence 
over  that  general  defpondency,  which  was  before  evi¬ 
dently  pictured  in  every  countenance,  from  the  dread 
and  horror  each  individual  naturally  entertained  of  be¬ 
ing,  perhaps,  the  next  victim  to  the  malignant  powers 
of  a  virulent  contagion. 

It  is  a  remarkable  fa&,  that  from  the  26th  of  No¬ 
vember  1795,  w^en  the  fumigation  was  firff  retorted 
to,  till  the  25th  of  December,  not  a  perton  on  board 
was  attacked  with  the  fever,  though*  in  the  three 
months  preceding,  more  than  one  third  of  all  the  people 
in  the  (hip  had  been  feized  with  the  diftemper,  and  of 
thefe  more  than  one  in  four  were  carried  off  by  it ;  and 
the  probability  is,  that  the  ficknefs  and  mortality  would 
have  gone  on,  increafing  in  proportion  to  the  diffufion 
of  the  contagion,  and  to  the  increafing  defpondency  of 
the  people,  who  confidered  themfelves  as  fo  many  devo¬ 
ted  vi&ims. 

The  advantage  of  the  fumigation  was  not  felt  by  the 
(hip’s  company  and  attendants  alone,  whom  it  preferved 
from  the  baneful  effe&s  of  the  fever  :  the  fick  and  con* 
valefcents  derived  almoft  an  equal  benefit  from  it.  The 
fymptoms  of  the  difeafe  were  meliorated,  and  loff  much 
of  their  malignant  appearance  j  and  the  advantage  of  a 

pure 
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(a)  That  the  fumes  of  the  mineral  acids  poffeffed  the  property  of  (lopping  contagion  was  proved  by  Morveao 
as  far  back  as  the  year  177 3,  who,  by  means  of  the  fumes  of  muriatic  acid  extricated  from  the  muriat  of  foda 
Jfea  fait)  by  the  fulphuric  acid,  purified  the  air  of  the  cathedral  of  Dijon,  which  had  been  fo  much  infe&ed  by 
exhumations  that  they  were  obliged  to  abandon  the  building.  See  Chemistry,  n?  42 6,  in  this  Supplement. 
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,t;  >n  pure  air,  and  free  from  ilench,  to  convalefcents,  may  be 
Is  readily  conceived. 

J  Great  confidence  is  always  dangerous.  It  proved  fo 
on  the  prefent  occalion.  On  the  17th  of  December 
they  imagined  themfelves  fo  fecure,  that  they  difeon- 
tinned  the  cuilom  of  fumigating  morning  and  evening, 
thinking  that  once  a  day  was  fufficient.  On  the  25th, 
one  of  the  nurfes  fuffered  a  flight  attack  ;  and  on  the 
26th,  a  marine,  who,  for  a  week  before,  had  been  in  a 
Itate  of  intoxication,  was  feized  with  the  fever,  of  which 
he  died.  Thefe  two  accidents  gave  immediate  alarm  : 
they  returned  again  to  the  pra&ice  of  fumigating  twice 
a  day ;  and  from  that  time  to  the  extermination  of  the 
difoider,  there  was  not  an  inflance  of  a  perfon  fuffering 
from  contagion  on  board  the  (hip. 

The  fuccefs  of  the  experiment  was  not  confined  to 
the  Union  :  the  power  of  the  nitrous  vapour  to  deftroy 
contagion  was  equally  difplayed  on  board  the  Ruffian 
fhips  in  which  it  was  employed.  The  fafety,  too,  with 
which  it  may  be  employed,  in  any  fituation,  without 
inconvenience  or  rifle  of  fire,  is  another  great  recom¬ 
mendation  in  its  favour. 

From  the  defeription  that  has  been  given  of  the  pro- 
cefs,  no  perfon  can  be  at  any  lofs  in  reforting  to  the 
fame  kind  of  fumigation.  It  is  only  neceffary  to  ob- 
ferve,  for  the  fake  of  thofe  who  may  not  be  verfant  in 
chemical  purfuits;  that  the  ingredients  ought  to  be 
pure,  and  that  metal  veffels  or  rods  mud  not  be  em¬ 
ployed.  Any  kind  of  metal  getting  among  the  ingre¬ 
dients  would  caufe  the  vapour  to  be  very  noxious  in- 
llead  of  falutary.  The  fumes  that  rife  fhould  be  white; 
if  they  are  of  a  red  colour,  there  is  reafon  to  fufpedl  the 
purity  of  the  ingredients. 

The  importance  of  this  difeopery  need  not  be  infilled 
on  :  it  is  equally  applicable  to  every  fpecies  of  putrid 
contagion,  even  to  the  plague  itfelf.  It  fhould  there¬ 
fore  be  ufed  in  all  hofpitals  and  parifh  workhoufes;  and 
fhould  be  conftantly  reforted  to  by  the  proprietors  of  all 
large  wo'ks,  on  the  firfl  appearance  of  infe£ious  difeafe 
among  the  people  employed  in  them  : — indeed,  it  fhould 
he  employed  even  as  a  preventive  iu  all  fituations  where  a 
number  of  people,  from  the  nature  of  their  bufmefs, 
are  obliged  to  be  crowded  together,  or  where,  from  lo- 
cal  circumflances,  there  are  ieafons  for  fufpedling  that 
the  purity  of  the  air  is  injured  by  noxious  exhala¬ 
tions  or  other  caufes.  If  there  be  any  circumflances  m 
which  its  utility  may  be  called  in  queflion,  it  can  only 
be  in  cafes  of  inflammatory  difeafts ;  for,  in  fuch,  fuper- 
oxygenation  has  been  found  hurtful 

CONTRA-Harmonical  Proportion ,  that  relation 
of  three  terms,  in  which  the  difference  of  the  firfl  and 
fecond  is  to  the  difference  of  the  fecond  and  third,  as 
the  third  is  to  the  firfl.  Thus,  for  iiftance,  3,  5,  and 
6,  are  numbers  coatra-harmonically  proportional  ;  for 
2  :  1  i :  6  :  3. 

Contra-Mum ,  in  fortification,  is  a  little  wall  built 
before  another  partition  wall,  to  ftrengthen  it,  fo  that  it 
may  receive  no  damage  from  the  adjacent  buildings. 

COOPER,  an  artificer  who  makes  coops,  cafks, 
tubs,  or  barrels,  L  c.  all  kind3  of  wooden  veffels  bound 
together  by  hoops.  See  EncycL 
The  art  of  the  cooper  appears  to  be  of  great  anti¬ 
quity,  and  to  have  very  foon  attained  to  all  the  perfec¬ 
tion  which  it  poffelTes  at  prefent.  This  being  the  cafe, 
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it  is  obvious  that  we  can  communicate  no  inflruftion  to  Cooper* 
the  cooper  himfelf,  and,  on  the  fubje&  of  his  art,  very 
little  that  could  be  interefting  to  our  other  readers.  In 
the  Encyclopedic  Mcthodique  there  is  a  long  and  verbofe 
account  of  the  tools  or  inflruments  employed  by  the 
cooper  ;  of  the  kinds  of  timber  proper  for  the  different 
kinds  of  calks  ;  of  the  methods  of  preparing  the  wood 
for  his  various  purpofes  ;  of  the  manner  in  which  he 
ought  to  hold  the  plane  when  dreffing  the  ftave3  ;  and  of 
the  time  when  it  is  proper  to  put  the  Haves  together, 
or,  in  other  words,  to  mount  the  cafk.  From  this  de¬ 
tail  we  ftall  extradl  fuch  particulars  as  appear  to  us  to 
be  lead  generally  known,  though  perhaps  of  no  great 
importance  in  themfelves. 

Notwithftanding  the  antiquity  of  the  art  of  cajh* 
building ,  there  are  fome  countries  in  which  even  now  it 
is  wholly  unknown  ;  and  others  where,  though  it  is 
fufficiently  known,  yet,  from  the  fcarcity  of  wood  or 
fome  other  caufe,  earthen  veffels,  and  fkins  lined  with' 
pitch,  are  preferred  to  wooden  barrels  for  the  holding 
and  tranfporting  of  liquors.  The  Latin  word  dolium9 
which  we  tranflate  u  a  cafk,”  was  employed  by  the 
Romans  to  denote  earthen  veffels  ufed  for  this  purpofe  ; 
though  the  word  dolare ,  from  which  it  is  derived,  ap¬ 
plies  very  well  to  our  calks,  which  are  compofed  of  fe* 
veral  pieces  of  wood  hewn  from  the  fame  tree,  and  fit* 
ted  by  planes  before  they  be  joined  together.  We  are' 
indeed  certain  that  cafks  of  the  fame  kind  with  our 
own  were  in  ufe  among  the  Romans  before  the  Chrif- 
tian  era  ;  for  both  Varro  and  Columella,  in  treating  of 
the  rural  economy  of  their  days,  fpeak  of  veflels  formed 
of  feveral  flavcs  of  wood  bound  together  by  circles  or 
hoops.  The  merit  of  having  invented'  fuch  veffels  is 
given  by  Pliny  to  certain  people  who  lived  at  the  foot 
of  the  Alps,  and  who  in  his  days  lined  their  calks  with 
pitch. 

At  what  period  the  fabrication  of  cafks  was  introdu¬ 
ced  into  Britain  is  unknown  to  us,  though  it  is  probable 
that  we  derived  the  art  from  the  French,  who  might 
have  it  from  the  Romans. 

We  need  hardly  inform  any  of  our  readers,  that  a 
cafk  has  the  appearance  of  two  truncated  cones  joined 
at  their  bafes,  or  that  the  part  where  the  jun&ion  ap¬ 
pears  to  be  made  being  the  mod  capacious,  or  that  of 
which  the  diameter  is  the  larged,  1*3  vulgarly  called  the 
belly  of  the  cafk.  Thefe  cones,  however,  were  they 
completed,  would  not  be  regular,  but  rather  conoids ,  be¬ 
ing  formed  of  pieces  of  timber,  or  Haves,  which  are  not 
draight  lines  as  in  the  cone,  but  are  curved  from  the 
vertex  to  the  bafe. 

In  choofing  his  wood,  if  he  can  have  a  choice,  the 
cooper  prefers  old  and  thick  and  draight  trees,  from 
which  he  hews  thin  planks  to  be  formed  into  Haves  ; 
and  in  France,  where  this  art  is  pra&ifed  on  a  large 
fcale,  the  winter  months  are  allotted  for  the  prepara¬ 
tion  of  the  Haves  and  bottoms,  and  the  fummer  for  put¬ 
ting  them  together  or  mounting  the  cafk.  The  author 
of  the  article  in  the  Encyclopedic  Methodique  directs  the 
cooper,  when  dreffing  the  Haves  with  the  plane,  to  cut 
the  wood  always  acrofs  ;  a  practice  which  we  doubt 
not  is  proper,  though  we  think  it  would  not  be  eafy  to 
afiign  the  reafon  of  it.  Plaining  is  the  mod  laborious 
and  difficult  part  of  the  work  ;  and  there  are  but  few 
coopers  who  plane  quickly)  and  at  the  fame  time  well. 
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In  {hops  where  the  work  is  diftributed  into  parts,  plain¬ 
ing  is  reckoned  a  great  obje& ;  and  in  France,  before 
the  revolution,  a  good  plainer  gained  from  three  {hil¬ 
lings  and  threepence  ilerling  to  four  {hillings  and  three 
farthings  a*day. 

Iri  forming  the  (laves,  it  mufl  never  be  forgotten  that 
each  is  to  conftitute  part  of  a  double  conoid  ;  that  it 
imift  therefore  be  broadeft  at  the  middle,  becoming  gra¬ 
dually,  though  not  in  flraight  lines,  narrower  towards 
the  extremities  ;  that  the  outfide  acrofs  the  wood  mult 
be  wrought  into  the  fegment  of  a  circle  ;  and  that  the 
{lave  mud  be  thickeft  near  the  middle,  growing  thinner, 
by  very  gentle  degrees,  towards  the  ends.  To  adjud 
accurately  thefe  different  curves  (for  even  the  narrow¬ 
ing  of  the  Haves  mufl  be  in  a  curve)  to  the  fize  and  in¬ 
tended  fhape  of  the  ca{k,  would  require  either  great  ex¬ 
perience,  or  a  larger  portion  of  mathematical  feienee 
than  we  have  reafon  to  think  that  many  coopers  pof- 
fefs.  With  refpeft  to  the  infide  of  the  Have,  it  is  of 
little  confequence  whether  it  be  rounded  into  the  feg* 
meut  of  a  circle  or  not,  and  therefore  the  cooper  very 
feldom  takes  ^hat  trouble. 

The  flave3  being  all  dreffed  and  ready  to  be  arran¬ 
ged  in  a  circular  form,  it  might  be  thought  neceffary, 
in  order  to  make  the  Teams  tight,  to  trim  the  thin 
edges,  which  are  to  be  joined  together,  in  fuch  a  man¬ 
ner  as  that  a  ray  paffing  from  the  outfide  of  the  calk 
through  a  feam  to  the  centre,  fhould  touch  the  conti¬ 
guous  Haves  from  the  exterior  to  the  interior  fide  ;  in 
other  words,  that  the  thin  edges  fhould  be  Hoped  as  the 
archilones  of  a  bridge  are  Hoped,  fo  that  the  contigu¬ 
ous  flaves  may  be  brought  into  firm  contact  throughout 
the  whole  joint.  This,  however,  is  not  the  pra&ice  of 
the  cooper.  With  great  propriety  he  brings  the  con* 
tignous  Haves  into  contact  at  their  inner  furfaces  only  ; 
fo  that  by  driving  the  hoops  hard,  he  can  make  the 
joints  muchclofer  than  he  could  poffiblyhave  done  had 
the  edges  of  the  flaves  been  fo  Hoped  as  to  permit  them 
to  touch  each  other  throughout  before  being  drove  to¬ 
gether  by  the  comprefllon  of  the  hoops.  This,  toge¬ 
ther  with  giving  to  the  Haves  the  proper  curvature, 
feems  to  be  the  only  part  of  the  cooper’s  work  which 
deferves  the  name  of  art ;  for  the  driving  of  the  hoops 
and  the  forming  of  the  bottoms  could  certainly  be  ac- 
complifhed  by  any  carpenter,  we  had  almod  faid  by 
any  man,  though  he  had  never  feen  a  hoop  driven  or  a 
bottom  formed. 

In  many  parts  of  Scotland,  inflead  of  ale  or  beer 
mugs,  they  ufe  fmall  hooped  wooden  veffels,  of  which 
the  Haves  are  feather-edged  or  dove-tailed  into  one  an¬ 
other.  This,  as  the  Haves  are  of  different  colours,  in- 
creafes  the  beauty  of  the  veffel,  and  to  a  fuperficial  ob- 
ferver  appears  to  be  an  ingenious  contrivance  ;  but  it 
adds  nothing  t©  the  flrength  or  tightnefs  of  the  feam, 
and  cannot  be  attended  with  the  fmalleft  difficulty.  We 
think,  indeed,  that  in  a  large  cafk  or  tub  it  would 
prove  injurious  to  the  feam  ;  for  either  thefe  dove-tails 
mufl  be  very  thin  flips  raifed  from  the  interior  edges  of 
the  Haves,  which  in  many  cafes  could  not  be  done  if  the 
wood  were  thoroughly  feafoned  ;  or  if  they  be  cut  out 
like  inverted  wedges,  the  contiguous  Haves  muff  be 
brought  into  conta&  from  the  interior  to  the  exterior 
fide  previous  to  the  driving  of  the  hoops  ;  and  in  that 
cafe,  as  we  have  feen,  the  Teams  could  not  be  made 
completely  tight. 


COPERNICUS  (Nicolaus),  thereflorer,  if  not  the  Cep, it 
inventor,  of  the  true  fyflem  of  the  fun,  holds  fo  confpt-  v"-l 
cuous  a  place  in  the  republic  of  fcience,  that  every  man 
of  a  liberal  education  muff  be  interested  both  in  the 
events  of  his  life  and  in  the  hiffory  of  his  difeoveries. 
Accordingly,  in  the  Encyclopaedia,  we  have  given  a 
fliort  {ketch  of  his  hiffory,  as  well  as  an  account  of  what 
led  him  to  fuppofe  the  fun  placed  in  the  centre  of  our 
fyffem  (fee  Copernicus,  and  Astronomy,  n°  2?. 
EncycL)  Since  thefe  articles  were  publifhed,  Dr  Adam 
Smith’s  Effays  on  Philofophtccil  Subje&s  have  been  given 
to  the  world  ;  and  in  that  which  is  intitled  The  Hijhry 
of  AJlronomy ,  wc  have  an  account  of  Copernicus’s  dif¬ 
eoveries,  fo  much  more  perfpicuous  and  fadsfadtory  than 
any  thing  which  we  have  el fe where  feen  on  the  fubjecl, 
that  we  are  perfuaded  our  readers  will  be  pleafed  to 
meet  with  it  here. 

“  f'he  confufion  (fays  Dr  Smith)  in  which  the  old 
hypothelis  reprefented  the  heavenly  bodies,  was,  as  Co¬ 
pernicus  himfelf  tells  us,  what  firft  fuggellcd  to  him  the 
defign  of  forming  a  new  fyffem,  that  thefe,  the  nobleil 
works  of  Nature,  might  no  longer  appear  devoid  of  that 
harmony  and  proportion  which  difeover  themfclves  in 
her  meaneff  prodti&ions.  What  mofl  of  all  diffatisfied 
him  was,  the  notion  of  the  equalizing  circle,  which,  by 
reprefenting  the  revolutions  of  the  celeftial  fpheres  as 
equable  only,  when  furveyed  from  a  point  that  was  dif¬ 
ferent  from  their  centres,  introduced  a  real  inequality 
into  their  motions  ;  contrary  to  that  mofl  natural,  and 
indeed  fundamental  idea,  with  which  all  the  authors  of 
aftronomical  fyftems,  Plato,  Eudoxus,  Ariffotle,  even 
Hipparchus  and  Ptolemy  themfelves,  had  hitherto fet  out, 
that  the  real  motions  of  fuch  beautiful  and  divine  objects 
muff  neceffarily  be  perfe&ly  regular,  and  go  on,  in  a  man¬ 
ner  as  agreeable  to  the  imagination  as  the  obje&s  them- 
ftlves  are  to  the  fenfes.  He  began  to  confider,  there¬ 
fore,  whether,  by  fuppofing  the  heavenly  bod.es  to  be 
arranged  in  a  different  order  from  that  in  which  Arif- 
totle  and  Hipparchus  had  placed  them,  this  fo  much 
fought  for  uniformity  might  not  be  bellowed  upon  their 
motions.  To  difeover  this  arrangement,  he  examined 
all  the  obfeure  traditions  delivered  down  to  us,  concern¬ 
ing  every  other  hypothefis  which  the  ancients  had  in¬ 
vented,  for  the  fame  pnrpofe.  He  found,  in  Plutarch, 
that  fome  old  Pythagoreans  had  reprefented  the  earth 
as  revolving  in  the  centre  of  the  umverfe,  like  a  wheel 
round  its  own  axis ;  and  that  others,  of  the  fame 
had  removed  it  from  the  centre,  and  reprefented  it  as 
revolving  in  the  ecliptic  like  a  ftar  round  the  central  | 
fire.  By  this  central  fire  he  fnppofed  they  meant  the 
fun;  and  though  in  this  he  was  very  widely  miftaken, 
it  was,  it  feems,  upon  this  interpretation  that  he  began 
to  confider  how  fuch  an  hypothefis  might  be  made  to 
correfpond  to  the  appearances.  The  fuppofed  autho¬ 
rity  of  tliofe  old  philofophers,  if  it  did  not  originally 
fuggeft  to  him  his  fyffem,  feems  at  leaft  to  have  confirm¬ 
ed  him  in  an  opinion  which,  it  is  not  improbable,  he 
had  before-hand  other  reafons  for  embracing,  notwith- 
Handing  what  he  himftif  would  affirm  to  the  con- 
trary. 

“  It  then  occurred  to  him,  that  if  the  earth  was  fup¬ 
pofed  to  revolve  every  day  round  its  axis,  from  weft  to 
ealt,  all  the  heavenly  bodies  would  appear  to  revolve,  in 
a  contrary  dire&ion,  from  eaft  to  weft.  The  diurn?.l  ! 
revolution  of  the  heavens,  upon  this  hypothefis,  might 
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fenfible  motion,  might  be  perfedfty  at  reft  ;  while  the 
fun,  the  moon,  and  the  five  planets,  might  have  no 
other  movement  befide  that  eaftward  revolution  which 
is  peculiar  to  thcmfelves  That,  by  fuppofmg  the 
earth  to  revolve  v/ith  the  planets  round  the  fun,  in  an 
orbit,  which  comprehended  within  it  the  oibits  of  Ve¬ 
nus  and  Mercury,  but  was  comprehended  within  thofe 
of  Mars,  Jupiter,  and  Saturn,  he  could,  without  the 
embarrafirnent  of  epicycles,  conned  together  the  appa¬ 
rent  annual  revolutions  of  the  fun,  and  the  direft,  re¬ 
trograde,  and  ftationary  appearances  of  the  planets  ; 
that  while  the  earth  really  revolved  round  the  fan  on 
one  fide  of  the  heavens,  the  fun  would  appear  to  re¬ 
volve  round  the  earth  on  the  other;  that  while  flic 
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earth,  they  are  neceflarily  left  behind  by  it,  and  there¬ 
fore  feem  to  revolve  backwards  ;  as  a  fhip  which  fails 
flower  than  another,  though  it  fails  in  the  fame  direc- 
tion,  appears  from  that  other  to  fail  backwards.  After 
the  fame  manner,  by  the  fame  annual  revolution  of  the 
earth,  he  connected  together  the  dired  and  retrograde 
motions  of  the  two  itifeiior  planets,  as  well  as  th°efta- 
tionary  appearances  of  all  the  five. 

1  hus  far  did  tin’s  new  account  of  things  render  the 
appearances  of  the  heavens  more  completely  coherent 
than  had  been  done  by  any  of  the  former  fyftems.  It 
did  this,  too,  by  a  more  fimple  and  intelligible,  as  well 
as  more  beautiful  machinery.  It  reprcfented  the  fun. 


„  ,  V.  V -  V - V”  V - .  the  ^reat  enl,'g^ener  of  the  univerfe,  whofe  body  wag 

eally  advanced  m  her  annual  courfe,  he  would  appear  alone  larger  than  all  the  planets  taken  together,  as'  efta. 
to  advance  eaflUvard  m  that  movement  jvhich  is  peculiar  blifhed  immoveable  in  the  cent.e,  (bedding  light  and 


to  himielf.  That,  by  fuppofing  the  axis  of  the  earth 
to  be  always  parallel  to  itfelf,  not  to  be  quite  perpen¬ 
dicular,  but  fomewhat  inclined  to  the  plane  of  her  or¬ 
bit,  and  confequently  to  prefent  to  the  fun,  the  one 
pole  when  on  the  one  fide  of  him,  and  the  other  when 
on  the  other,  he  would  account  for  the  obliquity  of  the 
ecliptic  ;  the  fun’s  feemingly  alternate  progreffion  from 
north  to  fonth,  and  from  fouth  to  north,  the  confequent 
change  of  the  feafons,  and  different  lengths  of  days  and 
nights  in  the  different  feafons. 

If  this  new  hypothesis  thus  connefted  together  all 
thefe  appearances  as  happily  as  that  of  Ptolemy,  there 
were  others  which  it  connefted  together  mueh  better. 
The  three  fnperior  planets,  when  yearly  in  conjunction 
with  the  fun,  appear  always  at  the  greateft  distance  from 
the  earth,  arc  fmalleft,  and  leaf!  fenfible  to  the  eye,  and 
feem  to  revolve  forward  in  their  direft  motion  with  the 
greateft  rapidity.  On  the  contrary,  when  in  oopofi- 
tion  to  the  fun,  that  is,  when  in  their  meridian  about 
rpidnight,  they  appear  neareft  the  earth,  are  largeft,  and 
moft  fenfible  to  the  eye,  and  feem  to  revolve  backwards 
in  their  retrograde  motion.  To  explain  thefe  appear¬ 
ances,  the  fyftem  of  Ptolemy  fuppofed  each  of  thefe 
planets  to  be  at  the  upper  part  of  their  feveral  epicy¬ 
cles  in  the  one  cafe,  and  at  the  lower  in  the  other. 
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But  it  afforded  no  fatisfaftory  principle  of  connexion, 

which  could  lead  the  mind  eafily  to  conceive  how  the  uiu  me  isccuny  <iuu  mupiicity  01  mis  lyitero 

epicycles  of  thofe  planets,  whofe  fpliercs  were  fo  diftant  alone  recommend  it  to  the  imagination:  the  novelty 
from  the  fphere  of  the  fun,  ihouk!  thus,  if  one  may  fay  and  unexpeftednefs  of  that  view  of  nature  which  it 
fo,  keep  time  to  his  motion.  The  fyftem  of  Coperm-  opened  to  the  fancy,  excited  more  wonder  and  furprife 
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heat  on  all  the  worlds  that  circulated  around  him  in 
one  uniform  direction,  but  in  longer  or  fhorter  periods, 
according  to  their  different  diftances.  It  took  away 
the  diurnal  revolution  of  the  firmament,  whofe  rapidity, 
upon  the  old  hypothefis,  was  beyond  what  even  thought 
could  conceive.  It  not  only  delivered  the  imagination 
from  the  embarraffment  of  epicycles,  but  from  the  diffi¬ 
culty  of  conceiving  thefe  two  oppofite  motions  going 
on  at  the  fame  time,  which  the  fyftem  of  Ptolemy  and 
Ariftotle  be flowed  upon  all  the  planets  ;  I  mean,  their 
diurnal  weftward,  and  periodical  caftward  revolutions. 
The  earth’s  revolution  round  its  own  axis  took  away 
the  neceffitv  for  fuppofing  the  fir  ft,  and  the  fecond  was 
eafily  conceived  when  by  itfelf.  The  five  planets,  which 
feem,  upon  all  other  fyftems,  to  be  objefts  of  a  fpecies 
by  thcmfelves,  unlike  to  every  thing  to  which  the  ima¬ 
gination  has  been  accuftomcd,  when  fuppofed  to  revolve 
along  with  the  earth  r^und  the  fun,  were  naturally  ap¬ 
prehended  to  be  objects  of  the  fame  kind  with  the  earth, 
habitable,  opaque,  and  enlightened  only  by  the  rays  of 
the  fun.  And  thus  this  hypothefis,  by  claffing  them  in 
the  fame  fpecies  of  tilings,  with  an  obj eft  that  is  of  all 
others  the  moft  familiar  to  us,  took  off  that  wonder  and 
uncertainty  which  the  ftrangenefs  and  Angularity  of 
their  appearance  had  excited  ;  and  thus  far,  too,  better 
anfwered  the  great  end  of  philofophy. 

“  Neither  did  the  t>eanty  and  limplicity  of  this  fyftem 


cus  afforded  this  eafily,  and  like  a  more  fimple  machine, 
without  the  affiftancc  of  epicycles,  cormefted  together, 
by  fewer  movements,  the  complex  appearances  of  the 
heavens.  When  the  fuperior  planets  appear  nearly  in 
conjunftion  with  the  fun,  they  are  then  in  the  fide  of 
their  orbits,  which  is  almoll  oppofite  to,  and  moft  di¬ 
ftant  from,  the  earth,  and  therefore  appears  fmalleft  and 
leaft  fenfible  to  the  eye.  But  as  they  then  revolve  in 
a  direftion  which  is  almoft  contrary  to  that  of  the 
€*rth,  they  appear  to  advance  forward  with  double  ve¬ 
rity  ;  as  a  fhip  that  fails  in  a  contrary  direftion  to 


1  hail  the  ftrangeft  of  thofe  appearances,  which  it  had 
been  invented  to  render  natural  and  familiar,  and  thefe 
fentiments  {lift  more  endeared  it.  For  though  it  is  the 
end  of  philofophy  to  allay  that  wonder  which  cither  the 
unufual  or  feemingly  disjointed  appearances  of  nature 
excite,  yet  fhe  never  triumphs  fo  much  as  when,  in  or¬ 
der  to  conneft  together  a  few,  in  themfelves  perhaps 
inconfiderable  objeft3,  fire  lias,  if  I  may  fay  fo,  created 
another  conftitution  of  things,  more  natuial  indeed,  and 
fuch  as  the  imagination  can  more  eafily  attend  to,  but 
more  new,  more  contrary  to  common  opinion  and  ex- 


,  na  a  Hiip  unit  tans  in  a  contrary  uirccuuu  tu  ujuic  new,  muic  cunuaiy  iu  eumiuon  opinion  ana  ex- 
another,  appears  from  that  other  to  fail  both  with  its  peftation,  than  any  of  thofe  appearances  themfelves.  As 
^>wn  velocity  and  the  velocity  of  that  from  which  it  is  in  the  inftance  before  us,  in  order  to  conneft  together 
ken.  On  the  contrary,  when  thofe  planets  arc  in  op-  fome  feeming  irregularities  in  the  motions  of  the  pla- 
pofition  to  the  fun,  they  are  on  the  fame  fide  of  the  fun  nets,  the  moft  inconfiderable  objefts  in  the  heavens,  and 
ukh  the  earth,  are  neareft  it,  moft  fenfible  to  the  eye,  of  which  the  greater  part  of  mankind  have  no  occafioit 
and  revolve  in  the  fame  direftion  with  it  j  but  as  their  to  take  any  notice  during  the  whole  courfe  of  their  lives, 

live 
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C?or«r,-5ea«,flte  has,  to  talk  in  the  hyperbolical  language  of  Tycho 

X'oppcr.  moved  the  earth  from  its  foundations,  ftopt  the 

' - > - '  revolution  of  the  firmament,  made  the  fun  Hand  ftill,  and 

fubverted  the  whole  order  of  the  untverfe. 

«<  Such  were  the  advantages  of  this  new  hypothefis, 
as  they  appeared  to  its  author  when  he  firft  invented  it. 
33ut  though  that  love  of  paradox,  fo  natural  to  the 
learned,  and  that  pleafure  which  they  are  fo  apt  to  take 
in  exciting,  by  the  novelty  of  their  fuppofed  difeovenes, 
the  amazement  of  mankind,  may,  not withftanding  what 
one  of  his  difciples  tells  us  to  the  contrary,  have  had  its 
weight  in  prompting  Copernicus  to  adopt  this* fy Item  ; 
yet  when  he  had  completed  his  Tr  eatife  of  Revolutions, 
and  beaan  coolly  to  confider  what  a  ftrange  -doarinehe 
was  about  to  offer  to  the  world,  he  fo  much  dreaded 
the  prejudice  of  mankind  againff  it,  that,  by  a  fpecies 
*>f  continence  of  all  others  the  moft  difficult  to  a  philo- 
fopher,  he  detained  it  in  his  clofet  for  thirty  years  to- 
gether.  At  laft,  in  the  extremity  of  old  age,  he  allow- 
ed  it  to  be  extorted  from  him,  but  died  as  foon  as  it  was 
printed,  and  before  it  was  publifhed. 

This  noble  theory,  however,  being  repugnant  to  the 
prejudices  of  habit  and  education,  was  at  firft  coldly  re¬ 
ceived,  or  utterly  reje&ed,  by  every  clafs  of  men.  1  lie 
aftronomers  alone  favoured  it, with  their  notice,  though 
rather  as  a  convenient  hypothefis  than  an  important 
truth.  By  the  vulgar  it  was  confidered  as  a  chimera, 
belied  by  the  cleared:  evidence  of  our  fenfes ;  while  the 
learned  beheld  it  with  difdain,  becaufe  it  militated 
again  It  the  fanciful  diftin&iorvs  and  the  vague  erroneous 
tenets  of  the  Peripatetic  philofophy,  which  no  one  had 
ventured  to  call  in  queftion  ;  and  it  is  amufing ;  to  ob- 
ferve  with  what  dexterity  the  Copermcans,  ftill  ufing 
the  fame  weapons,  endeavoured  to  parry  the  blows  of 
their  antagonifts.  Its  real  merits  and  blemifhes  appear 
to  have  been  overlooked  by  both  parties.  Brahe 
framed  a  fort  of  intermediate  fyftem  ;  but  this  Damhi 
aftronomer  was  more  remarkable  for  his  patience  and 
flcill  in  obferving  the  heavens,  than  for  his  talents  of 
philofophical  inveftigation.  Towards  the  commence¬ 
ment  of  the  1 6th  century,  a  new  order  of  things  emer¬ 
ged.  The  fyftemof  Copernicus  became  generally  known 
and  daily  made  converts.  Its  reception  alarmed  tht 
ever-watchful  authority  of  the  church,  roufed  her jea- 
ioufy,  -and  at.  length,  provoked  her  vindiaive  artillery. 
The  ultima  ratio  ikeologorum  was  pointed  at  the  head  ot 
the  illuftrious  Galileo,  whole  elegant  genius  discovered 
the  laws  of  motion,  extended  the  fcience  of  mechanics, 
and  added  luftre  and  folidity  to  the  true  fyftem  of  the 
univerfe.  From  the  ftorms  of  perfecution  Copernicus 
himfelf  had  been  exempted  only  by  a  timely  death. 

,  COPPER,  one  of  the  metals  ;  for  the  properties-of 
which,  fee  Chemistry,-//^?*  in  vthis  Supplement. 
The  Chinefe  have  a  metal  .which  they  call  fe-tung,  but 
Which  Sir  George  Staunton  denominates 

White  Cower .  This  metal  has  a  beautiful  filver- 
bke  appearance,  and  a  very  clofe  grain.  It  takes  a  fine 
polifh,  and  many  articles  of  neat  workmanfhip,  m  imita¬ 
tion  of  filver,  are  made  of  it.  An  accurate  analyfis  has 
determined  it  to  confift  of  copper,  zinc,  a  little  filver; 
and  in  fome  fpecimens  a  few  particles  ot  iron  and  ot 
nickel  have  been  found.  From  this  account  it  would 
appear  that  white  copper  is  not  an  artificial  mixture  ol 
metals,  but  is  found  native  in  the  mine.  Yet  in  the 

*£T7  fame  page  and  paragraph,  Sir  George  proceeds  to 
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fay  that  Dr  Gillan  was  informed  at  Canton,  that  the  Col 
artifls,  in  making  their  pe-tung,  reduce  the  copper  in.  Or  I 
to  as  thin  fheets  or  laminae  as  poftible,  which  they  make 
red  hot,  and  incrcafe  the  fire  to  fucli  a  pitch  as  to  Toft- 
en  in  fome  degree  the  laminae,  and  to  render  them  rea¬ 
dy  almoft  to  flow.  In  this  ftate  they  are  fufpended 
over  the  vapour  of  their  pur^ft  tu-te-nag  or  zinc,  placed 
in  a  fubliniing  veffel  over  a  brific  fire.  The  vapour  thus 
penetrates  the  heated  lamina  of  the  copper,  fo  as  to  re¬ 
main  fixed  with  it,  and  not  to  be  eafily  diflipated  or 
calcined  by  the  fucceeding  fufion  it  has  to  undergo. 

The  whole  is  fuffered  to  cool  gradually,  and  U  then 
found  to  be  of  a  brighter  colour,  and  of  a  clofer  grain, 
than  when  prepared  in  the  European  way.  Surely  this 
is  not  the  white  copper,  which  conlifts  of  copper,  zinc, 
filver,  iron,  and  nickel. 

CORK  is  the  exterior  bark  of  a  tree  which  has  been 
deicribed  in  the  Encyclopaedia.  When  the  tiee  is  about 
i  $  years  old  it  is  fit  to  be  barked,  and  this  can  be  done 
fucceffively  for  eight  years.  The  bark  always  grows 
up  again,  and  its  quality  improves  as  the  age  of  the 
tree  increafes.  It  is  commonly  finged  a  little  over  a 
ftrong  fire  or  glowing  coals,  or  laid  to  foak  a  certain 
time  in  water,  after  which  it  is  placed  under  ftones  in 
order  to  be  preffed  ftraight.  We  were  wont  to  pro¬ 
cure  the  greater  part  of  our  cork  from  the  Dutch,  who 
brought  it  principally  from  France  ;  but  they  imported 
fome  alfo  from  Portugal  and  Spain. 

This  tree,  as  well  as  the  ufes  to  which  its  bark  is 
put,  was  known  to  the  Greeks  and  the  Romans  ;  by 
the  former  of  whom  it  was  called  and  by  the  lat¬ 

ter  fuher .  By  the  Romans,  as  we  learn  from  Pliny, 
it  was  even  employed  to  flop  veffels  of  every  kind  ;  but  I 
its  application  to  this  ufe  feems  not  to  have  been  very 
common  till  the  invention  of  glals  bottles,  of  which  I 
Profeffor  Beckmann  finds  no  mention  before  the  15th 
century. 

In  later  times,  fome  other  vegetable  produ&ions  have 
been  found  which  can  be  employed  .inftead  of  cork  for 
the  laft-mentioned  purpofe.  Among  thefe  is.the  wood 
of  a  tree  common  in  South  America,  particularly  in 
moift  places,  which  is  called  there  monbin  or  monlain , 
and  by  botanifts  fpondias  lutea.  1  his  wood  is  brought 
to  England  in  great  abundance  for  that  ufe.  The 
fpongy  root  of  a  North  American  tree,  *  known  by 
the  name  of  nyjfa,  is  alfo  ufed  for  the  fame  end,  as  are 
the  roots  of  liquorice,  which  on  that  account  is  much 
cultivated  in  Selavofiia,  and  exported  to  other  countries. 

GORNUA  A M'MO n  1  s,  in  natural  hiftory,  arc  foffil 
fhells,  of  which  a  pretty  full  account  is  given  in  the 
Encyclopaedia.  See  Cornu  Ammvnis  and  Snake- 
Stones.  It  was  obferved  in  the  laft  of  thefe  articles, 
that  few,  if  any, -of  thefe  fhells  are  known  in  their  re¬ 
cent  ftate,  or  as  occupied  by  the  living  animal ;  but 
fome  authors  have  afferted,  on  the  authority  of  Lin¬ 
ns  us,  that  ammonites ,  with  (hells  fimilar  to  all  the  va¬ 
rieties  of  the  foffil  ones,  are  yet  found  alive  in  the  depth 
of  the  fea.  We  are  much  inclined  to  embrace  this  opi¬ 
nion  ;  but  it  has  been  controverted  by  M.  cle  Carnation,  1 
who  accompanied  La  Peroufe  on  -his  voyage  of  difeo-  I 
very,  by  fuch  arguments  as  we  know  not  how  to  an*  I 
fwer.  This  unfortunate  natutalift  (fee  La  man  on  in  I 
this  Supplement)  allows  that  there  are  ftill  in  the  fea 
living  cornua  ammonis ;  but  he  thinks  that  they  are  in  j 
very  fmall  numbers,  and  materially  different  from  the  1 

greater  I 
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greater  part  of  the  foflil  ones, 

*  laft  ought  to  be  confldered  as  a  race,  formerly  the  moll 
numerous  of  all,  of  which,  either  there  are  no  defeend- 
ants,  or  thofe  defeendants  are  reduced  to  a  few  dege¬ 
nerate  individuals.  That  there  are  no  living  animals 
with  fhclls  of  the  very  fame  kind  with  fome  of  the  folfil 
cornua  ammonis ,  the  following  obfervations  he  conliders 
as  a  fufficient  proof. 

“  The  foflil  (hells  are  very  light  and  thin,  whereas 
the  fhells  of  thofe  animals  that  live  in  very  deeo  water 
are  always  thick  and  ponderous  ;  befides,  the  form  of 
the  foflil  cornua  ammonis  points  out  to  us,  in  fome  mea- 
fure,  the  organization  of  the  animal  which  inhabited  it. 
The  celebrated  Juflieu  proved,  in  1721,  that  there  ex¬ 
ited  a  very  clofe  analogy  between  the  ammonite  and 
nautilus  (a).  It  is  well  known  that  the  nautilus,  by 
filling  or  emptying  a  part  of  its  fhell,  has  the  power  of 
remaining  ftationaty  in  any  depth  it  pleafes  :  the.  fame 
was  doubtlcfs  the  cafe  with  the  ammonite  ;  and  if  this 
fpecies  (till  abounds  in  the  fea,  it  would  furely  be  occa- 
fionally  difcoveled  by  failors. 

“  The  waves  alfo  would  throw  fragments  of  it  on 
the  fhore ;  lifhermen  might  fometimes  entangle  it  in 
their  nets  ;  or,  a  lead,  there  would  be  fragments  flick¬ 
ing  to  the  lead  of  the  founding  line  when  afeertaining 
great  depths.  It  may  alfo  be  added,  that  if  the  am¬ 
monites  never  quitted  the  abyfs  of  the  fea,  thofe  which 
are  found  petrified  would  not  be  condantly  met  with  on 
the  fame  level,  and  in  the  fame  bed,  as  thofe  fhell  fifli 
that  only  inhabit  jthc  (hallows.  There  are,'  however, 
found  in  Normandy,  Provence,  Touraine,  and  a  multi¬ 
tude  of  other  places,  ammonites  mixed  with  turbines, 
buccina  (whelks),  and  other  littoral  fhells.  They  are 
found,  befides,  at  every  degree  of  elevation  from  below 
the  level  of  the  fea  to  the  fummits  of  the  higlieil  moun¬ 
tains.  Analogy  alfo  leads  us  to  fuppofe,  that  Nature, 
who  has  given  eyes  to  the  nautilus,  has  not  refufed  them 
to  the  ammonite  ;  now  what  life  could  thefe  be  of  if 
they  remained  confined  to  thofe  depths  which  the  light 
is  unable  to  penetrate  ? 

“  The  extin&ion  of  the  ancient  race  of  ammonites  is 
therefore  an  e(tabli(hed  fa£t,  which  no  rational  fuppo- 
iition  can  deftroy  ;  and  this  fa&  is  undoubtedly  the  mo(l 
furprifmg  of  any  that  is  prefented  to  us  in  the  hfliory 
of  aquatic  animals.  The  difeovery  of  a  few  living  fpe¬ 
cies  of  cornua  ammonis  does  not  deflroy  the  truth  of 
this,  for  thefe  ammonites  are  very  different  from  thofe 
which  are  found  petrified.  They  are  extremely  rare, 
and  cannot  be  looked  up  to  as  the  reprefentatives  of 
the  old  ammonites,  fo  varied  in  their  fpecies,  and  the 
number  of  which  in  the  ancient  ocean  was  probably 
far  more  confiderable  than  that  of  all  the  other  fhells 
befides. n 

To  every  univolve  fhell,  rolled  in  a  fpiral,  fo  as  that 
a  horizontal  plane  will  divide  it  into  two  equal  pares, 
formed  of  united  fpirals,  and  bearing  a  certain  propor¬ 
tion  to  each  other,  our  author  gives  the  name  of  an  am¬ 
monite.  “  I  thought  it  abfolutely  neceffary  (fays  he)  to 
akertain  the  precife  meaning  of  the  term  ammonite ,  pre- 
Suppl.  Vo t».  I.  Part  II. 
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According  to  him,  thefe  vious  to  deferibing  that  which  I  found  during  our  voy-  Cornua* 
age  round  the  world,  'idle  form  of  this  is  almofl  or- 
bicular,  the  long  diameter  being  to  the  fhort  one  as 
three  lines  to  two  lines  and  three  quarters.  The  fir(l 
fpire  is  by  far  the  largefl,  occupying  nearly  half  of  the 
longitudinal  diameter.  The  fummit  is  placed  at  the 
difiance  of  about  two-thirds  of  this  diameter;  it  is  ter¬ 
minated  on  the  right  fide  by  a  very  fmall  knob  viflble 
only  through  a  magnifier,  thus  differing  from  the  am¬ 
monite  of  Rimini,  which  beiides  is  microfcopical  and 
celled,  the  infide  of  this  which  we  are  now  fpeaking  of 
being  entirely  plain.  The  number  of  fpiral  circumvo¬ 
lutions  is  four  and  a  half ;  they  are  equally  convex  on 
both  Tides,  and  are  fixed  on  a  plane,  dividing  the  (hell 
into  two  equal  parts  :  there  is  on  each  fide  a  kind  of 
bofs  formed  by  the  increafe  of  the  perpendicluar  dia¬ 
meter  of  the  fpires,  in  proportion  as  they  recede  from 
the  centre.  The  furface  is  fmooth  ;  the  back  is  armed 
with  a  flat,  even,  brittle  creft,  as  thin  a3  paper,  fur¬ 
rounding  it  on  every  fide  like  a  ruff :  it  is  about  half  a 
line  broad,  extends  over  the  fummit  of  the  fpires,  and 
ferves  to  join  them  together.  The  mouth  of  the  (hell 
is  nearly  triangular  ;  its  edges  proje&  in  the  form  of 
lips,  and  are  rounded  at  the  border.  I  have  often  found 
this  ammonite  enclofed  in  the  itomach  of  the  bonetta 
(fcomber  pelamis,  Linn.),  caught  in  the  South  Sea, 
between  the  tropics,  where  no  bottom  was  found  with 
a  line  of  more  than  two  hundred  fathoms.  Thefe 
(hells  were  covered  with  a  black  clayey  mud.  Their 
fize  varies  from  one  to  four  lines  acrofs ;  they  are  con- 
fequently  the  larged  living  ammonites  that  have  yet  been 
difeovered.” 

It  is  well  known  for  what  purpofe  the  modern  phi¬ 
losophers  of  France  have  been  fo  indefatigable  in  the 
dudy  of  natural  hidory  ;  and  there  can  be  little  doubt 
but  that  it  is  to  ferve  the  fame  purpofe  that  Lamanon 
thus  reafons  for  the  dedrudlion  of  the  ancient  race  of 
ammonites  in  fome  univerfal  convulfion  of  the  world. 

But  fuppofing  his  arguments  conclufive,  they  affedl  not 
the  truth  of  the  Jewi(h  and  Chridfan  feriptures.  It  13 
nowhere  faid  in  the  Bible,  that  the  matter  of  this  globe 
was  brought  into  being  at  the  moment  when  Mofes  re- 
prefents  the  Creator  as  beginning  to  reduce  the  chaos 
into  order  ;  and  it  is  more  than  infinuated  that  there 
will  be  a  new  earth  after  the  prefent  fydem  of  things 
(hall  be  diffolved.  That  new  earth  will  certainly  be 
dored  with  fome  kind  of  inhabitants  ;  and  could  it  be 
demondrated  that  there  was  an  old  earth,  previous  to 
the  era  of  the  Mofaic  cofmogony,  inhabited  by  creatures 
rational  and  irrational,  and  that  the  foflil  cornua  ammonis 
make  part  of  the  wreck  of  that  fydem,  the  caufe  of  re¬ 
velation  would  remain  uninjured.  “  Mofes,  as  a  real 
philofopher  *  has  well  obferved,  writes  the  hidory,  not*  Profejfov 
of  this  globe  through  all  its  revolutions,  but  of  the  rac zRobifonof 
of  Adam.”  Edinburgh* 

This  fecret  attack,  therefore,  made  by  Lamanon 
againd  that  religion  of  which  he  once  profefled  to  dif- 
charge  the  duties  of  a  pried,  is  nothing  more  than  te - 
l um  imhelle fine  l flu.  Yet  it  may  be  worth  fome  natu- 
3  M  ralid’s 


(a)  There  are,  however,  fome  driking  internal  differences :  firft,  the  partitions  in  the  (hell  of  the  nautilus 
are  more  curved  than  thofe  of  the  ammonite  ;  fecondly,  the  ammonite  wants  the  fmall  hole  which  communicates 
from  one  cell  to  the  other. 
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Correftion  ralift’9  while  to  enquire,  whether,  though  feeble,  it  has 
w— —  ^een  fa;r}y  ma(ie.  We  confefs  that  our  own  fufpicions 
of  unfair  dealing  are  ftrong  ;  for  when  a  man  of  fcience 
contradi&s  himfelf  in  the  courfe  of  two  pages,  the  blun¬ 
der  rnuft  be  attributed  to  fome  other  fource  than  mere 
inadvertency.  '  M.  de  Lamanon  wifhes  to  prove,  among 
other  things,  that  the  ancient  ammonites  did  not  inha¬ 
bit  great  depths  of  the  fea;  and  that  Linnaeus  was  mif- 
taken  when  he  fnppofed  that  in  great  depths  they  may 
(till  be  found.  Yet  he  himfelf  tells  us,  that  he  frequent¬ 
ly  caught  ammonites  in  the  South  Sea,  where  no  bot¬ 
tom  was  to  be  found  with  a  line  of  more  than  200  fa¬ 
thoms  ;  and  to  put  it  beyond  a  doubt  that  the  animals 
had  been  at  that  bottom,  he  informs  us,  that  their  (hells 
were  covered  with  a  black  clayey  mud.  It  is  true  thefe 
ammonites  were  but  fmall ;  while  of  300  varieties  of 
fofiii  ammonites  which  he  mentions,  fome,  he  fays,  have 
been  found  ten  feet  in  circumference.  But  is  it  pertain 
that  thefe  large  (hells  were  real  cornua  ammonis  ?  If 
they  agree  not  exadtiy  with  our  author’s  defcription  of 
the  (hell  of  the  ammonite  (a  fa&  into  which  we  have 
had  no  opportunity  of  inquiring),  his  arguments  for 
the  extinction  of  the  ancient  race  are  grofs  fophifms, 
unworthy  of  a  man  either  of  fcience  or  of  candour. 

CORRECTION- ho  use  is  a  prifon  where  idle  va¬ 
grants  are  compelled  to  work,  and  where  perfons  guilty 
of  certain  crimes  fuffer  punirtiment  and  make  reparation 
to  the  public.  Of  the  former  kind  of  correffion-houfes , 
perhaps  enough  has  been  faid  in  the  Encyclopaedia  un¬ 
der  the  title  Work -Houfe  ;  but  of  the  latter  very  little 
will  be  found  in  that  work  under  the  titles  Bridewell 
and  Idleness. 

Perhaps  houfes  of  corre&ion,  as  means  of  punifh- 
ment,  are  not,  in  this  country,  employed  fo  frequently 
as  juftice  and  expediency  feem  to  require.  In  the  opi¬ 
nion  of  Dr  Paley,  whofe  opinions  are  always  worthy  of 
attention,  it  is  one  of  the  greateft  defe&s  of  the  laws  of 
England  (and  we  may  fay  the  fame  thing  of  the  laws 
©f  Scotland),  that  “  they  are  not  provided  with  any 
other  punifhment  than  that  of  death,  diffidently  terrible 
to  keep  offenders  in  awe.  Tranfportation,  which  is  the 
pilnifhment  fecond  in  the  order  of  feverity,  anfwers  the 
purpofe  of  example  very  imperfe&ly  ;  not  only  becaufe' 
exile  is  in  reality  a  (light  punirtiment  to  thofe  who  have 
neither  pj-operty,  nor  friends,  nor  regular  means  of  fub- 
firtence  at  home,  but  becaufe  the  punirtiment,  whatever 
it  be,  is  unobferved  and  unknown.  A  tranfported  con- 
vi6t  may  fuffer  under  his  fentence,  but  his  fufferings  are 
removed  from  the  view  of  his  countrymen  ;  his  mifery 
is  unfeen ;  his  condition  ftrikes  no  terror  into  the  minds 
of  thofe  for  whofe  warning  and  admonitiop  it  was  in¬ 
tended.  This  chafm  in  the  fcale  of  punirtiment  pro¬ 
duces  alfo  two  farther  imperfections  in  the  adminiftra- 
tion  of  penal  juftice  ;  of  which  the  firft  is,  that  the 
fame  punirtiment  is  extended  to  crimes  of  very  different 
characters  and  malignancy  ;  and  the  fecond,  that  pu. 
nifhments,  feparated  by  a  great  interval,  are  afiigned  to 
crimes  hardly  diftinguifhable  in  their  guilt  and  mif- 
chief.” 

Perhaps  this  chafm  might  be  properly  filled  up  by 
houfes  of  correction  under  judicious  management,  which 
might  likewife  promote  another  important  purpofe,  bet¬ 
ter  than  the  punirtiments  in  common  ufe. 

The  end  of  punirtiment  is  twofold,  amendment  and  ex¬ 
ample*  In  the  firft  of  thefe,  the  reformation  of  crimi¬ 


nals,  little  has  ever  been  effected,  and  little  indeed  feemsCorrti 
practicable  by  the  punishments  known  to  the  laws  of  ^ 
Britain.  From  every  fpecies  of  punifhment  inflicted 
among  us,  from  imprifonment  and  exile,  from  pain  and 
infamy,  malefaCtors  return  more  hardened  in  their 
crimes,  and  more  inftruCted.  The  cafe  we  think  would 
often  be  different  when  they  returned  to  the  world  from 
a  well-regulated  houfe  of  correction.  As  experience  is 
the  only  fafe  guide  in  matters  of  legiflation  and  police, 
we  (hall  lay  before  our  readers  M.  Thouin's  account  of 
the  houfe  of  correction  at  Amfterdam,  which  feems  to 
corroborate  our  opinion. 

The  Amfterdam  correction -houfe,  from  the  employ¬ 
ment  of  the  prifoners  confined  in  it,  is  c?.lled  the  rafping- 
houfe ,  and  is  deftined  to  the  reception  of  thofe  malefac¬ 
tors  whofe  crimes  do  not  amount  to  a  capital  offence. 
Their  punirtiment  cannot  fo  properly  be  denominated 
folitary  confinement  as  a  fequeftration  from  focietv  du¬ 
ring  a  limited  term  of  years.  The  building  is  fituated 
in  a  part  of  the  fuburbs  to  the  north  eaft  of  the  city. 

The  exterior  has  nothing  remarkable,  either  with  re- 
fpeCf  to  form  or  extent.  It  is  detached  from  the  ftreet 
by  a  fpacious  court,  which  contains  the  keeper’s  lodge, 
together  with  apartments  for  the  different  fervants  be. 
longing  to  the  eftablifhment.  Over  the  gate,  which 
opens  from  this  court  into  the  prifon,  are  placed  two 
ftatues,  as  large  as  life,  reprefenting  two  men  in  the  a£l: 
of  fawing  a  piece  of  logwood. 

The  inner  court  is  in  the  form  of  a  fquare,  round 
which  are  arranged  the  apartments  of  the  prifoners,  to¬ 
gether  with  the  neceffary  warehoufes.  One  part  of  the 
ground  ftory  is  divided  into  different  chambers ;  the 
other  ferves  as  a  depot  for  the  logwood,  and  the  imple¬ 
ments  employed  in  its  preparation. 

The  keeper,  whofe  countenance,  contrary  to  the  ge¬ 
neral  cuftom  of  perfons  of  his  profeflion,  was  ftrongly 
indicative  of  urbanity  and  gentlenefs,  introduced  M, 
Thouin  into  an  apartment  where  two  prifoners  were  at 
work  in  fawing  a  large  log  of  Campeachy  wood.  The 
faw  is  compofed  of  four  blades  joined  together,  with 
very  ftrong,  large,  and  (harp  teeth,  which  make  a  feif- 
fure  in  the  wood  of  nearly  two  inches  in  breadth.  The 
operation  is  repealed,  till  the  pieces  become  too  fmall 
to  undergo  the  faw,  when  they  are  ground  in  mills  pe¬ 
culiarly  conftrudted  for  this  purpofe. 

This  employment  requires  an  extraordinary  exertion 
of  ftrength,  and  is  at  firft  a  fevere  penance  even  to  ro- 
bull  perfons  ;  but  habit,  addrefs,  and  pradtice,  foon  ren¬ 
der  it  eafy ;  and  the  prifoners  in  a  ftiort  time  become 
competent  to  furnifli,  wichout  painful  exertion,  their  I 
weekly  contingent  of  200  lb.  weight  of  fawed  pieces. 
After  completing  this  talk,  they  even  find  time  to  fa¬ 
bricate  a  variety  of  little  articles  in  wood  and  draw* 
which  they  fell  to  thofe  who  vifit  the  prifon,  or  difpofe 
of,  by  means  of  agents,  in  the  town. 

M.  Thouin  next  infpe&ed  three  apartments  of  dif¬ 
ferent  dimenfions,  which  opened  into  the  inner  court. 

The  one  was  inhabited  by  four,  the  fecond  by  fix,  and 
the  third  by  ten  prifoners.  The  furniture  of  the  rooms 
confided  in  hammocks,  with  a  matrafs,  a  blanket,  and  a 
coverlid  to  each,  tables,  chairs,  and  (tools,  glafs,  &c, 
earthen  veffels,  and  various  other  articles  of  convenience. 
Every  thing  in  thefe  apartments  was  diftinguilhed  by 
neatnefs  and  propriety  \  and  notwithftanding  the  num¬ 
ber  of  inhabitants  allotted  to  each,  was  fully  adequate 
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i.  to  the  dimenfions  of  the  rooms  ;  the  fenfes  were  not  of¬ 
fended  with  any  difagreeable  {cent,  and  the  air  was  in 
every  refpecft  as  pure  and  whokfome  as  the  furroundirjg 
atmofphere. 

In  an  obfcure  part  of  the  building  are  a  number  of 
cells,  in  which  formerly  thofe  prifoners  who  revolted 
againft  the  proper  fubordination  of  the  place,  or  ill- 
treated  their  comrades,  were  confined  for  a  few  days. 
Hut  the  keeper  affnred  M.  Thouin  that  thefe  cells  had 
not  been  made  ufe  of  for  upwards  of  io  years.  They 
are  dark  gloomy  dungeons,  with  only  a  fmall  aperture 
for  the  admiffion  of  light  and  air.  The  fuppreffion  of 
this  barbarous  and  coercive  puniihment  does  honour  to 
the  humanity  of  government: 

The  ftore-rooms  are  filled  with  various  kinds  of  wood 
for  the  purpofes  of  dyeing  ;  as  the  haemotoxylum  cam- 
pechianum,  the  morus  tin&oria,  the  caefalpiuia  fappan, 
&c.  They  are  all  exotics,  with  the  exception  of  the 
Evonymus  Europsus.  The  warehoufes  were  not  of 
fufficient  extent  to  contain  the  quantity  of  wood,  which 
was  depofited  in  piles  in  different  parts  of  the  court. 

The  prifoners,  amounting  to  76  in  number,  were 
Uniformly  habited  in  coarfe  woollens  ;  wear  very  good 
blockings,  large  leather  fhoes,  white  fhirts,  and  caps  or 
hats.  They  are,  by  the  rules  of  the  houfe,  obliged  to 
frequent  ablutions,  which  greatly  contribute  to  the  pre- 
fervation  of  their  health.  There  was  only  one  lick  per- 
fon  amongft  them  ;  and,  what  is  not  a  little  remark- 
able,  almoft  all  the  prifoners  had  formerly  lived  in  large 
commercial  towns  ;  very  few  villagers  were  amongft 
ihem.  They  had  all  been  fentenced  to  imprifonment 
for  theft  ;  but  it  depends  upon  themfelves,  by  reforma¬ 
tion  and  good  behaviour,  to  fhorten  the  term  of  their 
confinement,  which  many  of  them  frequently  do. 

The  keeper,  whofe  humanity  to  the  unfortunate  per- 
fons  committed  to  his  care  intitles  him  rather  to  the 
title  of  their  protedlor  than  their  gaoler  (and  M.  Thou¬ 
in  informs  us,  that  the  prifoners  generally  called  him  by 
no  other  name  than  father  J,  afiifts  them  with  his  coun- 
fels  and  friendly  admonitions.  He  regifters  every  week, 
in  a  book  appropriated  to  this  purpofe,  both  the  in- 
ftances  of  good  and  bad  behaviour,  which  is  annually 
fubmitted  to  the  examination  of  the  magiftracy,  who,, 
from  this  report,  abridge  or  prolong  the  term  of  con¬ 
finement,  according  to  the  degree  of  indulgence  which 
each  prifoner  appears  to  merit.  Cafes  frequently  hap¬ 
pen  where  a  malefa&or,  condemned  to  an  imprifonment 
of  eight  years,  by  his  good  behaviour  procures  his  en¬ 
largement  at  the  expiration  of  four  ;  and  fo  in  propor¬ 
tion  for  a  fhorter  term.  But  great  attention  is  paid 
to  diferiminate  between  adtual  reform  and  hypocritical 
artifice. 

The  reward  of  good  behaviour  is  not,  however,  con¬ 
fined  to,  or  withheld  till,  the  period  of  acftual  liberation. 
Their  reftoration  to  fociety  is  preceded  by  a  progref- 
five  amelioration  of  their  lot.  Their  work  is  gradually 
rendered  lefs  laborious,  they  are  accommodated  with  fe- 
parate  apartments,  and  employed  in  the  fervices  of  do- 
mefiic  economy.  The  keeper  even  entrufts  them  with 


commifiions  beyond  the  precin&s  of  the  prifoti ;  and  Correct  Ion* 
fcarce  a  fingle  inflance  has  occurred  of  their  abufing  v 
this  indulgence.  By  this  prudent  management,  a  con- 
fiderable  faving  is  effected  in  the  expence  of  the  efta- 
blifhment,  at  the  fame  time  that  it  tends  to  wear  away 
prejudice,  and  to  initiate  the  prifoners  by  gradual  ad¬ 
vances  into  the  reciprocal  duties  of  focial  life. 

M-  Thouin  made  particular  inquiries  whether  it  was 
cnftomary  for  perfons  after  their  difcharge  to  be  con¬ 
fined  a  fecond  and  third  time,  as  is  but  too  often  the 
cafe  in  many  countries,  for  a  repetition  of  their  offence. 

He  was  informed,  that  fuch  inftances  very  rarely  occur; 
but  the  cafe  is  not  without  precedent,  as  he  obferved  in 
the  perfon  of  a  young  Jew,  who  was  then  in  the  rafp- 
ing- houfe  for  the  third  time.  The  cafe  of  this  man  is 
fomewhat  extraordinary.  During  the  period  of  his  de¬ 
tention,  he  always  conforms,  with  the  moil  fcrupulous 
obfervance,  to  the  rules  of  the  place,  and  gives  general 
fatisfaeftion  by  his  exemplary  conduct.  But  fuch,  as 
he  himfelf  avowed  to  our  traveller,  is  his  conftitutional 
propenfity  to  thieving,  that  no  fooner  is  the  term  of  his 
imprifonment  elapfed,  than  he  returns  with  redoubled 
ardour  to  his  lawlefs  courfes.  It  is  not  fo  much  for  the 
fake  of  plunder,  as  to  gratify  his  irrififtible  impulfe, 
that  he  follows  this  vicious  life  ;  and  M.  Thouin  adds, 
that  he  recounted  his  different  exploits  with  as  much 
exultation  and  triumph  as  a  veteran  difplays  when  re- 
hearfing  his  warlike  atchievements. 

Another  falutary  regulation  in  this  inftitution,  from 
which  the  belt  confequences  refult,  is  the  indulgence 
granted  to  the  prifoners  of  receiving  the  vifits  of  their 
wives  and  miftreffes  twice  every  week.  Proper  care, 
however,  is  taken  to  guard  againft  the  introduction  of 
difeafe  ;  and  the  ladies,  in  one  fenfe,  purchafe  their  ad- 
miffton  by  giving  a  trifling  fum  of  money  at  the  gate, 
which  becomes  the  perquifite  of  the  aged  prifoners, 
whofe  wants  are  of  a  different  nature  from  their  youth¬ 
ful  comrades.  Thus  the  pleafures  of  one  clafs  contri¬ 
bute  to  the  comforts  of  the  other ;  and  the  entrance 
money,  trifling  as  it  is,  keeps  away  a  croud  of  idle  va¬ 
gabonds,  who  have  no  acquaintance  with  the  prifoners. 

The  ladies  at  their  vifits  are  permitted  to  eat  and  drink 
with  their  lovers  ;  and  when  the  converfation  becomes 
too  animated  for  a  third  perlon  to  be  prefent,  the  reft 
of  the  company  obligingly  take  the  hint,  and  leave  them 
to  enjoy  a  tete-a-tete .  —  By  this  prudent  regulation,  many 
hurtful  confequences  attendant  on  a  total  feclufion  from 
female  fociety  are  guarded  againft. 

M.  Thouin  concludes  his  account  with  obferving, 
that  the  rafping-houfc  at  Amfterdam  bears  a  greater  re- 
femblance  to  a  well-ordered  manufactory  than  to  a  pri- 
fon.  It  were  to  be  wifhed,  that  all  fimilar  inftitutions 
were  conducted  upon  a  fimilar  plan  (a). 

So  fays  our  author  :  But  though  we  have  admitted 
experience  to  be  the  only  fafe  guide  in  regulating  infti¬ 
tutions  of  this  kind,  we  cannot  help  thinking  that  the 
plan  is  fufceptible  of  improvement.  We  do  not  fee  the 
propriety  of  locking  up  four,  fix,  or  ten  thieves  in  the 
fame  apartment.  The  uncommon  attention  to  cleanli- 
3  M  2  nefs, 


(a)  We  do  not  know  that  M.  Thouin’s  journal  of  his  travels  has  been  yet  published.  Extrafis  from  it  have 
been  inferted  into  the  Decade,  a  periodical  publication  at  Paris,  whence  this  account  of  the  Jwjlerdam  houfe  of 
correBion  was  firft  copied  into  the  Monthly  Magazine  for  June  1 79®* 
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Correction  nefs,  which  didinguidies  all  ranks  among  the  Dutch, 
Crane  may  int^ee(^  Prevent  the  toom  from  having  an  offenfive 
>  fcent  ;  but  what  can  prevent  fuch  a  number  of  unprin¬ 

cipled  perfons  from  corrupting  each  other  in  Holland, 
as  we  know  that  they  do  in  Great  Britain  ?  The  in¬ 
troduction  of  females  of  loofe  character  to  felons  fuffer- 
ing  punifhment  for  their  offences  in  a  prifon,  is  a  prac¬ 
tice  which  we  truft  will  be  approved  only  by  philofo- 
phers  of  the  French  fchool.  The  Britifh  philofopher, 
whom  we  have  already  quoted  with  approbation,  is  of 
opinion,  and  we  heartily  agree  with  him,  that  tc  of  re¬ 
forming  punifhments,  none  promife3  fo  much  fuccefs  as 
that  of  folitary  imprifonment,  or  the  confinement  of 
criminals  in  fepaiate  apartments.  This  improvement 
of  the  Amfterdam  houfe  of  correction  would  augment 
the  terror  of  the  punifhment,  would  feclnde  the  crimi¬ 
nal  from  the  fociety  of  his  fellow-prifoners,  in  which  fo- 
ciety  the  worfe  are  fure  to  corrupt  the  better  ;  would 
wean  him  from  the  knowledge  of  his  companions,  and 
from  the  love  of  that  turbulent  pernicious  life  in  which 
his  vices  had  engaged  him  ;  would  raife  up  in  him  re¬ 
flections  on  the  folly  of  his  choice,  and  dffpofe  his  mind 
to  fuch  bitter  and  continued  penitence,  as  might  pro¬ 
duce  a  lafling  alteration  in  the  principles  of  his  con¬ 
duct.  ” 

In  fome  houfes  of  correction,  the  prifoners  are  fub- 
jected  to  the  difeipline  of  flagellation  at  dated  intervals. 
We  will  not  take  it  upon  us  to  fay  that  this  punifh¬ 
ment  is  never  proper;  but  we  are  fully  convinced  that 
it  is  not  often  fo  ;  and  that  flagellation,  if  it  C2n  at  all 
produce  any  good  effect,  mull  be  adminiflered  in  pri¬ 
vate.  It  is  obferved  by  Fielding,  who  well  underfiood 
human  nature,  that  fading  is  the  proper  punifhment  of 
profligacy,  not  any  punifhment  that,  like  flagellation, 
is  attended  with  fhame.  Punifhment  (fays  he)  that  de¬ 
prives  a  man  of  all  fenfe  of  honour,  never  will  contri¬ 
bute  to  make  him  virtuous  ;  and  we  believe  it  is  gene¬ 
rally  admitted  by  the  gentlemen  of  the  army,  that  a 
foldier  who  has  fuffered  the  punifhment  of  whipping  fel- 
dom  proves  good  for  any  thing. 

COURTESEY  of  Scotland.  SeeLAW (EncycL), 
Part  III.  feed,  ix*  $  28. 

COWRY-Shells,  the  lowed  money  in  fome  parts 
of  the  Eaft.  See  Money  ( EncycL ),  where  they  are 
called  karts, 

CRANE,  in  mechanics.,  a  machine  ufed  for  raifing 
or  lowering  great  weights.  For  the  principles  on  which 
thefe  machines  a <51,  fee  Dynamics  in  this  Supplement , 
and  likewife  Mechanics,  EncycL  where  defciiptions 
are  given  of  feveral  very  powerful  cranes. 

The  crane  in  common  ufe  is  employed  with  fome 
danger  to  thofe  who  work  it  ;  and  therefore  a  machine 
of  this  kind,  aCting  upon  a  Ample  and  certain  principle, 
by  which  the  men  walking  in  the  wheel  can  lower  goods 
with  fafety  as  well  as  expedition,  has  long  been  confi- 
dered  as  a  great  defideratum  in  mechanics.  Repeated 
premiums  have  been  offered  by  the  Society  for  the  Encou¬ 
ragement  of  Arts  to  induce  ingenious  men  to  attempt 
the  invention  of  fuch  a  machine  ;  and  various  have  been 
the  contrivances  for  afcomplifhing  fo  defirable  a  pur- 
pofe.  A  clergyman,  who  fubferibes  E.  C.  we  fuppofe 
as  the  initials  or  his  name,  propofes,  through  the  medi¬ 
um  of  the  Repertory  of  Arts,  to  accomplifh  it  merely  by 
introducing  the  aCtion  of  a  worm  or  ferew  into  the  crane. 

Whenever  a  worm  of  two  threads  is  introduced  into 


a  machine,  all  retrograde  motion  is  dopped,  unlefs  that  Cram 
worm  receive  its  reaction  from  the  firft  moving  force  ;  '“v 
for,  powerfully  as  a  worm  aCts  upon  a  wheel,  a  wheel 
has  no  power  upon  a  worm,  whatever  force  may  be  ap¬ 
plied  to  it.  Suppofe,  then,  the  fird  motion  in  a  crane 
were  given  by  a  worm  upon  the  axis  of  the  wheel  in. 
which  the  man  walks,  the  man  would  have  perfect  com¬ 
mand  of  the  machine,  to  raife  or  lower  the  goods  at 
pleafure,  with  the  remoted  podibility  of  being  over¬ 
powered  by  the  defeending  weight. 

“  Were  I  to  condruCt  (fays  the  author)  a  crane  upon 
this  principle,  I  would  have  the  axis  of  the  wheel  in 
which  the  man  walks,  and  the  axis  of  the  worm,  in  fe- 
parate  parts,  and  occafionally  united  by  a  coupling  box,. 
When  goods  were  to  be  raifed,  the  two  2xes  fhould  be 
connected  ;  when  lowered,  they  might  be  di funded,, 
and  the  worm  turned  by  a  winch,  which  would  be  done 
much  more  expeaitioufly  that  way  than  by  the  wheel. 

For  the  reafons  before  fuggeded,  the  defeent  of  the 
weight  could  be  accelerated  or  dopped  at  pleafure,  at 
the  diferetion  of  the  perfon  turning  the  winch. 

“  This  contrivance  might  be  not  inconveniently  ap¬ 
plied  to  a  crane  already  erected  upon  the  common  prin¬ 
ciple  :  Let  there  be  a  wheel  put  upon  any  convenient 
axis  in  the  machine  as  it  now  dands ;  upon  this  let 
there  lie  a  worm,  that  can  be  thrown  in  or  out  of  gear 
at  pleafure  ;  and  let  the  lever  by  which  it  is  done  lie 
within  reach  of  the  man’s  hand  in  the  wheel.  'The 
goods  being  fadened  to  the  crane,  and  raifed  off  the  floor 
of  the  warehoufe  ready  for  letting  down,  the  man  puts 
the  worm  into  gear,  leaves  the  wheel,  and  lets  the 
goods  down  by  the  winch.  Provided  it  can  be  conve¬ 
niently  done,  it  would  be  advifable  to  throw  the  wheel 
in  which  the  man  walks  out  of  gear  when  the  winch  is- 
made  ufe  of ;  this,  however,  I  fhould  apprehend,  would 
not  be  a  matter  of  ab folate  llece^^tty.,, 

Our  author  is  aware  of  two  objections  which  maybe 
urged  againd  the  introduction  ot  a  worm  into  a  crane 
in  the  manner  which  he  propofes.  The  fird  arifes  from 
the  flownefs  of  the  motion  produced  by  the  turning  of 
a  ferew,  which  he  confiders  as  unworthy  of  regard  ;  be- 
caufe  the  neceffary  fpeed  is  to  be  gained  by  the  firft  pair 
of  wheels  and  the  diameter  of  the  barrel  of  the  wind- 
lafs. 

To  the  fccond,  arifing  from  the  fuppofed  greater 
friction  between  a  worn?  and  wheel,  he  replies,  that  as 
the  friCtion  between  the  teeth  of  two  wheels  (if  not 
formed  on  the  true  epicycloidal  principle)  mud,  while 
it  lads,  be  greater  than  between  a  worm  and  wheel  for 
the  fame  fpace  of  time,  it  feerns  no  unreafonable  fuppo- 
fition  that  the  aggregate  of  friCtion  will,  in  the  two 
cafes,  nearly  balance  each  other  ;  efpecially  if  it  be 
taken  into  the  account,  that  to  obtain  the  power  of 
one  worm  and  wheel,  there  will  be,  in  mod  cafes,  re¬ 
quired  two  pair  of  wheels,  and  two  additional  axes — all 
which  will  add  to  the  friCtion.  But,  granting  the  ba¬ 
lance  of  friCtion  to  be  againd  the  aCtion  of  the  worm, 
the  power  to  overcome  it  is  greater  in  proportion  than 
to  overcome  the  friCtion  of  two  wheels. 

Mr  James  Whyte  of  Chevening,  in  the  county  of 
Kent,  whofe  improvement  in  the  condruCtion  of  pullies, 
has,  with  due  refpeCt,  been  noticed  elfewhere*,  gives,  *Scei 
in  the  EratiJ 'aftions  of  the  Society  for  the  Encouragement  ebanio, 
of  Arts ,  &c.  the  following  defeription  of  a  new  crane 
for  wharfs : 


A 
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I <  ne.  A  (fig.  I.)>  a  circular  inclined  plane,  moving  on  a 
u  -7-7^  pivot  underneath  it,  and  carrying  round  with  it  the 
axis  E.  A  perfon  walking  on  this  plane,  and  preffing 
a  gain  ft  the  lever  B,  throws  off  the  gripe  D,  by  means 
of  an  iron  rod  C  ;  and  thus  admits  the  plane  and  its 
axis  to  move  freely,  and  raife  the  weight  G  by  the  coil¬ 
ing  of  the  rope  F  round  the  axis  E. 

To  fhew  more  clearly  the  conftruCtion  and  aCtion  of 
the  lever  and  giipe,  a  plan  of  the  circular  inclined  plane, 
with  the  lever  and  gripe,  is  added  (fee  fig.  2.),  where 
B  reprefents  the  lever,  D  the  fpring  or  gripe.  In  this 
plan,  when  the  lever  B  is  in  the  fituation  in  which  it 
now  appears,  the  fpring  or  gripe  D  preffes  againft  the 
periphery  of  the  plane,  as  fhewn  by  the  double  line, 
and  the  machine  cannot  move ;  but  when  the  lever  B 
is  prefled  out  t<p  the  dotted  line  H,  the  gripe  is  alfo 
thrown  off  to  the  dotted  line  I,  and  the  whole  machine 
left  at  liberty  to  move.  One  end  of  a  rope  or  cord,  of 
a  proper  length,  is  fixed  near  the  end  of  the  lever  B, 
and  the  other  end  made  faft  to  one  of  the  uprights, 
ferving  to  prevent  the  lever  moving  too  far  when  prefled 
by  the  man. 

The  properties  of  this  crane,  for  which  the  premium 
of  40  guineas  was  adjudged  by  the  fociety  to  the  in* 
ventor,  are  as  follows  : 

1.  It  is  fimple,  confuting  merely  of  a  wheel  and  axle. 
2.  It  has  comparatively  little  friaion,  as  is  obvious  from 
the  bare  infpeaion  of  the  figure.  .  3.  It  is  durable,  as 
is  evident  from  the  two  properties  above-mentioned. 
4.  It  is  fafe  ;  for  it  cannot  move  but  during  the  plea- 
furc  of  the  man,  and  while  he  is  a&ually  preffing  on 
the  gripe-lever.  5.  This  crane  admits  of  an  almoft  in¬ 
finite  variety  of  different  powers,  and  this  variation  is 
obtained  without  the  lead  alteration  of  any  part  of  the 
machine.  If,  in  unloading  a  veffel,  there  fhould  be 
found  goods  of  every  weight,  from  a  few  hundreds  to  a 
ton  and  upwards,  the  man  that  does  the  work  will  be 
able  fo  to  adapt  his  ftrength  to  each  as  to  raife  it  in  a 
fpace  of  time  proportionate  to  its  weight ;  he  walking 
always  with  the  iame  velocity  as  nature  and  his  greateft 
cafe  may  teach  him. 

It  is  a  great  difadvantage  In  fome  cranes,  that  they 
take  as  long  time  to  raife  the  fmallcft  as  the  largeft 
weight,  unlefs  the  man  who  works  them  turn  or  walk 
with  fuch  velocity  as  muft  foon  tire  him.  In  other 
cranes,  perhaps,  two  or  three  different  powers  may  be 
procured  ;  to  obtain  which,  fome  pinion  muft  be  mnt- 
CJ,  or  frefh  handle  applied  or  reforted  to.  .  In  this 
crane,  on  the  contrary,  if  the  labourer  find  his  load  fo 
heavy  as  to  permit  him  to  afeend  the  wheel  without  its 
turning,  let  him  only  move  a  ftep  or  two  toward  the 
circumference,  and  he  will  be  fully  equal  to  the  talk* 
Again,  if  the  load  be  fo  light  as.fcarcely  to  refill  the  ac¬ 
tion  of  his  feet,  and  thus  to  oblige  him  to  run  through 
fo  much  fpace  as  to  tire  him  beyond  neceffity,  let  him 
move  laterally  towards  the  centre,  and  lie  will  foon  ce 
the  place  where  his  ftrength  will  fuffer  the  leail  fatigue 
by  raifing  the  load  in  queftion.  One  man’s  weight  ap¬ 
plied  to  the  extremity  of  the  wheel  would  raile  up¬ 
wards  of  a  ton;  and  it  need  not  be  added,  t^ata  ling  e- 
(heaved  block  would  double  that  power.  Suffice  it  to 
lay,  that  the  fize  may  be  varied  in  any  required  ratio  , 
and  that  this  wheel  will  give  as  great  advantage  at  any 
point  of  its  plane  as  a  common  walking-wheel  of  equal 
diameter,  as  the  inclination  can  be  varied  at  plealure, 
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as  far  as  expediency  may  require.  It  may  be  neceffary  Crane 
to  obferve,  that  what  in  the  figure  is  the  frame,  and 
feems  to  form  a  part  of  the  crane,  muft  be  confidered  k 
as  a  part  of  the  houfe  in  which  it  is  placed  ;  fince  it 
would  be  moftly  unne.ceffary  fliould  fuch  cranes  be  erect¬ 
ed  in  houfes  already  built.  With  refpeCt  to  the  hori¬ 
zontal  part,  by  walking  on  which  the  man  who  attends 
the  gib  occafionally  affifts  in  raifing  the  load,  it  is  not 
an  effential  part  of  this  invention,  where  the  crane  is 
not  immediately  contiguous  to  the  gib,  although,  where 
it  is,  it  would  be  certainly  very  convenient  and  econo¬ 
mical. 

Crane  is  alfo  a  popular  name  for  a  fyphon,  employ¬ 
ed  in  drawing  off  liquors. 

CROSS,  in  furveying ,  is  an  inftrument  confifting  of 
a  brafs  circle,  divided  into  four  equal  parts  by  two  lines 
croffing  each  other  in  the  centre.  At  each  extremity 
of  tbefe  lines  is  fixed  a  perpendicular  fight,  v/itli  fmall 
holes  below  each  flit,  for  the  better  diicovering  of  dif- 
tant  obje&s.  The  crofs  is  mounted  on  a  ftaff  or  ftancf,. 
to  fix  it  in  the  ground,  and  is  very  ufeful  for  meafur- 
ing  fmall  pieces  of  land,  and  taking  offsets,  &c. 

CjiOSs-JLif,  or  F ore-f  aff,  is  a  mathematical  inftrument 
of  box  or  pear-tree,  confifting  of  a  fquare  ftaff  of  about 
three  feet  long,  having  each  of  its  faces  divided  like  a 
line  of  tangents,  and  having  four  crofs  pieces  of  une¬ 
qual  lengths  to  fit  on  the  ftaff,  the  halves  of  thefe  being 
as  the  radii  to  the  tangent  lines  on  the  faces  of  the 
ftaff. — The  inftrument  was  ufed  in  taking  the  altitudes 
of  the  celtftial  bodies  at  fea. 

CROWN,  in  ajlronomy ,  a  name  given  to  two  con¬ 
ciliations,  the  fouthern  and  the  northern. 

Crown,'  in  geometry,  a  plane  ring  included  between 
two  parallel  or  concentric  peripheries  of  unequal  circles* 

CRorrN-PoJ,  is  a  poft  in  fome  buildings  ftanding  up¬ 
right  in  the  middle  between  two  principle  rafters ;  and. 
from  which  proceed  ftruts  or  braces  to  the  middle  of 
each  rafter.  *  It  is  otherwise  called  a  king pojl ,  or  king’s- 
piece,  or  joggle -piece. 

La  CRUZ,  an  excellent  harbour  on  the  north- weft 
coaft  of  America,  difeovered  by  the  Spaniards  in  1779. 

They  were  introduced  into  it  by  a  paffage  which  they 
called  BucarellPs  entrance ,  and  which  they  placed  in  550 
lb'  N.  Lat.  and  1 39^  15'  W.  Long,  from  the  meridian 
of  Paris.  There  is  no  good  reafon  to  queftion  the  ex- 
a&uefs  of  the  latitude  of  this  pafiage  as  laid  down  by 
the  Spaniards  ;  but  the  editor  of  Peroufe’s  voyage  juft- 
ly  concludes,  from  the  furvey  made  by  our  celebrated 
navigator  Captain  Cook  on  the  coafts  adjacent  to  the 
entrance  of  Bucarelli,  that  this  entrance  is  about  13 $° 

70'  to  the  weft  of  Faris,  or  very  nearly  1330  weft  of 
Greenwich. 

The  Spaniards  were  not  long  in  the  harbour  of  La 
Cruz  before  they  received  a  vifit  from  the  inhabitants 
in  its  neighbourhood.  Bartering  took  place.  The  In¬ 
dians  gave  their  peltry,  and  vaiious  trifles,  for  glafs 
beads,  bits  of  old  iron,  & c.  By  this  traffic  the  Spa¬ 
niards  were  enabled  to  gain  a  fufficiently  exa&  know¬ 
ledge  of  their  genius,  of  their  offenfive  and  defenfive 
arms,  of  their  manufactures,  See* 

Their  colour  is  a  clear  olive  ;  many  among  them 
have,  however,  a  perfedly  white  fkfn  :  their  counte- 
nance  is  well  proportioned  in  all  its  parts.  I  hey  are 
robuft,  courageous,  arrogant,  and  warlike. 

Thev  clothe  themfelves  in  one  or  two  undreffed  ikms 
x  (with 
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f  with  the  far  apparently)  ;  thefeare  the  Heins  of  otters, 
of  fea  wolves,  of  benades  (a  fpecies  of  deer),  of  bears, 
or  other  animals,  which  they  take  in  hunting.  Thefe 
dreffes  cover  them  from  the  neck  to  tlie  middle  of  the 
leg  ;  there  are,  however,  many  among  them  who  wear 
boots  of  fmooth  flan,  refembling  Englifti  boots,  only 
that  thofe  of  the  Indians  open  before,  and  are  laced 
tight  with  a  firing.  They  wear  hats  woven  from  the 
fine  bark  of  trees,  the  form  of  which  refembles  that  of 
a  funnel  or  a  cone.  At  the  writls  they  have  bracelets 
of  copper  or  iron,  or  for  want  of  thefe  metals  the  fins 
of  whales  ;  and  round  the  neck,  necklaces  of  fmall  frag¬ 
ments  of  bones  of  fifhes  and  other  animals,  and  even 
copper  collars  of  the  bignefs  of  two  fingers.  They 
wear  in  their  ears  pendants  of  mother  of  pearl,  or  flat 
pieces  of  copper,  on  which  is  embofied  a  refin  of  a  to* 
paz  colour,  and  which  are  accompanied  with  jet  beads. 
Their  hair  is  long  and  thick,  and  they  make  ufe  of  a 
comb  to  hold  it  together  in  a  fmall  queue  from  the 
middle  to  the  extremity  ;  a  narrow  ribbon  of  coarfe 
linen,  woven  for  this  purpofe,  ferves  as  a  ligament.  They 
wear  alfo  as  a  covering  a  kind  of  fcarf,  woven  in  a  par¬ 
ticular  manner,  fomething  more  than  a  yard  and  a  half 
long,  and  about  half  a  yard  broad,  round  which  hangs 
a  fringe  fomething  more  than  half  a  quarter  of  a  yard 
deep,  of  which  the  thread  is  regularly  twilled. 

The  women  give  proofs  of  their  modelly  and  decen¬ 
cy  by  their  drefs.  Their  phyfiognomy  is  agreeable, 
their  colour  frefli,  their  cheeks  vermilioned,  and  their 
hair  long  ;  they  plait  it  together  in  one  long  trefs. 
They  wear  a  long  robe  of  a  fmooth  fkin  tied  round  the 
loins,  like  that  of  a  nun  ;  it  covers  them  from  the  neck 
as  low  as  the  feet ;  the  fikeves  reach  down  to  the  wrills. 
Upon  this  robe  they  put  divers  Heins  of  otters  or  other 
animals  to  defend  themfelves  from  the  inclemency  of 
the  weather.  Better  drefled,  many  of  them  might  dif- 
pute  charms  with  the  moll  handfome  Spanifh  women  ; 
but  diffatisfied  with  their  natural  charms,  they  have  re- 
courfe  to  art,  not  to  embellilh,  but  to  disfigure  them- 
ielve3.  All  the  married  women  have  a  large  opening 
in  the  under  lip,  and  this  opening  or  orifice  is  filled  up 
by  a  piece  of  wood  cut  in  an  oval  lhape,  of  which  the 
fmallell  diameter  is  almoll  an  inch  ;  the  more  a  woman 
is  advanced  in  years  the  more  this  curious  ornament  is 
extended :  it  renders  them  frightful,  the  old  women  ef- 
pecially,  whofe  lip,  deprived  of  its  wonted  fpring,  and 
dragged  by  the  weight  of  this  extraordinary  jewel,  ne- 
ceffarily  hangs  in  a  very  difagreeable  manner.  The 
girls  wear  only  a  copper  needle,  which  crolfes  the  lip  in 
the  place  where  the  ornament  is  intended  hereafter  to  be 
placed. 

Thefe  Indians  in  war  make  ufe  of  cuirafles  and 
fhoulder  pieces  of  a  manufa&ure  like  that  of  the  whale¬ 
bone  flays  among  the  Europeans.  Narrow  boards  or 
fcantlings  form,  in  fome  fort,  the  woof  of  the  texture, 
and  threads  are  the  warp  :  in  this  manner  the  whole  is 
very  flexible,  and  leaves  a  free  ufe  to 'the  arms  for  the 
handling  of  weapons.  They  wear  round  the  neck  a 
coarfe  and  large  gorget  which  covers  them  as  high  as 
below  the  eyes,  and  their  head  is  defended  by  a  morion, 
or  fkull  piece,  ufually  made  of  the  head  of  fome  feroci¬ 
ous  animal.  From  the  waifl  downwards,  they  wear  a 
kind  of  apron,  of  the  fame  contexture  as  their  cuirafs. 
Laflly,  a  fine  flein  hangs  from  their  fhoulders  down  to 
the  knee.  With  this  armour,  thev  are  invulnerable  to 


the  arrows  of  their  enemies ;  but  thus  armed,  they  can¬ 
not  change  pofition  with  fo  much  agility  as  if  they  were 
lefs  burdened. 

Their  offenfive  arms  are  arrows  ;  bows,  of  which  the 
firings  are  woven  like  the  large  cords  of  our  bed  mufi- 
cal  inftruments ;  lances,  four  yards  in  length,  tongued 
with  iron  ;  knives,  of  the  fame  metal,  longer  than  Eu¬ 
ropean  bayonets,  a  weapon  however  not  very  common 
among  them  ;  little  axes  of  flint,  or  of  a  green  ftone,  fo> 
hard  that  they  cleave  the  mod  compact  wood  without 
injury  to  their  edge. 

The  pronunciation  of  their  language  is  extremely  dif¬ 
ficult  ;  they  fpcak  from  the  throat,  with  a  movement  of 
the  tongue  againfl  the  palate.  The  little  ufe  the  wo¬ 
men  make  of  the  inferior  lip  greatly  injures  the  diftinc- 
tivenefs  of  their  language.  The  Spaniards  could  neither 
pronounce  nor  write  the  words  which  they  heard. 

From  the  vivacity  of  fpirit  in  thefe  Indians,  and  from 
their  attention  amply  to  fumifh  the  market  eftablifhed 
in  the  harbour,  it  may  be  concluded  that  they  are  pret¬ 
ty  laborious.  They  continually  brought  fluffs  well 
woven  and  fhaded  by  various  colours,  the  fkins  of  land 
and  fea  wolves,  of  otters,  bears,  and  other  fmaller  ani¬ 
mals  ;  of  thefe  fome  were  raw,  and  others  drefled. 
There  were  to  be  found  at  this  market  alfo  coverlets  of 
coarfe  cloth,  fhaded  with  white  and  brown  colours,  very 
well  woven,  but  in  fmall  quantities  :  large  ribbons  of 
the  fame  linen  which  might  match  with  that  of  the 
Spanifh  officers  mattreffes;  fkeins  of  thread  fuch  as  this 
cloth  was  made  of;  wooden  plates  or  bowls  neatly 
worked  ;  fmall  boats,  or  canoes,  painted  in  various  co¬ 
lours,  the  figures,  of  which  reprefented  heads  with  all 
their  parts  ;  frogs  in  wood,  nicely  imitated,  which  open* 
ed  like  tobacco  boxes,  and  which  they  employed  to 
keep  their  trinkets  in  :  boxes  made  of  fmall  planks,  of 
a  cubical  form,  being  three  quarters  of  a  yard  on  each 
fide,  with  figures  well  drawn,  or  carved  on  the  outfide, 
reprefenting  various  animals;  the  covers  fabricated  like 
Flanders  etwees,  with  rabbeted  edges,  formed  fo  as  to 
fliut  into  the  body  of  the  box  ;  animals  in  wood,  as 
well  thofe  of  the  earth  a*  of  the  air  ;  figures  of  men  of 
the  fame  material,  with  flcull-caps  reprefenting  the  heads 
of  various  fierce  animals  ;  fnares  and  nets  for  fifhing  ; 
copper,  collars  for  the  neck,  and  bracelets  of  iron  for 
the  wrift,  but  which  they  would  not  part  with  except 
at  a  very  high  price  ;  beak-like  inflruments,  from  which 
they  drew  founds  as  from  a  German  flute.  The  prin¬ 
cipal  officers  took  fuch  of  thefe  merchandizes  as  were 
mofi  agreeable  to  them,  and  left  the  remainder  to  the 
fhips  crews. 

As  the  Indians  difeovered  that  the  Spaniards  were 
very  dainty  in  their  fifh,  they  did  not  let  them  want  for 
choice :  the  greateft  abundance  was  in  falmon,  and  a 
fpecies  of  foie  or  turbot  three  yards  and  a  quarter  tong, 
broad  and  thick  in  proportion  ;  cod  and  pilchards  were 
alfo  brought  to  market,  and  fifhes  refembling  trout. 
From  all  this  it  may  be  inferred,  that  this  gulf  is  full  of 
fifh  ;  the  banks  too  are  covered  with  fhells. 

The  quantity  of  mother-of-pearl  that  thefe  Indians 
cut  to  pieces  for  making  ear-rings  awakened  the  curio- 
fity  of  the  Spaniards :  they  tried  to  difeover  whether 
thefe  people  had  not  in  their  poffeffion,  or  whether  their 
country  did  not  produce  pearls,  or  fome  precious  flones; 
their  refearches  were  fruitlefs,  they  ,only  found  fome 
Hones  which  they  judged  to  be  metallic,  and  which  they 

carried 


c  H  !M  \  KY  1’J .  vr  K  XX. 


ft’*  5 


%«• 


Hg.J. 


Flfr-  2. 


IU1. 


T> ,  r  &  S.-ulp 


' 

. 


y* 


CUB  '  14  63  1  C  U  L 


?r»*  carried  on  board,  not  having  the  neceflary  means  for  ex- 
J*c  trading  the  metal  they  might  contain. 

‘  .  Thefe  Indians  feed  upon  fifh,  fre(h  or  dry,  boiled  or 
roafted  ;  herbs  and  roots  which  their  mountains  yielded 
them,  and  particularly  that  which  in  Spain  is  called  fea 
parfley  ;  and,  laftly,  upon  the  flefh  of  animals  which 
they  take  in  hunting  :  the  produ&ions  of  the  chafe  are 
undoubtedly  abundant,  feeing  the  number  of  dogs  they 
keep  for  this  purpofe. 

Thefe  Indians  appeared  to  the  Spaniards  to  worlhip 
the  fun,  the  earlieft  and  moll  natural  of  all  idolatrous 
worfhip  ;  and  they  paid  a  decent  refped  to  the  remains 
of  their  dead.  Don  Maurelle,  one  of  the  Spanilh  offi¬ 
cers,  in  an  expedition  round  the  gulf,  found  in  twoiflands 
three  dead  bodies  laid  in  boxes  of  a  fimilar  form  to 
thofe  which  have  been  defcribed  above,  though  confider- 
ably  larger,  and  deeked  in  their  furs.  Thefe  biers  were 
placed  in  a  little  hut  upon  a  platform,  or  raifed  Boor, 
made  of  the  branches  of  trees. 

The  country  is  very  hilly,  the  mountains  are  lofty, 
and  their  flope  extends  almoft  every  where  to  the  fea. 
The  foil,  lime-ftone  ;  it  is  neverthelefs  covered  with  an 
impenetrable  foreft  of  tall  fir  trees,  very  large  and  very 
ftrait.  As  thefe  trees  cannot  (trike  very  deep  into  the 
earth,  the  violence  of  the  wind  often  tears  them  up  by 
the  roots  :  they  rot  and  become  a  light  mould,  upon 
which  grows  a  bufhy  thicket ;  and  in  this  are  found 
nettles,  camomile,  wild  celery,  anife,  a  fpecies  of  cab¬ 
bage,  celandine,  elder,  wormwood,  forrel ;  and  without 
doubt  there  are  other  plants  along  the  rivers. 

The  Spaniards  faw  ducks,  gulls,  divers,  kites,  ravens, 
geefe,  dorks,  gold-finches,  and  other  little  birds  un¬ 
known  to  them. 

The  commerce  between  the  Spaniards  and  the  In¬ 
dians  was  quite  undifturbed ;  and  fo  defirous  were  the 
latter  to  obtain  iron,  cloth,  and  other  (luffs,  that  they 
fold  their  children  for  broken  iron  hoops  and  other 
wares.  The  Spaniards  in  this  manner  bought  three 
young  lads,  one  from  five  to  fix  years  old,  another  of 
four,  and  the  third  from  nine  to  ten,  not  to  make 
(laves,  but  Chriftians  of  them  ;  they  hoped  befides  to 
derive  ufeful  information  from  them  as  to  the  nature  of 
the  country  and  its  inhabitants.  Thefe  youths  were  fo 
contented  in  being  with  the  Spaniards,  that  they  hid 
themfelves  when  their  parents  came  on  board,  from  the 
apprehenfion  of  being  again  reflored  to  them.  Two 
young  girls  were  alfo  purchafed  with  the  fame  view  ; 
one  very  ugly,  feven  years  of  age  ;  the  other  younger, 
better  made,  but  fickly,  and  almoft  at  the  gates  of 
death. 

At  the  full  and  change  of  the  moon,  the  fea  rifes  in 
the  harbour  of  La  Cruz  feventeen  feet  three  inches 
Englifii  ;  it  is  then  high  water  at  a  quarter  alter  12  at 
noon  :  the  lowed  tides  are  fourteen  feet  three  inches  ; 
the  night  tides  exceed  by  one  foot  nine  inches  thofe  of 
the  day. 

CRYSTAL,  SeeCRVSTAL andCRY- 

CRYSTALLIZATION,  I  stallization,£«^/. 
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Rock  Crystal .  J  in  this  Supplement. 

CUBIC  Hyperbola,  is  a  figure  expreffed  by  the 
equation  xy2z=a,  having  two  afymptotes,  and  confiding 
of  two  hyperbolas,  lying  in  the  adjoining  angles  of  the 
afyraptotes,  and  not  in  the  oppolite  angles,  like  the 
Apollonian  hyperbola ;  being  otherwife  called  by  New¬ 


ton,  in  his  Enumeratio  Linearum  Tertii  Ordinis,  anhy- 
perbolifmus  of  a  parabola;  and  is  the  65th  fpecies  of 
thofe  lines  according  to  him. 

Cubic  Parabola>  a  curve  of  the  fecond  order,  having 
two  infinite  legs  tending  contrary  ways.  The  curve  of 
this  parabula  cannot  be  rectified  even  by  means  of  the 
conic  feftions. 

CULLEN  (Dr  William)  was  a  man  to  whom  phy- 
fical  fcience  is  fo  deeply  indebted,  that  it  has  ofteft 
(truck  us  with  wonder  that  no  account  of  him  has  yet 
been  given  to  the  public,  which  deferves  to  be  claffed 
with  Britifh  biography.  We  know  indeed  that  a  life 
of  him  has  been  written  by  an  eminent  phyfician  well 
qualified  and  ftrongly  inclined  to  do  juftice  to  the  merits 
of  his  revered  preceptor  ;  but  that  life  has  been  with¬ 
held  from  us  by  him  who  has  certainly  the  beft  right 
to  confider  himfelf  as  the  guardian  of  the  Do&or’s 
fame,  and  who,  we  have  been  told,  is  to  enlarge  and 
publifh  it  himfelf.  In  thi*3  (late  of  things  our  rea¬ 
ders  mud  pardon  us  for  laying  before  them  a  very  im¬ 
perfect  account  of  this  eminent  man,  to  whom  we  were 
ourfelves  almoft  ((rangers.  There  is  a  charadler  of  him 
in  the  periodical  publication  called  The  Bee ,  which  we 
(hall  Appropriate  to  our  own  ufe,  we  are  perfuaded,  with 
the  entire  approbation  of  its  author,  though  fometimes 
we  may  exprefs  our  fufpicions  that  his  praife  is  exag¬ 
gerated. 

Dr  William  Cullen  was  born  in  Lanarkfhire,  in  the 
weft  of  Scotland,  1  ith  December  1 7 12.  His  father  was 
for  fome  time  chief  magiftrate  of  the  town  of  Hamil¬ 
ton  ;  but  though  a  very  refpe&able  man,  his  circum- 
ftances  were  not  fuch  as  to  permit  him  to  lay  out  much 
money  on  the  education  of  his  foil.  William  therefore, 
after  ferving  an  apprenticefhip -to  a  furgeon  apothecary 
in  Glafgow,  went  feveral  voyages  to  the  Weft  Indies 
as  a  furgeon  in  a  trading  veftel  from  London  :  but  of 
this  employment  he  tired,  and  fettled  himfelf,  at  an 
early  period  of  life,  as  a  country  furgeon  in  the  pariffi 
of  Shotts,  where  he  (laid  a  fliort  time  pra&ifing  a- 
mong  the  farmers  and  country  people,  and  then  went 
to  Hamilton  with  a  view  to  praeftife  as  a  phyfician,  ha¬ 
ving  never  been  fond  of  operating  a3  a  furgeon. 

While  lie  refided  near  Shotts,  it  chanced  that  Archi¬ 
bald  Duke  of  Argyle,  who  at  that  time  bore  the  chief 
political  fway  in  Scotland,  made  a  vifit  to  a  gentleman 
of  rank  in  that  neighbourhood.  The  Duke  was  fond 
of  literary  purfuits,  and  was  then  particularly  engaged 
in  fome  chemical  refearches,  which  required  to  be  elu¬ 
cidated  by  experiment.  Eager  in  thefe  purfuits,  his 
Grace,  while  on  this  vifit,  found  himfelf  much  at  a  lofa 
for  the  want  of  fome  fmall  chemical  apparatus,  which 
his  landlord  could  not  furniih  :  but  happily  recolledling 
young  Cullen  in  the  neighbourhood,  he  mentioned  him 
to  the  Duke  as  a  peifon  who  could  probably  furnifh  it. 
— He  was  accordingly  invited  to  dine  ;  was  introduced 
to  his  Grace, — who  was  fo  much  pleafed  with  his  know¬ 
ledge,  his  politenefs  and  addrefs,  that  he  formed  an  ac¬ 
quaintance  which  laid  the  foundation  of  all  Do&or  Cul¬ 
len’s  future  advancement. 

The  name  of  Cullen  by  this  time  became  familiar  at 
every  table  in  that  neighbourhood  ;  and  thus  he  came 
to  be  known,  by  chara&er,  to  the  Duke  of  Hamilton, 
who  then  refided,  for  a  fhort  time,  in  that  part  of  the 
country :  and  that  nobleman  having  been  fuddenly  ta¬ 
ken  ill,  the  affiftance  of  young  Cullen  was  called  in,; 
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Cullen,  which  proved  a  fortunate  circumftance  in  ferving  to 

- m - -  promote  his  advancement  to  a  ftation  in  life  more  fmted 

to  his  talents  than  that  in  which  he  had  hitherto  moved. 

The  charaaer  of  the  Douglaftes,  of  which  name  the 
family  of  Hamilton  now  forms  a  principal  branch,  has 
always  been  fomewhat  of  the  fame  (lamp  with  that  of 
the  rifing  Cullen.  Genius,  benevolence, .  franknefs,  and 
conviviality  of  difpofition,  have  been,  with  them  in  ge¬ 
neral,  very  prominent  features  :  and  if  to  that  be  added 
a  fpirit  of  fiolic  and  diffipation,  thefe  will  be  accounted 
as  only  natural  confeqnences  of  thofe  youthful  indul¬ 
gences  that  fpring  from  an  excefs  of  wealth  at  an  early 
period  of  life,  and  the  licence  allowed  to  people  of  ele¬ 
vated  rank.  The  Duke  was  therefore  highly  delight¬ 
ed  with  the  fprightly  character  and  ingenious  conversa¬ 
tion  of  his  new  acquaintance.  Receiving  inftru&ion 
from  him  in  a  much  more  pleafing,  and  an  infinitely 
eafier  way  than  he  had  ever  before  obtained,  the  con¬ 
versation  of  Cullen  proved  highly  interefting  to  his 

Orace _ No  wonder  then  that  he  foon  found  means  to 

get  his  favourite  Do6lor,  who  was  already  the  e deem¬ 
ed' acquaintance  of  the  man  through  whofe  hands  all 
preferments  in  Scotland  were  obliged  to  pafs,  appointed 
to  a  place  in  the  univerfity  of  Glafgow,  where  his  lin¬ 
gular  talents  for  difeharging  the  duties  of  the  ftation  he 
now  occupied  foon  became  very  confpicuous  (a). 

During  his  refidence  in  the  country,  however,  feve- 
ral  important  incidents  occurred,  that  ought  not  to  be 
paffed  over  in  filence.  It  was  during  this  time  that 
was  formed  a  connexion  in  bufinefs  in  a  very  humble 
line  between  two  men,  who  became  afterwards  eminent¬ 
ly  confpicuous  in  much  more  exalted  ilations.  William, 
afterwards  Doftor,  Hunter,  the  famous  lecturer  on  ana¬ 
tomy  in  London,  was  a  native  of  the  fahie  part  of  the 
country ;  and  not  being  in  affluent  circumftances  more 
than  Cullen,  thefe  two  young  men,  ftimulated  by  the 
impulfe  of  genius  to  profecute  their  medical  iludies 
with  ardour,  but  thwarted  by  the  narrownefs  of  their 
foitune,  entered  into  a  copartnery  bufinefs  as  furgeons 
and  apothecaries  in  the  country.  The  chief  end  of 
their  contrad  being  to  furnifh  the  parties  with  the 
means  of  profecuting  their  medical  iludies,  which  they 
could  not  feparately  fo  well  enjoy,  it  was  ftipulated, 
that  one  of  them  alternately  fhould  be  allowed  to  ftudy 
in  what  college  he  inclined,  during  the  winter,  while 
the  other  fhould  carry  on  the  bufinefs  in  the  country 
for  their  common  advantage.  In  confequence  of  this 
agreement,  Cullen  was  firft  allowed  to  ftudy  in  the  U- 
niverfity  of  Edinburgh  for  one  winter ;  but  when  it 
came  to  Hunter’s  turn  next  winter,  he,  preferring  Lon¬ 
don  to  Edinburgh,  went  thither.  There  his  fingular 
neatnefs  in  diifeding,  and  uncommon  dexterity  in  ma¬ 
king  anatomical  preparations,  his  afiiduity  in  itudy,  his 
mildnefs  of  manner,  and  pliability  of  temper,  foon  re¬ 
commended  him  to  the  notice  of  Dr  Douglafs,  who 
then  read  le&ures  upon  anatomy  and  midwifery  there ; 
who  engaged  Hunter  as  an  afiiftant,  and  whofe  chair  he 


afterwards  filled  with  fo  much  honour  to  himfelf  and  fa* 
tisfa£lion  to  the  public. 

Thus  was  diflolved,  in  a  premature  manner,  a  copart¬ 
nery  perhaps  of  as  fingular  a  kind  as  is  to  be  found  in 
the  annals  of  literature  :  nor  wa3  Cullen  a  man  of  that 
difpofition  to  let  any  engagement  with  him  prove  a  bar 
to  his  partner’s  advancement  in  life.  Tlie  articles  were 
freely  departed  from  by  him  ;  and  Cullen  and  Hunter 
ever  after  kept  up  a  very  cordial  and  friendly  correfpond- 
ence  ;  though,  it  is  believed,  they  never  from  that  time 
had  a  perfonal  interview. 

During  the  time  that  Cullen  pra&ifed  as  a  country 
furgeon  and  apothecary,  he  formed  another  connexion 
of  a  more  permanent  kind,  which,  happily  for  him,  was 
not  diffolved  till  a  very  late  period  of  his  life.  With 
the  ardour  of  difpofition  he  pofTeffed,  it  cannot  be  fup- 
pofed  he  beheld  the  fair  fex  with  indifference.  Very 
early  in  life  he  took  a  ftrong  attachment  to  an  amiable 
woman,  a  Mifs  Johnfton,  daughter  to  a  clergyman  in 
that  neighbourhood,  nearly  of  his  own  age,  who  was 
prevailed  on  to  join  with  him  in  the  facred  bonds  of 
wedlock,  at  a  time  when  he  had  nothing:  elfe  to  recom¬ 
mend  him  to  her  except  his  perfon  and  difpofitions  ;  for 
as  to  riches  2nd  poffeflions  he  had  little  of  thefe  to  boaft 
of.  She  was  beautiful,  had  great  good  fenfe,  equani¬ 
mity  of  temper,  an  amiable  diipofition,  and  elegance  of 
manners,  and  brought  with  her  a  little  money,  which, 
though  it  would  be  accounted  nothing  now,  was  fome- 
thing  in  thofe  days  to  one  in  his  fituation  in  life.  After 
giving  to  him  a  numerous  family,  and  participating  with 
him  the  changes  of  fortune  which  he  experienced,  flic 
peacefully  departed  this  life  in  fummer  1786. 

In  the  year  1746,  Cullen,  who  had  now  taken  the 
degree  of  do£tor  in  phyfic,  was  appointed  a  lecturer  in 
chemiftry  in  the  Univerfity  of  Glafgow  :  and  in  the 
month  of  O&ober  began  his  le&ures  in  that  fcience. 
His  fingular  talents  for  arrangement,  his  diftindlnefs  of 
enunciation,  his  vivacity  of  manner,  and  his  knowledge 
of  the  fcience  he  taught,  rendered  his  le&ures  interetl- 
ing  to  the  ftudents  to  a  degree  that  had  been  till  then 
unknown  at  that  univerfity.  He  became,  therefore,  in 
fome  meafure,  adored  by  the  ftudents.  The  former  pro- 
feftbrs  were  eclipfed  by  the  brilliancy  of  his  reputation; 
and  he  had  to  experience  all  thofe  little  rubs  that  envy 
and  difappointed  ambition  naturally  threw  in  his  way. 
Regardleis,  however,  of  thefe  fecret  fhagreen§,  he  pref- 
fed  forward  with  ardour  in  his  literary  career  ;  and, 
fupported  by  the  favour  of  the  public,  he  confoled  him¬ 
felf  for  the  contumely  he  met  with  from  a  few  indivi¬ 
duals.  His  praftice  as  a  phyfician  increafed  from  day 
to  day  ;  and  a  vacancy  having  occurred  in  the  year 
1751,  he  was  then  appointed  by  the  king  profeffor  of 
medicine  in  that  univerfity.  This  new  appointment 
ferved  only  to  call  forth  his  powers,  and  to  bring  to 
light  talents  that  it  was  not  formerly  known  he  poffef- 
fed  ;  fo  that  his  fame  continued  to  increafe- 

As,  at  that  period,  the  patrons  of  the  univerfity  of 

Edinburgh 
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(a)  It  was  not,  however,  folely  to  the  favour  of  thefe  two  great  men  that  Cullen  owed  his  literary  fame.  He 
was  recommended  to  the  notice  of  men  of  fcience  in  a  way  dill  move  honourable  to  himfelf.  The  difeafe  of  the 
Duke  of  Hamilton  having  refilled  the  effect  of  the  firft  applications,  Dr  Clarke  was  fent  for  from  Edinburgh  > 
and  he  was  lo  much  pleafed  with  every  thing  that  Cullen  had  done,  that  he  became  his  eulogift  upon  every  oc- 
cafion.  Cullen  never  forgot  this  ;  and  when  Clarke  died,  gave  a  public  oration  in  his  praife  in  the  Univerfity 
of  Edinburgh  ;  which,  it  is  believed,  was  the  firft  of  the  kind  in  this  country. 
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Edinburgh  were  conftantly  on  the  watch  for  the  mod 
eminent  medical  men  to  fupport  the  rilmg  fame  of  the 
college,  their  attention  was  foon  diredled  towards  Cul¬ 
len  ;  who,  on  the  death  of  Dr  Plumber,  profeffor  of 
chemiftry,  was,  in  1756,  unanimouOy  invited  to  accept 
the  vacant  chair.  This  invitation  he  accepted  :  and  ha¬ 
ving  refigned  all  his  employments  in  Glafgow,  he  be¬ 
gan  his  academical  career  in  Edinburgh  in  the  month 
of  O&ober  of  that  year ;  and  there  he  refided  till  his 
death. 

If  the  admiffion  of  Cullen  into  the  univerfity  of  Glaf- 
pow  gave  great  fpirit  to  the  exertions  of  the  ftudents, 
this  was  (till,  if  poflible,  more  ftrongly  felt  in  Edin¬ 
burgh.  Chemiftry,  which  had  been  till  that  time  of 
fmall  account  in  that  univerfity,  and  was  attended  to  by 
very  few  of  the  (Indents,  inftantly  became  a  favourite 
ftudy ;  and  the  le&ures  upon  that  fcience  were  more 
frequented  than  any  others  in  the  univerfity,  anatomy 
alone  excepted.  The  ftudents,  in  general,  fpoke  of 
Cullen  with  the  rapturous  ardour  that  is  natural  to 
youth  when  they  are  highly  pleafed.  Thefe  eulogiums 
appeared  extravagant  to  moderate  men,  and  could  not 
fail  to  prove  dilgufting  to  his  colleagues.  A  party  was 
formed  among  the  ftudents  for  oppofing  this  new  fa¬ 
vourite  of  the  public  ;  and  thefe  ftudents,  by  mifrepre- 
fenting  the  doftrines  of  Cullen  to  others  who  could  not 
have  an  opportunity  of  hearing  thefe  do&rines  them- 
felves,  made  even  fome  of  the  moft  intelligent  men  in  the 
univerfity  think  it  their  duty  publicly  to  oppofe  thefe 
imaginary  tenets.  The  ferment  was  thus  augmented; 
and  it  was  fome  time  before  the  profeffors  difeovered 
the  arts  by  which  they  had  been  impofed  upon,  and 
univerfal  harmony  reftored. 

During  th;s  time  of  public  ferment,  Cullen  went 
fteadily  forward,  without  taking  any  part  himfelf  in 
thefe  difputes.  He  never  gave  ear  to  any  tales  refpe (St¬ 
ing  his  colleagues,  nor  took  any  notice  of  the  do&rines 
they  taught :  That  fome  of  their  unguarded  ftri&ures 
might  at  times  come  to  his  knowledge,  is  not  impofii- 
ble  ;  but  if  they  did,  they  feemed  to  make  no  impreflion 
on  his  mind. 

Thefe  attempts  of  a  party  of  ftudents  to  lower  the 
character  of  Cullen  on  his  firft  outfet  in  the  univerfity 
of  Edinburgh  having  proved  fruitlefs,  his  fame  as  a 
proreffor,  and  his  reputation  as  a  phyfician,  became  more 
and  more  refpcdled  every  day.  Nor  could  it  well  be 
otherwife  :  Cullen’s  profeffional  knowledge  was  always 
great,  and  his  manner  of  lecturing  fingularly  clear  and 
intelligible,  lively  and  entertaining  ;  and  to  his  patients, 
his  condudl  in  general  as  a  phyfician  was  fo  pleating,  his 
addrefs  fo  affable  and  engaging,  and  his-  manner  fo  open, 
fo  kind,  and  fo  little  regulated  by  pecuniary  confi dera¬ 
tions,  that  it  was  impoflible  for  thofe  who  had  occafion  to 
call  once  for  his  medical  affiftance,  ever  to  be  fatisfied  on 
any  future  occafion  without  it.  He  became  the  friend 
and  companion  of  every  family  he  vifited ;  and  his  fu¬ 
ture  acquaintance  could  not  be  difpenfed  with. 

But  if  Dr  Cullen  in  his  public  capacity  deferved  to 
be  admired ,  in  his  private  capacity  by  his  ftudents  he  de¬ 
ferved  to  be  adored .  His  conduct  to  them  was  fo  at¬ 
tentive,  and  the  intereft  lie  took  in  the  private  concerns 
of  all  thofe  ftudents  who  applied  to  him  for  advice,  was 
(o  cordial  and  fo  warm,  that  it  was  impoflible  for  any 
one  who  had  a  heart  fufceptible  of  generous  emotions, 
not  to  be  enraptured  with  a  conduct  fo  uncommon  and 
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fo  kind.  Among  ingenuous  youth,  gratitude  cafily 
degenerates  into  rapture — into  rtfpedl  nearly  allied  to 
adoration.  Thofe  who  advert  to  this  natural  conflruc- 
tion  of  the  human  mind,  will  be  at  no  lois  to  account 
for  that  popularity  that  Cullen  enjoyed — a  popula¬ 
rity,  that  thofe  who  attempt  to  weigh  every  occur¬ 
rence  by  the  cool  ftandard  of  reafon  alone,  will  be  in¬ 
clined  to  think  excefiive.  It  is  fortunate,  however, 
that  the  bulk  of  mankind  will  ever  be  influenced  in  their 
judgment  not  lefs  by  feelings  and  affections  than  by 
the  cold  and  phlegmatic  dictates  of  reafon.  The  ado¬ 
ration  which  generous  conduft  excites,  is  the  reward 
which  nature  hath  appropriated  exclufively  to  difinte- 
refted  beneficence.  This  was  the  fecret  charm  that 
Cullen  ever  carried  about  with  him,  which  fafeinated 
fuch  numbers  of  thofe  who  had  intimate  accefs  to  him. 
This  was  the  power  which  h’s  envious  opponents  never 
could  have  an  opportunity  of  feeling. 

The  general  condu&  of  Cullen  to  his  ftudents  was 
thus  With  all  fuch  as  he  obferved  to  be  attentive  and 
diligent,  he  formed  an  early  acquaintance,  by  inviting 
them  by  twos,  by  threes,  or  by  fours  at  a  time,  to  fup 
with  him,  converting  with  them  on  thefe  occations  with 
the  moft  engaging  eafe,  and  freely  entering  with  them 
on  the  fubje&  of  their  ftudies,  their  amufements,  their 
difficulties,  their  hopes,  and  future  profpe&s.  In  this 
way,  he  ufually  invited  the  whole  of  his  numerous  cldfs, 
till  he  made  himfelf  acquainted  with  their  abilities,  their 
private  character,  and  their  objedls  of  purfuit.  Thofe 
among  them  whom  he  found  moft  afiiduous,  beft  dif- 
pofed,  or  the  moft  friendlefs,  he  invited  the  moft  fre¬ 
quently,  till  an  intimacy  was  gradually  formed,  which 
proved  highly  beneficial  to  them.  Their  doubts,  with 
regard  to  their  objefts  of  ftudy,  he  liilened  to  with  at¬ 
tention,  and  folved  with  the  moft  obliging  condefcen- 
fion.  His  library,  which  contifted  of  an  excellent  al- 
fortment  of  the  beft  books,  efpecially  on  medical  fub- 
je&s,  was  at  all  times  open  for  their  accommodation  5 
and  his  advice,  in  every  cafe  of  difficulty  to  them,  they 
always  had  it  in  their  power  moft  readily  to  obtain. 
They  feemed  to  be  his  family  ;  and  few  perferns  of  dif« 
tinguifhed  merit  have  left  the  univerfity  of  Edinburgh 
in  his  time,  with  whom  he  did  not  keep  up  a  enrre- 
fpondence  till  they  were  fairly  eftabliflied  in  butinefs. 
By  thefe  means,  he  came  to  have  a  moft  accurate  know¬ 
ledge  of  the  ftate  of  every  country,  with  refpeCt  to 
pra&itioners  in  the  medical  line  ;  the  only  ufe  he  made 
of  which  knowledge,  was  to  direCl  ftudents  in  their 
choice  of  places,  where  they  might  have  an  opportuni¬ 
ty  of  engaging  in  bufinefs  with  a  reafonable  profpeft  of 
fuccefs  Many,  very  many,  able  men  has  he  thus  put 
into  a  good  line  of  bufinefs  where  they  never  could  have 
thought  of  it  themfelves  ;  and  they  are  now  reaping  the 
fruits  of  this  beneficent  forefight  on  his  part. 

Nor  was  it  in  this  way  only  that  he^befr-'erded  the 
ftudents  at  the  univerfity  of  Edinburgh.  Po  fie  fling  a 
benevolence  of  mind  that  made  him  ever  think  firft  of 
the  wants  of  others,  and  recolleftfng  the  difficulties 
that  he  himfelf  had  had  to  ftruggle  with  in  his  younger 
days,  he  was  at  all  times  fingularly  attentive  to  their  pe¬ 
cuniary  concerns.  From  his  general  acquaintance  a- 
mong  the  ftudents,  and  the  friendly  habits  he  was  on 
with  many  of  them,  he  found  no  difficulty  in  difeover- 
ing  thofe  among  them  who  were  .rather  in  hampered 
cireumftances,  without  being  obliged  to  hurt  their  de- 
3  N  licacy 
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it,  he  was  peculiarly  at- 
more  frequently  invited  to  liis 
were  treated  with  more  than 
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Iicacy  In  any  degree.  To  fuch  perfons,  when  their  called 
habits  of  ftudy  admitted  of 
tentive.  They  were  m 
houfe  than  others  ;  they 

ufu?.l  kindnefs  and  familiarity  ;  they  were  conducted  to 
his  library,  and  encouraged  by  the  mod  delicate  addrefs 
to  borrow  from  it  freely  whatever  books  lie  thought 
they  had  occafion  for  :  and  as  perfons  in  thefe  circurn- 
flances  were  ufually  more  Hiy  in  this  refped  than  ollrers, 
books  were  fometimes  preffed  upon  them  as  a  fort  of 
conftraint,  by  the  Doctor  infilling  to  have  their  opinion 
of  fuch  or  inch  pafTages  they  had  not  read,  and  defiring 
them  to  carry  the  book  home  for  that  purpofe.  lie, 
in  ftiort,  behaved  to  them  rather  as  if  he  courted  their 
company,  and  flood  in  need  of  their  acquaintance  than 
they  of  his.  He  thus  raifed  them  in  the  opinion  of 
their  acquaintance  to  a  much  higher  degree  of  educa¬ 
tion  than  they  could  other wife  have  obtained  ;  which, 
to  people  whofe  minds  were  depreffed  by  penury,. and 
whofe  fenfe  of  honour  was  fharpened  by  the  confciouf- 
nefs  of  an  inferiority  of  a  certain  kind,  was  fmgulaily 
engaging*  Thus  they  were  ihfpired  with  a  fecret  fenfe 
of  dignity,  which  elevated  their  minds,  and  excited  an 
uncommon  ardour  of  purfuit.  inbead  of  that  melancho* 

Jy  inadivity  which  is  fo  natural  in  fuch  ciicumftances, 
and  which  too  often  leads  to  defpair.  Nor  was  he  lefs 
delicate  in  the  manner  of  fupplying  their  wants,  than 
attentive  to  difeover  them.  He  often  found  out  fome 
polite  cxcufe  for  refilling  to  take  payment  for  a  firft 
courfe,  and  never  was  at  a  lofs  for  one  to  an  after. courfe. 

Before  they  could  have  an  opportunity  of  applying  for 
a  ticket,  lie  would  fometimes  lead  the  converfation  to 
fonie  fubjed  that  occurred  in  the  courfe  of  his  ledur.es; 
and  as  his  ledures  were  never  put  in  writing  by  him- 
felf,  he  would  fometimes  beg  the  favour  to  fee  their 
notes,  if  lie  knew  they  had  been  taken  with  attention, 
under  a  pretext  of  addling  his  memory.  Sometimes  he 
would  exprefs  a  vvifh  to  have  their  opinion  of  a  particu¬ 
lar  part  of  his  courfe,  and  prefen  ted  them  with  a  ticket 
for  that  ourpofe  ;  and  fometimes  he  refufed  to  take 
payment,  under  the  pretext  that  they  had  not  received 
liis  full  courfe  the  preceding  year,  fome  part  of  it  ha¬ 
ving  been  neceffarily  omitted  for  want  of  time,  which 
he  meant  to  include  in  this  courfe.  By  fuch  delicate 
addrefs,  in  which  he  greatly  excelled,  lie  took  cafe  to 
forerun  their  wants.  Thus  he  not  only  gave  them  the 
benefit  of  his  own  ledures,  but  by  refufmg  to  take 
their  money,  he  alfo  enabled  them  to  attend  thofe  of 
others  that  were  ncceflary  to  complete  their  courfe  of 
ft udies.  Thefe  were  particular  devices  he  adopted  to 
individuals  to  whom  economy  was  ncceflary  ;  but  it 
was  2  general  rule  with  him,  never  to  take  money  From 
any  ftudent  for  more  than  two  courses  of  the  fame  fet 
of  ledures,  permitting  him  to  attend  thefe  ledlufes  as 
many  years  longer  as  he  pleafed  gratis . 

He  introduced  another  general  rule  into  the  univer- 
fity,  that  was  didated  by  the  fame  principle  of  difin- 
terefled  beneficence,  that  ought  not  to  be  here  puf¬ 
fed  over  in  lilence.  '  Before  he  came  to  Edinburgh,  it 
was  the  cuflom  of  medical  profefTors  to  accept  ol  fees 
for  their  medical  abidance,  when  wanted,  even  from 
medical  Undents  themfelves,  who  were  perhaps  attend¬ 
ing  the  pvofefior’s  own  ledures  at  the  time.  But  Cul¬ 
len  never  would  take  fees  as  a  phyfician  from  any  ftu¬ 
dent  at  the  univerfity,  though  lie  attended  them,  when 
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in  as  a  phyfician,  with  the  fame  affidnlty  and  Cullen, 
care  as  if  they  had  been  perfons  of  the  firft  rank,  who 
paid  him  mod  liberally.  This  gradually  induced  others 
to  adopt  a  fifnilar  pradice  ;  fo  that  it  is  now  become  a 
general  rule  for  medical  profeflors  to  decline  taking  any 
fees  when  their  affiflance  is  ncceflary  to  a  ftudent.  For 
this  ufeful  reform,  with  many  others,  the  (Indents  of 
the  univerfity  of  Edinburgh  are  folely  indebted  to  the 
liberality  of  Dr  Cullen.  .  . 

The  firft  lectures  which  Cullen  delivered  in  Edin¬ 
burgh  were  on  chemiftry  ;  and  for  many  years  he  alfo 
gave  clinical  ledures  on  the  cafes  which  occurred  in  the 
royal  infirmary.  In  the  month  of  February  1763, 

Dr  Alfton  died,  after  having  begun  his  lifual  comle  of 
ledures  on  the  materia  merlica  ;  and  the  magiftrates  of 
Edinburgh,  as  patrons  of  that  profefForftiip  in  the  uni¬ 
verfity,  appointed  Dr  Cullen  to  that  chair,  requefting 
that  he  would  finifh  the  courfe  of  led  ares  that  had  been 
begun  for  that  feafon.  This  he  agreed  to  do  ;  and 
though  he  was  under  a  nCceffity  of  going  on  with  the 
courfe  in  a  few  days  after  he  was  nominated,  lie  did  ilot 
once  think  of  reading  the  ledures  of  his  predeceftor, 
but*  refolvcd  to  deliver  a  new  courfe  entirely  his  own. 

The  popularity  of  Cullen  at  tins  tinte  may  be  guefled 
at  by  the  increafe  of  new  ftudents  who  came  to  attend 
his  Courfe  in  addition  to  the  eight  or  ten  who  had  en¬ 
tered  to  Dr  Alfton.  The  liew  {Indents  exceeded  ICO. 

An  imperfed  copy  of  thefe  ledures  thus  fabricated  in 
hade,  having  been  publifhed,  the  Dodor  thought  it  nc¬ 
ceflary  to  give  a  more  corrcd  edition  of  them  in  the 
latter  part  of  liis  life.  But  his  faculties  being  then 
much  impaired,  his  friends  looked  m  vain  for  thofe  lin¬ 
king  beauties  that  charaderifed  his  literary  exertions  in 
the  prime  of  life. 

Some  years  afterwards,  oii  the  death  of  Dr  White, 
the  magiftrates  once  more  appointed  Dr  Cullen  to  give 
ledures  on  the  theory  of  phyfic  in  his  Head.  And  it 
was  on  that  occafion  Dr  Cullen  thought  it  expedient  to 
retign  the  chemical  chair  in  favour  of  Dr  Iflack,  his 
former  pupil,  whofe  talents  in  that  department  of  Iciertce 
were  then  well  known,  and  who  has  filled  the  chair  ever 
ftnee  with  great  fatisfadion  to  the  public.  Soon  alter, 
on  the  death  of  Dr  Rutherford,  who  for  many  years 
had  given  ledures  with  applaufe  oil  the  pradice  of  phy¬ 
fic,  Dr  John  Gregory  (whofe  name  cafi  never  be  men¬ 
tioned  by  any  one  who  had  the  pleafure  of  liis  acquain¬ 
tance  without  the  warmed  tribute  of  a  grateful  refped) 
having  become  a  candidate  foi  this  place  along  with  Dr 
Cullen,  a  fort  of  compromife  took  place  between  them, 
by  which  they  agreed  each  to  give  ledihes  alternately 
on  the  theory  and  on  the  pradice  of.  phyftc  during 
their  joint  lives,  the  longcft  furvivor  being  allowed  to 
hold  either  of  the  clafles  lie  fhould  incline.  In  confe- 
quence  of  this  agreement.  Dr  Cullen  delivered  the  firjl 
courfe  of  ledures  on  the  pradice  of  phyfic  in  winter 
1766,  and  Dr  Gregory  fucceeded  him  in  that  branch 
the  following  year.  Never  .perhaps  did  a  literary  ar¬ 
rangement  take  place  that  could  have  proved  more  be¬ 
neficial  to  the  ftudents  than  this.  Both  thefe  men  pof- 
fefled  great  talents,  though  of  a  kind  extremely  difiirtu- 
lar.  Both  of  them  had  certain  failings  or  dtfeds,  which 
the  other  was  aware  of,  and  counteraded.  Each  of 
them  knew  and  refpeded  the  talents  of  the  other.  They 
co-operated,  therefore,  in  the  happieft  manner,  to  en¬ 
large  the  under  Handing,  and  to  forward  the  purfuits  of 
,  their 
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their  pupils*  Unfortunately  this  arrangement  was  foon 
deRroyed  by  the  unexpected  death  of  Dr  Gregory, 
who  was  cue  off  in  the  flower  of  life  by  a  fudden  and 
unforefeen  event.  After  this  time,  Cullen  continued 
to  give  leXures  on  the  practice  of  phyfic  till  a  few 
months  before  his  death,  which  happened  on  the  5th 
of  February  1790,  in  the  77th  year  of  his  age. 

In  drawing  the  character  of  Dr  Cullen,  Dr  Ander- 
fon,  to  whom  we  are  indebted  for  this  fketch,  obferves, 
that  in  fcientific  purfuits  men  may  be  arranged  into 
two  grand  claffes,  which,  though  greatly  different  from 
each  other  in  their  extremes,  yet  approximate  at  times 
fo  near  as  to  be  blended  indiferiminately  together ; 
thofe  who  poflefs  a  talent  for  detail,  and  tliofe  who  are 
endowed  with  the  faculty  of  arrangement.  The  RrR 
may  he  faid  to  view  objeXs  individually  as  through  a 
microfcope.  The  field  of  viiion  is  confined  ;  but  the 
objeCts  included  within  that  field,  which  muR  ufually 
be  confidered  lingly  and  apart  from  all  others,  are  fee'n 
with  a  wondrous  degree  of  accuracy  and  diRinXnefs. 
The  other  takes  a  Tweeping  view  of  the  univerfe  at 
large,  confiders  every  objeX  lie  perceives,  not  individu¬ 
ally,  but  as  a  part  of  one  harmonious  whole:  His  mind 
is  therefore  not  fo  much  employed  in  examining  the  le- 
parate  parts  of  this  individual  objeX,  as  in  tracing  its 
relations,  connexions,  and  dependencies,  on  thole  a- 
round  it.  —  Such  was  the  turn  of  Cullen’s  mind.  The 
talent  for  arrangement  was  that  which  peculiarly  dif- 
tinguifhed  him  from  the  ordinary  clafs  of  mortals  ;  and 
this  talent  he  poffefied  perhaps  in  a  more  diilinguifhed 
degree  titan  any  other  perfon  of  the  age  in  which  he 
lived.  Many  perfons  exceeded  him  in  the  minute  know¬ 
ledge  of  particular  departments,  who,  knowing  this, 
naturally  looked  upon  him  as  their  inferior  ;  but  pof- 
fefTing  not  at  the  fame  time  that  glorious  faculty,  which, 
“  with  an  eye  wide  roaming,  glances  from  the  earth  to 
heaven,' ”  or  the  charms  which  this  talent  can  infufe 
into  congenial  minds,  felt  difguft  at  the  pre-eminence 
he  obtained,  and  aftonifhment  at  the  means  by  which 
he  obtained  it.  An  AriRotle  and  a  Bacon  have  had 
their  talents  in  like  manner  appretiated  ;  and  many  are 
the  perfons  who  can  neither  be  exalted  to  fublime  ideas 
with  Homer,  nor  ravifhed  witji  the  natural  touches  or  a 
Shakefpeare.  Such  things  are  wifely  ordered,  that  every 
department  in  the  univerfe  may  be  properly  filled  by 
thofe  who  have  talents  exaXly  fuited  to  the  talk  afiign- 
ed  them  by  heaven. 

—  Had  Cullen,  however,  pofiefied  the  talents  for  ar¬ 
rangement  alone,  fmall  would  have  been  his  title  to 
that  high  degree  of  applaufe  he  has  attained.  With¬ 
out  a  knowledge  of fadsy  a  talent  for  arrangement  pro¬ 
duces  nothing  but  chimeras  ;  without  materials  to  work 
upon,  the  RruXures  which  an  over-heated  imagination 
may  rear  up  are  merely  “  the  bafelefs  fabric  of  a  vilion.” 
No  man  was  more  fenfible  of  the  juftnefs  of  this  remark 
than  Dr  Cullen,  and  few  were  at  greater  pains  to  avoid 
it.  His  whole  life,  indeed,  was  employed,  almoR  with¬ 
out  interruption,  in  colleXing  faXs.  Whether  he  was 
reading,  or  walking,  or  converfmg,  thefe  were  continu¬ 
ally  falling  into  his  way.  With  the  keen  perception  of 
an  eagle,  he  marked  them  at  the  firft  glance;  and  with¬ 
out  flopping  at  the  time  to  examine  them,  th^y  were 
ftored  up  in  his  memory,  to  be  drawn  forch  as  occafion 
required,  to  be  confronted  with  other  faXs  that  had 
been  obtained  after  the  fame  manner,  and  to  have  their 


truth  afeertained,  or  their  falfity  proved,  by  the  evidence 
which  fhould  appear  when  carefully  examined  at  the 
impartial  bar  of  juftice.  Without  a  memory  retentive 
in  a  lingular  degree,  this  could  not  have  been  done  ; 
but  fo  very  extraordinary  was  Dr  Cullen’s  memory, 
that  till  towards  the  very  decline  of  life,  there  was 
fcaicely  a  faX  that  had  ever  occurred  to  him  which  he 
could  riot  readily  recolleX,  with  all  its  concomitant  cir- 
cum Ranees,  whenever  he  had  occaRon  to  re^pr  to  it.  It 
was  this  faculty  which  fo  much  abridged  his  labour  in 
Rudy,  and  enabled  him  fo  happily  to  avail  himfelf  of  the 
labour  of  others  in  ail  his  literary  ipeculations.  He  of¬ 
ten  reaoed  more  by  the  conversation  of  an  hour  than 
another  man  would  have  done  in  whole  weeks  of  labo¬ 
rious  Rudy. 

In  his  prtleXions,  Dr  Cullen  never  attempted  to 
read.  His  leXures  were  delivered  viva  voce ,  without 
having  been  previoufly  put  into  writing,  or  thrown  in¬ 
to  any  particular  arrangement.  The  vigour  of  his  mind 
was  fuch,  that  nothing  more  was  neceffary  than  a  few 
ftiort  notes  before  him,  merely  to  prevent  him  from  va¬ 
rying  frt>m  the  general  order  he  had  been  accuflomed 
to  obferve.  This  gave  to  his  difeourfes  an  eafe,  a  vi¬ 
vacity,  a  variety,  and  a  force,  that  are  rarely  to  be  met 
with  in  academical  difeourfes.  His  leXures,  by  confe- 
quence,  upon  the  fame  fubjeX  were  never  exaXly  the 
fame.  Their  general  tenor  indeed  was  not  much  va¬ 
ried  ;  but  the  particular  llluflrations  were  always  new, 
well  fuited  to  the  circumRances  that  attraXed  the  ge¬ 
neral  attention  of  the  day,  and  were  delivered  in  the 
particular  way  that  accorded  with  the  call  of  mind  the 
prdeXor  found  himfelf  in  at  the  time.  To  thefe  cir- 
cumftances  muR  be  aferibed  that  energetic  artlefs  elo¬ 
cution,  which  rendered  his  leXures  fo  generally  capti¬ 
vating  to  his  hearers.  Even  thole  who  could  noc  fol¬ 
low  him  in  thofe  extenfive  views  his  penetrating  mind 
glanced  at,  or  who  were  not  able  to  underRand  thofe  apt 
allulions  to  collateral  objeXs  which  he  could  only  rapidly 
point  at  as  he  went  along,  could  not  help  being  warm¬ 
ed  in  fome  meafure  by  the  vivacity  of  his  manner.  But 
to  thofe  who  could  follow  him  in  Ins  rapid  career,  the 
ideas  he  fuggeRed  were  fo  numerous,  the  views  he 
laid  open  were  lo  extenfive,  and  the  objeXs  to  be  at¬ 
tained  were  fo  important — that  every  aXive  faculty  of 
the  mind  was  roul'ed ;  and  fuch  an  ardour  of  enthufiafm 
was  excited  in  the  profecution  of  Rudy,  as  appeared  to 
be  perfeXly  inexplicable  to  thofe  who  were  merely  un¬ 
concerned  fpeXators.  In  confequence  of  this  unfhack- 
led  freedom  in  the  compofition  and  delivery  of  his  lec¬ 
tures,  every  circumRance  was  in  the  nictft  unifon  with 
the  tone  of  voice  and  exptefiion  of  countenance,  which 
the  particular  caR  of  mind  he  was  in  at  the  time  infpi- 
red.  Was  he  joyous,  all  the  figures  introduced  for  il- 
luRration  were  fitted  to  excite  hilarity  and  good  hu¬ 
mour  :  wa3  he  grave,  the  objeXs  brought  under  view 
were  of  a  nature  more  folemn  and  grand  :  and  was  he 
peevilh,  there  was  a  peculiarity  of  manner  in  thought, 
in  word,  and  in  aXion,  which  produced  a  moR  Rriking 
and  intereRing  effeX.  The  languor  of  a  nervelefs  uni¬ 
formity  was  never  experienced,  nor  did  an  abortive  at¬ 
tempt  to  excite  emotions  that  the  fpeaker  himfelf  could 
not  at  the  time  feel,  ever  produce  thofe  difeordant  ideas 
which  prove  difguRing  and  unplealing. 

It  would  feem  as  if  Dr  Cullen  had  confidered  the 
proper  bufinefs  of  a  preceptor  to  be  that  of  putting  his 
3  N  z  pupils 


Cullen. 

- y - j 


Cullen. 


C  U  L  [  468  ]  CUR 


pupils  into  a  proper  train  of  ftudy,  fo  as  to  enable  them 
to  profecute  thofe  ftudics  at  a  future  period,  and  to  car¬ 
ry  them  on  much  farther  than  the^  fhort  time  allowed 
for  academical  prelections  would  admit.  He  did  not, 
therefore,  fo  much  ftrive  to  make  thofe  who  atten  ed 
his  ieCtuies  deeply  verfed  in  the  particular  details  of 
objeCts,  as  to  give  them  a  general  view  of  the  whole 
fubjeCf ;  to  fhew  what  had  been  already  attained  re- 
fpeCtmg  it  ;  to  point  out  what  remained  yet  to  be  dif- 
covercd  ;  and  to  put  them  into  a  train  of  ftudy  that 
fhould  enable  them,  at  a  future  period,  to  remove  thofe 
difficulties  that  had  hitherto  obilruaed  our  progrefs ; 
and  thus  to  advance  of  themfelves  to  farther  and  far¬ 
ther  degrees  of  perfeaion.  If  thefe  were  his  views, 
nothing  could  be  more  happily  adapted  to  them  than  the 
mode  he  invariably  purfued.  He  drib  drew,  with  the 
(hiking  touches  of  a  mailer,  a  rapid  and  general  outline 
of  the  fubjedl,  by  which  the  whole  figure  was  feen  at 
once  to  ftari  boldly  from  the  canvas,  difiindl  in  all  its 
parts,  and  unmixed  with  any  other  objeft.  He  then 
began  anew  to  retrace  the  pidlure,  to  touch  up  the  lef- 
fer  parts,  and  to  finilh  the  whole  in  as  perfeCl  a  manner 
Esthc  Hate  of  our  knowledge  at  the  time  would  permit. 
Where  materials  were  wanting,  the  pidlure  there  conti¬ 
nued  to  remain  imperfcdl.  The  wants  were  thus  ren¬ 
dered  obvious  ;  and  the  means  of  fupplying  thefe  were 
pointed  out  with  the  moft  careful  difciimiriation.  The 
fiudent,  whenever  he  looked  back  to  the  fubjeCl,  per¬ 
ceived  the  defe&s  ;  and  his  hopes  being  awakened,  he 
felt  an  irrefiftible  impulfe  to  explore  that  hitherto  un¬ 
trodden  path  which  had  been  pointed  out  to  him,  and 
fill  up  the  chafm  which  Hill  remained.  Thus  were  the 
aCbive  faculties  of  the  mind  moll  powerfully  excited  ; 
and  inftead  of  labouring  himfelf  to  fupply  deficiencies 
that  far  exceeded  the  power  of  any  one  man  to  accom- 
plilh,  he  fet  thoufands  at  work  to  fulfil  the  talk,  and 
put  them  into  a  train  of  goingon  with  it,  when  he  him¬ 
felf  fhould  be  gone  to  that  country  “  from  whofe  dread 
bourne  no  traveller  returns.” 

It  was  to  thefe  talents,  and  to  this  mode  of  applying 
them,  that  Dr  Cullen  owed  his  celebrity  as  a  profefior ; 
and  it  was  in  this  manner  that  he  has  perhaps  done 
more  towards  the  advancement  of  fcience  than  any 
other  man  of  his  time,  though  many  individuals  might 
perhaps  be  found  who  were  more  deeply  verfed  in  the 
particular  departments  he  taught  than  he  himfelf  was. 
Chemiftry,  which  was  before  his  time  a  moft  difgufting 
purfuit,  was  by  him  rendered  a  ftudy  fo  plcafing,  fo  ea- 
fy,  and  fo  attradlive,  that  it  is  now  profecuted  by  num¬ 
bers  as  an  agreeable  recreation,  who  but  for  the  lights 
that  were  thrown  upon  it  by  Cullen  and  his  pupils, 
would  never  have  thought  of  engaging  in  it  at  all ; 
though  perhaps  they  never  heard  at  Cullen’s  name,  nor 
have  at  this  time  the  moft  diftant  idea  that  they  owe 
any  obligations  to  him  ;  and  the  fame  may  be  laid  of 
the  other  branches  of  fcience  which  he  taught. 

According  to  a  man  who  knew  him  well,  there  are 
three  things  which  eminently  diflinguiftied  Cullen  as  a 
profefior.  u  The  energy  of  his  mind,  by  which  he 
viewed  every  fubjeft  with  ardour,  and  combined  it  im¬ 
mediately  with  the  whole  of  his  knowledge. 

4t  The  fcientific  arrangement  which  he  gave  to  his 
fubjedl,  by  which  there  was  a  lucidus  ordo  to  the  dulleft 
fcholar.  He  was  the  firft  perfon  in  this  country  who 
mde  chemiftry  ceafe  to  be  a  chaos. 


((  A  wonderful  art  of  intereiling  the  ftudents  in  every  Cuife: 
thing  which  he  taught,  and  of  railing  an  emulative  en-  ^urve 
thuftafm  amonqr  them.”  ^ 

We  are  well  aware  that  this  chara&er  will  by  many 
be  deemed  an  extravagant  panegyric  ;  but  having  no 
opportunity  of  judging  for  ourfelves,  we  would  rather 
adopt  from  others  an  extravagant  panegyric  than  an 
unmerited  cenfure.  Dr  Anderlon  himfelf  admits  that 
Cullen’s  charadler  was  far  from  pcrfedl  ;  and,  in  the 
opinion  of  moft  other  men  with  whom  we  have  conver- 
fed  on  the  fubjeft,  and  who  were  at  the  fame  time  qua¬ 
lified  to  form  an  eftimate  of  his  mental  powers,  his  ima¬ 
gination  was  not  balanced  by  his  judgment.  Hence 
the  common  remark  in  the  univerfity  of  Edinburgh, 
that  Dr  Cullen  was  more  fiiccefsful  in  demolifhing  the 
theories  of  others  than  ill  giving  itability  to  thofe 
which  were  reared  by  himfelf. 

Dr  Cullen’s  external  appearance,  though  ftriking  and 
not  unpleafing,  was  not  elegant.  His  countenance  was 
expreffive,  and  his  eye  in  particular  remarkably  lively, 
and  at  times  wonderfully  penetrating.  In  his  perfon  he 
was  tall  and  thin,  Hooping  very  much  about  the  (boul¬ 
ders.  When  he  walked,  he  had  a  contemplative  look, 
and  did  not  feem  much  to  regard  the  obje&s  around  him. 

CURFEU-Bell  (fee  Curfew,  EncycL),  called  in 
the  law  Latin  of  the  middle  ages  ignitegium  or  pyrite - 
gium ,  and  in  French,  cuvrefeu — was  a  fignal  for  all 
perfons  to  extinguifh  their  fires  at  a  certain  hour.  In 
thofe  ages  people  made  fires  in  their  houfes  in  a  hole  or 
pit  in  the  centre  of  the  floor,  under  an  opening  formed 
in  the  roof ;  and  when  the  fire  was  burnt  out,  or  the 
family  went  to  bed,  the  hole  was  fhut  by  a  cover  of 
wood  or  of  earth.  This  pra&ice  ftill  prevails  among 
the  cottagers  in  fome  parts  of  Scotland,  and  we  doubt 
not  of  other  countries.  In  the  dark  ages,  when  all 
ranks  of  people  were  turbulent,  a  law  was  almoft  every¬ 
where  eftablifhed,  that  the  fire  fhould  be  extinguished 
at  a  certain  time  in  the  evening ;  that  the  cover  ffiould 
be  put  over  the  fire-place ;  and  that  all  the  family 
fhould  retire  to  reft,  or  at  lead  keep  within  doors.  The 
time  when  this  ought  to  be  done  was  fignified  by  the  ring¬ 
ing  of  a  bell,  called  therefore  the  curfeu-bell  or  ignitegium. 

The  law  of  William  the  Conqueror,  which  introduced 
this  pradlice  into  England,  as  has  been  mentioned  in 
the  Encyclopaedia,  was  abolifhed  by  Henry  I.  in  1100. 

The  ringing  of  the  curfeu-bell  gave  rife  to  the  -pray¬ 
er-bell,  as  it  is  called,  which  is  ftill  retained  in  fome 
Proteftant  countries.  Pope  John  XXIII.  with  a  view 
to  avert  certain  apprehended  misfortunes,  which  ren¬ 
dered  his  life  uncomfortable,  gave  orders,  that  every 
perfon,  on  hearing  the  ignitegium ,  fhould  repeat  the  Ave 
Maria  three  times.  When  the  appearance  of  a  comet, 
and  a  dread  of  the  Turks,  afterwards  alarmed  all  Chrif- 
tendom,  Pope  Calixtus  III.  increafed  thefe  periodical 
times  of  prayer,  by  ordering  the  prayer-bell  to  be  rung 
alfo  at  noon.  Beckmann's  Hijlory  of  Inventions . 

CURVE  of  Equable  Approach.  It  was  firft 
propofed  by  Leibnitz,  namely,  to  find  a  curve,  down 
which  a  body  defeending  by  the  force  of  gravity  fhall 
make  equal  approaches  to  the  horizon  In  equal  portions 
of- time.  It  has  been  found  by  Bernoulli  and  others, 
that  the  curve  is  the  fecond  cubical  parabola,  placed 
with  its  vertex  uppermoft,  and  which  the  defeending 
body  muft  enter  with  a  certain  determinate  velocity. 
Varignon  rendered  the  queftion  general  for  any  law  of 
%  gravity, 
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gravity,  by  which  a  body  may  approach  towards  a  gi¬ 
ven  point  by  equal  fpaces  in  equal  times.  And  Mau- 
pertuis  alio  refolved  the  problem  in  the  cafe  of  a  body 
defcending  in  a  medium  which  refills  as  the  fquare  of 
the  velocity. 

CUSSO,  or  Banksia  Abyssinica,  is  a  beautiful  and 
ufeful  tree,  indigenous  to  the  high  country  of  Abyfiinia. 
At  leaft  Mr  Bruce,  who  has  given  of  it  the  only  defcrip- 
tion  which  we  have  feen,  fays,  that  he  never  favv  it  in 
any  other  part  of  Afia  or  Africa.  It.  feldom  grows 
above  twenty  feet  high,  very  rarely  ftraight,  generally 
crooked  or  inclined.  Its  leaf,-  which  is  of  a  deep  un- 
vaniifhcd  green,  having  the  fore  part  covered  with  foft 
hair  or  down,  is  about  2\  inches  long,  divided  by  a 
llrong  rib  into  two  unequal  divifions,  of  which  the  up¬ 
per  is  broader  and  larger  than  the  lower.  It  is  more 
indented  than  even  the  nettle  leaf,  which  it  in  fome 
meafure  refembles,  only  the  leaf  of  the  Cujfo  is  narrower 
ana  longer. 

Thofe  leaves  grow  two  and  two  upon  a  branch,  ha¬ 
ving  between  each  two  the  rudiments  of  two  pair  of 
leaves,  which  probably  are  deciduous ;  but  the  branch  is 
terminated  with  a  Angle  leaf  or  Jlipula  at  the  point. 
The  end  of  this  ftalk  is  broad  and  ftrong,  like  that  of  a 
palm  bianch.  It  is  r.ot  foiid  like  the  gerid  of  the  date 
me,  but  opens  in  the  part  that  is  without  leaves  about 
nn  inch  and  a  half  from  the  bottom,  and  out  of  this 
aperture  proceeds  the  flower.  There  is  a  round  ftalk, * 
bare  for  about  an  inch  and  a  quarter,  from  which  pro¬ 
ceed  crooked  branches  with  Angle  flowers  attached  to 
their  ends ;  the  ftalk  that  carries  thefe  proceeds  out  of 
every  crook  or  geniculation.  The  whole  duller  of 
flowers  has  veiy  much  the  fhape  of  a  duller  of  grapes  ; 
the  ftalk s  which  fupport  it  refemble  the  ftalks  of  the 
grape  ;  and  a  very  few  fmall  leaves  are  feattered  through 
the  clutter  of  flowers. 

“  The  calyx  or  flower  cup  is  of  a  greenlfb  colour,  tin* 
ged  with  purple  ;  when  fully  blown  it  is  altogether  cf 
a  deep  red  or  purple  ;  the  corolla  is  white,  and  coniifts 
of  five  petals  ;  in  the  midft  is  a  fhort  piftil  with  a  round 
head,  lurrounded  by  eight  ftamina,  of  the  fame  form, 
loaded  with  yellow  farina.  The  cup  confifts  of  five  pe¬ 
tals,  which  much  refemble  another  flower ;  they  are 
rounded  at  the  top,  and  nearly  of  an  equal  breadth 
€very  way.  The  feed  is  very  fmall,  fmaller  than  even 
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the  femen  fantonicum  ;  and  being  likewife  very. bitter  it  Cuvette 
is  ufed  in  Abyflinia  as  a  vermifuge.  From  its  fmall- 
nefs,  however,  and  its  being  very  cafily  fhed,  no  great 
quantity  of  it  is  ever  gathered,  and  therefore  the  flower  is 
often  fubftituted  in  its  Head.  The  Abyflinians,  fays  our 
author,  of  both  fexes,  and  at  all  ages,  are  troubled  with 
the  fort  of  worm  called  afearides,  of  which  every  indivi¬ 
dual  evacuates  a  large  quantity  once  a- month.  The 
method  of  promoting  thefe  evacuations  is  by  infufmg  a 
handful  of  dry  cuffo  flowers  in  about  two  Englifh  quarts 
of  bouza,  or  the  beer  they  make  of  teff  (fee  Teff 
EncycL),  and  after  it  has  been  ileeped  all  night,  the' 
next  morning  it  is  fit  for  ufe. 

The  bark  of  the  tree  is  fmooth,  of  a  yellowilh  white, 
interfperfed  with  brown  ftreaks,  which  pafs  through  the 
whole  body  of  the  tree  It  is  not  firm  or  hard,  but  rather 
ftringy  and  reedy.  On  the  upper  part,  before  the  firlt 
branch  of  leaves  fet  out,  are  rings  round  the  trunk,  of 
fmall  filaments  of  the  confidence  of  horfe  hair:  thefe 
are  generally  fourteen  or  fixteen  in  number,  and  are*1 
a  very  remarkable  chara&eriftic  belonging  to  the  treed' 

From  this  description,  which,  it  mull  be  confefled, 
is  not  remarkable  for  perfpicuity,  and  from  an  infpec* 
tion  of  the  figure  which  Mr  Bruce  ’  has  given  of  the* 
cuffo,  we  are  inclined  to  rank  it  with  the  palms,  as  a 
new  genus,  neareft  to  the  caryota . 

CUVETTE,  orCuNETTE,  in  fortification,  is  a  kind 
of  ditch  within  a  ditch,  being  a  pretty  deep  trench, 
about  four  fathoms  broad,  funk  and  running  along  the 
middle  of  the  great  dry  ditch,  to  hold  water ;  ferving 
both  to  keep  off  the  enemy  and  prevent  him  from 
mining. 

CYCLE  of  Indiction,  is  a  feries  of  15  years,  re¬ 
turning  conftantly  around  like  the  other  cycles,  and* 
commenced  from  the  third  year  before  Chrift  ;  whence 
it  happens  that  if  3  be  added  to  any  given  year  of  Chrift, 
and  the  fum  be  divided  by  15,  what  remains  is  the  year 
of  the  indi&ion. 

CYCLOID  (fee  EncycL)  is  a  curve,  which  is  thus 
generated :  Suppofe  a  wheel  or  circle  to  roll  along  a 
ftraight  line  till  it  has  completed  juft  one  revolution  ;  a 
nail  or  point  in  that  part  of  the  circumference  of  the 
circle,  which  at  the  beginning  of  the  motion  touches 
the  ftraight  line,  will,  at  the  end  of  the  revolution,  have 
deferibed  on  a  vertical  plane  a  cycloid. 
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DAGELET,  the  name  given  by  La  Peroufe,  the 
celebrated  though  unfortunate  navigator,  to  an  iftand 
on  the  coaft  of  Corea  (fee  Corea  EncycL),  which  he 
difeovered  in  the  year  1  787.  It  is  little  more  than  three 
leagues  in  circumference  ;  and  our  author  almoft  made 
its  circuit  at  the  dillance  of  a  mile  without  finding  bot¬ 
tom.  This  fmall  fpot  is  very  fteep,  but  covered  with 


the  fineft  trees  from  the  fea-fhore  to  the  fumnut.  A 
rampart  of  bare  rock,  like  a  wall,  encircles  the  whole 
outline  of  it,  with  the  exception  of  feven  little  iandy 
creeks,  where  it  is  poflible  to  land.  In  thefe  creeks  the 
Frenchmen  faw  upon  the  (locks  fome  boats  ot  a  con- 
ftru&ion  altogether  Chinefe  ;  but  the  fight  of  their 
fhips  frightened  the  workmen,  who  fled  from  their 

dock- 
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dock-yard  into  the  wood,  which  was  not  more  than 
fifty  paces  diitant.  As  a  few  huts  were  feen,  but  nei¬ 
ther  villages  nor  cultivation,  La  Peroufe  concluded  that 
•the  ifland  is  without  inhabitants,  and  that  the  men 
whom  he  faw  at  work  were  Corean  carpenters,  who  du¬ 
ring  the  fummer  months  go  with  provifion  to  Dagelet 
for  the  purpofe  of  building  boats,  which  they  fell  upon 
the  continent.  He  places  the  north  e all  point  of  this 
ifland  in  N.  Lat.  37".  25'.  and  E.  Long.  129".  2'.  from 
Paris. 

DAIRY  is  a  word  which  fignifies  fometimes  the  art 
of  making  various  kinds  of  food  from  milk  ;  fometimes 
the  place  vvheie  milk  is  manufactured;  and  fometimes 
the  management  of  a  milk- farm.  On  the  dairy ,  in  the 
firft  and  fecond  of  thefe  fenfes,  enough  has  been  faid  in 
the  Encyclopedia  under  the  titles  Butter,  Cheese, 
and  Dairy  ;  on  the  management  of  a  milk- farm  that 
work  contains  nothing. 

When  a  dairy  is  eltablifted,  the  undertaker  may 
fometimes  think  it  his  intereft  to  obtain  the  greatell 
poffible  quantity  of  pioduce  ;  fometimes  it  may  be  more 
beneficial  for  him  to  have  it  cf  the  fineft  quality ;  and 
at  other  times  it  may  be  neceflary  to  have  both  thefe 
objects  in  view,  the  one  or  the  other  in  a  greater  or  lefs 
proportion  ;  it  is  therefore  of  importance  that  he  fhould 
know  how  he  may  accomplilh  the  one  or  the  other  of 
thefe  purDofea  in  the  eafieft  and  moll  direCt  manner. 

To  be  able  to  convert  his  milk  to  the  higheft  poffi- 
ble  profit  in  every  cafe,  he  ought  to  be  fully  acquaint¬ 
ed  with  every  circumllance  refpe&ing  the  manufacture 
both  of  butter  and  of  clieefe  ;  as  it  may  in  fome  cafes 
happen,  that  a  certain  portion  of  that  milk  may  be 
more  advantageoufly  converted  into  butter  than  into 
cheefe,  while  another  portion  of  it  would  return  mote 
profit  if  made  into  cheefe. 

The  firll  thing  to  be  adverted  to,  in  an  undertaking 
of  this  nature,  is  to  choofe  cows  of  a  proper  fort.  A- 
mong  this  clafs  of  animals,  it  is  found  by  experience, 
that  fome  kinds  give  milk  of  a  much  thicker  conflu¬ 
ence,  and  richer  quality,  than  others ;  nor  is  this  rich- 
nefs  of  quality  neceffarily  conne&ed  with,  the  fmallnefs 
of  the  quantity  yielded  by  cows  of  nearly  an  equal  flze; 
it  therefore  behoves  the  owner  of  a  dairy  to  be  pecu¬ 
liarly  attentive  to  this  circumllance.  In  judging  of  the 
value  of  a  cow,  it  ought  rather  to  be  the  quantity  and 
the  quality  of  the  cream  produced  from  the  milk  of  the 
cow,  in  a  given  time,  than  the  quantity  of  the  milk  it- 
felf :  this  is  a  circumllance  that  will  be  fhewn  hereafter 
to  be  of  more  importance  than  is  generally  imagined. 
The  fmall  cows  of  the  Alderney  breed  afford  the  rich- 
ell  milk  hitherto  known  ;  but  individual  cows  in  every 
country  may  he  found,  by  a  careful  fele&ion,  that  afford 
much  thicker  milk  than  others  ;  thefe  therefore  ought 
to  be  learched  for  with  care,  and  their  breed  reared  with 
attention,  as  being  peculiarly  valuable. 

Few  perfons,  who  have  had  any  experience  at  all  in 
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the  dairy,  can  be  ignorant,  however,  that  in  comparing  Dairy 
the  milk  of  two  cows,  to  judge  of  their  refpeClive  quah- 
ties,  particular  attention  mull  be  paid  to  the  time  that 
has  elapfed  fir|ce  their  calving  ;  for  the  milk  of  the  fame 
cow  is  always  thinner  foon  after  calving  than  it  is  af¬ 
terwards  ;  as  it  gradually  becomes  thicker,  though  ge¬ 
nerally  lefs  in  quantity,  in  proportion  to  the  time  fince 
the  cow  has  calved.  The  colour  of  the  milk,  foon  after 
calving,  is  richer  than  it  is  afterwards  ;  but  this,  espe¬ 
cially  for  the  firll  two  weeks,  is  a  faulty  colour,  that 
ought  not  to  be  coveted. 

To  make  the  cows  give  abundance  of  milk,  and  of  a 
good  quality,  they  mull  at  all  times  have  plenty  of 
food.  Grafs  is  the  bell  food  yet  known  for  this  pur¬ 
pofe,  and  that  kind  of  grafs  which  fprings  lip  fponta- 
neoully  on  rich  dry  foils  is  the  bell  of  all.  If  the  te  m¬ 
perature  of  the  climate  be  fuch  as  to  permit  the  cows 
to  graze  at  eafe  throughout  the  day,  they  fhould  be 
fufFered  to  range  on  fuch  paftures  at  freedom  ;  but  if 
the  cows  are  io  much  incommoded*  by  the  heat  as  to 
be  prevented  from  eating  through  the  day,  they  ought 
in  that  cafe  to  be  taken  into  cool  (hades  for  proteftion ; 
v/here,  after  allowing  them  a  proper  time  to  ruminate, 
they  ihonld  be  fupplied  with  abundance  of  green  food, 
frtfh-cut  for  the  purpofe,  and  given  to  them  by  hand 
frequently,  in  fmall  quantities,  frefh  and  frefii,  fo  as  to 
induce  them  to  eat  it  with  pleafure.  When  the  heat 
of  the  day  is  over,  and  they  can  remain  abroad  with 
eafe,  they  may  be  again  turned  into  the  pallure,  where 
they  fhould  be  allowed  to  range  with  freedom  all  night, 
during  the  mild  weather  of  fummer. 

Cows,  if  abundantly  fed,  fhould  be  milked  three  times 
a-day,  during  the  whole  of  the  fummer  feafon  (a);  la¬ 
the  morning  early,  at  noon,  and  in  the  evening,  juil  be¬ 
fore  night-fall.  In  the  choice  of  perfons  for  milking 
the  cows,  great  caution  fhould  be  employed  ;  for  if 
that  operation  be  not  carefully  and  properly  performed, 
not  only  the  quantity  of  the  produce  of  the  dairy  will 
be  greatly  diminifhed,  but  its  quality  alio  will  be  very- 
much  debafed ;  for  if  all  the  milk  be  not  thoroughly 
drawn  from  a  cow  wlieu  (he  is  milked,  that  portion  of 
milk  which  is  left  in  the  udder  feems  to  be  gradually 
abforbed  into  the  fyflem,  and  Nature  generates  no  more 
than  to  flip  ply  the  wafle  of  what  has  been  taken  away. 

If  this  leffened  quantity  be  not  again  thoroughly  drawn 
off,  it  occafions  a  yet  farther  diminution  of  the  quan¬ 
tity  of  milk  generated ;  and  thus  it  may  be  made  to 
proceed,  in  perpetual  progrefixon  from  little  to  lefs,  till 
none  at  all  is  produced.  In  fhort,  this  is  the  practice 
in  all  cafes  followed,  when  it  is  meant  to  allow  a  cow’s 
milk  to  dry  up  entirely,  without  doing  her  hurt.  In 
this  manner,  therefore,  the  profits  of  a  dairy  might  be 
wonderfully  diminifhed  ;  fo  that  it  much  behoves  the 
owner  of  it  to  be  extremely  attentive  to  this  circum- 
flance,  if  he  wifhes  to  avoid  ruin.  It  ought  to  be  a 
rule  without  an  exception,  never  to  allow  this  important 

department 
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(a)  If  cows  be  milked  only  twice  in  the  day  (24  hours),  while  they  have  abundance  of  fucculcnt  food,  they 
will  yield  a  much  fmaller  quantity  of  milk,  in  the  fame  time,  than  if  they  be  milked  three  times.  Some  atten¬ 
tive  obfervers  think  a  cow,  in  thefe  circumflances,  will  give  nearly  as  much  milk  at  each  time,  if  milked  three 
times,  as  if  fhe  were  milked  only  twice.  This  faCt,  however,  has  not,  that  we  know  of,  been  afeertained  by  ex¬ 
periment.  There  can  be  no  doubt  but  they  give  more,  how  much  more  is  not  afeertained  ;  nor,  whether  it 
would  be  advantageous,  in  any  cafe,  to  milk  them  four  times,  or  oftener ;  nor,  what  effect  frequent  milking  pro* 
duces  on  the  quality  of  the  milk. 
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department  to  be  entrufted,  without  controul,  to  the  ma¬ 
nagement  of  hired  fervants  (b).  Its  importance  will  be 
ftili  more  mainfeit  from  what  tollows.  ' 

It  is  to  Dr  James  Anderfon  that  we  are  indebted  for 
thefe  judicious  ohfervations,  as  well  as  for  the  following 
apboriftus  which,  though  they  may  be  in  part  known  to 
attentive  honlewifes,  he  has  return  to  believe  are  not 
commonly  adverted  to  as  their  importance  deferves. 

“  Of  the  milk  that  is  drawn  from  any  cow  at  one  time, 
that  which  comes  off  at  the  firil  is  always  thinner,  and 
of  a  much  worfe  quality,  than  that  which  comes  after- 
wards  ;  and  the  richnefs  goes  on  continually  increafing 
to  the  very  lafh  drop  that  can  be  drawn  from  the  udder 
at  that  time.” 

Few  perfons  are  ignorant  that  the  milk  which  is  lad 
of  all  taken  fiom  the  cow  at  milking  (in  this  country 
called  JIfoakmgs)  is  richer  than  the  red  of  the  milk  ; 
but  fewer  ft  ill  are  aware  of  the  great  nefs  or  the  diipro- 
portion  between  the  quality  of  the  firft  and  the  la  ft 
drawn  milk,  from  the  fame  cow,  at  one  milking.  The 
following  fads  (fays  our  author)  ufpt&iiig  this  circum- 
il2r.ee  were  afeertained  by  me  many  years  ago,  and 
have  been  con Ai toed  by  many  fubfequent  experiments 
and  oblervations. 

Having  taken  fevernl  large  tea-cups,  exactly  of  the 
fame  fize  and  fh?.pe,'  one  of  thefe  tea  cups  was  filed  at 
the  beo  inning  of  the  milking,  and  the  others  at  regular 
intervals,  till  the  laft,  which  was  filled  with  the  dregs 
of  the  flroakings.  Thefe  cups  were  then  weighed,  the 
weight  of  each  having  been  fettled,  fo  as  to  afeertain 
that  the  quantity  of  milk  in  each  was  pretifely  the 
fame  ;  and  from  a  great  number  of  experiments,  fre¬ 
quently  repeated  with  many  different  cows,  the  lefult 
was  in  all  cafes  as  follows  : 

The  quantity  of  cieam  obtained  From  the  firft  drawn 
cup  was,  iu  every  cafe,  much  fmallei  than  from  that 
which  was  lait  drawn  ;  and  thole  between  afforded  lefs 
or  more  as  they  weic  nearer  the  beginning  or  the  end. 
It  is  unneceffaiy  here  to  fpecify  thefe  intermediate  pro¬ 
portions  ;  but  it  is  proper  the  reader  fhould  be  inform¬ 
ed,  that  the  quantity  of  cream  obtained  from  the  laft- 
drawn  cup,  Irom  fome  cows,  exceeded  that  from  the 
firft  in  the  proportion  of  fixteen  to  one.  In  other 
cows,  however,  and  in  particular  cirCum {lances,  the  dit- 
proportion  was  net  quite  fo  great ;  hut  in  no  caie  did  it 
tall  fhort  of  the  rate  of  eight  to  ore.  Probably,  upon 
an  average  of  a  great  many  cows,  it  might  be  found  to 
run  as  ten  or  twelve  to  one. 

Secondly ,  The  difference  in  the  quality  of  the  cream, 
however,  obtained  from  thefe  'two  cups,  was  much 
greater  than  the  difference  in  the  quantity.  In  the  firft 
cup,  the  cream  was  a  thin  tough  film,  thinner,  and  per¬ 
haps  whiter,  than  writing  paper  ;  in  the  laft,  the  cream 
was  of  a  thick  lutyrous  confidence-  and  of  a  glowing 
richnefs  of  colour  that  no  other  kind  of  cream  is  ever 
found  to  poffefs. 

Thirdly ,  The  difference  in  the  quality  of  the  milk 
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that  remained,  after  the  cream  was  feparated,  was  per¬ 
haps  dill  greater  than  either  in  refpeft  to  the  quantity 
or  the  quality  of  the  cream.  The  milk  in  the  firft  cup 
was  a  thin  biuiih  liquid,  a3  if  a  very  large  proportion  of 
water  had  been  mixed  with  ordinary  mtlk  ;  that  in  the 
hit  cup  was  of  a  thick  confidence,  and  yellow  colour, 
more  refemblirg  cream  than  milk  both  m  tafte  and  ap¬ 
pearance. 

From  this  important  experiment,  it  appears  that  the 
perfon  who,  by  bad  milking  of  his  cows,  lofes  hut  half 
a  pint  of  his  milk,  lofes  in  fadt  about  as  much  cream  as 
would  be  afforded  by  fix  or  eight  pints  at  the  begin¬ 
ning,  and  lofes,  be  Tides,  that  part  of  the  cream  which 
alone  can  rive  richnefs  and  high  flavour  to  his  butter. 

“  If  milk  be  put  into  a  diih,  and  allowed  to  lland 
till  it  throws  up  cream,  that  portion  of-  cream  which 
rifes  firft  to  the  furface  is  richer  in  quality,  and  greater 
in  quantity,  than  what  rifes  in  a  fecond  equal  (pace  of 
time  ;  and  the  cream  that  rifes  in  the  fecond  interval  of 
time  is  greater  in  quantity,  and  richer  in  quality,  than 
that  which  riles  in  a  third  equal  fpace  of  tune  ;  that  of 
the  third  than  the  fourth,  and  fo  on  :  the  cream  that 
riles  decreafmg  in  quantity,  and  declining  in  quality* 
continually,  as  long  as  any  rifes  to  the  furface. ” 

Our  ingenious  author  confeffe?,  that  his  experiments 
not  having  been  made  with  fo  much  accuracy  in  this 
cafe  as  in  the  former,  he  was  not  eriabled  to  afeertain 
the  difference  in  the  proportion  that  takes  place  in 
equal  portions  of  time  ;  but  they  have  been  fo  often  re¬ 
peated  as  not  to  leave  any  room  to  doubt  the  fadf,  and 
it  will  be  allowed  to  be  a  fadt  of  no  fmall  importance  in 
the  management  of  the  dairy.  It  is  not  certain,  how¬ 
ever,  but  that  a  greater  quantity  of  cream  may,  upon 
the  whole,  be  obtained  from  the  milk  by  taking  it 
away  at  different  times  ;  but  the  procefsis  fo  trouble- 
fome  as  not  to  be  counterbalanced  by  theincreafed  quan¬ 
tity  obtained,  it  indeed  an  increafed  quantity  be  thus 
obtained,  which  is  not  as  yet  quite  certain. 

u  Thick  milk  always  throws  up  a  fmalier  proportion 
of  the  cream  it  actually  contains,  to  the  furface,  than 
milk  that  is  thinner  ;  but  that  cream  is  of  a  richer  qua¬ 
lity.  If  water  be  added  to  that  thick  milk,  it  will  af¬ 
ford  a  coiitiderably  greater  quantity  of  cream  than  it 
would  have  done  if  allowed  to  remain  pure,  but  its  qua¬ 
lity  is,  at  the  fame  time,  greatly  dtbaftd.” 

This  is  a  fact  that  every  perfon  attentive  to  a  dairy 
muft  have  remaiked  ;  but  I  have  never  (fays  our  author) 
heard  of  any  experiment  that  could  afeertain,  either  the 
precife  amount  of  the  increafed  quantity  of  cream  that 
might  thus  be  obtained,  or  of  the  ratio  in  the  decreafe 
of  its  quality.  r]  he  effedts  of  mixing  water  with  the 
milk  in  q  dairy  are  at  leaft  afeertained  ;  and  the  know¬ 
ledge  of  this  fadl  will  enable  attentive  perfons  to  follow 
that  pvadtice  which  they  think  will  beft  promote  their 
own  mtereft. 

“  Milk  which  is  put  into  a  bucket  or  other  proper 
vcffel,  and  carried  in  it  to  any  confiderable  diftancc*  fo 

as 


(b)  Cows  fhould  always  be  treated  with  great  gentlenefs,  and  Toothed  by  mild  ufage,  efpecially  when  young 
and  ticklifh,  or  when  the  paps  are  tender  ;  in  which  laft  cafe,  the  udder  ought  to  be  fomented  with  warm  water 
before  milking,  and  touched  with  the-greateft  gentlenefs,  otherwife  the  cow  will  be  in  danger  of  contra&ing  bad 
habits,  becoming  ftubborn  and  unruly,  and  retaining  her  milk  ever  after.  A  cow  never  lets  down  her  milk  plea- 
fantly  to  the  perfon  fhe  dreads  or  diflikes.  The  udder  and  paps  fhould  always  be  wafhed  with  clean  water  be¬ 
fore  milking  ;  but  care  fhould  be  taken  that  none  of  that  water  be  admitted  into  the  milking-pail. 
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Dairy,  as  to  be  much  agitated,  and  in  part  cooled,  before  it  be 

— v - '  put  into  the  milk  pans  to  fettle  for  cream,  never  throws 

up  fo  much,  nor  fo  rich  cream,  as  if  the  fame  milk  had 
been  put  into  the  milk- pans  diietfly  after  it  was  milked.” 

In  this  cafe,  it  is  believed  the  lofs  of  cream  will  be 
nearly  in  proportion  to  the  time  that  has  elapicd,  and  the 
-agitation  the  milk  has  fuftained,  after  being' drawn  from 
the  cow.  But  Dr  Andeifon  fays  that  he  is  not  yet  an 
-poffeflion  of  any  experiments  which  fuflicLently  afeer- 
tain  how  much  is  to  be  aferibed  to  the  time,  and  the 

*  agitation,  taken  feparately.  On  e^exy  branch  of  agri¬ 
culture  we  find  experiments  wanting,  at -each  ftep  we 

•  advance  in  our  enquiries  ;  and  it  is  the  duty  of  every  en¬ 
quirer  to  point  out,  as  he  goes  along,  where  they  are 
wanted,  iinee  the  labours  of  no  one  man  can  pof&bly 
complete  the  whole. 

From  the  above  fads,  the  following  corollaries  feem 
to  be  clearly  deducible  : 

Firjl.  It  is  of  importance  that  the  cows  {hould  be 
always  milked  as  near  the  dairy  as  poflible,  to  prevent 
the  neceffity  of  carrying  and  cooling  the  milk  before  it 
is  put  into  the  difhes  ;  and  as  cows  are  much  hurt 
,by  far  driving,  it  mult  be  a  great  advantage  in  a  dairy- 
farm  to  have  the  principal  grafs  fields  as  near  tlie  dairy 
, or  homeftead  as  poflible. 

Secondly.  The  pradice  of  putting  the  ^ milk  of  all 
the  cows  of  a  large  dairy  into  one  veffel,  as  it  is  milked, 
there  to  remain  till  the  whole  milking  is  finilhed,  before 
any  part  of  it  is  put  into  the  milk- pans — feems  to  be 
highly  injudicious  ;  not  only  on  account  of  the  lofs  that 

•  is  fuftained  by  agitation  and  cooling,  but  aifo,  more 
efpecially,  becaufe  it  prevents  the  owner  of  the  dairy 
from  diftinguifhing  the  good  from  the  bad  cow’s  milk, 
fo  as  to  feparate  thefe  from  each  other,  where  it  is  ne- 
ceffary.  He  may  thus  have  the  whole  of  his  dairy  pro- 

.duft  greatly  debafed  by  the  milk  of  one  bad  cow,  for 

*  years  together,  without  being  able  to  difeover  it.  A 
better  practice,  therefore,  would  be,  to  have  the  milk 
drawn  from  each  cow  put  feparately  into  the  creaming- 
pans  as  foon  as  it  is  milked,  without  being  ever  mixed 
with  any  other.  Thus  would  the  careful  manager  of 
the  dairy,  be  able  on  all  occafions  to  obferve  the  parti¬ 
cular  quality  of  each  individual  cow’s  milk,  as  well  as 
its  quantity,  and  to  know  with  precifion  which  of  his 
cows  it  was  his  intereft  to  difpofe  of,  and  which  of  them 
he  ought  to  keep  and  breed  from. 

Thirdly.  If  it  be  intended  to  make  butter  of  a  very 
fine  quality,  it  will  be  advifable  in  all  cafes  to  keep  the 
milk  that  is  firft  drawn  feparate  from  that  which  comes 
laft  ;  as  it  is  obvious,  that  if  this  be  not  done,  the  qua¬ 
lity  of^the  blitter  will  be  greatly  debafed,  without  much 
augmenting  its  quantity.  It  is  alfo  obvious,  that  if  this 
is  done,  the  quality  of  the  butter  will  be  improved  in 
proportion  to  the  fmallnefs  of  the  quantity  of  the  laft- 
drawn  milk  that  is  retained  f  fo  that  thole  who  wifh  to 


be  fmgularly  nice  in  this  refpeft,  will  do  well  to  retain  Biirj 
only  a  very  {mail  portion  of  the  laft- drawn  milk.  — r 

To  thofe  owners  of  dairies  who  have  profit  only  in 
view,  it  mull  ever  be  a  matter  of  trial  and  calculation, 
how  far  it  is  expedient  for  them  to  carry  the  improving 
of  the  quality  of  their  butter  at  the  expence  of  dimi- 
nifhing  its  quantity.  In  different  fituations  prudence 
will  point  out  different  kinds  of  pradlice  as  moft  eli¬ 
gible  ;  and  all  perfons  muft  be  left,  after  making  accu¬ 
rate  trials,  to  determine  for  themfelves.  It  is  likewife 
a  confideration  of  no  fmall  importance,  to  determine  in 
wliat  way  the  inferior  milk,  that  is  thus  to  be  fet  apart 
where  fine  butter  is  wanted,  can  be  employed  with  the 
greateft  profit.  In  the  Highlands  of  Scotland  they 
•iiave  adopted,  without  thinking  of  the  improvement  of 
their  butter,  a  very  fimple  and  economical  practice  in 
this  refpedt.  As  the  rearing  of  calves  is  there  a  prin¬ 
cipal  objedt  with  the  farmer,  every  cow  is  allowed  to 
luckle  her  o  wn  calf  with  a  part  of  her  milk,  the  remain¬ 
der  only  being  employed  in  the  dairy.  To  give  -the 
calf  its  portion  regularly,  it  is  feparated  from  the  cow, 
and  kept  in  an  inclofure,  with  all  the  other  calves  be¬ 
longing  to  the  fame  farm.  At  regular  times,  the  cows 
are  driven  to  the  door  of  the  inclofure,  where  the  young 
calves  fail  not  to  meet  them.  Each  calf  is  then  fepa¬ 
rately  let  out,  and  runs  diredtly  to  its  mother,  where  it 
fucks  till  the  dairy- maid  judges  it  has  had  enough  ;  fhe 
then  orders  it  to  be  driven  away,  having  previoufly 
fhackled  the  hinder  legs  of  the  mother,  by  a  very  fim- 
pie  contrivance,  to  oblige  her  to  ftand  ftill.  Boys  drive 
away  the  calf  with  fwitches,  and  return  it  to  the  inclo- 
fure,  while  the  dairy-maid  milks  off  what  was  left  by 
the  calf :  thus  they  proceed  till  the  whole  of  the  cows 
are  milked.  They  obtain  only  a  fmall  quantity  of 
milk,  it  is  true,  but  that  milk  is  of  an  exceeding'*  rich 
quality  ;  which,  in  the  hands  of  fuch  of  the  inhabitants 
as  know  how  to  manage  it,  is  manufadhired  into  the 
richeff  marrowy  butter  that  can  be  anywhere  met  with. 

This  richnefs  of  the  Highland  butter  is  univerfally  a-  ] 
feribed  to  the  old  grafs  the  cows  feed  upon  in  their 
remote  glens ;  but  it  is  in  fadt  chiefly  to  be  attributed 
to  the  practice  here  deferibed,  which  has  long  prevailed 
in  thofe  regions.  Whether  a  fimilar  practice  could  be 
economically  adopted  elfewhere,  our  author  takes  not 
upon  him  to  fay ;  but  doubtlefs  other  fecondary  uies 
might  be  found  for  the  milk  of  inferior  quality.  On 
fome  occafions,  it  might  be  converted  into  butter  of  an 
inferior  quality  ;  on  other  occafions,  it  might  be  fold 
fweet,  where  the  fituation  of  the  farm  was  within  leach 
of  a  market-town. ;  and  on  others,  it  might  be  convert¬ 
ed  into  cheeles,  which,  by  being  made  of  fweet  milk, 
would  be  of  a  very  fine  quality  if  carefully  made  (c). 

Still  other  ufes  might  be  devifed  for  its  application  ; 
of  which  the  following  is  worthy  of  notice.  Take 
common  Hummed  milk,  when  it  has  begun  to  turn  four, 
_  Pwt 


(c)  The  making  of  cheefe  has  never  yet  been  reduced  to  fcientific  principles,  and  corifequently  the  reafoning 
relating  to  it  is  very  inconcliifive.  It  is  in  general  fuppofed,  that  the  goodnefs  of  checfe  depends  almoft  entirely 
upon  its  richnefs,  by  which  is  meant  the  proportion  of  oily  matter,  whether  natural  or  extraneous,  it  contains ; 
nothing,  however,  is  more  certain,  than  that  this  opinion  is  erroneous.  Sometimes  a  very  lean  cheefe  is  much 
better  tailed  than- one  that  is  much  fatter;  and,  which  will  appear  to  moft  perfons  fiill  more  extraordinary, -it 
frequently  happens,  that  a  cheefe  that  taftes  foft  and  fat,  is  much  leaner  than  one  that  is  hard,  dry,  and  fticky. 
The  mode  of  manufa&uring  it  occafions  this,  and  not  the  quantity  of  cream  it  contains.  It  is  very  pcffible  by 
art  to  make  poor  fkim  milk  cheefe  aflame  the  foft  buttery  tafte  and  appearance  even  of  cream  cheefe.  This  fub- 
therefore,  deferves  to  be  more  particularly  elucidated  than  it  has  hitherto  been. 
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put  it  into  an  upright  (land-churn,  or  a  barrel  with  one 
'  of  its  ends  out,  cr  any  other  convenient  veffel.  Heat 
fome  water,  and  pour  it  into  a  tub  that  is  large  enough 
to  contain  with  eafe  the  veffel  in  which  the  milk  was 
put.  Set  the  veffel  containing  the  milk  into  the  hot 
water,  and  let  it  remain  there  for  the  fpace  of  one 
night.  In  the  morning  it  will  be  found  that  the  milk 
has  feparated  into  two  parts  ;  a  thick  cream- like  fub- 
ftance,  which  occupies  the  upper  part  of  the  veffel,  and 
a  thin  watery  part,  that  remains  at  the  bottom.  Draw 
off  the  thin  part  (called  in  Scotland  ivtgg)  by  opening 
a  (lop  cock,  placed  for  that  purpofe  clofe  above  the 
bottom,  and  referve  the  cream  for  ufe  Not  much  lefs 
than  half  of  the  milk  is  thus  converted  into  a  fort  of 
cream,  which,  when  well  made,  Teems  to  be  as  rich  and 
fat  as  real  cream  itfelf,  and  is  only  d’ftinguifhable  from 
it  by  its  fournefs.  It  is  eaten  with  fugar,  and  efteemed 
a  great  delicacy,  and  ufually  fells  at  double  the  price  of 
frefh  unfkimmed  milk.  It  requires  pra&ice,  however, 
to  be  able  to  make  this  nicely  ;  the  degree  of  the  heat 
of  the  water,  and  many  other  circumftancee,  greatly  af¬ 
fecting  the  operation. 

Fourthly .  If  the  quality  of  the  blitter  be  the  chief 
objeCt  attended  to,  it  will  be  neceffary,  not  only  to  fe- 
parate  the  fir (l  from  the  lad  drawn  milk,  but  alfo  to 
take  nothing  but  the  cream  that  is  firft  feparated  from 
the  heft  milk,  as  it  is  this  firft  rifing  cream  alone  that 
is  of  the  prime  quality.  The  remainder  of  the  milk, 
which  will  be  ftill  fweet,  may  be  either  employed  for 
the  purpofe  of  making  fweet  milk  cheefes,  or  may  be 
allowed  to  (land,  to  throw  up  cream  for  making  butter 
of  an  inferior  quality,  as  circumflances  may  direCl. 

Fifthly .  From  the  above  fads,  we  are  enabled  to 
perceive,  that  butter  of  the  very  bed  poffible  quality 
can  only  be  obtained  from  a  dairy  of  confiderable  ex¬ 
tent,  jndicioufly  managed;  for  when  only  a  fmall  por¬ 
tion  of  each  cow’s  milk  can  be  fet  apart  for  throwing 
up  cream,  and  when  only  a  fmall  proportion  of  that 
cream  can  be  referred,  of  the  prime  quality,  it  follows 
(the  quantity  of  milk  being  upon  the  whole  very  in- 
confiderable),  that  the  quantity  of  prime  cream  pro¬ 
duced  would  be  fo  fmall  as  to  be  fcarcely  worth  manu¬ 
facturing  feparately. 

Sixthly .  From  thefe  premifes  we  are  alfo  led  to  draw 
another  conclufion,  extremely  different  from  the  opi¬ 
nion  that  is  commonly  entertained  on  this  ftibjed,  viz. 
That  it  feems  probable,  that  the  very  bed  butter  could 
be  made  with  economy  in  thofe  dairies  only  where  the 
inanufa&ure  of  clieefe  is  the  principal  objed.  The  rea- 
fons  are  obvious  :  If  only  a  fmall  portion  of  milk  fhould 
be  fet  apart  for  butter,  all  the  reft  may  be  made  into 
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checfe,  while  it  is  yet  warm  from  the  cov/,  and  perfed- 
ly  fweet ;  and  if  only  that  portion  of  cream  which  rifes 
during  the  (lift  three  or  four  hours  after  milking  is  to 
be  reierved  for  blitter,  the  rich  milk  which  is  left  after 
that  cream  is  feparated,  being  ftill  ptrfedly  fweet,  may 
be  converted  into  cheefe  with  as  great  advantage  near¬ 
ly  as  the  newly- milked  milk  itfelf. 

But. as  it  is  not  probable  that  many  perfons  could  be 
found  who  would  be  willing  to  purchafe  the  very  fineft 
butter,  made  in  the  manner  above  pointed  out,  at  a 
price  that  would  be  fufficient  to  indemnify  the  farmer 
for  his  trouble  in  making  it,  thefe  hints  are  thrown  out 
merely  to  (hew  the  curious  in  what  way  butter  poffef- 
fmg  this  fuperior  degree  of  excellence  may  be  obtained, 
if  they  choofe  to  be  at  the  expence  ;  but  for  an  ordi¬ 
nary  market,  Dr  Anderfon  is  fatisfied,  from  experience 
and  attentive  obfervation,  that  if  in  general  about  the 
firft  drawn  half  of  the  milk  be  feparated  at  each  milk¬ 
ing,  and  the  remainder  only  fet  up  for  producing  cream, 
and  if  that  milk  be  allowed  to  (land  to  throw  up  the 
whole  of  its  cream  (even  till  it  begins  fenfibly  to  tafte 
fourifh),  and  that  cream  be  afterwards  carefully  mana¬ 
ged,  the  butter  thus  obtained  will  be  of  a  quality  great¬ 
ly  fuperior  to  what  cau  ufually  be  procured  at  market, 
and  its  quantity  not  confiderably  leis  than  if  the  whole 
of  the  milk  had  been  treated  alike.  This,  therefore,  is 
the  pradice  that  our  author  thinks  moil  likely  to  fuit 
the  frugal  farmer,  as  his  butter,  though  of  a  fuperior 
quality,  could  be  afforded  at  a  price  that  would  always 
enfure  it  a  rapid  fale. 

Dr  Anderfon  throws  out  many  other  ingenious  and 
ufeful  obfervations  on  this  important  branch  of  rural 
economy.  In  particular,  he  points  out,  in  the  plained 
manner,  the  requifites  of  a  good  milk-houfe,  which,  as 
he  truly  obferves,  fhould  be  cool  in  dimmer  and  warm 
in  winter,  fo  as  to  preferve  a  temperature  nearly  the 
fame  throughout  the  year.  But  we  have  treated  of 
this  part  of  the  fubjeCt  elfewliere,  and  mud  therefore 
refer  fuch  as  are  defirous  to  know  the  Do&or’s  fenti- 
meets  on  it,  to  tlxe  letters  and  Papers  of  the  Bath  and 
Wejl-of -England  Society  for  the  encouragement  of  agri¬ 
culture,  &c.  or  to  the  eighth  volume  of  the  Repertory 
of  Arts  and  Manufactures. 

D AH AL AC,  the  larged  ifiand  in  the  Red  Sea,  w 
thus  deferibed  by  Mr  Biuce.  It  is  low  and  even,  the 
foil  fixed  gravel  and  white  land,  mixed  with  (hells  and 
other  marine  productions.  It  isdeftitute  of  all  forts  of 
herbage,  at  lead  in  fummer,  unlefs  a  fmall  quantity  of 
bent  grafs,  juft  fufficient  to  feed  the  few  antelopes  and 
goats  that  are  on  the  ifiand.  There  is  a  very  beautiful 
fpecies  of  this  lad  animal  found  here,  fmall,  (hort-hair- 
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Conne&ed  as  they  are  with  the  objeCl  difeuffed  in  the  text,  we  beg  leave  with  our  author  to  fugged  the  fol¬ 
lowing  particulars,  as  proper  objeCls  of  examination  and  experiment,  viz.  Is  the  quantity  of  cafeous  matter  af¬ 
forded  by  milk  neceffarily  conneCled  with  the  proportion  of  cream  that  milk  contains,  or  does  it  depend  upon 
fome  other  principle  not  hitherto  inveftigated  ?  Without  pretending  to  decide  this  question,  Dr  Anderfon  feels 
himfelf  ftrongly  inclined  to  believe  it  does  not  depend  upon  the  quantity  of  cream.  It  is  well  known  that  cow’s 
milk,  which  always  throws  up  more  cream,  and  that  of  a  much  richer  quality,  than  ewe-milk,  does  in  no  cafe  af¬ 
ford  above  one  half  the  proportion  of  clieefe  that  ewe-milk  does.  Nor  can  this  fmgular  tendency  of  ewe-milk,  to 
yield  a  great  proportion  of  curd,  be  attributed  to  its  fuperior  thicknefs;  for  cow-milk  can  be  often  had  that  is 
thicker  and  richer  than  ewe- milk,  but  it  always  affords  a  much  fmaller  proportion  of  curd.  From  thefe  confi- 
derations,  it  is  not  impoffible  but  it  might  be  found,  upon  a  careful  inveftigation,  that  the  refufe  milk,  which  ought 
to  be  feparated  from  the  other  in  making  the  bed  butter,  might  be  equally  proper,  or  very  nearly  fo,  for  ma¬ 
king  cheefe,  as  if  no  fuch  reparation  had  been  made.  We  therefore  recommend  this  as  a  proper  objed  of  expe¬ 
rimental  enquiry. 
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Dahalac.  ed,  with  thin  black  fharp  horns,  having  rings  upon 
L“ mYm—J  them,  and  they  are  very  fvvift  of  foot. 

This  ifland  is,  in  many  places,  covered  with  large 
plantations  of  acacia  trees,  which  grow  to  no  height, 
feldom  above  eight  feet,  but  fpread  wide,  and  turn  flat 
at  top,  probably  by  the  influence  of  the  wind  from  the 
fea.  Though  in  the  neighbourhood  of  Abyfiinia,  Da- 
halac  does  not  partake  of  its  feafons,  no  rain  falls  here 
from  the  end  of  March  to  the  beginning  of  October ; 
but  in  the  intermediate  months,  efpecially  December, 
January,  and  February,  there  are  violent  (bowers  for  12 
hours  at  a  time,  which  deluge  the  ifland,  and  fill  the 
citterns  fo  as  to  ferve  all  next  fummer ;  for  there  are  no 
lulls  nor  mountains  in  Dahalac,  aud  confequently  no 
fp rings.  Tilde  citterns  alone  preferve  the  water,  and 
of  them  there  yet  rema  n  370,  all  hewn  out  of  the  folid 
rock.  T  hey  fay  thefe  were  the  works  of  the  Perfians; 
it  is  more  probable  they  were  thofe  of  the  fir  ft  Ptole¬ 
mies.  But  whoever  were  the  conftru&ors  of  thefe 
magnificent  refervoirs,  they  were  a  very  different  people 
from  thofe  that  now  poffefs  them,  who  have  not  induf- 
try  enough  to  keep  one  of  the  370  clear  for  the  ufe  of 
man.  All  of  them  are  open  to  every  fort  of  animal, 
and  half  full  of  the  filth  they  leave  there,  after  drinking 
and  wattling  in  them  ;  yet  one  of  thefe  citterns,  cleaned 
and  (hut  up  with  a  door,  might  afford  them  wholefome 
fweet  water  all  the  year  over. 

After  the  rains  fall,  a  prodigious  quantity  of  grafs 
immediately  fprings  up  ;  and  the  goats  give  the  in¬ 
habitants  milk,  which  in  winter  is  the  principal  part  of 
their  fubfiftence,  for  they  neither  plow  nor  fow  ;  all 
their  employment  is  to  work  the  veffels  which  trade  to 
the  different  parts  of  the  coatt.  One  half  of  the  inha¬ 
bitants  is  conftantly  on  the  Arabian  fide,  and  by  their 
labour  is  enabled  to  furnifh  with  dora  (millet  or  Indian 
corn)  and  other  provifions  the  other  half  who  flay  at 
home ;  ar.d  when  their  time  is  expired,  they  are  relieved 
by  the  other  half,  and  fupplied  with  neceffarics  in  their 
turn.  But  the  fuftenance  of  the  poorer  fort  is  entirely 
(hell  and  other  fifh.  Their  wives  and  daughters  aie 
very  bold  and  expert  fifher-women.  Several  of  them, 
entirely  naked,  fwam  off  to  the  veffei  before  it  came 
to  an  anchor,  begging  handfuls  of  wheat,  rice,  or  do¬ 
ra.  They  are  very  importunate  and  fturdy  beggars, 
and  not  eafily  put  off  with  denials.  Thefe  miferable 
people,  who  live  in  the  villages  not  frequented  by  barks 
from  Arabia,  are  fometimes  a  whole  year  without  tatt¬ 
ing  bread  Yet  fuch  is  the  attachment  to  their  place 
of  nativity,  they  prefer  living  in  this  bare,  barren,  parch¬ 
ed  fpot,  alrnott  in  want  of  neceffaries  of  every  kind,  ef¬ 
pecially  of  thefe  efiential  ones,  bread  and  water,  to  thofe 
pleafant  and  plentiful  countries  on  both  Tides  of  them. 

There  are  in  Dahalac  twelve  villages  or  tGwns,  of 
which  each  has  a  plantation  of  doomtrees  round  it, 
which  furnifh  the  only  manufa&ure  in  the  ifland.  The 
leaves  of  this  tree,  when  dried,  are  of  a  glofly  white, 
which  might  very  eafily  be  miftaken  for  fattin:  of  thefe 
they  make  bafkets  of  furprifing  beauty  and  neatnefs, 
flaming  part  of  the  leaves  with  red  or  black,  and  work¬ 
ing  them  into  figures  very  artificially.  Our  author  knew 
fome  of  thefe,  refembling  ftraw-balkets,  continue  full  of 
water  for  24  hours,  without  one  drop  coming  through. 
They  fell  thefe  at  Lobeia  and  Jidda,  the  largeft  of  them 
for  four  commefh,  or  fixpence.  This  is  the  employ¬ 
ment,  or  rather  amufement,  of  the  men  who  flay  at 


home  ;  for  they  work  but  very  moderately  at  it,  and  Dahal 
all  of  them  indeed  take  fpecial  care  not  to  prejudice 
their  health  by  any  kind  of  fatigue  from  induftry. 

People  of  the  better  fort,  fuch  as  the  Shekh  and  his 
relations,  men  privileged  to  be  idle,  and  never  expofed 
to  the  fun,  are  of  a  brown  complexion.  But  the  com¬ 
mon  fort  employed  in  fifhing,  and  thofe  who  go  con¬ 
ftantly  to  fea,  are  not  indeed  black  but  red,  and  little 
darker  than  the  colour  of  new  mahogany. 

'The  inhabitants  of  Dahalac  feemed  to  be  a  fimple, 
fearful,  and  inoffenfive  people.  It  is  the  only  part  of 
Africa  or  Arabia  (call  it  which  you  pleafe)  where  you 
fee  no  one  carry  arms  of  any  kind  :  neither  gun,  knife, 
nor  fword,  is  to  be  feen  in  the  hands  of  any  one. 
Whereas  at  Eoheia,  and  on  all  the  coatt  of  Arabia,  and 
more  particularly  at  Yambo,  every  perfon  goes  aim¬ 
ed  ;  even  the  porters,  naked  and  groaning  under  the 
weight  of  their  burden  and  heat  of  the  day,  have  yet  a 
leather  belt,  in  which  they  carry  a  crooked  knife,  fo 
monftroufly  long,  that  it  needs  a  particular  motion  and 
addrefs  in  walking  not  to  lame  the  bearer.  This  was 
not  always  the  cafe  at  Dahalac  ;  feveral  of  the  Portu- 
gnefe,  on  their  firtt  arrival  here,  were  murdered,  and 
the  ifland  often  treated  ill,  in  revenge,  by  the  arma¬ 
ments  of  that  nation.  The  men  feemed  healthy.  They 
told  our  author  they  had  no  difeafes  among  them,  un- 
lefs  fometimes  in  fpring,  when  the  boats  of  Yemen  and 
Jidda  bring  the  fmall-pox  among  them,  and  very  few 
efcape  with  life  that  are  infe&ed.  He  did  not  obferve 
among  them  a  man  that  feemed  to  be  fixty  years  old  ; 
from  which  he  inferred,  that  they  are  not  long  livers,  ! 

though  the  air  lhould  be  healthy,  as  being  near  the  ) 

channel,  and  as  they  have  the  north  wind  all  fummer, 
which  moderates  the  heat.  ' 

Dahalac,  like  all  the  other  iflands  in  the  Red  Sea, 
depends  upon  Mafuah.  The  revenue  of  its  irovenior 
confitts  in  a  goat  brought  to  him  monthly  by  each  of  the 
twelve  villages.  Every  veffei  that  puts  in  there  for  Ma¬ 
fuah  pays  him  alfo  a  pound  of  cofFee,  and  every  one 
from  Arabia  a  dollar  or  pataka.  No  fort  of  finall  mo¬ 
ney  is  current  at  Dahalac,  excepting  Venetian  glafs- 
beads,  old  and  new,  of  all  fi2es  and  colours,  broken  and 
whole. 

Although  this  is  the  miferable  (fate  of  Dahalac  at 
prefent,  matters  were  widely  different  in  former  times. 

The  pearl  fifhery  flourifhed  greatly  here  under  the  Pto¬ 
lemies  ;  and  even  long  after,  in  the  time  of  the  caliphs, 
it  produced  a  great  revenue,  and  till  the  foveretgns  of 
Cairo,  ot  the  prefent  miferable  race  of  (laves,  began  to 
withdraw  themfelves  from  their  dependency  on  the  port, 
Dahalac  was  the  principal  ifland  that  fufnifhed  the  pearl 
fifhers  or  divers.  It  was.  indeed,  the  chief  port  for  the 
fishery  on  the  fouthern  part  of  the  Red  Sea,  as  Sua-  1 
kem  was  on  the  north  ;  and  the  baiha  of  Mafuah  paffed 
part  of  every  fummer  here,  to  avoid  the  heat  at  his 
place  of  refidence  on  the  continent. 

The  fifhery  extended  from  Dahalac  and  its  iflands 
nearly  to  lat.  20°.  The  inhabited  iflands  Turn  ifhed  each 
a  bark  and  fo  many  divers,  and  they  were  paid  in  wheat, 
flour,  &e.  fuch  a  portion  to  each  bark  for  their  ufe, 
and  fo  much  to  leave  with  their  family  for  their  fubfift- 
ence  ;  fo  that  a  few  months  employment  furnifhed  them 
with  every  thing  neceffary  for  the  reft  of  the  year  The 
fifhery  was  rented  in  later  times  to  the  bafha  of  Sua-  ( 
kem ;  but  there  was  a  place  between  Suakem  and  the 
1  fuppofed 
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);  ac,  fuppofed  river  Frat,  in  lat.  2iQ28'  north,  called  Gun - 
5pi*  gunnahy  which  was  referved  to  the  grand  fignior  in  par¬ 
ticular,  and  a  fpecial  officer  was  appointed  to  receive  the 
pearls  on  the  fpot  and  fend  them  to  Conftantinople. 
The  pearls  found  there  were  of  the  largeft  fize,  and  in¬ 
ferior  to  none  in  water  or  roundnefs.  Tradition  fays, 
that  this  was  exclufively  the  property  of  the  Pharaohs  ; 
by  which  is  meant,  in  Arabian  manufcripts,  the  old 
kings  of  Egypt  before  Mahomet. 

In  the  fame  extent,  between  Dahalac  and  Suakem, 
was  another  very  valuable  fifhery,  that  oi  tortoiles,  from 
which  the  fined  (hells  of  that  kind  were  produced,  and 
a  great  trade  was  carried  on  with  the  Halt  Indies  (Chi¬ 
na  efpecially)  at  lictle  expence,  and  with  very  coniider- 
able  profits.  But  the  immenfe  treafures  in  the  bottom 
of  the  Red  Sea  have  now  been  abandoned  for  near  200 
years,  though  they  never  were  richer  in  all  probability 
than  at  prelent.  No  nation  can  now  turn  them  to  any 
profit  but  the  Englilh  Eaft  India  Company,  more  in¬ 
tent  on  multiplying  the  number  of  their  enemies,  and 
weakening  themfelves'  by  fpreading  their  inconfiderable 
force  over  new  conqueds,  than  creating  additional  pro¬ 
fit  by  engaging  in  new  articles  of  commerce.  A  iettle- 
ment  upon  the  river  Frat,  which  never  yet  has  belong¬ 
ed  to  any  one  but  wandering  Arabs,  would  open  them 
a  maiket  both  for  coarfe  and  fine  goods  from  the  fouth- 
ern  frontiers  ot  Morocco,  to  Congo  and  Angola,  and 
fet  the  commerce  of  pearls  and  tortoife  (hell  on  foot 
again.  All  this  fedlion  of  the  gulf  from  Suez,  aswe  are 
told,  is  in  theii  charter,  and  twenty  (hips  might  be 
employed  on  the  Red  Sea  without  any  violation  of  ter¬ 
ritorial  claims.  The  myrrh,  the  frankincenfe,  lome 
cinnamon,  and  variety  of  drugs,  are  all  in  the  poffef- 
f  on  of  the  weak  king  of  Adel ;  an  ufurper,  tyrant,  and 
Pagan,  without  prote&ion,  and  willing  to  trade  with 
any  fuperior  po  wer  that  only  would  fecure  him  a  mifer- 
able  livelihood. 

There  are  neither  horfes,  dogs,  (beep,  cows,  nor  any 
fort  of  quadruped,  but  goats,  afles,  a  few  half-ftarved 
camels,  and  antelopes,  at  Dahalac,  which  lad  are  very 
numeious.  The  inhabitants  have  no  knowledge  of  fire¬ 
arms,  and  there  are  no  dogs  nor  beads  of  prey  in  the 
ifland  to  kill  them;  they  catch  indeed  fome  few  of  them 
in  traps. 

The  language  at  Dahalac  is  that  of  the  (hepherds, 
though  Aiabic,  too,  is  fpoken  by  mod  of  them.  Our 
author  dates  the  latitude  of  Dahalac  to  lie  between  150 
27'  30",  and  T50  54'  30''  north. 

DALRYMPLE  (Sir  David),  was  born  in  Edin¬ 
burgh  on  the  28th  of  O&ober  (N.  S.)  1726.  His 
father  was  Sir  James  Dalrymple  of  Hailes,  Bart,  and 
his  mother  Lady  Chridian  Hamilton,  a  daughter  of 
the  Earl  of  Hadinton.  His  grandfather  Sir  David 
Dalrymple  was  the  younged  fon  of  the  fir fi  Lord  Stair, 
and  is  faid  to  have  been  the  abled  of  that  family,  fo 
much  diftinguilhed  for  ability.  He  was  Lord  Advo¬ 
cate  for  Scotland  in  the  reign  of  George  I.  and  his  Ion 
Sir  James  had  the  auditorfhip  of  the  exchequer  for 
life. 

The  fubjedl  of  this  memoir  was  educated  at  Eton 
fchool,  where  he  was  didinguifhed  as  a  fcholar,  and  long 
remembered  as  a  virtuous  and  orderly  youth.  In  that 
judly  celebrated  feminary  he  acquired  a  clafiical  tade, 
which,  though  it  was  once  prevalent  in  Scotland,  has 
in  that  country  been  long  on  the  decline ;  and  formed* 
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befides,  friendfhips  to  perfons,  and  attachments  to  things,  Dalrym* 
which  accompanied  him  through  life.  Hence  probably 
fprung  his  partiality  to  Englilh  manners  and  cuftoms,  * 

which  marked  both  his  public  conduct  and  private  con- 
verfation,  and  was  the  fource  of  much  of  his  dignity, 
and  fome  of  his  liitlenefles. 

From  Eton  he  returned  to  Edinburgh,  whence,  after 
the  lifual  courfe  of  a  gentleman’s  dudies  in  that  univer- 
fity,  he  went  to  Utrecht  to  durly  the  civil  law  ;  and 
remained  there  till  after  the  rebellion  in  1746  Upon 
his  return  to  his  native  country,  (o  promilm  >  were  his 
parts,  and  fuch  his  induftry  and  fobernefs  of  mind,  that 
very  fanguine  expectations  were  entertained  of  his  fu¬ 
ture  eminence  ;  and  in  fome  reipeCts  thefe  expectations 
were  not  fruftrated.  To  his  intimate  friends  it  was 
well  known,  that  if  left  to  follow  the  bent  of  his  own 
inclinations,  he  would  have  devoted  his  time  and  his 
talents  to  the  Itudy  of  antiquities  and  the  belles  letires; 
in  both  which  departments  of  literature  he  was  emi¬ 
nently  qualified  to  excel.  On  the  death  of  his  father, 
however,  he  found  his  affairs  fo  very  much  encumbered, 
that  in  order  to  retrieve  them,  and  to  provide  for  his  bro¬ 
thers  and  fillers,  he  refolved  to  follow  the  lav/  as  a  pro- 
fefiion,  in  which  fome  of  his  anceftoi  s  had  made  a  dif- 
tinguifhed  figure. 

He  was  called -to  the  Scotch  bar  in  1748,  where, 
notwithllanding  the  elegant  propriety  of  the  cafes  which 
he  drew,  it  mull  be  confelfed  that  his  fuccefs  did  not 
anfwer  the  expectations  which  had  been  formedi  of  him. 

This  was  not  owing  either  to  want  ot  icience  or  to 
want  of  induftry,  but  to  certain  peculiarities,  which,  if 
not  inherent  in  his  nature,  were  the  relult  of  early  and 
deep-tooted  habits.  He  pofTdTed  on  all  occafions  a  fo- 
vereign  contempt,  not  only  for  verbal  antithefis,  but 
for  well  rounded  periods,  and  every  thing  which  had 
the  femblance  of  declamation  ;  and  indeed  he  was  whol¬ 
ly  unfitted,  by  an  ill-toned  voice  and  ungraceful  elocu¬ 
tion,  for  finning  as  an  orator.  No  wonder,  then, 
that  his  pleadings,  which  were  never  addrefled  to  the 
pafiions,  did  not  rival  thofe  of  fome  of  his  opponents, 
who,  pofiefied  of  great  rhetorical  powers,  did  not,  like 
him,  employ  ftrokes  of  irony  too  fine  to  be  perceived 
by  the  bulk  of  any  audience,  but  exprefted  themfelves 
in  full,  clear,  and  harmonious  periods.  Even  his  memo¬ 
rials,  though  clafiically  written,  and  orten  replete  with 
valuable  matter,  did  not  on  every  occafion  pleafe  the 
court ;  for  they  were  always  brief,  and  fometimes,  as  it 
was  faid,  indicated  more  attention  to  the  minutiae  of 
forms  than  to  the  merits  of  the  caufe.  Yet  on  points 
which  touched  his  own  feelings,  or  the  interefts  of  truth 
and  virtue,  his  language  was  animated,  his  arguments 
forcible,  and  his  fcrupulous  regard  to  form  thrown  alide. 

He  was  fometimes  employed  as  a  depute  advocate, 
which  gave  him  opportunities  at  the  circuits  of  diiplay- 
ing  that  candour  and  tendernels  of  difpofition  which  fo 
well  becomes  the  public  profecutor  in  a  criminal  court. 

Of  this  the  following  inftance  may  be  worth  relating. 

On  the  fir  ft  day  of  the  court  at  Stirling,  he  was  once 
accofted  by  another  advocate  in  thele  words :  44  Sir 
David,  why  i3  there  not  a  trial  this  forenoon  ?  I  would 
be  getting  on.”  44  There  are  (replied  he)  fome  unhappy- 
culprits  to  be  tried  for  their  lives  ;  and  therefore  it  is 
proper  that  they  have  time  to  confer  with  their  men  of 
law.”  44  That  is  of  little  confequence  (faid  the  other). 

Laft  year  I  came  to  vifit  Lord  Kames  when  he  was 
3  0a  here 
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here  on  the  circuit,  and  he  appointed  me  connfel  for  a 
man  accufed  of  a  rape.  Though  I  had  very  little  time 
to  prepare,  yet  I  made  a  decent  fpeech.”  “  Pray,  Sir, 
(faid  Sir  David),  was  your  client  acquitted  or  con¬ 
demned  ?”  O  (replied  the  other),  moil  unjuftly  con¬ 
demned  ”  “  7'hat,  Sir  (faid  the  depute  advocate)  is 

no  good  argument  for  hurrying  on  trials.” 

To  return  from  this  digrtfiion,  if  it  be  confidered  as 
fuch,  it  is  furely  to  the  honour  of  Sir  David  Dalrymple, 
that  whatever  men  thought  of  his  Angularities,  his  de- 
traftors  concurred  with  his  admirers  in  believing  hirn 
incapable  of  mifleading  the  judge  by  a  falfe  flatement  of 
fadb  ;  or  his  clients,  by  holding  out  to  them  fallacious 
grounds  of  hope. 

His  high  fenfe  of  honour,  and  his  inflexible  integri¬ 
ty,  were  indeed  univeifally  admitted  ;  and  it  was  with 
the  warmed  approbation  of  the  public  that  in  17 66  he 
was  appointed  one  of  the  judges  of  the  court  of  fefiion, 
the  higheft  civil  tribunal  in  Scotland.  He  took  his 
feat  on  the  bench,  according  to  the  ufage  of  that  court, 
by  the  title  of  Lord  Hailes,  the  defignation  by  which 
he  is  generally  known  among  the  learned  of  Europe  ; 
and  the  expectations  entertained  of  him  were  again  fan- 
guine.  His  unwearied  affiduity  in  lifting  dark  and  in¬ 
tricate  matters  to  the  bottom  was  well  known  ;  his  ele¬ 
gant  and  concife  manner  of  expreffing  his  fentiments 
was  admirably  fuited  to  the  character  of  a  judge  ;  and 
his  legal  opinions  had  been  generally  found.  Yet  it 
mud  be  confeffed,  that  as  a  judge  he  was  neither  fo  life- 
ful  nor  fo  highly  revered  as  he  ought  to  have  been  from 
the  extent  of  his  knowledge,  and  his  unquedioned  in¬ 
tegrity.  The  fame  minute  attention  to  forms,  which 
had  in  fome  degree  obftru&ed  his  rife  at  the  bar,  ac¬ 
companied  him  to  the  bench,  and  brought  upon  him 
the  ridicule  of  the  wits  about  the  court  (a)  :  and  we 
all  know,  that  the  chara&er  even  of  Socrates  himfelf 
was  not  able  to  refid  the  torrent  of  ridicule.  In  exte¬ 
nuation  of  this  foible,  it  may  be  obferved,  that  by  fome 
of  the  judges  of  the  court  of  fefiion  perhaps  too  little 
regard  has  been  paid  to  form  ;  and  that  forms,  even  ap¬ 
parently  trifling,  cannot  in  .legal  proceedings  be  wholly 
difregarded  without  involving  in  danger  truth  and  juf- 
tice.  Be  this  as  it  may,  fuch  was  the  opinion  which 
the  other  judges  entertained  of  Lord  Hailes’s  accuracy, 
diligence,  and  dignified  manners,  that,  in  the  abfence  of 
the  prefident,  they  generally  voted  him  into  the  vacant 
chair. 

In  May  1776  he  was  appointed  one  of  the  lords 
commiflioners  of  judiciary ;  and  in  that  dation  he  com¬ 
manded  the  refpeCf  of  all  mankind.  Fully  impreffed 
with  a  deep  fenfe  of  the  importance  of  his  office,  he 
feemed,  in  the  criminal  court,  to  lay  afide  his  Angulari¬ 
ties.  So  far  from  throwing  his  whole  weight  into  the 
fcale  of  the  crown,  a  charge  which  has  been  fometimes 
brought,  we  believe  unjuftly,  againd  the  Scotch  judges, 
Lord  Hailes,  like  the  judges  of  England,  wa^;  always 
counfcl  for  the  prifoner  when  the  king’s  counfel  appear¬ 
ed  too  drong  for  their  opponents,  or  when  there  was 
any  particular  intricacy  in  the  cafe.  In  adminidering 
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the  oath  to  the  witnefies,  he  had  none  of  that  indeco-  Balryi  * 
rum  which  we  have  elfevvhere  ceniured  in  fome  of  his  Ple*  ' 
brethren  (fee  Oath,  Encycl.)  ;  but  rifing  iolenmly  from  'm~ym 
his  feat,  he  repeated  the  words  in  fo  ferious  a  manner, 
as  left  no  doubt  in  the  mod  profligate  mind  but  that 
he  was  himfelf  imprefled  with  a  fenfe  of  the  immediate 
prefenec  of  the  Supreme  Being,  and  with  the  firm  be¬ 
lief  of  a  future  judgment.  When  the  witnefs  appeareU 
to  be  young  or  ignorant,  we  have  beheld,  with  the  ut- 
mod  love  and  veneration,  the  pious  pains  which  his 
Lordfhip  took  to  difeover  whether  he  was  duly  ac¬ 
quainted  with  the  nature  and  obligation  of  an  oath,  he- 
fore  he  admitted  him  to  fwear  ;  and  though  it  is  per¬ 
haps  impoffible  for  human  vigilance  and  fag&eity  to  pre¬ 
vent  perjury  altogether  in  courts  of  judice,  he  mud 
furely  have  been  a  villain  uncommonly  hardened  and  art¬ 
ful  who  could  peijure  himfelf  in  the  prefence  of  Lord 
Hailes.  In  doubtful  cafes  his  Lordfhip  inclined  always 
to  the  fide  of  mercy  ;  but  when  it  became  his  duty  to 
pals  fentence  of  death  upon  convi&ed  criminals,  he  ad- 
dreffed  them  in  a  drain  of  fuch  piety  and  commifera- 
tion,  as  to  draw  tears  from  the  eyes  of  every  beholder* 
and  was  calculated  to  make  a  deep  and  proper  impref- 
fion  on  the  unhappy  perfon  himfelf.  In  the  difeharge 
of  this  painful  duty,  vve  never  faw  him  furpaffed,  and 
have  feklom  feen  him  equalled. 

Had  Lord  Hailes  been  confpicuons  only  as  a  found' 
lawyer  and  an  able  and  upright  judge,  we  fhould  not 
have  thought  his  life  intitled  to  a  place  in  this  Work ; 
but  he  was  no  lefs  eminent  as  a  man  of  general  erudi¬ 
tion,  and  as  a  voluminous  author.  His  (kill  in  claffical 
learning,  the  belles  lettres,  and  hidorical  antiquities,  ■ 
especially  thofe  of  his  own  country,  is  univerfally  admit¬ 
ted  ;  but  it  cannot  be  denied,  that  the  fame  fafiidiouf- 
nefs,  and  the  fame  microfcopic  attention  to  minutiae, 
which  charadleiifed  him  as  a  barrifler,  prevented  him 
from  rifing  to  that  rank  in  the  republic  of  letters  to 
which  his  learning  and  genius  would  other  wife  have  in¬ 
fallibly  carried  him.  But  if  he  was  not  one  of  the  mofi 
celebrated  writers  of  the  age,  he  was  unqueftionahly  one  I 
of  the  mofi  virtuous  ;  if  his  publications  were  not  al¬ 
ways  edifying,  they  were  at  leafl  innocent  and  ingeni¬ 
ous  ;  and  fome  of  them  are  in  the  higheft  degree  valu¬ 
able.  In  proof  of  this  affertion,  we  need  inftance  only 
his  Annals  of  Scotland,  and  his  Inquiry  into  the  Seconda¬ 
ry  Caufes  •which  Mr  Gibbon  has  aligned  for  the  Rapid 
Prog  refs  of  Chriflianity .  Of  the  former  of  thefe  works, 
though  little  calculated  to  pleafe  the  common  herd  of 
readers,  it  may  with  truth  be  faid,  that  in  refearch  and 
ingenuity  it  Hands  unrivalled  among  the  writings  of 
Scotch  antiquaries  ;  and  of  the  latter,  it  is  furely  not 
too  much  to  fay,  that  it  difplays  uncommon  acumen, 
clofenefs  of  reafoning,  and  zeal  for  the  caufe  of  truth, 
without  the  ufual  rancour  of  theological  controverfy. 

His  tafle  for  retirement,  which  the  llate  of  his  af¬ 
fairs  rendered  for  a  while  necefiary,  grew  upon  him  a& 
he  advanced  in  years.  His  conflitution,  of  which  he 
was  very  careful,  as  well  as  his  principles  and.  habits,  ren¬ 
dered  him  averfe  from  diffipation  of  every  kind.  After 

he 
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(a)  In  a  fatirica!  ballad  on  the  court  of  fefiion,  Mr  Bofwell,  alluding  to  Lord  Hailes’s  fondnefs  for  verbal  crl^ 
tlcifm,  makes  him  addrefs  the  prefident  in  the  following  words : 

To  judge  of  this  matter  I  cannot  pretend, 

For  juftice,  my  Lord,  wants  an  c  at  the  end. 
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he  w?,3  made  a  judge,  he  confidered 
the  gay  and  fafhionable  world  as  connected  with  the 
duty  of  one  whole  time  was  no  longer  his  own  ;  and 
when  he  chofe  to  unbend  his  mind,  it  was  in  the  socie¬ 
ty  of  a  few  eafy  friends,  whom  he  feleCted  as  much  lor 
their  worth  and  good  humour  as  for  their  genius  or 
their  learning.  He  had  indeed  occafionally  much  con¬ 
fer  fation  with  that  conftellation  of  wits  and  men  of 
fcience  who  flourifhed  in  Edinburgh  at  the  fame  period 
with  himfelf ;  but  it  was  impofiible  for  friend  (hip  or  in¬ 
timacy  to  fubfift  between  men  who  thought  fo  diffe¬ 
rently  as  he  and  they  thought  on  the  moft  important  of 
all  fubje&s.  Though  an  old-fafhioned  whig,  zealoufly 
attached  to  the  conftitution,  he  fcorned  to  take  any 
(hare  in  the  civil  or  eccleliaftical  broils  in  which  fome 
of  his  brother  judges  were  warmly  engaged  for  the  firft 
20  years  of  the  prefent  reign  ;  for  he  looked  on  thefe 
as  either  frivolous  or  mifchievous. 

Although  his  Lordfhio’s  conftitution  had  been  long 
in  an  enfeebled  ftate,  he  profecuted  his  ftudies,  and  at¬ 
tended  his  duty  on  the  bench,  till  within  three  days  of 
his  death,  which  happened  on  the  29th  of  November. 
1792,  in  the  66th  year  of  his  age. 

His  I  .ordfhip  was  twice  married  5  by  his  firft  wife  Anne 
Brown,  only  daughter  of  Lord  Coalfton,  one  of  the 
bulges  of  the  court  of  feflion,  he  left  ifTue  one  dangh- 
>  ter,  who  inherits  the  family  eftate.  His  fecond  mar¬ 
riage  (of  which  alfo  there  is  iffue  one  daughter)  was  to 
Helen  Ferguffon,  youngeft  daughter  of  Lord  Kilkei- 
ran,  who  lias  the  afHi£ion  to  furvive  him.  Leaving 
no  male  iffue,  the  title  of  Baronet  defeends  to  his  ne¬ 
phew. 

Though  the  church  of  Scotland  does  not  much  en- 
courage  funeral  difeourfes,  a  very  laudable  endeavour 
was  made  to  render  the  talents  and  virtues  of  Lord 
HaHs  a  theme  of  inftru&ion  to  mankind,  m  a  fermon 
preached  foon  after  his  death  in  the  church  of  Invereflc, 
bv  his. learned  friend,  and  venerable  pallor,  Dr  Carlyle  j 
from  which  we  (hall  tranferibe  a  fummary  view  of  his 
character  as  a  judge,  a  fcholar,  a  Chriftian,  and  a  citi¬ 
zen. 

“  His  knowledge  of  the  laws  was  accurate  and  pro¬ 
found,  and  he  applied  it  in  judgment  with  the  molt 
fcrupulous  integrity.  In  his  proceedings  in  the  crimi¬ 
nal  court,  the  fatisfa&ion  he  gave  to  the  public  could 
not  be  furpaffed.  His  abhorrence  of  crimes,  his  tender- 
nefs  for  the  criminals,  his  refpeCt  for  the  laws,  and  his 
reverential  awe  of  the  Omnifcient  judge,  infpmrd  hirn 
on  fome  occafions  with  a  commanding  fubhmity  or 
thought,  and  a  feeling  folemmty  of  expreiiion,  that 
made  condemnation  feem  juft  as  the  doom  of  provi¬ 
dence  to  the  criminals  themfelves,  and  raffed  a  falutary 
honor  of  crimes  in  the  bread  of  the  audience. 

“  Confcious  of  th«  dignity  and  importance  ot  the 
high  ofilce  he  held,  he  never  departed  from  the  decorum 
that  becomes  that  reverend  chara&er ;  which  indeed  it 
coft  him  no  effort  to  fupport,  becaufe  he  a&ed  from 
principle  and  fentiment,  both  public  and  private.  Ai- 
fe&ionate  to  his  family  and  relations,  fimple  and  mild  m 
his  manners,  pure  and  conscientious  in  his  morals,  en¬ 
lightened  and  entertaining  in  kis  converfation  ;  he  left 
fociety  only  to  regret,  that,  devoted  as  he  was  to  more 
important  employments,  he  had  fo  little  time  to  fpaie 
for  intercourfe  with  them.  > 

**  He  was  well  known  to  be  of  high  rank  in  the  re- 
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abftraftion  from  public  of  letters,  and  his  lofs  will  be  deeply  felt  through 
many  of  her  departments.  His  labours  in  illuiiration  or 
the  hiftory  of  his  country,  and  many  other  works  of  pro¬ 
found  erudition,  remain  as  monuments  of  his  accurate  and 
faithful  refearch  for  mateiials,  and  his  found  judgment  it* 
the  feledion  of  them.  Of  his  unfeigned  piety  and  de¬ 
votion,  you  have  very  often  been  witneffes  where  we 
now  are.  I  muft  add,  however,  that  his  attendance  on 
religious  ordinances  was  not  merely  out  of  refpe&to- 
the  laws  and  for  the  fake  of  example  (motives  which 
fhould  never  fail  to  have  influence  on  perfons  of  fuperior 
rank,  for  the  moft  obvious  reafons),  but  from  principle 
and  conviction,  and  the  moft  confcientious  regard  to  his 
duty  ;  for  he  not  only  praCtifed  all  the  virtues  and  cha¬ 
rities  in  proof  of  his  faith,  but  he  demonftrated  the  fm- 
cerity  of  his  zeal  by  the  uncommon  pains  he  took  to 
illuftrate  primitive  Chriftianity,  and  by  his  elaborate 
and  able  defences  of  it  againfl  its  enemies. 

(i  His  profound  refearches  into  hiftory,  and  his  tho¬ 
rough  knowledge  of  the  laws,  made  him  perfedliy  ac¬ 
quainted  with  the  progrefs  of  the  conftitution  of  Bri¬ 
tain,  from  the  firft  dawn  of  liberty  in  the  common  law 
of  the  land,  and  the  trial  by  jury  which  precede  all 
written  records,  and  afterwards  in  the  origin  and  efta- 
blifhment  of  parliaments,  through  all  its  yicifiitudes  and 
dangers,  till  at  laft,  by  the  bleffing  of  divine  Providence, 
which  brought  many  wonderful  events  to  concur  to  the- 
fame  end,  it  was  renewed,  {Lengthened,  and  finally  con¬ 
firmed  by  the  Revolution. 

ii  It  was  this  goodly  and  venerable  fabric  of  the  Bri- 
tilh  conftitution  which  the  deceafed  moft  refpeftable 
charaCter  contemplated  with  admiration  and  delight  (of 
late,  indeed,  with  a  mixture  of  anxiety  and  fear),  as 
the  temple  of  piety,  as  the  genuine  fource  of  greater 
happinefs  and  freedom,  to*  a  larger  portion  of  mankind 
than  ever  flowed  from  any  government  upon  earth. 

«  in  indeed  can  the  times  bear  the  lofs  of  fitch  an 
affeCbionate  patriot  and  able  guardian  of  the  laws  of  his 
country.  But  we  muft  not  mumur  at  the  will  of  Pro¬ 
vidence,  which  in  its  mercy  4  may  have  withdrawn  the 
good  man  from  the  evil  to  come.’  In  mercy,  I  fay, 
to  him,  whofe  righteous  fpirit  was  fo  deeply  grieved 
when  ‘  he  faw  the  wicked  rage,  and  the  people  imagine 
a  vain  thing.?> 

Such  is  the  memorial  which,  in  the  hour  of  recent 
forrow,  followed  this  excellent  man  to  the  grave  ;  and 
we  believe  it  will  yet  be  allowed  to  be  juft  by  all  who 
had  the  happinefs  of  his  Lordfhip’s  acquaintance,  and  are 
what  he  was,  friends  to  the  beft  interefts  of  mankind. 

This  fketch  of  the  life  of  Lord  Hailes  would  be  more 
imperfect  than  even  it  is,  if  we  could  not  fubjoin  to  it 
a  catalogue  of  his  publications,  of  which  the  greater 
part  are  exceedingly  curious.  We  call  them  publica¬ 
tions,  becaufe  he  employed  almoft  as  much  of  his  time 
in  republifhing  old  and  ufeful  books  as  in  preparing  for 
the  prefs  his  own  valuable  woiks. 

B  elides  his  effays  in  the  papers  called  The  Wo  Ad  and 
The  Mirror ,  which  are  well  known  and  univerfally  ad¬ 
mired,  his  Lordfhip  publifhed  the  following  works  : 

Sacred  Poems,  or  a  Collection  of  Tranflations  and 
Paraphrafes  from  the  Holy  Scriptures  ;  by  various  au¬ 
thors,  Edinburgh,  1751,  I2mo.  Dedicated  to  Charles 
Lord  Hope,  with  a  preface  of  ten  pages. 

The  Wifdom  of  Solomon,  Wifdom  of  Jefus  the  Son 
of  Sirach,  or  Ecclefiafticus,  12m©,  Edin.  17 55* 

2 .  Select, 
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Se!e&  Difcourfes  (in  number  nine),  'by  John  Smith, 

;  late  Fellow  of  Queen’s  College,  Cambridge,  i2roo, 

29 1  pages.  Edin.  1756;  with  a  preface  of  five  pages, 

many  quotations  from  the  learned  languages  tranfla- 
ted,— and  notes  added,  containing  allufions  to  ancient 
mythology,  and  to  the  erroneous  philofophy  which  pre¬ 
vailed  in  the  days  of  the  author,  —  various  inaccuracies 
of  fly  le  have  been  corrected,  and  harlh  exprefiions  foft- 
coed.” 

A  Difcourfe  of  the  unnatural  and  vile  Confpiracy 
attempted  by  John  Earl  of  Gowry  and  his  Brother, 
againft  his  Majefty’s  perfon,  at  St  Johniloun,  upon  the 
fth  of  Aug.  1600.  No  date  of  the  repullication,  but 
the  edition  and  notes  fuppofed  by  Lord  Hailes,  1 2mo, 

*757^ 

A  Sermon,  which  might  have  been  preached  in  Eaft 
Lothian  upon  the  25th  day  of  O&ober  1761,  on  Adis 
jcxvii.  1,2.  “  The  barbarous  people  fhevved  us  no 

little  kindnefs.”  Edin.  1761,  pp.  2>',  umo.  “  Oc- 
cafioned  by  the  country  people  pillaging  the  wreck  of 
two  vrffels,  viz.  the  Be  Iv,  Cunningham,  and  the  Leith 
Packet,  Pitcairn,  from  London  to  Leith,  call  away  on 
the  fhore  between  Dunbar  and  North  Berwick.  All 
the  pafFengers  on  board  the  former,  in  number  17,  pe¬ 
riled  ;  five  on  board  the  latter,  O&ober  16.  1761.”  — 

A  molt  afFedin,;  difcourfe,  admirably  calculated  to  con¬ 
vince  the  offenders  ! 

Memorials  and  Letters  relating  to  the  Hiftory  of 
Britain,  in  the  reign  of  James  I .  publifhed  from  the 
originals,  Glafgow,  1762.— AddrefFed  to  Philip  Yorke, 

Vilcount  Roy  It  on,  pp.  15 1.  “  From  a  colledion  in 

the  advocate’s  library,  by  Balfour  of  Denmyln.”  The 
preface  of  four  pages,  figned  Dav.  Dalrymple. 

The  Works  of  the  ever-memorable  Mr  John  Hales 
of  Eaton,  now  firft  colleded  together  in  3  vols,  Ghf- 
gow,  176?;  preface  of  three  pages.  Dedicated  to 
William  (Warburton),  Bifhop  of  Gloucefter.  «  The 
edition  faid  to  be  undertaken  with  his  approbation  ; 
obfolete  words  altered,  with  corredions  in  fpelling  and 
punduation.” 

A  fpecimen  of  a  book  intitled  “  Ane  Compendious 
Booke  of  Godly  and  Spiritual  Sang3,  colk^lit  out  of 
fund  t  ie  parts  of  the  Scripture,  with  fundrie  of  other  Bai¬ 
nes  changed  out  of  prophaine  Sanges,  for  avoydin<r  of 
Sin  and  Harlotrie,  with  augmentation  of  fundry  Gude 
an  Godly  Ballates,  not  contained  in  the  firft  edition. 

Edinburgh,  printed  by  Andro  Hart,”  1 2mo.  Edin. 

PP- .V  5  7lr  a  G!olla^  of  four  PaSes-  iamuy  nmory. 

Memorials  and  Letters  relating  to  the  Hiftory  of  chapters,  op.  70 
Britain  in  the  reign  of  Charles  1.  publifhed  from  the  Remarks  on  1 
originals,  Glafgow,  1766,  pp.  189.  Preface  of  fix 
pages,  figned  Dav.  Dalrymple,  chiefly  coMeded  by  Mr 
\v  odrow,  author  of  the  Hiftory  of  the  Church  of  Scot- 
land.  Infciibed  to  Robert  Dundas  of  Arnitton,  Lord 
Jr  refident  of  the  Court  of  Sefiion. 

An  account  of  the  prefervation  of  Charles  II.  after 
the  Battle  of  Worcefter,  drawn  up  by  himfelf;  to 
wh-h  are  added,  his  Letters  to  fcveral  perfons.  Glaf¬ 
gow,  1760,  pp.  190,  from  the  MSS.  ofMrPcpys,  dic- 
tated  to  him  by  the  king  himfelf,  and  communicated  by 
Dr  oandby,  mafter  of  Magdalen  College.  The  letters 
are  colleded  from  various  books;  fome  of  them  now 
hrit  pubhlhed,  communicated  by  the  tutors  of  the  Duke 
ot  Hamilton,  by  the  Earl  of  Dundonald,  &c.  The 
preface  of  four  pages,  figned  Dav.  Dalrymple,  dedica- 
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ted  to  Thomas  Holies,  Duke  of  Newcaftle,  chancellor 
of  the  univerfity  of  Cambridge. 

#  The  Secret  Correfpondence  between  Sir  Robert  Ce- 
cil  and  James  VI.  i  2mo,  1766. 

A  Catalogue  of  the  Lords  of  Sefiion,  from  the  In- 
ftitution  of  the  College  of  Juftice  in  the  year  1532, 
with  Hiflorical  Notes.  Suum  cuique—rcpemlet  pojleritas . 
Edin.  176",  4to,  pp.  26.  * 

The  Private  Correfpondence  of  Dr  Francis  Atter- 
bury,  Bifhop  of  Rochefter,  and  his  friends,  in  1725,  ne¬ 
ver  before  publifhed.  Printed  in  1768,  4to.  Adver- 
tifement,  pp.  2.  Letters,  pp.  10.  A  fac  fimile  of 
the  Hrft  from  Bifhop  Atterbury  to  John  Cameron  of 
Loch  id,  to  prove  their  authenticity. 

An  Examination  of  fomc  of  the  Arguments  for  the 
High  Antiquity  of  Regiam  Majejiatem  ;  and  an  In¬ 
quiry  into  the  authenticity  of  the  Leges  Malcolmi ;  by 
Sir  David  Dalrymple,  4to,  pp.  52.  Edin.  1769. 

Hiflorical  Memoirs  concerning  the  Provincial  Coun¬ 
cils  of  the  Scottifh  Clergy,  from  the  earlieft  Accounts 
to  the  iEra  of  the  Reformation;  by  Sir  David  Dal¬ 
rymple.  Edinburgh,  1769,  4to,  pp.  41.— Nata,  Ha¬ 
ving  no  high  opinion  of  the  popularity  of  his  writings, 
he  prefixes  to  this  work  the  following  motto.  u  Si  de- 
le&amur  quum  feribimus  quis  ell  tarn  invidus  qui  ab  eo 
nos  abducat  ?  fin  laboramus  quis  eft  qui  aliens  modum 
llatuat  induftriae.” — Cicero .  , 

Canons  of  the  Church  of  Scotland,  drawn  up  in  the 
Provincial  councils  held  at  Perth,  A.  D.  1242,  and 
1269.  .  Edinburgh,  1769,  4to,  pp.  48. 

Ancient  Scottifh  Poems,  publifhed  from  the  MS.  of 
George  Bannatyne,  1568.  Edin.  1770,  i2mo.  Pre¬ 
face  fix  pages;  Poems  pp,  22  r  ;  very  curious  notes 
pp.  92  ;  glofFary  and  lifts  of  pafTages  and  words  not 
underftood,  pp.  14. 

The  additional  Cafe  of  Elizabeth,  claiming  the  title 
and  dignity  of  Countefs  of  Sutherland  ;  by  her  Guar¬ 
dians.  .  Wherein  the  fads  and  arguments  in  fupport  of 
her  claim  are  more  fully  ftated,  and  the  errors  in  the 
additional  cafes  for  the  other  claimants  are  dete&ed, 
f°;~This  Angularly  learned  and  able  cafe  was  fub- 
fenbed  by  Alexander  Wedderburn  (prefent  Lord  Chan¬ 
cellor),  and  Sir  Adam  Ferguffon,  but  is  the  well-known 
work  of  Lord  Hailes.  It  ought  not  to  be  regarded 
merely  as  a  law  paper  of  great  ability,  but  as  a  treatife 
of  profound  refearch  into  the  hiftory  and  antiquity  of 
many  important  and  general  points  of  fucceffion  and 
family  hiftory.  Introduaion,  pp.  21  ;  the  firft  foUr 
the  firth  and  fixth  chapters,  pp  177. 
the  Hiftory  of  Scotland,  by  Sir  David 
Dalrymple.  Utinam  tarn  facile  vera  invenire  polLm 
quamfalfa  convineere.”  Cicero — Edin.  1773,  inferibed 
to  George  Lord  Lyttleton,  in  nine  chapters,  op.  284. 

12  mo.  rr  ^ 

Huberti  Langueti  Epiftolse  ad  Philippum  Sydneium 
Equitem  Angium,  accurante  D.  Dalrymple  de  Flailes, 
Eq.  Edinburgh,  1776,  8vo.  Inferibed  to  Lord  Chief 
Baron  Smythe — Virorum  Eruditorum  Tefiimonia  de 
Langueto,  pp.  7.  Epiftol*,  pp.  289.  Indek  Nominum, 
PP- 41- 

Annals  of  Scotland,  from  the  Accefiion  of  Malcolm 
HI.  furnamed  Canmore,  to  the  Accefiion  of  Robert  I. 
by  Sir  David  Dalrymple.  Edin.  1776,  pp.  31 1.  Apl 
pendix,  pp.  51.  1 

Tables  of  the  SuccelEon  of  the  Kings  of  Scotland, 

from 
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Pf  m-  from  Malcolm  III.  to  Robert  I.  their  marriages, 

drcri,  and  time  of  their  death  ;  and  alfo  of  the  Kings 

W  of  England  and  France,  and  of  the  Popes  who  were 
their  contemporaries. 

Chronological  Abridgement  of  the  Volume,  pp.  30. 
The  Appendix  contains  eight  dictations  :  1.  Of  the 
law  of  Evenus  and  Mercheta  Mulierum,  pp.  17.  2.  A 

commentary  on  the  2  2d  Hat ute  of  William  the  Lion, 
pp.  8.  3.  Of  the  18th  datute  of  Alexander  III.  pp.  5. 
4.  Bull  of  Pope  Innocent  IV.  pp.  6.  5.  Of  Walter 

Stewart  Earl  ofMenteeth,  1296,  pp.  7.  6.  OfM'Duff, 
flain  at  Falkirk  in  1  298,  pp.  3.  7.  Of  the  death  of 

John  Comyn,  1  oth .  February,  1305,  pp.  4.  8.  Of 

the  origin  of  the  houfe  of  Stuart,  pp.  6. 

Annals  of  Scotland,  from  the  Acceflion  of  Robert  I. 
furnamed  Bruce,  to  the  Acceilion  of  the  Houfe  of 
Stuart;  by  Sir  David  Dalrymple,  Edin.  1779?  4t0» 
pp.  277.  Appendix,  pp.  54,  containing,  1.  Of  the 
manner  of  the  death  of  Marjory,  daughter  of  Robert  I. 
pp.  7.  2.  Journal  of  the  campaign  of  Edward  III. 

1327.  pp.  9.  3.  Of  the  genealogy  of  the  family  of 

Seton  in  the  14th  century.  4.  Lilt  of  the  Scottifh 
commanders  at  the  battle  of  Hallid  on,  1 9th  July  1383, 
pp.  ir.  5.  Whether  Edward  III.  put  to  death  the 
fon  of  Sir  Alexander  Seton,  pp.  8.  6.  Lilt  of  the 

Scottifn  commanders  killed  or  made  prifoners  at  the 
‘'battle  of  Durham,  pp  8.  7.  Table  of  kings,  p.  1. 

8.  Corrections  and  additions  to  volume  i.  pp  16.  Chro¬ 
nological  abridgement  of  the  volume,  pp.  39. 

Account  of  the  Martyrs  of  Smyrna  and  Lyons,  in 
the  2d  century,  1  2mo,  with  explanatory  notes,  Edin.. 
1776.  Dedicated  to  Bifhop  Hurd,  pp.  68.  Notes  and 
illuflrations,  pp.  142.  This  is  a  new  and  correct  ver- 
fion  of  two  mod  ancient^epidles,  the  one  from  the  church 
at  Smyrna  to  the  church  at  Philadelphia  ;  the  other 
from  the  Chriftians  at  Vienna  and  Lyons  to  thofe  in 
Afia  and  Phrygia — their  antiquity  and  authenticity  are 
undoubted.  Great  part  of  both  is  cxtra&ed  from  E11- 
ftbius’s  Ecckfiaftical  Hidory.  The  former  was  fird 
completely  edited  by  Archbifhop  U flier.  The  author 
of  the  notes  fays  of  them,  with  his  ufua1  and  fingular 
modedy,  “  That  they  will  afford  little  new  or  intend¬ 
ing  to  men  of  erudition,  though  they  may  prove  of 
fome  benefit  to  the  unlearned  reader.’ *  But  the  eru¬ 
dition  he  poffeded  in  thefe  branches  is  fo  rare,  that  this 
notice  is  linnecedary.  They  difplay  much  ufeful  learn¬ 
ing  and  ingenious  criticifm,  and  breathe  the  mod  ardent 
zeal,  connedled  with  an  exemplary  knowledge  of  Chri- 
dianity.  N.  B.  This  is  the  fird  volume  of  the  remains 
of  Chridian  Antiquity, 

Remains  of  Chridian  Antiquity,  with  explanatory 
notes,  vol.  ii.  Edin.  1778,  12 mo.  Dedicated  to  Dr 
Newton  bifhop  of  Bridol.  Preface,  pp.  7.  This  vo¬ 
lume  contains  the  trial  of  Judin  Martyr  and  his  com¬ 
panions,  pp.  8.  EpifHe  of  Dionyfius  bifhop  of  Alex¬ 
andria,  to  Fabius  bifhop  of  Antioch,  pp.  16.  The 
trial  and  execution  of  Cyprian  bifhop  of  Carthage,  pp. 
8.  The  trial  and  execution  of  Fru&uofus  bifhop  of 
Tarracor.a  in  Spain,  and  of  his  two  deacons,  Augurius 
and  Eulogius,  pp.  8.  The  Maiden  of  Antioch,  pp.  2. 
Thefe  are  all  newly  tranflated  by  Lord  Hailes  from  Rui- 
nart,  Eufebius,  A.mbroft,  Sc c.  The  notes  and  illuftra- 
tions  of  this  volume  extend  from  p.  47  to  165,  and 
difplay  a  mod  intimate  acquaintance  with  antiquity, 
great  critical  acumen,  both  in  elucidating  the  fenfe  and 
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,  chil-  detecting  interpolations ;  and  above  all,  a  fervent  and 
enlightened  zeal,  in  vindicating  fucli  fentiments  and 
condu&  as  are  conformable  to  the  word  of  God,  again d 
the  malicious  farcafms  of  Mr  Gibbon.  To  this  volume 
is  added  an  appendix  of  pp.  22.  corredlitig  and  vindi¬ 
cating  certain  parts  of  vol.  i 
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Remains  of  Chridian  Antiquity,  vol.  iii  Edin.  1780. 
Dedicated  to  Thomas  Balguy,  D.  D.  Preface,  pp.  2. 
It  contains  the  Hidory  of  the  martyrs  of  Paleftine  in 
the  3d  century,  tranflated  from  Eufebius,  pp.  94. 
Notes  and  illuflrations,  pp  135;  in  which  Mr  Gib¬ 
bon  again  comes,  and  more  frequently,  under  review.— — 
The  partiality  and  mifreprefentations  of  this  popular 
writer  are  here  expofed  in  the  calmed  and  mod  fatis* 
fa&ory  manner. 

Pity  it  is  that  Lord  Hailes  fhould  have  printed  and 
publifhed  thefe  valuable  volumes,  and  indeed  mod  of 
his  other  works,  at  his  own  expence  ;  and  difperfed 
them  fo  liberally  to  his  friends,  that  they  have  been 
little  circulated  among  any  other. 

OClavius,  a  Dialogue,  by  Marcus  Minucius  Felix. 
Edin.  1781,  pp.  16.  Preface. — -The  fpeakers  are,  Cce- 
cilliis  a  Heathen,  O&avius  a  Chiiiiian  ;  whole  argu¬ 
ments  prevail  with  Ins  friend  to  renounce  Paganiimand 
become  a  Chridian  profelyte.  Notes  and  illudrations, 

pp.  120. 

Of  the  tnanner  in  which  the  Persecutors  Died  ;  a 
Treatife,  by  L.  C.  F.  Laclantius,  Edin.  1782.  In- 
feribed  to  Dr  Porteous  bifhop  ot  Clieder  (prefent  bi¬ 
fhop  of  London).  Preface,  pp.  37.  in  which  it  is  pro¬ 
ved  that  Laclantius  is  the  author.  Text,  pp.  125. 
Notes  and  illudrations,  pp.  109. 

L.  C.  F.  La&antn  Divinarum  Inftitutionum  Liber 
Quintus  feu  de  Jufiiti?.,  1777. 

Difquifitions  concerning  the  Antiquity  of  the  Chri¬ 
dian  Church.  Glafgow,  1783.  Infcribed  to  Dr  Ha¬ 
lifax,  bifhop  of  Gloucefler,  pp.  194. — Thisfmall  origi¬ 
nal  and  mod  excellent  work  confids  of  fix  chapters. 
Chap  1 ,  A  commentary  on  the  conduCl  and  character 
of  Gallio.  A&s  xviii.  5,  1 2,  17.  -Chap.  2.  Of  the 
time  at  which  the  Chridian  religion  became  publicly 
known  at  Rome. — Chap.  3.  Caufe  of  the  persecution 
of  the  Chridians  under  Nero.  In  this  the  hypothecs 
of  Mr  Gibbon,  vol.  i.  4to,  p.  641,  is  examined. — 
Chap.  4.  Of  the  eminent  Heathen  writers  who  are 
faid  (by  Gibbon)  to  have  difregarded  or  contemned 
Chriftianity,  viz  Seneca,  Pliny  fen.  Tacitus,  Pliny  juu. 
Galen,  Epi&etus,  Plutarch,  Marcus  Antoninus.  To 
the  admirers  of  Heathen  philofophers,  and  to  thofe  ef- 
pecially  who  date  between  them  and  the  Chridian  doc¬ 
trine  any  confanguimty,  this  chapter  is  earneftly  recom¬ 
mended  —  Chap.  5.  Illndration  of  a  conjecture  by  Gib¬ 
bon,  refpe&ing  the  lilence  of  Dio  Cafiius  concerning 
the  Chriftians.  In  this  chapter,  with  extreme  impar¬ 
tiality,  he  amplifies  and  fupports  an  idea  of  Mr  Gibbon 
011  this  head.  Chap.  6.  Of  the  circumitances  refpedl- 
ing  Chridianity  that  are  to  be  found  in  the  Augudan 
hidory. 

It  feems  very  probable  that  the  clofe  attention  which 
Lord  Hailes  appears  to  have  given  to  fucli  fubje&s,  was 
in  fome  meafure  the  e£fe£l  of  the  midakes  and  partiality 
of  Gibbon.  In  no  one  work  from  1776,  the  date  of 
Mr  Gibbon’s  fird  publication,  lias  he  omitted  to  trace 
this  unfair  and  infinuating  author;  but  in  1786  he 
came  forth  of  fet  purpofe  with  the  mod  able  and  for¬ 
midable 
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.Dillrym*  midable  reply  which  he  has  received,  Entitled,  “  An 
P!e-  Inaiury  into  the  Secondary  Caufes  which  Mr  Gibbon 
V  V"  hasaffigued  for  the  rapid  growth  of  Chriftianity  ;  by 
Sir  David  Dalrymple.”  Edin.  1786;  gratefully  and 
.affe&ionately  infcribed  to  Richard  (Hurd)  bifliop  of 
Worccder,  4to,  pp.  213..  In  five  chapters. 

Sketch  of  the  Life  of  John  Barclay,  4 to,  1786. 

Sketch  of  the  Life  of  John  Hamilton,  a  Secular 
Tried,  4 to  (one  of  the  mold  favage  and  bigotted  adhe¬ 
rents  of  Popery,  who  lived  about  A.  P).  160Q.) 

Sketch  of  the  Life  of  Sir  James  Ramfay,  a  general 
-officer  in  the  armies  of  Guliavus  Adolphus  king  of 
Sweden,  with  a  head. 

Life  of  George  Leflie  (an  eminent  capuchin  friar  in 
the  early  part  of  the  17th  century),  4to,  pp.  24. 

Sketch  of  the  Life  of  Mark  Alex.  Boyd,  4to. 

Thefe  lives  were  written  and  publifhed  as  a  fpecimen 
of  the  manner  in  which  a  Biographia  Scotica  might  be 
executed  ;  and  it  is  likely  that  Lord  Hailes  feleSfed 
purpofely  the  lead  interefling. 

The  Opinions  of  Sarah  Duchefs  Dowager  of  Marl- 
Borough,  publifhed  from  her  original  MSS.  1788, 
1 2 mo,  pp.  1 20.  (with  a  few  foot  notes  by  Lord  Hailes, 
in  which  he  corre&s  the  fplenetic  partiality  of  her 
Grace). 

The  Addrefs  cf  Q^Sept.  Tertullian  to  Scapula  Ter- 
tullus,  Proconful  of  Africa,  tranflated  by  Sir  David 
JDalrymple,  i2mo.  Edin.  1 790,  infcribed  to  Dr  John 
JButler,  bifliop  of  Hereford  ;  preface,  pp.  4  ;  tranfla- 
tion,  pp.  18  ;  original,  pp.  13  ;  notes  and  ill uftrations, 

PP-  l35‘  ,  •  .  t 

This  addrefs  contains  many  particulars  relating  to 
•the  church  -after  the  third  century.  The  tranflator  has 
rejeded  all  words  and  phrafes  of  French  origin,  and 
written  entirely  in  the  Anglo  Saxon  dialed.  In  the 
jcoiirfe  of  the  notes  many  obfcurities  of  the  original,  not 
adverted  to  by  other  commentators,  are  explained. 
Some  drange  inaccuracies  of  Mr  Gibbon  are  alfo  de- 
•teded,  not  included  in  the  mifreprefentations  of  his  two 
famous  chapters. 

This  was  the  lad  work  of  this  truly  learned,  refped- 
able,  and  ufeful  naan.  Whether  he  left  behind  him  any 
thing  elfe  fmifhed  for  the  prefs,  is  known  only  to  his 
friends.  We  have  repeatedly  heard  that  he  was  enga¬ 
ged  in  examining  the  authenticity  of  the  books  of  the 
New  Teftament,  and  that,  with  the  exception  of  two 
or  three,  he  found  every  verfe  contained  in  it  in  the 
writings  of  the  firft  three  centuries.  This  feems  in¬ 
deed  to  have  been  an  objed  in  all  his  works  ;  for,  at 
the  end  of  each  of  his  tranflations  and  editions  of  the 
primitive  Chriitian  writers,  a  table  is  given  of  paffages 
quoted  or  mentioned  by  them.  If  his  Lordfhip  com¬ 
pleted  any  work  of  this  kind,  it  fhould  not  be  with¬ 
held  from  die  public.  We  may  indeed  be  told  that  its 
utility  is  in  a  great  meafure  fuperfeded  by  the  laborious 
colledions  of  Lardner  (  b),  and  the  more  elegant  work 
of  Paley  (c)  ;  but  not  to  mention  the  prejudices  gene¬ 
rally  entertained  againft  Lardner  on  account  of  his  evi¬ 
dent  bias  to  Unit  aria  nifm,  it  would  furely  be  proper,  in 
die  prdent  age  of  wild  opinions,  to  fhew  the  multitude, 
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who  are  guided  by  authority,  how  important  a  fubjedl  Damien 
the  Chriitian  religion  was  deemed  by  this  learned  and  “ 
accompli  Hied  layman. 

DAMIENS  (Robert  Fran^ais),  as  he  poffeffed  nei¬ 
ther  literature  nor  fcience,  is  not,  Hri&ly  ipeaking,  in- 
titled  to  notice  in  this  Work  His  charadfer,  how¬ 
ever,  was  fo  extraordinary,  and  the  noife  which  he  made 
in  the  world  fo  great,  that  a  fhort  account  of  his  life 
will  probably  be  acceptable  to  a  numerous  clafs  of  our 
readers. 

He  was  born  in  1 7 1 4  in  the  fuburbs  of  Arras,  called 
St  Catharines .  His  infancy  announced  what  he  would 
one  day  become  ;  for  fucli  were  his  wickednels  and 
knaveries,  that  they  procured  to  him  the  appellation  of 
Robert  the  Devil. 

He  ferved  in  the  army,  was  at  ftveral  engagements, 
and  at  the  liege  of  Philipfburgh.  On  his  return  to 
France,  he  entered  in  quality  of  a  domeftic  into  the 
college  of  Jefuits  at  Paris,  which  he  lett  in  1738  to  be 
married. 

After  having  ferved  different  mailers  in  the  capital, 
and  poifoned  one  of  them  by  a  glyfler,  he  committed  a 
robbery  of  240  louis  d’ors  ;  which  being  difcov.red 
obliged  him  to  abfeond.  He  lurked,  therefore,  about 
five  months 'in  the  neighbourhood  of  St  Omer,  Dun¬ 
kirk,  and  Bruffels,  holding  always  the  moll  abfurd  pur- 
pofes  with  regard  to  the  difpute3  which  at  that  time- 
divided  France.  At  Poperingue,  a  fmall  town  near 
Ypres,  he  was  heard  to  fay  :  “  If  T  return  to  France— 

Yes,  I  will  return,  I  will  die  there,  and  the  greateft 
man  on  earth  fhall  die  likewife,  and  you  lhall  hear  news 
of  me  I” 

It  was  in  the  month  of  Augull  1 756  that  he  utter¬ 
ed  thefe  extravagant  fentiments.  On  the  21ft  of  De¬ 
cember,  in  the  fame  year,  being  at  Falefque  near  Arras, 
at  the  houfe  of  one  of  his  relations,  he  talked  in  the 
fame  drain,  affirming,  “  That  the  kingdom,  his  wife, 
and  daughter,  were  all  ruined  !”  His  blood,  his  heart, 
and  his  head,  were  at  this  time  in  a  dreadful  date  of  ef- 
fervefcence  ;  and  in  this  date  of  mind  he  fet  out  for  Pa¬ 
ris,  at  which  he  arrived  on  the  3 id  day  of  the  fame 
month.  Having  appeared  at  Verfailles  On  the  fird  day 
of  the  year  1757,  he  took  opium  for  two  or  three  days, 
probably  with  a  view  to  invigorate  his  mind  for  the  hor¬ 
rid  purpofe,  which  he  executed  on  the  5th  of  January, 
about  three  quarters  of  an  hour  after  five  in  the  even¬ 
ing. 

This  execrable  parricide  druck  Louis  XV.  with  a 
knife  in  the  right  fide,  -as  that  monarch,  furrounded 
by  his  courtiers,  was  entering  a  carriage  to  go  to 
Trianon.  He  was  feized  upon  the  fpot ;  and  after  ha¬ 
ving  undergone  fome  interrogatories  at  Verfailles,  was 
lent  to  Paris  to  the  tower  of  Montgommeri,  where  a 
room  was  prepared  for  him,  above  that  which  Ravad- 
lac  had  formerly  occupied.  The  king  charged  the 
great  court  of  parliament  to'  inditute  his  procefs  ;  but 
notwithdauding  the  mod  cruel  tortures,  which  he  fup- 
ported  with  unparalleled  firmnefs,  they  could  not  get 
from  him  a  lingle  confeffion  which  could  lead  them  to 
fufpedt  that  he  had.  any  accomplices.  This  miferable 

wretch 


(b)  See  his  Credibility  of  the  Go/pel  Ili/lory,  and  other  works,  in  1 1  vols  8vo# 

(c)  See  his  Evidences -of  the  Chryllan  Religion,  in  2  vols  8vo. 
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ji'en*.  wretch  protefted,  that  if  he  had  been  blooded  as  co- 

Y - -  pioufly  as  he  wifhed,  he  would  never  have  committed 

the  crime.  After  being  cruelly  tortured  to  no  pur- 
pofe,  he  was  condemned  to  die  by  the  fame  punilhment 
as  the  infamous  aflaflm  of  Henry  IV. 

The  fame  year,  on  the  28th  of  March,  which  was 
the  day  of  his  execution,  he  arrived  at  the  Place  de 
Greve  at  a  quarter  pad  three,  looking  with  a  tearlels 
eye  arid  a  firm  countenance  on  the  place  and  the  inftru- 
ments  of  his  punifhment.  They  firft  burned  his  right 
hand,  afterwards  tore  his  flcfh  with  red  hot  pincers, 
and  poured  melted  lead,  wax,  and  pitch,  into  the 
wounds.  They  then  proceeded  to  quarter  him,  the 
four  horfes  trying  in  vain  for  50  minutes  to  difmember 
his  body.  At  the  end  of  that  time,  Damiens  being 
fill  alive,  the  executioners  cut  with  knives  the  flefh  and 
tendinous  joinings  of  his  legs  and  arms  ;  which  they 
had  formerly  been  obliged  to  do  to  Ravaillac.  They 
began  with  his  legs ;  and  even  after  they  were  cut,  he 
continued  to  breathe  till  his  arms  were  cut  in  like  man¬ 
ner.  His  punifhment,  from  the  time  lie  was  put  upon 
the  fcaffold  to  the  moment  of  his  death,  laded  about  an 
hour  and  a  half;  during  the  greater  part  of  which  he 
retained  his  recollection,  and  raifed  his  head  feven  or 
eight  times  to  view  the  horfes  and  his  mangled  and 
burned  limbs.  In  the  middle  of  the  moll;  violent  of  the 
'  tortures,  he  even  let  fome  jokes  efcape  him. 

That  the  crime  of  Damiens  was  of  the  deepeft  dye, 
every  man,  but  an  aflafiin  like  himfelf,  will  readily  ac¬ 
knowledge  ;  but  the  cruel  and  lingering  punifhment 
which  was  infii&ed  on  him,  was  filch  as  we  think  no 
human  being  intitled  to  infliCt  on  another.  It  was 
likewiie  impolitic  as  well  as  cruel.  We  can  conceive 
no  reafon  for  lengthening  out  any  punifhment,  or  ac¬ 
companying  it  with  circumftances  of  horror,  but  to  in- 
fpire  the  fpe&ators  with  a  deteftation  of  the  crime  ;  but 
a  punifhment  too  fevere  produces  a  contrary  effeCt,  by 
withdrawing  the  attention  from  the  crime  to  the  cri- 
minsl,  and  exciting  companion  for  his  fufferings,  and 
indignation  againft  the  authors  of  them.  Such  at  leaft 
would  be  its  effed  in  this  country  ;  but  the  minds  of 
Prenchmen  feem  to  be  differently  conftituted  from  thole 
of  Britons. 

Damiens  was  rather  above  the  middle  fize  :  he  had 
a  long  face,  a  bold  and  piercing  countenance,  and  his 
mouth  was  a  little  funk.  He  had  contracted  a  kind  of 
convulfive  motion,  by  a  cuftom  he  had  of  fpeaking  to 
himfelf.  He  was, full  of  vanity,  defirous  of  fignalizing 
himfelf,  curious  of  novelty ;  a  flickler  againft  govern¬ 
ment,  though  filent  ;  converfmg  with  himfelf  inter¬ 
nally ;  obftinate  in  profecuting  whatever  he  projected; 
bold  to  put  it  into  execution  ;  full  of  effrontery,  and  a 
liar  ;  by  turns  religious  and  wicked  ;  committing  faults 
at  one  time,  and  immediately  after  repenting  of  them, 
and  continually  agitated  by  violent  impulfes.  “  His 
crime  (fays  a  writer  of  genius)  coft  us  as  many  groans 
as  improbable  projeds  of  his  qame  to  light.” 

How,  it  has  been  afked,  could  a  nation  fo  mild  and 
fo  polifhed  as  France,  or  an  age  which  was  called  phi- 
lofophic,  produce  an  aflafiin  of  a  king  fo  much  beloved 
by  his  people  ? 

To  this  queftion,  the  French  author,  v/hofe  work 
we  have  tranflated,  anfwers,  That  at  all  times  there  have 
been  wretches,  who  have  taken  neither  of  their  age  nor 
their  country.  A  man,  from  the  dregs  of  the  people, 
Suppl.  Von.  I.  Part  II. 


cccuftomed  to  crimes,  heated  by  the  propofals  of  fome  Damien*, 
turbulent  fpirits,  in  the  time  of  contelfcs  which  agitate  Dangeau-t 
both  the  church  and  the  ftate — will  end  in  a  parricide. 

His  brain  is  heated  ;  he  puts  himfelf  into  a  ferment 
of  defpair,  produced  by  mifery,  by  the  fear  of  the  pu¬ 
tt  ifhmeut  his  robberies  deferve,  and  by  feditious  dif- 
courfes.  Agitated  more  and  more  by  the  contradic¬ 
tory  movements  which  his  mind  experiences,  and  me¬ 
ditating  on  a  project  of  this  nature,  his  mind  goes  a- 
ftray  as  far  as  it  can,  and  in  the  height  of  his  frantic 
delirium,  he  perpetrates  the  crime,  juft  as  a  mad  dog 
precipitates  himfelf  upon  the  firft  objeCt  he  meets. 

This  is  perhaps  the  beft  account  which  could  be  gi¬ 
ven,  at  the  time  it  was  written,  of  the  conduct  of  Da¬ 
miens  ;  but  fubiequent  events  have  (hewn  that  he  did 
not  in  faCt  deviate  fo  much  as  was  fuppofed  from  the 
principles  of  his  age  and  country,  though  that  age 
was  philofophic,  and  that  country  highly  polifhed. 

We  have  feen  a  descendant  of  Louis  XV.  pofleffed 
of  ten  times  his  virtues,  and  entitled  to  the  love  and 
gratitude  of  the  whole  nation,  murdered  openly  in 
the  midft  of  his  capital,  under  the  forms  of  juftice, 
and  with  circumftances  of  atrocity,  at  which  the  mind 
of  Damiens  would  perhaps  have  recoiled.  The  guilt 
of  an  infane  aflafiin,  who  commits  a  murder  in  a  ft  of 
frenzy,  finks  into  infignificance  when  compared  with 
that  of  legislators,  who  coolly  departed,  not  only  from 
every  principle  of  juftice,  but  alfo  from  the  very  letter 
of  that  law  which  conferred  authority  on  themfelves,  to 
cut  off  their  innocent,  their  amiable  fovereign. 

DANGEAIJ  (Louis  Conrcillon  de),  member  of  the 
French  academy,  Abbe  of  Fontaine  Daniel  and  of  Cler¬ 
mont,  was  born  at  Paris  in  January  1643,  and  died 
there  the  ift  of  January  1723,  aged  80.  Few  people 
of  family  have  given  fo  much  time  to  the  belles  lettres, 
or  paid  fuch  attention  to  rendering  the  ftudy  of  them 
eafy  and  agreeable.  He  devifed  feveral  methods  for 
rendering  of  more  eafy  acquisition  the  knowledge  of 
hiftory,  painting,  geography,  genealogy,  the  interefts 
of  princes,  and  French  grammar.  He  publifhed  fome 
traCts  upon  each  of  thete  fubjeCts.  1.  A  new  Method 
of  Hiftorical  Geography,  1706,  2  vols.  folio;  2.  The 
Principles  of  Painting,  in  14  plates,  1715,  4to.  ;  3.  An 
Hiftorical  Play  of  the  Kings  of  France,  which  is  play¬ 
ed  like  that  of  0/e,  with  a  fmall  book  explaining  the 
method  ;  4.  Reflections  on  all  the  Parts  of  Grammar, 

1684,  121110.  5*  On  the  Election  of  the  Emperor, 

1738,  8vo.  The  firft  of  thefe,  however,  is  his  princi¬ 
pal  work,  and  a  part  of  the  tenth  dialogue  on  the  im¬ 
mortality  of  the  foul,  commonly  attributed  to  the  Abbe 
Choifi,  is  likewife  his.  That  book  is  very  common  ; 
but  his  other  produ&ions  are  very  rare,  becaufe  he 
only  threw  off  a  few  copies  for  the  ufe  of  his  friends. 

Dangeau  was  mafter  of  many  languages ;  Greek,  La¬ 
tin,  Italian,  Spanifh,  Dutch,  and  almoft  all  the  lan¬ 
guages  which  depend  upon  thefe.  His  virtues  were 
equal  to  his  learning.  “  Full  of  humanity  for  the  un¬ 
fortunate  (fays' A/.  d'Alembert ),  he  diftributed  fuccour 
to  the  indigent,  and  had  the  virtue  to  conceal  his  good 
aCtions.  His  heart  was  formed  for  friendship.  If  he 
had  any  faults,  they  were  perhaps  too  great  indulgence 
for  the  faults  and  failings  of  mankind  ;  a  fault  which, 
from  its  rarity,  may  be  called  a  virtue,  and  for  which 
few  people  have  any  reafon  to  reproach  themfelves,  even 
towards  their  friends.  He  pofleffed,  in  a  high  degree, 
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Dangeau,  that  knowledge  of  men  and  the  world  which  neither 
Darcy,  kooks  nor  genius  alone  can  give  when  one  has  negleft- 
ecj  t0  i;ve  with  his  equals.  Rejoicing  in  the  efteem 
and  confidence  which  he  pofTefled  in  a  great  degree  in 
France,  there  could  be  no  better  counfellor  than  he  in 
the  moft  important  concerns.  Yet  his  noble  foul,  deli¬ 
cate  and  honourable,  was  ignorant  of  deceit ;  and  his 
prudence  was  too  evident  to  be  taken  for  finefie.  Plea- 
fant  and  agreeable  in  converfation,  but  preferring  truth 
in  all  cafes,  he  never  difputed  unlefs  there  was  occafion  to 
defend  it,  which  he  did  in  fuch  a  firm  manner  as  to  give 
fome  people  an  idea  that  he  was  obflinate  in  difputing, 
which  is  feldomer  found  among  men  than  a  cool  and 
culpable  indifference.” 

Dangeau  (Philippe  de  Courcillon  Marquis  de)> 
brother  to  the  former,  was  born  in  1638.  The  ele¬ 
gance  of  his  wit  and  perfon  advanced  him  at  the  court 
of  Louis  XIV.  and  his  decided  tafte  for  letters  procu¬ 
red  him  a  place  in  the  French  academy  and  in  that  of 
fciences.  He  died  at  Paris  in  1720,  at  the  age  of  82, 
chevalier  of  the  order  of  the  king,  and  grand  mailer  of 
the  royal  and  military  orders  of  our  lady  of  Mont-Car- 
mel  and  of  Saint  Lazarus  of  Jerufalem.  When  he  was 
invefted  with  this  laft  dignity,  he  paid  more  attention 
than  was  formerly  done  to  the  choofing  of  chevaliers  ; 
he  renewed  the  ancient  pomp  of  their  admifiion,  which 
the  public,  always  malicious,  ridiculed.  But  that  which 
ihould  have  fereened  him  from  ridicule  was,  that  it  procu¬ 
red  him  the  foundation  of  25  commanderies,  and  he  em¬ 
ployed  the  revenues  to  bring  up  1  2  young  men  of  the  bed 
nobility  in  France.  Even  envy  then  cxcufed  his  elevation. 
At  the  court  (fays  Fontenelle),  where  credit  is  never 
given  to  probity  and  virtue,  he  held  always  a  fair  and 
unblemiftied  reputation.  His  converfation,  his  man¬ 
ners,  were  all  regulated  by  a  polite  nefs,  which  was  not 
the  confequence  merely  of  his  affociating  with  good 
company,  but  the  offspring  of  an  obliging  and  benevo¬ 
lent  heart.  We  (hould  pafs  over  in  him,  on  account  of 
his  honourable  manners,  the  defire  he  had  to  be  a  great 
lord.  Madame  de  Montefpan,  who  did  not  believe  he 
could  play  this  part,  ufed  to  fay  in  a  malicious  manner, 
that  one  could  not  help  loving  and  defpifing  him  at  the 
fame  time.  He  married,  firft  Frangoife  Morin ,  filler  ta 
the  Marechal  d’Eftrees,  and  afterwards  the  Countefs  de 
JLeuvefteiny  of  a  very  noble  houfe,  but  not  opulent. 

There  are  extant  manufeript  memoirs  by  the  Marquis 
Dangeau,  in  which  there  are  feveral  curious  anecdotes 
of  Voltaire,  Henault,  and  Beaumelle.  Dangeau,  how¬ 
ever,  did  not  always  write  thefe  memoirs ;  which,  ac¬ 
cording  to  the  author  of  the  age  of  Louis  XIV.  were 
compiled  by  an  old  valet  de  chambre,  who  inferted  in 
them,  without  order,  every  ridiculous  thing  which  he 
heard  in  the  antichamber,  or  read  in  the  gazettes.  There 
Hill  remains  a  frr.all  work  of  Dangeau’s,  which  paints, 
In  aji  interefting  manner,  Louis  the  XIV.  as  he  was  in 
the  midft  of  his  court. 

PARCY  (Count),  an  ingenious  philo fopher  and  ma¬ 
thematician,  was  born  in  Ireland  in  the  year  1725  ;  but 
his  friends  being,  like  many  other  great  and  good  families 
at  that  period,  attached  to  the  houfe  of  Stuart,  he  was  at 
14  years  of  age  fent  to  France,  where  he  fpent  the  reft  of 
his  life.  Giving  early  indications  of  a  genius  for  fcience, 
he  was  put  under  the  care  of  the  celebrated  Clairaut 
(fee  Clairaut,  Encycl, ),  under  whofe  tuition  he  im¬ 
proved  fo  rapidly  in  the  mathematics,  that  at  1 7  years 
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of  age  he  gave  a  new  folution  of  the  problem  concern-  E>arcyr 
ing  the  curve  of  equal  prefifure  in  a  refilling  medium.  (  Pata>  * 
This  was  followed  the  year  after  by  a  determination  of  '  ^ 
the  curve  deferibed  by  a  heavy  body,  Hiding  by  its  own 
weight  along  a  moveable  plane,  at  the  fame  time  that 
the  preffure  of  the  body  caufes  a  horizontal  motion  in 
the  plane. 

Though  Darcy  ferved  in  the  war  of  *744,  he  found 
leifure,  during  the  bnftle  of  a  military  life,  to  fend  two 
memoirs  to  the  academy  :  the  firft  of  thefe  contained  a 
general  principle  in  mechanics,  that  of  the  prefervation 
of  the  rotatory  motion  ;  a  principle  which  he  again 
brought  forward  in  1750,  by  the  name  of  the  principle 
of  the  prefervation  of  action.  He  was  taken  prifoner 
in  this  war  by  the  Englifh  ;  and  fuch  was  either  the 
refpedl  paid  to  fcience,  or  the  mercy  of  the  cabinet  of 
St  James’s,  that  he  was  treated,  not  as  an  Irilh  rebel, 
but  as  a  French  fubjedl  fighting  for  his  king  and  his 
country. 

In  1760,  Darcy  publifhed  An  EfTay  on  Artillery, 
containing  fome  curious  experiments  on  the  charges  of 
gunpowder,  &c.  &c.  and  improvements  on  thofe  of  the 
ingenious  Robins;  a  kind  of  experiments  which  our  au¬ 
thor  carried  on  occafionally  to  the  end  of  his  life.  In 
1765,  he  gave  to  the  public  the  moft  ingenious  of  all 
his  works,  his  Memoir  on  the  Duration  of  the  Senfa- 
tion  of  Sight ;  in  which  he  endeavours  to  prove,  and 
indeed  completely  proves,  that  a  body  may  fometimes 
pafs  by  our  eyes  without  producing  a  fenfation  attend¬ 
ed  with  confcioufnefs  or  marking  its  prefence,  other- 
wife  than  by  weakening  the  brightnefs  of  the  objedb 
which  it  may  chance  to  cover  in  its  palfage.  If  in 
this  work  he  fhall  be  thought  to  have  taken  hints  from 
Dr  Hartley,  it  is  not  perhaps  too  much  to  fay,  that 
fome  of  our  moft  celebrated  writers  on  vilion  have  fince 
been  beholden  to  Darcy.  No  man  indeed  has  caufe  to 
be  alhamed  of  being  indebted  to  him  ;  for  all  his  works 
difplay  in  an  eminent  degree  the  union  of  genius  and 
philofophy  ;  but  as  he  meafured  every  thing  upon  the 
largeft  fcale,  and  required  extreme  accuracy  in  experi¬ 
ment,  neither  his  time,  fortune,  nor  avocations,  allow¬ 
ed  him  to  execute  more  than  a  very  fmall  part  of  what 
he  proje&ed. 

In  his  difpofition,  Darcy  was  amiable,  fpirited,  live¬ 
ly,  and  a  lover  of  independence  ;  a  pafiion  to  which  he 
nobly  facrificed,  even  in  the  midft  of  literary  fociety.— 

He  died  of  a  cholera  morbus  in  1779,  at  54  years  of 
age.  He  was  admitted;  of  the  French  academy  in  1 749, 
and  was  made  penfioner-geometrician  in  1770.  His 
effays,  printed  in  the  Memoirs  of  the  Academy  of 
Sciences,  are  various  and  very  ingenious,  and  are  con- 
tained  in  the  volumes  for  the  years  1742,  1747?  1749* 
1750,1751,  1752,  1753,  I7 54,  1758,  1759^ 

176$,  and  in  tom.  1.  of  the  Savans  Etrangers. 

E)ATA  of  Euclid,  the  firft  in  order  of  the  books 
that  have  been  written  by  the  ancient  geometricians,  to 
facilitate  and  promote  the  method  of  refolution  or  ana- 
lyfis.  In  general,  a  thing  is  faid  to  be  given  which  is 
either  a&ually  exhibited,  or  can  be  found  out,  that  is, 
which  is  either  known  by  hypothecs,  or  that  can  be 
demonftrated  to  be  known :  and  the  propofitions  in  the 
book  of  Euclid’s  data  fhew  what  things  can  be  found 
out  or  known,  from  thofe  that  by  hypothefis  are  already 
known  :  fo  that*  in  the  analyfis  or  inveftigation  of  a 
problem,  from  the  things  that  are  laid  down  as  given 
. .  , . .  .  i  .  of 
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p  lCnton*  or  known,  by  the  help  of  thefe  propofitions; 

u  -v -  monftrated  that  other  things  are  given,  and  from  thefe 

laft  that  others  again  are  given,  and  fo  on,  till  it  is  de- 
monftrated  that  that  which  wa6  propofed  to  be  found 
out  in  the  problem  is  given ;  and  when  this  is  done,  the 
problem  is  folved,  and  its  compofition  is  made  and  de¬ 
rived  from  the  compofitions  of  the  data  which  were  em¬ 
ployed  in  the  analyfis.  And  thus  the  data  of  Euclid 
are  of  the  moft  general  and  neceffary  life  in  the  folution 
of  problems  of  every  kind. 

Marinus,  at  the  end  of  his  preface  to  the  data,  is 
miftaken  in  averting  that  Euclid  has  not  ufed  the  fyn- 
ihetical,  but  the  analytical  method  in  delivering  them  : 
for  though  in  the  analyfis  of  a  theorem,  the  thing  to 
be  demonftrated  is  affumed  in  the  analyfis ;  yet  i:i  the 
demonftrations  of  the  data,  the  thing  to  be  demonftra- 
ted,  which  is,  that  fomething  is  given,  is  never  once  ai- 
fumed  in  the  demonftration  ;  from  which  it  is  manifeft, 
that  every  one  of  them  is  demonftrated  fyntheticaily  : 
though  indeed  if  a  proportion  of  the  data  be  turned 
into  a  problem,  the  demonftration  of  the  propofition  be¬ 
comes  the  analyfis  of  the  problem.  Simpfon*  s  Preface  to 
his  edition  of  the  Data, 

DAUBENTON  (William),  who  made  fo  much 
noife  early  in  this  century,  was  born  at  Auxerre.  He 
followed  King  Philip  V.  whofe  confeffor  he  was,  into 
Spain.  He  had  the  greateft  influence  with  that  prince 
until  the  courtiers,  jealous  of  his  power,  prevailed  upon 
the  king  to  fend  him  from  court  in  1706.  By  dint  of 
folicitations,  however,  he  was  recalled  in  1716,  reinfta- 
ted  in  his  office,  and  then  enjoyed  more  power  than  be¬ 
fore.  It  is  faid,  that  when  Philip  V.  difgufled  with 
his  throne,  wifhed  to  abdicate  it,  he  confided  his  de- 
fign  to  Daubenton ;  that  the  latter,  fearing  that  he 
ffiould  be  obliged  to  follow  him  to  his  retreat,  difeover- 
ed  this  fecret  to  the  Duke  of  Orleans,  regent  of  France, 
who  was  at  that  time  projeding  the  double  marriage  of 
Mademoifelle  de  Montpenfier  his  daughter,  with  the 
Prince  of  the  Afturias,  and  that  of  Louis  the  XV. 
with  the  infanta,  five  years  of  age.  It  is  added,  that 
the  Jefuit  believed  it  would  be  for  the  intereft  of  the 
Duke  of  Orleans  to  diffuade  Philip  from  his  purpofe  ; 
that  the  Duke  of  Orleans  fent  the  confeffor’s  letter,  to 
the  king,  who  fhewed  it  to  Daubenton,  without  faying 
a  fingle"  word  ;  that  the  confeffor  put  a  very  different 
confirmation  upon  it  ;  that  an  apoplexy  feized  him  on 
going  out  of  the  chamber  ;  and  that  he  died  a  fhort 
time  after  in  1723,  in  the  75th  year  bis  age.  .  Ihis 
(lory  (for  the  truth  of  which  we  will  avouch  ftill  the 
lefs,  that  it  is  not  mentioned  by  the  Marfhal  de  Noailles 
in  his  memoirs)  is  related  by  the  author  of  the  Age  of 
Louis  XV.  who  quotes  the  civil  hiftory  of  Bellando, 
page  306,  Part  IV.  It  is  only  clear  from  the  memoirs 
of  Noailles,  that  Daubenton  oppofed  the  abdication  of 
the  King  of  Spain.  The  Abbe  Grofier,  in  a  letter  m- 
ferted  in  the  Atinee  Litteraire  (  1  7 7 7 >  *8-)>  denies, 

1  mo,  That  Daubenton  had  revealed  to  the  regent  any 
fecret  entrufted  to  him  by  Philip  V.  in  confeffion.  zdoy 
That  this  Jefuit  died,  as  Voltaire  makes  him  from  the 
authority  of  Bellando,  an  inaccurate  hiftorian,  whofe 
works  were  fuppreffed  in  Spain.  $tio,  He  pretends 
that  Daubenton,  far  from  being  a  man  of  intrigue,  an 
ambitious  monk,  and  capable  of  oppohng  the  abdica¬ 
tion  of  Philip,  in  order  to  prevent  himfell  from  being 
removed  from  court,  had  folicited  permiffion  to  leave 
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it  is  de-  it  fever al  years  before.  We  refer  the  reader  to  that  Decimals 
letter,  which  deferves  to  be  read  for  the  found  cri- 
ticifm  which  it  contains.  This  Jefuit  had  preached 
with  fome  fuccefs.  There  are  extant  fome  tolerable 
funeral  orations  of  his,  and  a  life  of  St  Francois  Regis, 
i2mo. 

Circulating  DECIMALS,  called  alfo  recurring 
or  repeating  decimals ,  are  thofe  in  which  a  figure  or  feve- 
ral  figures  are  continually  repeated.  They  are  diffin. 
guifhed  into  Jingle  and  multiple ,  and  thefe  again  into  pure 
and  mixed, 

A  pure  Jingle  circulate  is  that  in  which  one  figure 
only  is  repeated ;  as  *222  &c.  and  is  marked  thus  *2. 

A  pure  multiple  circulate  is  that  in  which  feveral  fi¬ 
gures  are  continually  repeated;  as  *232323  &c.  marked 

.23  ;  and  *524524  See,  marked  '524. 

A  mixed Jingle  circulate  is  that  which  confifts  of  a 
terminate  part,  and  a  fingle  repeating  figure ;  as  4*222 
See,  or  4*2.  And 

A  mixed  multiple  circulate  is  that  which  contains  a 
terminate  part  with  feveral  repeating  figures;  33/5*524. 

That  part  of  the  circulate  which  repeats  is  called  the 
repetend ;  and  the  whole  repetend,  fuppofed  infinitely 
continued,  is  equal  to  a  vulgar  fraction,  whofe  numera¬ 
tor  is  the  repeating  number  or  figures,  and  its  denomi¬ 
nator  the  fame  number  of  nines  :  fo  *2  is  =  £  ;  and  *23 


is  =  ; 


and  *524  is  — 


.It  ieems  it  was  Dr  Wallis  who  firft  diftin&ly  confi- 
dered  or  treated  of  infinite  circulating  decimals,  as  he 
himfelf  informs  us  in  his  Trcatife  of  Infinites.  Since 
his  time  many  other  authors  have  treated  on  this  part 
of  arithmetic  ;  the  principal  of  thefe,  however,  to  whom 
the  art  is  moftly  indebted,  are  Meffrs  Brown,  Cunn, 
Martin,  Emerfon,  Malcolm,  Donn,  and  Henry  Clarke; 
in  whofe  writings  the  nature  and  practice  of  this  art 
may  be  fully  feen,  efpecially  in  the  laft  mentioned  inge¬ 
nious  author. 

DEFERENS,  or  Deferent,  in  the  ancient  aftro- 
nomy,  an  imaginary  circle,  which,  as  it  were,  carries 
about  the  body  of  a  planet,  and  is  the  fame  with  the 
eccentric  ;  being  invented  to  account  for  the  eccentri¬ 
city,  perigee,  and  apogee  of  the  planets. 

DEFLECTION,  the  turning  any  thing  afide  from 
its  former  courfe  by  fome  adventitious  or  external  caufe. 
The  word  is  often  applied  to  the  tendency  of  a  fhip 
from  her  true  courfe  by  reafon  of  currents,  Sec,* which 
turn  her  out  of  her  right  way.  It  is  likewife  applied 
by  aftronomers  to  the  tendency  of  the  planets  from  the 
line  of  their  proje&ion,  or  the  tangent  of  their  orbit. 
See  Astronomy  in  this  Supplement. 

DEJECTION,  in  aftrology,  is  applied  to  the  planets 
when  in  their  detriment,  as  aitrologers  fpeak,  i.  e.  when 
they  have  loll  their  force  or  influence,  as  is  pretended, 
by  reafon  of  their  being  in  oppofition  to  fome  others 
which  check  and  counteract  them.  Or  it  is  ufed  when 
a  planet  is  in  a  fign  oppofite  to  that  in  which  it  has  its 
greateft  effeCt  or  influence,  which  is  called  its  exaltation . 
Thus,  the  fign  Aries  being  the  exaltation  of  the  fun, 
the  oppofite  fign  Libra  is  its  dejection. 

DELI  AC  AL  Problem,  a  celebrated  problem  among 
the  ancients,  concerning  the  duplication  of  the  cube. 

DEMI-Bastion,  in  fortification,  a  baftion  that  has 
onlv  one  face  and  one  flank. 
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Dendrome-  DENDROMETER,  in  its  ufuaTacccptation,  is  the 
ten  name  of  an  inftrument  for  meafuring  trees,  of  which  the 
1  rea^er  wi]l  find  a  deferiptfon  in  the  Encyclopedia  Bri- 
tannica.  The  lame  name  has  been  lately  given,  by 
William  Pitt,  Efq;  of  Pendeford,  near  Wolverhamp- 
ton,  to  an  inftrument  propofed  by  him  for  meafuring 
diftances  by  one  obfervation. 

The  idea  of  fuch  an  inftrument  is  not  new.  It  has 
been  frequently  difeuffed,  both 'in  converfation  and  upon 
paper ;  but  has  been  generally  treated  by  found  mathe¬ 
maticians  with  contempt,  on  the  fuppofition  of  its  be¬ 
ing  founded  on  falfe  principles.  Of  all  this  our  author 
is  fully  aware  ;  but  he,  notwithftanding,  ftrongly  re¬ 
commends  it  to  the  attention  of  the  ingenious  mathe¬ 
matical  inftrument-maker. 

To  determine  diftances  by  one  obfervation,  two  me¬ 
thods  maybe  propofed,  founded  on  different  principles; 
the  one  on  the  fuppofition  of  the  obferver  being  in  the 
centre,  and  the  object  in  the  circumference,  of  a  circle  ; 
the  other,  on  the  contrary  fuppofition,  of  the  obferver 
being  in  the  circumference,  and  the  object  in  the 
centre. 

To  determine  the  diftancc  of  any  objeft  on  the  firft 
fuppofition,  the  bulk  or  dimenfions  of  fuch  object  muft 
be  known,  either  by  meafure  or  eftimation,  and  the  an¬ 
gle  formed  by  lines  drawn  to  its  extremities  being  ta¬ 
ken  by  an  accurate  inftrument,  the  diftance  is  eafily  cal¬ 
culated  ;  and  fuch  calculations  may  be  facilitated  by 
tables  or  theorems  adapted  to  that  purpofe.  For  this 
method  our  prefent  inftruments,  with  a  nonius,  and  the 
whole  very  accurately  divided,  are  fuffreient ;  the  only 
Improvement  wanting  feems  to  be  the  application  of  a 
micrometer  to  fuch  inftruments,  to  enable  the  obferver 
to  read  his  angle  with  more  minute  accuracy,  by  afeer- 
taining.  not  only  the  degrees  and  parts  of  a  degree,  but 
alfo  the  minutes  and  parts  of  a  minute. 

As  in  this  method  the  bulk  of  inaccefiible  objefts 
can  only  be  eftimated,  the  error  in  diftance  will  be  ex- 
aftly  in  the  proportion  of  the  error  in  fuch  eftimation  ; 
little  dependence  can  therefore  be  placed  on  diftances 
thus  afeer mined.  For  the  purpofes  of  furveying,  in¬ 
deed,  a  ftaff  of  known  length  may  be  held  by  an  affift¬ 
ant  ;  and  the  angle  from  the  eye  of  the  obferver  to  its 
two  ends  being  meafured  by  an  accurate  inftrument, 
with  a  micrometer  fitted  to  afeertain  minutes  and  parts 
of  a  minute,  diftances  may  be  thus  determined  with 
great  accuracy;  the  application  of  a  micrometer  to  the 
theodolite,  if  it  could  be  depended  upon,  for  thus  deter¬ 
mining  the  minute  parts  of  a  degree,  in  fmall  angles,  is 
very  much  a  defideratum  with  the  practical  furveyor. 

This  method  of  meafuring  diftances,  though  plain 
and  fimple  enough,  our  author  illuftrates by  an  example: 
Suppofe  A,  fig.  1.  (fee  Plate  XXL)  the  place  of  the 
inftrument ;  BC  the  affiftant’s  ftaff,  with  a  perpendicu¬ 
lar  pin  at  D,  to  enable  the  affiftant  to  hold  it  in  its 
light  pofition  ;  now,  if  the  angle  BAG  could,  by  the 
help  of  a  micrometer,  be  afeertained  to  parts  of  a  mi¬ 
nute,  the  diftance  from  A  to  B,  or  to  C,  might  be  cafi- 
lv  calculated  by  the  rules  of  plane  Trigonometry; 
for  which  fee  that  article  in  the  Encyclopaedia. 

But  this  method  of  ascertaining  diftances  cannot  be 
applied  to  inaccefiible  objefts,  and  it  is  moreover  fnb- 
je&  to  the  inconvenience  of  an  affiftant  being  obliged 
to  go  to  the  objeft  whofe  diftance  is  required  (an  in¬ 
convenience  almoft  equal  to  the  trouble  of  actual  ad- 


meafurment)';  therefore  the  perfeftion  of  the  Second  DsndnmJ  I 
method  propofed,  if  attainable,  is  principally  to  be  de-  ter*  '  I 
fired  ;  namely,  that  of  conceiving  the  obfervation  made  v|l 
on  the  circumference  of  a  circle,  whofe  centre  is  in  the 
objeft  whofe  diftance  is  to  be  afeertained  ;  and,  none  of 
our  inftruments  now  in  ufe  being  adapted  to  this  mode 
of  observation,  a  new  conft ruction  of  a  mathematical  in¬ 
ftrument  is  therefore  propofed,  the  name  intended  for 
which  is  the  dendrotneter. 

Our  author  admits,  that  this  name  is  not  now  ufed 
for  the  firft  time,  though  he  thinks  that  the  principle 
has  never  been  applied  in  practice,  for  the  familiar  pur¬ 
pofe  of  afeertaining  terreftrial  diftances,  in  furveying, 
or  otherwife,  though  the  fame  principle  has  been  fo  ge-  I 

nerafty  and  fuccefsf ully  applied  in  determining  the  dif¬ 
tance  of  the  heavenly  bodies  by  means  of  their  parallax. 

The  following  principles  of  conftruftion  are  propo¬ 
fed,  which  may  perhaps  be  otherwife  varied  and  impro¬ 
ved.  O,  fig.  2.  the  objeft  of  whofe  diftance  is  requi¬ 
red  ;  ABODE  the  inftrument  in  piano ;  BC  a  tele- 
fcope,  placed  exaftly  parallel  to  the  fide  AE  ;  CE  an 
arch  of  a  circle,  whole  centre  is  at  A,  accurately  divi¬ 
ded  from  E  in  degrees,  6c c. ;  AD  an  index,  moveable 
on  the  centre  A,  with  a  nonius  Icale  at  the  end  D, 
graduated  to  apply  to  the  divifions  of  the  arch  ;  alfo 
with  a  telefcope,  to  enable  the  obferver  to  diferiminate 
the  object,  or  any  particular  part  or  fide  thereof,  the 
more  accurately.  The  whole  ffiould  be  mounted  on 
three  legs^in  the  manner  of  a  plain  table  or  theodolite, 
and  furnifhed  with  fpirit-tubes  to  adjuft  it  to  an  ho¬ 
rizontal  pofition.  The  inftrument  being  placed  in  fuch 
pofition,  the  telefcope  BC  muft  he  brought  upon  the 
object  O,  or  rather  upon  fome  particular  point  or  fide 
thereof;  when,  being  there  fattened,  the  index  AD 
muft  be  moved  till  its  telefcope  exaftly  fhikes  the  fame 
point  of  the  object ;  then  the  divifions  on  the  arch  ED  > 
mark  out  the  angle  DAE,  which  will  be  exaftly  equal 
to  the  angle  BOA,  as  is  demonftrated  in  the  XV. 
and  XXIX.  propofitions  of  Euclid,  Book  I.  ;  and  the 
fide  BA,  as  well  as  the  angles  ABO,  and  BAO,  being  I 
already  known,  the  diftance  BO  or  AO  may  be  eafdy 
determined. 

As  the  perfeftion  of  this  inftrument  depends  altoge¬ 
ther  upon  its  accuracy  in  taking  fmall  angles,  fo  that 
accuracy  muft  depend,  not  only  upon  the  inftriiment’s 
being  properly  fitted  with  a  micrometer,  but  alfp  in 
fome  meafure  upon  the  length  of  the  line  BA  in  the 
figure.  That  line,  therefore,  might  be  extended,  by 
the  inftrument  being  con  fti  ufted  to  fold  or  Hide  out  to 
a  greater  length  when  in  ufe  ;  upon  which  principle, 
connefttd  with  the  application  of  a  micrometer,  an  ac¬ 
curate  and  ufeful  inftrument  mi^ht  certainly  be  eon- 
ftrufted.  To  adjuft  fuch  inftrument  for  ufe,  let  a  itaff 
be  held  up  at  a  diftance,  In  the  manner  of  fig.  j.  exr.ft- 
ly. equal  in  length  to  the  diftance  of  the  two  telefcopcf, 
and  the  index  AD  being  brought  exaftly  upon  the  fide 
AE,  if  the  two  ttlefcopes  accurately  ftrike  either  end 
of  the  ftaff,  the  inftrument  is  properly  adjufted. 

The  conftruftion  of  a  fimilar  inftrument,  on  the  prin¬ 
ciples  of  Hadley’s  quadrant,  for  naval  obfervationr,, 
would  alfo  doubtlcfs  be  an  acceptable  objeft  in  navi¬ 
gation,  by  enabling  the  mariner  to  afeertain  tlie  dif¬ 
tances  of  (hips,  capes,  and  other  objefts,  at  a  fingle  obr 
fervation  ;  and  that,  perhaps,  with  greater  accuracy 
than  can  be  done  by  any  method  now  in  ufe, 

1  Fo? 
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A  ina-*  For  this  purpofe,  the  following  conftruClion  is  pro- 

■  pofed  :  ABCDE,  fig.  3.  the  inftrument  in  piano  ;  O 

■  jlt>  the  objeCt  whofe  diftance  is  required;  at  A,  at  C,  at 

^  E,  and  at  3,  are  to  be  fixed  fpecuhims,  properly  fra¬ 
med  and  fitted,  that  at  3  having  only  its  lower  part 
qu’ckfdvcred,  the  upper  part  being  left  tranlparent  to 
view  the  objeCt;  the.fpeculum  at  A  being  fixed  oblique¬ 
ly,  fo  that  a  line  A  1,  drawn  perpendicular  to  its  fur- 
face,  may  biledt  the  angle  BAC  in  equal  parts  ;  that 
at  C  being  perpendicular  to  the  line  C2  ;  thofe  at  E 
and  3  being  perpendicular  to  the  index  E  3,  and  that 
at  E  being  furniftied  with  a  fight  ;  the  arch  DC  to  be 
divided  from  D  in  the  manner  of  Hadley’s  quadrant ; 
the  movement  of  the  index  to  be  meafured  as  before  by 
a  micrometer  ;  and  as  the  length  of  the  line  AE  would 
tend  to  the  perfection  of  the  inftrument,  it  may  be  con- 
fir  u&ed  to  fold  up  in  the  middle,  on  the  line  C  2,  into 
lefs  compafs  when  not  in  life.  The  inftrument  may 
be  aejufted  for  life  by  holding  up  a  ftaff  at  a  difiance, 
as  before  propofed,  whofe  length  is  exactly  equal  to  the 
line  AE. 

To  make  an  obfervation  by  this  inftrument,  it  being 
previoufly  properly  adjufted,  the  eye  is  to  be  applied  at 
the  fight  in  the  (peculum  E,  and  the  face  turned  to¬ 
wards  the  objedt ;  when  the  object  being  received  on 
the  fpeculum  A,  is  refie&ed  into  that  at  C,  and  again 
into  that  at  E,  and  that  at  3  on  the  index  ;  the  index 
being  then  moved  till  the  reflected  objeCt  in  the  Ipecu¬ 
lum  at  3  exadtly  coincides  with  the  real  objeCt  in  the 
tranfparent  pain  of  the  glafs,  the  divifions  on  the  arch 
D  3,  fnbdividtd  by  the  micrometer,  will  determine  the 
angle  DE  3  =  the  angle  AOE  ;  from  which  the  dif¬ 
tance  O  may  be  determined  as  before. 

DENOMINATOR  of  a  Ratio  is  the  quotient 
arifing  from  the  divilion  of  the  antecedent  by  the  con- 
fequent.  Thus,  6  is  the  denominator  of  the  ratio  30 
to  5,  becaufe  30  divided  by  5  gives  6.  It  is  otherwife 
called  the  exponent  of  the  ratio. 

DEPRESSION  of  a  Star,  or  of  the  Sun ,  is  its 
diftance  below  the  horizon  ;  and  is  meafured  by  an  arc 
of  a  vertical  circle,  intercepted  between  the  horizon  and 
the  place  of  the  ftar. 

Depression  of  the  Vifille  Horizon ,  or  Dip  of  the  Ho - 
rizoti ,  denotes  its  finking  or  dipping  below  the  true 
horizontal  plane,  by  the  obferver’s  eye  being  raifed 
above  the  furface  of  the  fea ;  in  confequence  of  which, 
the  obferved  altitude  of  an  objeCt  is  by  fo  much  too 
great. 

DEROOBUST,  in. Bengal,  Entire;  as  an  entire 
difiriCt,  oppofed  to  Kismut,  which  fee. 

DESAULT  (Peter  Jofeph),  furgeon  in  chief  to 
the  Hofpital  of  Humanity,  formerly  the  Hotel-Dieu  at 
Paris,  was  born  on  the  6th  of  February  1744  at  Mag- 
tiy  Vernois,  a  village  in  the  neighbourhood  of  Lure,  in 
the  department  of  Haute  Saone  (formerly  the  pro¬ 
vince  of  Franche  Comte ),  His  father  and  mother  were 
in  that  fituation  of  life  which  is  removed  from  want* 
and  yet  does  not  difpenfe  with  labour ;  he  himfelf  was 
the  youngeft  child  of  a  numerous  family. 

At  Lure,  under  the  direction  of  a  private  inftruCtor, 
he  was  taught  the  firft  rudiments  of  the  Latin  tongue  ; 
his  parents  afterwards  confided  him  to  the  care  of  the 
Jefuits,  then  almoft  exclufively  entrufted  with  the  edu¬ 
cation  6f  youth  in  the  public  Ichools.  This  celebrated 
fociety,  prompt  in  difeovering,  as  expert  at  developing, 


and  adroit  in  appropriating  talents,  foon  diftinguifhed  Default.  ^ 
the  young  (Indent  from  the  crowd  ;  and  he,  in  his  turn,  u"“ ^ 
was  not  difpleafed  with  the  life  he  led  in  one  of  their 
feminaries. 

On  the  completion  of  his  ftudies,  his  father,  who  had 
deftined  him  for  the  church,  intimated  a  wifti  that  lie 
ftiould  apply  himfelf  to  theology;  but  his  genius  had 
taken  a  different  direCtior.,  and  he  was  averle  to  the 
profeffion  of  an  eccleliaftic ;  in  fhort,  young  Default 
declared  that  he  was  determined  to  betake  himfelf  to 
the  ftudy  of  the  healing  art  ;  and,  after  a  long  and  in¬ 
effectual  refiilance  on  the  part  of  his  famfiy,  he  was  fent 
to  Be  fort,  in  order  to  ferve  an  appreriticejhip ,  as  it  was 
then  termed,  in  the  military  hofpital  of  that  place.  He 
accordingly  fpent  three  years  there,  during  which  he 
acquired  lome  knowledge  of  anatomy,  attended  to  the 
drdling  of  the  patients,  and. endeavoured  to  fupply,  by 
his  own  observations,  what  was  wanting  in  his  inftruc- 
tion. 

In  the  midft  of  thefe  profefiional  labours,  his  mind 
frequently  rambled  towards  another  Tcience  but  little 
connected  with  furgery  F  this  was  mathematics,  the 
elements  of  which  be  had  acquired  among  the  Jefuits. 

His  progrefs  in  this  favourite  ftudy  was  rapid  ;  but  be 
fell  into  one  of  the  many  errors  fo  common  among  the 
phyfici.ans  of  that  day:  this  confided  in  a  falfe  applica¬ 
tion  of  the  rules  of  geometry  to  the  laws  of  the  animal 
economy. 

He  not  only  perufed  with  avidity  the  treatife  of  Bo- 
relli  De  Motu  AnimaUum ,  but  actually  tranflated  the 
whole  of  it,  and  even  added  a  commentary,  {till  more 
abundant  in  calculation  than  that  of  the  celebrated  pi  o- 
feffor  of  Naples. 

His  fuccefs  in  a  branch  of  phyfiology  fo  much  culti¬ 
vated  at  that  time,  attracted  the  attention  of  one  of  his 
fuperiors,  a  zealous  partizan  of  the  doCtrine  of  the  me¬ 
chanicians,  who  wiftied  to  attach  him  to  his  perfon  ;  but 
his  defire  of  fame  required  a  more  extenfive  theatre,  and 
his  love  of  ftudy  made  him  folicitous  of  better  means  of 
inft ruCtion.  Paris  prefented  both  thefe  advantages,  and 
he  accordingly  repaired  thither  in  1764,  at  the  age  of 
nineteen,  in  iearch  of  them. 

Surgery  at  that  period  flourifhed  in  the  capital  under 
the  aufpices  of  a  Lafaye,  a  Morand,  an  Andonillet,  and 
a  Louis.  The  fight  of  fuch  great  mafters  excited  the 
genius  of  thofe  who  afpired  to  emulate  them  :  young 
Default  deemed  himfelf  worthy  of  equalling  men  whom 
other  (Indents  were  content  with  only  admiring.  Ani¬ 
mated  by  this  fentiment,  he  entirely  refigned  himfelf  to 
his  ardour  ;  anatomy  became  the  (penial  objeCt  of  his 
labours,  and  his  diffeCtions  were  not  confined  to  the  hu¬ 
man  body,  for  he  iuvefiigated,  by  means  of  his  knife,  a 
prodigious  number  of  animals  of  all  kinds  :  at  firft, 
from  a  difficulty  of  procuring  human  fubje&s,  and  af¬ 
terwards  on  aecount  of  the  advantages  which  he  expe¬ 
rienced  from  this  general  method.  In  order  to  become 
intimately  acquainted  with  our  own  organization,  it  is 
neeeffary  to  compare  it  with  whatever  has  a  rcfemblanee 
to  it  in  other  bodies. 

He  accordingly  fpent  the  greater  part  of  the  day  in 
the  amphitheatres.  The  hours  ftolen  from  his  favou¬ 
rite  labours  were  employed  in  attending  the  hofpitals  ; 
he  was  the  firft  at  the  bed  of  the  patient  where  an  ope¬ 
ration  was  to  be  performed,  and  was  Cure  to  be  prefent 
at  the  dreffings,  on  purpofe  to  examine  the  refult.  The 
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Default.  In  nr  mi  ties  of  mankind,  fterile  in  refpe&  to  the  vulgar, 
— ferved  him  as  the  bell  treatife  for  curing  them  ;  and 
the  great  furgeons  of  all  nations  have  formed  their  mode 
of  pra&ice  by  contemplating  the  fame  book. 

But  he' reckoned  too  much  on  a  robuft  and  vigorous 
temperament ;  for,  after  two  years  clofe  and  affiduous 
application,  he  fell  into  a  cache&ical  habrt  of  body, 
which  had  nearly  proved  mortal,  and  which  confined 
him  for  almoft  twelve  months  to  his  bed ;  but  at  length, 
owing  partly  to  the  vigour  of  his  youth,  and  partly  to 
the  attention  of  his  young  friend  Chopart,  his  insepar¬ 
able  companion  in  his  operations,  who  attended  him  al- 
fo  during  his  lafl  illnefs,  and  only  furvived  him  a  few 
days,  he  was  fo  fortunate  as  to  recover. 

Reftored  to  life,  he  forgot  that  an  excefs  of  atten¬ 
tion  had  conduced  him  to  the  very  ga'tes  of  death  ;  a 
new  career  opened  to  his  view,  and  required  new  ef¬ 
forts  on  his  part.  In  the  winter  of  1766  he  commen¬ 
ced  a  courfe  of  anatomy,  and  foon  reckoned  300  pupils, 
mod  of  them  older  than  himfelf,  who  were  attraCIed  by 
the  clearnefs  ot  Tils  demonftrations,  the  methodical  ar¬ 
rangement  of  his  deferiptiens,  and,  above  all,  by  his  in¬ 
defatigable  zeal  in  the  fcience  of  inftru&ion. 

His  fuccefs  infpired  the  privileged  profeffors,  whofe 
fchools  became  deferted,  with  jealoufy  and  revenge  ; 
they  employed  the  authority  of  the  corporation  againft 
him,  and  would  have  nipped  his  efforts  in  the  bud,  had 
it  not  been  for  the  prote&ion  of  Louis  and  Lamarti- 
nieie,  who  were  zealous  of  proteding  a  youth  of  ta¬ 
lents,  whofe  foie  reproach  was,  that  he  had  not  wealth 
enough  to  purchafe  certain  franchifes.  After  all,  had 
it  riot  been  for  the  permiflion  he  obtained  of  borrowing 
the  name  of  a  celebrated  phyfician,  he  muff  have  actu¬ 
ally  defifted  from  his  le&ures. 

Default’s  reputation  now  began  to  be  buzzed  about, 
and  a  multitude  of  patients  claimed  his  affiftance  ;  but 
he  conftantly  refufed  to  pradtife  until  he  fhould  be  pla¬ 
ced  at  the  head  of  fome  great  eftablilhment. 

At  length,  at  the  repeated  folicitations  of  his  friends, 
he  prefented  himfelf  as  a  candidate  to  the  corporation 
of  furgeons ;  and  they,  much  to  their  honour,  admitted 
him  in  1776,  on  condition  of  paying  the  ufual  fees 
when  convenient.  The  following  is  the  title  of  his  the¬ 
fts  :  “  De  calculo  vefica  urinaria ,  eoque  extrahendo,  pra- 
*vid  fefiione,  ope  injlrumenti  Haukenfiani  emendati ,** 

His  public  leCtures  were  accompanied  with  as  much 
celebrity  as  his  private  ones.  Brilliant  difeoveries  were 
not  the  objeCi  of  liis  anatomical  labours,  which  were  al¬ 
ways  cbnneCted  with  the  art  of  healing :  he  was,  how¬ 
ever,  the  firft  man  in  France  who  taught  furgical  ana¬ 
tomy. 

After  becoming  firft  a  fimple  member,  and  then  a 
counfellor,  of  the  perpetual  committee  of  the  academy 
of  furgery,  he  was  appointed  chief  furgeon  to  the  hof- 
pital  of  the  college,  and  confulting  furgeon  to  that  of 
St  Sulpice  :  neither  of  thefe  added  any  thing  to  his 
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fortune,  but  they  gave  him  a  clear  in  fight  into  pra&icc,  Default  J 
and  enabled  him  to  judge  of  cafes  by  the  inductions  ~ — ***  * 
arifing  from  his  own  experience. 

In  1779  he  invented  the  bandage  now  in  ufe  for 
fiaCtures  ;  by  means  of  which,  the  fragments  being  kept 
in  a  ftate  of  perpetual  contaCt,  become  confolidated, 
without  the  leaft  appearance  of  deformity,  an  alinoff  in¬ 
evitable  confequence  of  the  former  mode, 

On  his  appointment  to  the  place  of  furgeon  major 
to  the  hofpital  de  la  Gharite ,  in  1782,  he  introduced  a 
new  method  of  treatment  in  oblique  fraCtures  of  the 
thigh-bone  ;  and  he  alfo  healed,  by  means  of  a  metho¬ 
dical  compreffion,  thofe  various  ulcers  whofe  cure  had 
hitherto  been  attended  v/ith  great  difficulty.  In  addi-  j 
tion  to  this,  he  fubftituted  new  bandages  in  fraClures  of 
the  humerus  and  clavicle,  and  adopted  a' new  mode  of 
treating  the  hare-lip,  fuperior  to  that  ufed  by  Louis. 

He  never  recurred  to. amputation  but  in  extreme  cafes, 
when  there  was  a  certainty  that  diffolution  would  have 
followed  a  negleCt  of  the  operation. 

When  a  premature  death  carried  off  Ferrand,  chief 
furgeori  of  the  Hotel-Dieu  in  Paris,  Default  was  con- 
fidered  as  the  moft  proper  perfon  to  fucceed  him ;  and, 
on  the  demife  of  Moreau,  the  whole  charge  of  the  hof¬ 
pital  devolved  on  him.  After  three  years  of  folicita¬ 
tions  and  difputes,  he  at  length  in  1788  proceeded  in 
his  long-projeCted  fcheme  of  cftablifhing  a  clinical  fchool; 
and  a  fpacious  amphitheatre  was  accordingly  ereCied  for 
that  purpofe.  Scarcely  had  his  firft  (a)  courfe  com¬ 
menced,  when  the  nnmber  of  pupils  who  flocked  around 
him  was  really  aftonifliing.  Foreigners  repaired  from  all 
parts,  and  feveral  of  the  neighbouring  ftates  fent  ftu- 
dents  to  Paris,  exprefsly  for  the  purpofe  of  affifting  at 
his  demonftrations.  More  than  600  auditors  conftant- 
ly  attended,  in  order  to  learn  a  new  fyftem,  confuting 
of  a  fimple  mode  of  treatment,  difewgaged  from  ancient 
prejudices,  and  a  complex  incoherent  praAice. 

A  few  of  his  improvements  are  here  fpecified. 

1 .  The  method  of  ligature  employed  by  the  ancients 
in  the  cure  of  umbilical  hernias  of  children,  having  been 
generally  omitted  in  the  pra&ice  of  the  moderns,  he 
again  introduced  and  perfe&ed  this  mode,  and  demon- 
ftrated,  by  his  fuccefs,  its  fuperiority  over  compicflive 
bandages. 

2.  He  was  one  of  the  firft  men  in  France  to  extract 
the  loofe  cartilages  ( cartilages  jlotians')  in  joints. 

3.  He  employed  a  new  treatment,  that  of  a  methodi¬ 
cal  compreffion,  in  refpeCI  to  fchirrofities  of  the  re&um; 
in  order  to  which  he  introduced  a  candle  or  bougie, 
the  fize  of  which  he  gradually  augmented. 

4.  Pie  Amplified,  and  rendered  more  commodious,  the 
reduction  of  luxations  of  the  humerus. 

5.  Fatal  experience  having  pointed  out  the  danger  of 
employing  the  trepan  fn  wounds  of  the  head,  he  fubfti¬ 
tuted  another  method  of  treatment  (I’ufage  de  I’eme- 
tique)  now  adopted  by  many  pra&itioners. 

6.  He 


(a)  The  bufinefs  of  the  day  was  conduced  in  the  following  routine  :  1.  A  public  confultation  concerning 
the  indigent  out-patients.  2.  The  young  pra&itioriers  belonging  to  the  hofpital  read  a  detailed  account  of  all 
the  interefting  cafes  of  fuch  patients  as  were  to  be  difeharged  that  day.  3.  The  operations :  each  of  thefe  wa9 
preceded  by  a  differtation  on  the  ftate  of  the  patient,  who  was  then  carried  to  the  amphitheatre,  where  Default, 
attended  by  his  afilftants,  performed  the  operation  in  prefence  of  all  the  pupils.  4.  Argumentative  details,  by 
the  profeffor,  either  ori  the  dangerous  maladies  exifting  in  the  hofpital,  or  on  the  fituation  of  the  patients  on 
whom  operations  had  been  performed  during  the  preceding  day.  5.  The  diffeClion  of  fubjecL.  And, '6;  A 
kCture  on  fome  particular  branch  of  pathology. 
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6.  He  made  feveral  very  ufeful  improvements  on  chi- 
rurgical  inftruments ;  fuch  as  thofe  employed  in  the 
cafes  of  polypus  in  the  womb  and  noftrils  (la  pine e  a 
gafde  et  des  porte-nauds  pour  la  ligature  des  polypes ,  &c.)  ; 
for  cutting  through  obftru&ions  in  the  different  cavi¬ 
ties  ( le  kiotome ) ;  and  lor  the  Jiftala  in  ano .  In  cafes 
of  incifion  he  introduced  the  ufe  of  the  inftrument  (le 
gorgeret )  invented  by  Marchetti,  well  known  among 
foreigners,  but  almoft  totally  negle&ed  in  France  be¬ 
fore  this  period. 

He  at  the  fame  time  retrenched  the  ufe  of  a  great 
number  of  fuperfhious  ones,  and  banifhed  all  pra&ices 
attended  with  greater  pain  than  utility.  Avoiding  eve¬ 
ry  thing  tfiat  was  complex,  he  proved  that  the  art  of 
healing,  in  imitation  of  nature,  ought  to  be  fimple  in 
its  means,  and  fruitful  in  its  refources. 

In  1791  he  publifhed  his  Journal  de  Chirurgerie , 
which  was  edited  by  his  pupils,  and  deftined  to  deferibe 
the  moll  intcrefting  occurrences  in  his  fchool,  and  alfo 
extra&s  from  his  le&ures,  which  were  then  dedicated 
to  the  inveftigation  of  the  maladies  incident  to  the  uri¬ 
nary  paffa^es.  The  treatment  of  thefe  difeafes,  hi¬ 
therto  the  reproach  of  pra&itioners,  had  been  much  im¬ 
proved  by  the  affiftance  of  the  artift  Bernard.  The 
elaftic  probes  ( les  fondes  elajliques ),  on  their  firft.  appear¬ 
ance,  fixed  the  attention  of  all  profeffional  men  j  but 
none  knew  better  than  Default  how  to  appretiate  their 
advantages.  By  means  of  them,  he  introduced  a  novel 
mode  of  cure  in  contra&ions  of  the  urethra,  which  faved 
a  great  number  of  lives  every  year  in  the  Hotel  Dieu. 
But  he  did  not  confine  their  ufe  to  the  difeales  of  the 
urethra  alone,  for  he  employed  them  to  remove  the  di- 
veis  obftacles  that  impede  deglutition  or  refpiration. 

In  the  mid  ft:  cf  fuch  a  multiplicity  of  labours,  and 
although  he  was  obliged  to  attend  400  fick  twice  a- 
day,  Default  neverthelefs  employed  more  than  four  hours 
of  his  time  in  vifiting  private  patients. 

Few  furgeons  ever  enjoyed  fuch  an  exclufive  fhare  of 
public  confidence  ;  few  ever  poffeffed  fimilar  means  of 
enriching  themfelves ;  and  yet  he  negle&ed  for  a  long 
time  to  take  advantage  of  this.  Had  he  been  lefs  ar¬ 
dent  for  glory,  he  would  have  been  more  favoured  by 
fortune  ;  but  he  facrificed  all  interefted  views  to  the 
noble  ambition  of  advancing  his  art.  His  clinical  and 
anatomical  courfes  were  gratuitcufly  opened  by  him  to 
the  world  after  the  year  1790;  and  while  the  public 
fchool^  languifhed  in  the  midft  of  troubles,  inseparable 
perhaps  from  a  mighty  revolution,  he  was  forming  the 
greater  part  of  thofe  furgeons  employed  at  this  prefent 
moment  in  the  numerous  armies  of  the  republic.  Con- 
fidered  under  this  point  of  view  alone,  the  fervices 
which  he  rendered  to  humanity  are  incalculable :  too 
happy  if  perfecution  had  not  been  his  foie  reward! 

While  out  of  mere  attachment  to  the  public  weal,  he 
added  to  his  various  functions  that  of  a  member  of  the 
council  of  health,  conferred  on  him  in  1792  by  the 
minifter  Servan,  he  was  denounced  in  the  popular  focie- 
ties  as  an  egotifi an  indifferent ,  &c.  and  became  one  of 
the  firft  victims  of  that  profeription  which,  under  Robe- 
fpierre,  extended  to  nearly  every  man  of  talents. 

Chaumette  accufed  him  to  the  fe&ions  as  having  ne¬ 
gle&ed  the  brave  men  wounded  on  the  icthof  Auguft, 
while  they  themfelves  were  lavifhing  their  bleffings  at 
the  HoteLDieu  on  their  faviour.  Twice  was  he  brought 
to  the  bar  of  a  commune  ^  defirous  of  difeovering  a  pre¬ 


text  for  perfecution,  the  clamours  of  the  people  were  Befault. 
unremittingly  excited  againft  him.  He  was  at  length 
carried  away  from  his  amphitheatre,  while  in  the  very  ^ 
a&  of  haranguing  his  pupils ;  and,  in  confequence  of  a 
mandat  d' arret  from  the  revolutionary  committee,  con¬ 
duced  by  a  body  of  armed  men  to  the  Luxembourg, 

From  this  horrid  prifon  few  ever  departed  but  to  meet 
their  fate  ;  luckily,  however,  his  name  was  not  yet  en¬ 
tered  on  that  bloody  lift,  in  which  thofe  of  Malefherbes 
and  Lavoifier  were  inferted.  On  the  contraiy,  at  the 
end  of  three  days  he  was  liberated,  and  inftantly  refu¬ 
med  all  his  fun&ions. 

On  the  eftablifhment  of  L'Ecolede  Sante ,  Default 
was  appointed  clinical  profeffor ;  and  for  external  mala¬ 
dies  he  foon  after  obtained  from  the  government  the 
converfion  of  the  Eveche  into  an  hofpital  for  furgical 
operations. 

In  the  midft  of  thefe  plans,  the  troubles  that  occur¬ 
red  in  the  month  of  May  unfortunately  affe&ed  his 
mind,  and  made  him  dread  left  the  days  of  profeription 
fhould  return.  It  was  in  vain  that  his  friends  attempted 
to  foothe  his  fufferings  ;  for  on  the  night  of  the  29th 
of  May,  a  malignant  fever  made  its  appearance,  and  a 
nearly  continual  delirium  enfued  until  his  death,  which 
occurred  on  the  ill  of  June  179^,  on  which  day  he 
breathed  his  laft,  in  the  arms  of  his  pupils,  at  the  age 
of  51. 

The  populace  were  perfuaded  that  he  was  poifoned. 

This  ridiculous  opinion  originated  in  confequence  of  the 
epoch  of  his  death,  which  preceded  but  a  Ihort  time  that 
of  the  fon  of  Louis  XVI.  whom  he  had  vifited  during 
his  illnefs  in  the  prifon  of  the  Temple.  It  is  pretended 
that  he  fell  a  vi&im  to  his  conftant  refufal  to  yield  to  the 
criminal  views  entertained  again  ft  the  life  of  that  child. 

Default  was  of  a  middling  ftature.  He  was  well  pro¬ 
portioned,  and  poffeffed  an  open  countenance.  His 
temperament,  naturally  robuft,  had  been  fortified  by  his 
early  education,  and  was  never  Tapped  by  an  excefs  of 
pleafures,  for  to  them  Iris  heart  was  always  indifferent. 

His  ruling  paffion  was  the  love  of  glory  ;  his  favourite 
purfuit,  the  pra&ice  and  advancement  of  his  art.  He 
was  warm,  nay  fometimes  violent ;  and  his  fcholars  were 
not  always  inclined  to  praife  the  fweetnefs  of  his  tem¬ 
per.  On  the  other  hand,  his  mind  was  noble,  elevated, 
and  great,  even  to  excefs. 

The  French  republic,  eager  to  pay  homage  to  hh 
memory,  has  prefented  his  widow  with  a  penfion  of  2000 
livrea  per  annum.  A  fon,  Alexis  Mathias  Default,  was 
the  foie  fruit  of  his  marriage  ;  and  he  has  left  but  one 
work  behind  him,  in  which  the  name  of  his  friend  Cho- 
part  is  joined  with  his  own.  Tt  is  entitled  Traite  des 
Maladies  Chirurgicales  et  des  Operations  qui  leur  convi- 
ennenty  2  vols  8vo. 

DETERMINATE  problem,  is  that  which  has 
•  but  one  folution,  or  a  certain  limited  number  of  folu- 
tions  ;  in  contradiftin&ion  to  an  indeterminate  problem, 
which  admits  of  infinite  folutions. 

Determinate  SeSion,  the  name  of  a  tra&  or  general 
problem,  written  by  the  ancient  geometrician  Apollo¬ 
nius.  None  of  this  work  has  come  down  to  us,  ex¬ 
cepting  fome  extradls  and  an  account  of  it  by  Pappus, 
in  the  Preface  to  the  7th  book  of  his  Mathematical 
Colle&ions.  He  there  fays  that  the  general  problem 
was,  “  To  cut  an  infinite  right  line  in  one  point  fo, 
that,  of  the  fegments  contained  between  the  point  of 
2  fe&icn- 
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fc&ion  fought,  and  given  points  in  the  faid  line,  either 
the  fquare  on  one  of  them,  or  the  redtangle  contained 
by  two  of  them,  may  have  a  given  ratio,  either  to  the 
redtangle  contained  by  one  of  them  and  a  given  line,  or 
to  the  redangle  contained  by  two  of  them.” 

DETONATION  (fee  that  word  EncycL).  The 
sftomfhing  violence  with  which  the  oxy*muriat  of  pot- 
afs,  when  mixed  with  various  fubftances,  detonates,  has 
been  already  noticed  in  this  Supplement  under  the  ar¬ 
ticle  Chemistry,  nQ  722,  where  the  theory  of  thefe 
explofions  is  likewife  given.  But  as  feveral  chemifts 
feem  to  think  that  this  fait,  which  decrepitates  by  fric¬ 
tion,  and  fpontaneoufly  takes  fire  when  mixed  with ‘ful* 
phur,  contains  in  itfelf  the  elements  and  phenomena  of 
thunder,  it  will  not  probably  be  unacceptable  to  our 
readers  to  find,  in  this  place,  a  diftindt  account  of  the 
various  mixtures  which  produce  its  detonations.  The 
following  are  the  principal  which  have  been  difcovered 
by  Fourcroy  and  Vaquelin. 

1.  'Three  parts  of  the  oxy-muriat  of  potafs,  and  one 
part  of  powdered  fnlphur,  rubbed  together  in  a  metal 
mortar,  produce  numerous  fuccefiive  explofions,  refem 
bling  the  fmackiug  of  a  whip,  or  even  as  loud  as  the  re¬ 
port  of  a  piltol  or  a  mufket,  according  to  the  rapidity 
of  the  motion,  and  the  force  of  the  preffure  made  ufe 
of.  A  few  grains  of  the  fame  mixture,  by  being  ft  ruck 
fniartly  upon  an  anvil  with  a  hammer,'  occafion  a  report 
equal  to  that  of  a  mufket  ;  and  torrents  of  purplifh 
light  are  feen  about  the  anvil.  If  this  mixture  be 
thrown  into  concentrated  fulphuric  acid,  it  inftantly 
takes  fire,  and  bums,  without  noife,  with  a  flame  of  a 
•dazzling  whitenefs. 

2.  A  mixture  of  three  parts  of  this  fait,  half  a  part 
of  fulphur,  and  half  a  part  of  charcoal>  caufes  ftrongcr 
explofions  than  the  preceding  when  rubbed  in  a  mor¬ 
tar,  and  a  louder  noife  when  ftruck  upon  an  anvil.  Its 
flame  alfo,  when  the  mixture  is  made  to  explode,  or 
when  it  is  thrown  into  fulphuric  acid,  is  more  rapid, 
more  lively,  and  of  a  redder  colour,  than  that  of  the 
preceding. 

3.  A  mixture  of  equal  parts  of  oxy-muriat  of  potafs 
and  antimony  in  powder  explodes  with  noife  by  per- 
cuffion  ;  but  produces  only  reddifh  fparks  when  thrown 
into  fulphuric  acid.  If  zinc  be  fubftituted  in  the  place 
of  antimony,  a  fimilar  explofion  takes  place,  accompa¬ 
nied  with  a  white  flame.  Sulphuric  acid  has  no  effedt 
upon  this  laft  mixture. 

.  4.  With  regulus  of  arfenic,  this  fait  explodes  very 
violently  by  the  llroke  of  a  hammer  ;  it  inflames,  with 
lingular  rapidity  and  brilliancy,  by  the  contadt  of  ful- 
phuric  acid.  In  this  laft  experiment  there  arifes  a  fmoke, 
which  in  the  air  takes  the  form  of  a  crown,  in  the  fame 
manner  as  phofphorated  hydrogenous  gas  does  when  it 
inflames  fpontaneoufiy  in  a  itili  atmofphere. 

5*  Sulphur  et  of  iron  or  martial  pyrites  inflames  rapid¬ 
ly,  but  without  noife,  when  rubbed  in  a  metal  mortar 
with  oxy-muriat  of  potafs.  This  mixture,  when  ftruck 
upon  an  anvil,  explodes  violently,  and  with  a  red  flame. 

6.  The  red  fulphnret  of  mercury  or  cinnabar,  and 
the  fulphurated  calces  of  antimony,  explode  with  the 
oxy-muriat  of  potafs  by  percuffion.  but  they  do  not  in¬ 
flame  by  fulphuric  acid.  The  fame  thing  happens  when 
charcoal  alone  is  mixed  with  this  fait. 

Any  of  the  following  fubftances,  namely,  fugar, 


gums,  oils  (both  fixed  a*d  volatile),  alcohol,  ether,  Dehnj 
when  mixed  with  oxy-muriat  of  potafs,  have  the  pro-  tion 
perty  of  exploding  very  violently  "by  the  ftroke  of  a  ryj 
hammer,  and  all  of  them  fend  forth  a  brific  flame  at  the  *  ld  ^  ] 
time  of  their  explofion.  The  liquid  combuftible  fubftan- 
ces  above-mentioned  are  to  be  mixed  with  the  fait  in 
fnch  a  manner  as  to  form  a  kind  of  pafte.  None  of 
thefe  mixtures  explode  or  inflame  by  being  nibbed  in  a 
mortar;  but  feme  of  them  inflame  by  being  mixed  with 
concentrated  fulphuric  acid,  their  combuflion  being  (low 
and  progreflive. 

8.  All  the  fubftances  above-mentioned,  which,  be¬ 
ing  mixed  with  the  oxy-muriat  of  potafs,  take  fire  and 
burn  inftantly,  and  with  confiderable  noife,  by  the  quick 
preffure  of  the  ftrokes  of  a  hammer,  produce  a  much 
ftronger  exploiign  when  they  are  fo  clofely  wrapped  up 
in  paper,  two  or  three  times  doubled,  as  to  be  thereby 
compreffed  before  they  are  ftruck. 

9.  An  eledlric  fhock  from  a  battery  of  large  furface, 
charged  by  a  ftrong  eledtric  machine,  caufes  all  the  fore- 
mentioned  mixtures  to  explode  in  the  fame  manner  as 
percuffion,  and  their  explofion  is  alfo  accompanied  by  a 
bright  light. 

To  the  above-mentioned  fadts,  the  authors  add,  that 
it  was  already  well  known,  that  gunpowder  would  ex¬ 
plode  by  a  violent  blow,  or  very  ftrong  preffure  ;  but 
they  oblerve,  that  the  ftroke  which  is  neceffary  for  that 
purpofe  mufl  be  much  ftronger  than  that  which  fnfficej 
to  produce  an  explofion  in  the  above-mentioned  mix¬ 
tures  of  combuftible  fubftances  with  the  oxy-muriat 
of  potafs  ;  and  that  its  explofion  is  by  no  means  fo  re¬ 
markable  as  that  which  is  produced  by  the  help  of  thi# 
new  falc.  * 

DEWAN,  under  the  Mogul  government,  the  re¬ 
ceiver  general  and  civic  governor  of  a  province  :  in  pri¬ 
vate  life  a  fleward. 

DEWANNY,  the  revenue  department  of  a  pro¬ 
vince. 

DIABETES  Mellitus  (fee  Medicine,  n°  318, 

8cc.  EncycL ),  is  fo  formidable  a  difeafe,  though  not 
very  frequent,  that  it  would  be  unpardonable  in  us  not 
to  mention  every  method  of  treating  it  fuccefsfully 
which  has  come  to  our  knowledge.  Since  our  article 
Medicine  was  publifhed,  Dr  Kollo,  furgeon  general  to 
the  royal  artillery,  has  fiiggefted  a  method  of  treating 
this  difeafe,  which  in  various  inftances  has  been  crowned 
with  fuccefs. 

The  Dodtor  fuppofes,  that  in  this  complaint  the  ve¬ 
getable  matter  taken  into  the  ftomach  has  not,  from 
fome  defedt  in  this  organ,  undergone  a  fufficient  change 
to  form  proper  chyle  ;  that  in  confequerice  of  this,  much 
faccharine  matter  is  evolved,  which,  when  carried  into 
the  circulation,  proves  a  general  ftimulus,  producing 
head-aches  and  quicknefs  of  pulfe,  but  that  it  adls  more 
remarkably  on- the  kidneys,  occasioning  a  conftant  and 
copious  fecretion  of  fweet  urine.  From  this  liypothe- 
fis,  he  was  naturally  led  to  adopt  a  plan  of  cure,  which 
has  proved  completely  fuccefsful.  The  indications  he 
lays  down  are  :  1.  To  prevent  the  formation  of  faccha¬ 
rine  matter  in  the  ftomach  ;  and,  2.  To  remove  the 
morbidly  increafed  adtion  of  this  organ,  and  reftore  it 
to  a  healthful  condition.  Thefe  indications  are  to  be 
anfwered  by  a  complete  diet  of  animal  food,  and  by  the 
ufe  of  fuch  medicines  as  (hall  diminifh  the  adtion  of  the 

ftomach, 
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jluond,  flomach,  and  at  the  fame  time  counteract  the  forma- 
ft  crot*  tlon  °f  faccharine  matter.  The  remedies  employed  for 
■  v  this  purpofe  have  been  emetics,  kali  iulphuratum,  lime- 
water,  hepatized  ammonia,  aed  vegetable  narcotics. 
But  the  principal  dependence  is  to  be  placed  on  a  total 
abftinence  from  all  vegetable  matter,  which  alone  can 
fupply  the  faccharine  principle.  By  a  regular  perfeve- 
rance  in  this  plan,  the  firft  of  two  patients  was  com¬ 
pletely  cured  in  four  weeks,  although  the  difeafe  had 
been  of  feven  months  continuance.  The  urine,  which 
at  the  commencement  of  the  treatment  was  fweet,  and 
amounted  to  24  pints  daily,  was  at  laft  reduced  to  14- 
pint,  being  at  the  fame  time*  free  from  any  faccharine 
impregnation.  The  fecond  patient,  from  his  age  and 
other  circumilances,  although  relieved  from  the  diabe¬ 
tic  affeCtion,  did  not  regain  his  wonted  (late  of  health  ; 
but  even  in  this  cafe,  the  effeCts  produced  by  the  treat¬ 
ment,  when  properly  attended  to,  were  moil  decidedly 
in  confirmation  of  this  plan  of  cure. 

The  DoCtor  has  received  feveral  communications  in 
confequence  of  the  difperfion  of  the  printed  notes  on 
-  the  fiifl  cafe.  The  mod  important  are  the  refult  of 
two  cafes  treated  in  this  way  by  Dr  Cleghorn  of  Glaf- 
gow,  and  one  by  Drs  Currie  and  Gerard  at  Liverpool; 
all  of  which  afford  the  flrongeli  corroboration  of  the 
efficacy  of  this  mode  of  treatment. 

DIAMOND,  the  mofl  precious  of  all  the  gems;  for 
the  nature  of  which  fee  Chemistry,  n°  33,  &c.  in  this 
Supplement . 

DIDEROT  (Dionyfius)  of  the  academy  of  Berlin, 
the  fon  of  a  cutler,  was  born  at  Langres  in  1713.  The 
Jefuits,  with  whom  he  went  through  a  courfe  or  fludy, 
were  defirous  of  having  him  in  their  order  ;  and  one  of 
his  Uncles,  deiigning  him  for  a  canonry  which  he  had 
in  his  gift,  prevailed  upon  him  to  take  the  tonfure. 

His  father  feems  to  have  known  him  better  ;  for  per¬ 
ceiving  that  he  was  not  inclined  to  be  a  Jefuit,  nor  fit 
to  be  a  canon,  lie  fent  him  to  Paris  to  profecute  the 
fludy  of  the  law.  To  the  law,  however,  he  paid  very 
little  attention,  but  devoted  his  time  to  fcience  and  ge¬ 
neral  literature  ;  which  fo  offended  his  father,  that  he 
flopped  the  remittance  of  his  pecuniary  allowance,  and 
feemed  for  fome  time  to  have  abandoned  him. 

The  talents  of  young  Diderot  fupplied  him  with  a 
maintenance,  and  drew  him  from  obfeurity.  Accord¬ 
ing  to  his  friends,  his  capacious  mind  embraced  phy- 
fics,  geometry,  metaphyfies,  ethics,  and  the  belles  lettres, 
from  the  time  that  lie  began  to  read  with  reflection  ; 
and  it  is  certain  that  he  afpired  at  being  a  mafter  in  all 
thefe  departments  of  literature.  His  bold  and  elevated 
imagination  feemed  to  give  him  likewifea  turn  for  poe¬ 
try  ;  but  lie  negleCled  it  for  the  fciences.  He  fettled 
at  an  early  period  at  Paris,  where  the  natural  eloquence 
which  animated  his  converfation  procured  him  friends 
and  patrons.  What  flrft  drew  the  attention  of  the  pu¬ 
blic  to  him  as  an  author,  and  gave  him  a  high  reputa¬ 
tion  among  a  certain  clafs  of  readers,  was  a  fmall  vo¬ 
lume  written  againfl  the  Chriflian  religion,  and  intitled 
Penfees  Philofophiques  ;  which  was  reprinted  afterwards 
under  the  title  of  Etrennes  aux  Efprits -forts. 

This  book  appeared  in  1746,  i2mo.  The  adepts 
of  the  new  philofophy  compared  it,  for  perfpicuity,  ele¬ 
gance,  and  force  of  diction,  to  the  Penfees  de  PafcaL 
But  the  aim  of  the  two  authors  was  widely  different ; 
Pafcal  employed  his  talents  and  his  erudition,  which 
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was  profound  and  various,  to  fupport  and  illuftrate  the  Diderot, 
great  truths  of  our  holy  religion,  which  Diderot  at-  *  “ 
tacked  by  all  the  difingenuous  arts  of  an  unprincipled 
fophifl.  The  Penfees  Philofophiques ,  however,  became 
popular.  It  contributed  to  promote  the  objeCt  of  that 
confpiracy  which  had  been  for  fome  time  formed  againfl 
every  thing  which  ennobles  human  nature  (See  Jaco¬ 
bins  in  this  Supplement).  It  was  therefore  applauded 
by  Voltaire  and  D’Alembert,  and  read,  of  courfe,  by 
every  man  and  woman  of  tafle  in  Paris. 

Our  anthor  was  more  ufefully  employed  in  174 6, 
when,  together  with  Meffrs  Eidous  and  Eouijfant ,  he 
publifhcd  a  general  Dictionary  of  Medicine,  in  fix  vo¬ 
lumes  folio.  This  work,  it  mufl  be  confeffed,  has  con- 
fiderable  merit;  for  though  there  are  in  it  feveral  ar¬ 
ticles  fuperfleial  and  erroneous,  there  are  many  others 
of  fuch  deep  and  accurate  difqufltion,  as  defer vedly  re¬ 
commended  it  to  men  of  fcience. 

It  was  about  this  time  that  an  intimacy  was  formed 
between  Diderot  and  D’Alembert,  and  that,  under  the 
diredion  of  Voltaire,  they  formed  the  idea  of  a  Diflio- 
ncire  Encyclopedique .  The  great  objeCts  which  they 
had  in  view  when  they  entered  upon  this  work  are  now 
liniverfally  known.  D’Alembert  was  a  profound  ma¬ 
thematician,  Diderot  had  confiderable  knowledge  in  the 
phyfical  fciences,  more  efpecially  mechanical  philofo¬ 
phy,  and  Voltaire  was  a  mafter  of  the  belles  lettres. 

It  is  not  to  be  fuppofed  that  fuch  men  would  pu- 
blifh  any  thing  very  defective  in  thefe  departments  of 
fcience  \  but  an  Encyclopedia  mufl  treat  of  religion  ;  and 
to  every  kind  of  religion  they  were  all  fworn  enemies. 

They  engaged,  however,  a  very  worthy,  though  not 
very  acute,  clergyman,  to  furnifh  the  theological  ar¬ 
ticles  ;  and  for  other  branches  of  knowledge,  they  were 
promifed  the  affiftance  of  feveral  men  of  letters,  and  of 
a  variety  of  art  ills. 

Diderot  took  upon  himfelf  the  defeription  of  arts  and 
trades  ;  one  of  the  mofl  important  departments  of  the 
work,  and  die  mofl  acceptable  to  the  public.  To  the 
particulars  of  the  feveral  proceffes  of  the  workmen  he 
fometimes  added  reflections,  fpeculations,  and  principles, 
adapted  to  their  elucidation.  But  befides  his  own  de¬ 
partment,  he  furniflied  articles  on  almoft  every  other 
iubjeCt. 

By  thofe  who  knew  not  the  great  aim  of  the  underta¬ 
kers  of  this  work,  it  has  been  regretted  that  Diderot  was 
not  lefs  verbofe,  lefs  of  the  differtator,  and  lefs  inclined  to 
digreffions.  He  has  alfo  been  cenfured  for  employing 
needlefdy  a  fcientffic  language,  and  for  having  recourfe 
to  metaphyfical  doCtrines,  frequently  unintelligible, 
which  occafioned  him  to  be  called  the  Lycophron  of  phi - 
lofophy  ;  for  having  introduced  a  number  of  definitions 
incapable  of  enlightening  the  ignorant,  and  which  the 
philofopher  feems  to  have  invented  for  no  other  pur¬ 
pofe  than  to  have  it  thought  that  he  had  great  concep¬ 
tions  ;  while,  in  faCt,  he  had  not  the  art  of  expreffing 
perfpicuoufly  and  Amply  the  ideas  of  others.  But  thefe 
complaints  arife  from  miltaking  entirely  the  purpofe  for 
which  he  wrote. 

It  has  been  completely  proved,  that  one  great  ob- 
jeCt  for  which  the  philofophers,'  as  they  called  them- 
felvea,  undertook  the  compilation  of  the  Encyclopedic 
was  to  fap  the  foundation  of  all  religion.  This  was  to 
be  attempted,  not  direCtly  and  avowedly ;  for  bare-faced 
atheifm  would  not  then  have  been  fuffered  in  France. 
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15  derof.  A  cloak,  therefore,  was  to  be  worn,  and  tlie  po^oned 
da^er  lo  be  concealed  under  it.  Wh;Ut  the  well-mean¬ 
ing' divine  was  fupporting,  by  the  heft  arguments  which 
he  could  devife,  the  religion  of  his  country,  Diderot 
and  D’Alembert  were  overturning  thofe  arguments  un 
der  titles  which  properly  allowed  of  no  fuch  difquifi- 
tions.  This  neceffarily  produced  digrcflions  ;  for  the 
greateft  genius  on  earth  could  not,  when  writing  on  the 
laws  of  motion,  attack  the  myderies  of  Chridianity 
without  wandering  from  his  fubjcX :  but  that  the  ob¬ 
ject  of  thefe  digrtHions  might  not  pafs  unnoticed  by 
'<my  ctafs  of  readers,  care  was  taken  to  refer  to  them  from 
the  articles  wheie  the  quedion  was  difcuffed  by  the  di¬ 
vine.  That  when  employed  in  this  way,  Diderot  feenns 
to  write  obfcurely,  is  indeed  true  ;  but  the  obfeurity  is 
not  his.  Hk  atheifm  was  fo  plain,  that  for  the  mod 
part  D’Alembert,  or  fo:r.e  other  leader  of  the  gang, 
had  to  retouch  his  articles,  and  throw  a  mid  over  them, 
to  render  their  intention  the  lefs  obvious. 

Even  with  all  this  care  and  dudied  obfeurity,  thede- 
fign  of  the  Encyclopedic  was  too  palpable  not  to  be 
feen,  and  too  wicked  not  to  give  offence.  Certain  wild 
pofitior.s  on  government  and  on  religion  occalioned  the 
ini  predion  to  be  fufpended  in  1752.  At  that  time 
there  were  no  more  than  two  volumes  of  the  dictionary 
publifhed  ;  and  the  prohibition  of  the  fucceeding  ones 
was  only  taken  off  at  the  end  of  3753.  .  Five  new  vo¬ 
lumes  then  fucceflively  appeared.  But  in  1757  a  new 
dorm  arofe,  and  the  book  was  fuppreffed.  The  re¬ 
mainder  did  not  appear  till  about  ten  years  after ;  and 
was  then  for  a  while  only  privately  didributed  ;  fume 
copies  having  been  feized  by  government,  and  the  piin- 
ters  fhut  up  in  the  badile.  The  merit,  however,  of 
fome  of  the  articles  is  confeffedly  great  ;  and  the  fird 
edition  was  quickly  fold  off. 

Thus  was  this  great  work  in  the  prefs  from  1751  to 
1767  *,  during  which  period,  Diderot  and  D’Alembert 
were  accudomed  to  frequent  the  coffee-houfes  of  Paris, 
and  to  enter  with  keennefs  into  religious  difputes  :  the 
former  attacking  Chridianity;  and  the  latter,  under  the 
inafk  of  piety,  defending  it  ;  but  always  yielding  to  the 
arguments  of  his  opponent.  This  praXice  was  put  a 
dop  to  by  the  police  ;  and  Diderot,  when  reproached 
by  the  lieutenant  with  preaching  atheifm,  replied,  “  Ce- 
la  ed  vrai,  je  fuis  athee,  Sc  m’en  fai  gloire.” 

Finding  his  impious  converfations  interrupted,  and 
the  publication  of  the  Encyclopedic  rendered  tedious  by 
the  vigilance  of  government,  he  thought  of  propaga¬ 
ting  his  notions  by  ether  vehicles.  Alternately  ferious 
and  fportive,  folid  and  frivolous,  he  publifhtd,  at  the 
very  time, he  was  working  on  the  DiXionary  of  Scien¬ 
ces,  feveral  productions,  whicRcould  fcarcelyhave  been 
expected  from  a  mail  fo  completely  employed.  His 
Bijoux  Indfcrets,  2  vols  1  2mo,  are  of  this  number — a 
difgufting  work,  even  to  thofe  young  people  who  are 
,  unhappily  too  eager  for  following  after  licentious  ro¬ 
mances.  Even  here  a  certain  philofophical  pedantry 
appears  in  the  very  paffages  where  it  is  mod  mifplaced, 
and  never  is  the  author  more  aukvvard  than  where  he 
intends  to  difplay  a  graceful  eafe. 

The  Fils  Nature!,  and  the  Pere  de  Famille,  two  come¬ 
dies  in  profe,  which  appeared  in  175:7  and  I  75 S,  are  not 
of  the  fame  kind  with  the  Bijoux  Indifcrets .  They  are 
'moral  and  affeXing  dramas,  where  we  fee  at  once  a  ner¬ 
vous  fly le  and  pathetic  feutiment3.  The  former  piece 
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is  a  piXure  the  trials ‘of  virtue,  a  confiiX  between  in-  Diderot, 
tereds  and  pafHons,  wherein  iove  and  friend  Pa  ip  play 
important  parts.  It  lias  been  laid,  that  Diderot  bor¬ 
rowed  it  from  Goldoni :  but  if  that  be  the  cale,  the 
copy  dees  honour  to  the  original  ;  and,  with  the  ex¬ 
ception  of  a  fmall  number  of  feenes,  where  the  author 
mixes  his  philofophical  jargon  with  the  fentiments  of 
the  heart,  and  fome  fentences  out  of  place,  the  dyle  is 
affeXing  and  natural  enough.  In  the  ftcoirl  comedy, 
a  tender,  virtuous,  and  humane  father  appears,  whofe 
tranquillity  is  didurbed  by  the  parental  folicitudes,  in- 
fpired  by  the  lively  and  impetuous  paffions  of  his  chil¬ 
dren.  This  philofophical,  moral,  and  alrnod  tragical 
comedy,  lias  produced  confiderable  effects  on  feveral 
theatres  of  Europe.  The  dedication,  to  the  princefs 
of  Naffau  Saarbuck,  is  a  little  moral  traX  of  a  lingular 
turn,  without  deviating  from  nature,  'l  his  piece,  writ¬ 
ten  with  a  true  dignity  of  dyle,  proves  that  the  author 
poflelTcd  a  great  fund  of  moral  fentiments  and  philosophi¬ 
cal  ideas.  At  the  end  of  thefe  two  pieces,  publiffied 
together  under  the  title  of  Theatre  de  M.  Diderot,  are 
dialogues,  containing  profound  refleXlons  and  novel 
views  of  the  dramatic  art.  In  his  plays  he  has  endea¬ 
voured  to  unite  the  charaXers  of  Aridophaues  and  Pla¬ 
to  ;  and  in  his  refleXions  lie  fometimes  difplays  the  ge- 
nius  of  Aridotle. 

This  fpirit  of  criticifm  is  exhibited,  but  with  too 
much  licence,  in  two  other  works,  which  made  a  great 
noife.  The  former  appeared  in  1749,  i2mo.  intitled 
Letters  on  the  Blind  for  the  Ufe  of  thofe  who  See. 

The  free  notions  of  the  author  in  this  work  cod  him 
his  liberty.  He  underwent  a  fix  months  imprisonment 
at  Viorcennes.  Having  naturally  drong  paffions  and  a 
haughty  fpirit,  and  finding  liimfelf  on  a  fudden  depri- 
ved  of  liberty  and  of  all  intevcourfe  with  human  beings, 
he  was  threatened  with  the  lofs  of  his  reafon.  The 
danger  was  great  •,  and  to  prevent  it,  they  were  obli¬ 
ged  to  allow  him  to  leave  his  room,  to  take  frequent 
walks,  and  to  receive  the  vifits  of  a  few  literary  men  ; 
among  whom  J.  J.  Rouffeau,  at  that  time  his  friend, 
went  and  admin idered  confolation  to  him,  which  he 
ought  not  to  have  forgotten. 

The  letter  on  the  Blind  was  followed  by  another 
On  the  Deaf  and  Dumb,  for  the  Ufe  of  thofe *  who  can 
Hear  and  Speak;  1 75 1,  2  vols,  i2mo.  Under  this, 
title  the  author  delivered  refleXions  on  metaphyfics,  on 
poetry,  on  eloquence,  on  mufic,  &c.  In  thiseffay  there 
are  fome  good  things,  among  others  abfurd  and  im- 
perfeX.  Though  he  drives  to  be  perfpicuous,  yet  he 
is  not  always  nnderftood  ;  and  this  is  more  his  fault 
than  that  of  his  readers.  Of  what  he  has  compofed 
on  abdraX  fubjeXs,  it  has  been  laid  that  it  is  a  chaos 
on  which  the  light  fhines  only  at  intervals.  The  other 
produXions  of  Diderot  betray  the  fame  defeX  of  clear- 
nefs  and  precidon,  and  the  fame  uncouth  emphalis,  for 
which  he  has  always  been  blamed. 

The  principal  of  them  are,  1 .  Principles  of  Moral 
Philofophy,  174 5,  i2mo;  of  which  the  Abbe  de  Fon¬ 
taine  fpeaks  well,  though  it  met  with  no  great  fuccefs. 

It  was  our  philofopher’s  fate  to  write  a  great  deal,  and 
not  to  leave  a  good  book,  or  at  lead  a  book  \Vell  com¬ 
pofed.  2.  Hidory  of  Greece,  tranflated  from  the  Eng- 
liffi  of  Sianyan,  3  vols,  1  2mo  ;  an  indifferent  tranfla- 
tion  of  an  indifferent  book.  3.  Pieces  on  feveral  Ma¬ 
thematical  SubjeXs,  1748,  8vo.  4.  RefleXions  on  the 
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Interpretation  of  Nature,  T754,  i2mo.  This  inter¬ 
preter  is  very  obfcure.  5.  The  Cede  of  Nature,  1  75 5, 
i2mo  ;  which  is  certainly  not  the  code  of  Chrift unity, 
6.  The  Sixth  Senfe,  1752,  t amo.  7.  Of  Public  E- 
d  11  cation  ;  one  of  that  {warm  of  publications  produced 
by  the  appearance  of  Emilius,  and  the  abolition  of  the 
Jefuits.  Though  all  the  ideas  of  this  author  could  not 
be  adopted,  yet  fome  of  them  are  very  judicious,  and 
would  be  highly  ufeful  in  the  execution  8.  Panegyric 
on  Richardfon.  FuH’of  nerve  and  animation.  9.  Life 
of  Seneca.  This  is  the  laft  work  which  he  acknow¬ 
ledged  ;  and  it  is  one  of  thofe  by  Diderot  that  is  peru- 
Jcd  with  molt  pleasure,  even  in  rectifying  the  judgments 
he  paffes  on  Seneca  and  other  celebrated  men.  The 
Abbe  Barruel  fays,  that  he  was  the  author  of  Syjletne  de 
h  Nature,  which  is  ufually  given  to  Robinet  ;  and  it  is 
certain,  that  if  he  was  not  the  author,  he  furnifhed 
hints,  and  revifed  the  whole.  Yet  the  junto  of  atheifts 
were  themfelves  afhamed  of  the  firft  edition  of  that 
work  ;  and  after  all  Diderot’s  care  to  improve  it,  the 
fubfequent  editions  are,  notwithftanding  his  boafted 
knowledge  of  the  laws  of  nature,  contemptible  in  the 
■eyes  of  a  real  mechanical  philofopher. 

When  a  new  edition  of  the  Encyclopedic  was  refolved 
on,  D’derot,  the  editor  of  the  former  edition,  thus  ad- 
dr  effes  the  bookfellers  who  had  undertaken. to  republifh 
it.  “  The  imperfedtions  (fays  he)  of  this  work  origi¬ 
nated  in  a  great  variety  of  caufes.  We  had  not  time 
to  be  very  fcrupulous  in  the  choice  of  our  coadjutors. 
Among  fome  excellent  perfons,  there  were  others  weak, 
indifferent,  and  altogether  bad.  Hence  that  motley  ap¬ 
pearance  of  the  work,  where  we  fee  the  rude  attempt  of 
the  Ichool  boy  by  the  fide  of  a  piece  from  the  hand  of 
a  mailer  ;  a  piece  of  nonfenfe  next  neighbour  to  a  fublime 
performance.  Some  working  for  no  pay,  foon  loft  their 
firft  fervour  ;  others,  badly  recompenfed,  ferved  us  ac¬ 
cordingly.  The  Encyclopedic  was  a  gulf  into  which  all 
kinds  of  fcribblers  promifeuoufly  threw  their  contribu¬ 
tions  ;  their  pieces  ill  conceived,  and  worfe  digefted, 
good,  bad,  contemptible,  true,  falie,  uncertain,  and  al¬ 
ways  incoherent  and  unequal  ;  the  reference,  that  be¬ 
longed  to  the  very  parts  affigned  to  a  perfon,  never  fill¬ 
ed  up  by  him.  A  refutation  is  often  found  where  we 
fhould  naturally  exped  a  proof.  There  was  no  exa& 
correfpondence  between  the  text  and  the  plates.  To 
remedy  this  defedl,  reconrfe  was  had  to  long  explica¬ 
tions.  But  how  many  unintelligible  machines,  for  want 
ofletters  to  denote  the  plates  !”  To  this  con feflion  Di* 
derot  added  particular  details  on  various  parts ;  fuch  as 
proved  that  there  were  in  the  Encyclopedic  tubjedls  to 
be  not  only  retouched,  but  to  be  compofed  afrefh :  and 
this  was  what  a  new  company  of  literati  and  artifts  fet 
themfelves  to  work  upon  111  the  Encyclopedic  Mel  ho- 
digue. 

This  immenfe  work  is  not  yet  completed;  and  there¬ 
fore  we  cannot  fpeak  of  it  as  a  whole  ;  but  it  is  furely 
not  lets  verbofe  than  the  former  edition,  nor  do  the  aims 
of  its  editors  appear  to  be  purer.  That  it  contains 
much  valuable  information  in  chemiftry,  and  indeed  in 
every  department  of  phyfical  feience,  no  candid  man 
will  controvert :  but  its  articles  on  abftradl  philofopliy 
are  prolix  and  obfcure.;  and  it  betrays' the  fame  impie¬ 
ty,  the  fame  eager  defire  to  corrupt  the  principles  of 
the  riling  generation,  and  the  fame  contenqH-’for  every 
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thing  which  can  make  mankind  happy  here  or  hereaff 
ter,  with  the  former  edition. 

Notwithftanding  his  numerous  publications,  Diderot 
was  never  rich.  Soon  after  the  publication  of  the  laft 
volumes  of  the  Encyclopedic,  upon  which  he  had  been 
employed  for  upwards  of  twenty  years,  his  circumftan- 
ces  were  fo  ltraitened,  that  an  expedient  was  to  be  de- 
vifed  for  their  improvement.  He  had  long  correfporv- 
ded  with  the  late  Emprels  of  Ruffia,  whom  he  perfua- 
ded  to  conlider  him  as  the  greateft,  or  one  of  the  great- 
eft  economifts  of  France.  In  the  courfe  of  the  corre¬ 
fpondence  he  had  mentioned  his  own  library  as  one  of 
the  fhoft  valuable  in  Europe;  and  when  Catharine  want¬ 
ed  to  purchafe  it  and  make  him  librarian,  he  faid  that 
his  conllitution  could  not  fupport  the  cold  climate  of 
St  Peterfburgh.  She  offered  to  let  him  keep  it  during 
his  lifetime  in  Palis  ;  and  the  library  was  fold  for  an 
immenfe  price.  When  her  ambaffador  wanted  to  fee  it, 
after  a  year  or  two’s  payments,  and  the  vifitation  could 
be  no  longer  put  off,  Diderot  was  obliged  to  run  in  a 
burry  through  all  the  bookfellers  fliops  in  Germany  to 
fill  his  empty  fhelves  with  old  volumes.  He  had  the 
good  fortune  to  fave  appearances  ;  but  the  trick  took 
air,  becaufe  he  had  been  niggardly  in  his  attention  to 
the  ambaffador’s  fecretary.  This,  however,  did  not 
hinder  him  from  vifiting  his  imperial  pupil,  to  whom  he 
told  a  poor  ftory,  in  hopes  of  getting  his  daughter  mar¬ 
ried  with  parade,  and  patronifed  by  her  majefty  ;  but 
it  was  feen  through,  and  he  was  dilappointed. 

In  the  year  1784  Diderot’s  health  began  vifibly  to 
decline ;  and  one  of  his  domeftics,  perceiving  that  his 
death  was  at  no  great  diitance,  acquainted  him  with  his 
apprehenfions,  and  addreffed  him  on  the  importance  of 
preparing  for  another  world.  He  heard  the  man  with 
attention,  thanked  him  kindly,  acknowledged  that  his 
fituation  required  ferioufnefs,  and  promiftd  to  weigh 
well  what  he  had  faid.  Some  time  after  this  cotiverfa- 
tion  he  defired  that  a  prieft  might  be  brought ;  and  the 
fame  domeftic  introduced  to  him  M.  de  Farfac,  Cure  de 
St  Sulpice.  Diderot  faw  this  eccleiiaftic  feveral  times, 
and  was  preparing  to  make  a  public  recantation  of  his 
errors.  Condorcet  and  the  other  adepts  now  crowded 
about  him,  perfuadedhim  that  he  was  cheated,  that  his 
cale  was  not  fo  dangerous  as  it  was  faid  to  be,  and  that 
he  only  wanted  the  countiy  air  to  reftore  him.to  health. 
For  fome  time  he  refilled  their  attempts  to  bring  him 
back  to  atheifm,  but  was  at  laft  prevailed  upon  to  try 
the  effedl  of  the  country  air.  His  departure  was,  kept 
fee  ret,  and  he  was  concealed  in  the  country  till  the  2d 
of  July,  when  he  died.  His  dead  body  was  fecretly 
brought  back  to  Paris,  and  a  report  was  fpread  and  be¬ 
lieved  that  he  died  fuddenly  on  rifing  from  the  table, 
without  remorfe,  and  with  his  atheifm  unlhaken. 

To  draw  a  formal  character  of  this  wretch  is  furely 
fuperflucus.  His  friends  extol  his  frank  nefs,  his  diliu- 
tereilednefs,  and  his  integrity  ;  but  except  his  grofs 
avowal  of  atheifm,  which  may  in  France  be  called  frank- 
nefs,  this  charafter  is  belied  by  every  tranfaftion  of  his 
life.  He  married,  and  had  a  daughter,  as  has  been  al¬ 
ready  mentioned;  M.  Bauzc,  referred  to  by  .  rbne 
Ramie],  coming  cne  day  into  Diderot’s  houfe,  found 
him  explaining  to  this  daughter  a  chapter  of  the  gof- 
pel.  When  he  expreffed  fome  furprife  at  this  conduct, 
Diderot  laid.;  “  J’entends  ce  que  vous  voulez  dire  ; 
2  3  Q  2  mall 
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Differential  mais  au  fond>  quellcs  raeilleures  lemons  pourrois-je  lui 
Method.  donner)  ou  trouveraije  mieux  ?”  It  was  a  common 
afTertioii  of  Diderot’s,  that  between  him  and  his  dog 
“  il  n’y  avoit  de  difference  que  habit.”  In  uttering 
this  fentiment,  he  refembled  not  Pope’s  Indian  with 
untutored  mind, 

“  Who  thinks,  admitted  to  that  equal  fky, 

«  His  faithful  dog  fliall  bear  him  company.” 

The  Indian  hopes  to  carry  his  dog  with  him  to  hea¬ 
ven  ;  but  Diderot  hoped  to  die  like  a  dog,  and  to  be 
as  if  he  had  never  been. 

DIFFERENTIAL  method,  is  the  art  of  working 
with  the  differences  of  quantities.  Dy  this  method  any 
term  of  a  feries  may  be  found  from  the  feveral  orders  of 
differences  being  given  ;  or  vice  verfa ,  any  difference 
may  be  found  from  having  the  terms  of  the  feries  given  : 
it  likewife  (hews  how  to  find  the  fum  of  fuch  a  feries. 
And  it  gives  rules  to  find  by  interpolation  any  inter¬ 
mediate  term,  which  is  not  expreffed  in  the  feries,  by 
having  its  place  or  pofition  given.  * 

When  any  feries  of  quantities  is  propofed,  take  the 
£rft  term  from  the  fecond,  the  i'econd  from  the  third, 
the  third  from  the  fourth,  &c.  then  all  thefe  remainders 
make  a  new  feries,  called  the  jirjl  order  oj  differences .  In 
this  new  feries  take  the  fir  ft  term  from  the  fecond,  the 
fecond  from  the  third,  the  third  from  the  fourth,  &c. 
as  before  ;  and  thefe  remainders  make  another  feries, 
called  the  fecond  order  of  differences.  Jn  like  manner, 
in  this  feries,  take  the  firft  term  from  the  fecond,  die 
fecond  from  the  third,  &c. ;  and  thefe  will  make  a  feries 
called  the  third  order  of  differences;  and  after  this  man¬ 
ner  you  may  proceed  as  far  as  you  will.  Thus  in  the 
following  proportion  A,  b9  c,  d,  e9  Sec.  is  the  feries  ; 
B,  B%  B\  B4,  See.  the  full  order  of  differences ;  C, 
C2  C5,  &c.  the  fecond  order  of  differences;  D,  D\  &c. 
the  third  order;  E,  &c.  the  fourth  order,  and  fo  on. 
But  the  fir  ft  terms  of  thefe  feveral  orders  of  differences, 
as  B,  C,  D,  E,  See.  are  thofe  that  are  principally  made 
ufe  of  in  calculations  by  this  method. 

Prop.  I.  If  there  be  any  feries,  A,  b ,  c9  d9  e9  See . 
and  if  there  be  taken  the  firft  differences  B,  B2,  B3,  See. 
the  fecond  differences  C,  C2,  C3,  -See.  the  third  differen¬ 
ces  D,  D2,  D3,  &c.  and  fo  on. 

Then  if  T  Hand  for  the  firft  term  of  the  nth 

i  n  —  i 

—c  —  n  X - 


differences,  T  =z  A  —  n  b-\-nX 


•  I  n  —  2  n  — 

X  - X  — 

2  3  4 


jy 

d  "  a 

B*  &c. 


feries  A  9h9c9d9e9  Sc  c. 
ift  diff.  b—A  ,  c—b  ,  d — c  ,  e — d9  Sc c. 

2d  diff.  c — 2£  +  A,  d — 2c-{*b9  e — 7d~\~c9  Sc c. 

3d  diff.  d — 3^+3^ — A9e — 3^4“3r — &c* 

4th  diff.  c — ’ -4^4- A,  See, 
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That  is,  B=zb  —  A,  Crzc — 2^-f-A,  Drr d~~ 3^4”  3 ^ Differentia 
— A,  E  =  £ — 4^+6^  —  \b  4.  A,  &c.  or  — B  =  A — h9  Meth^ 
4-  C  =  A — 2  +  — D=zA — 3  £4- 3  c — d,  4-  E  z=:  A 

—  +  6c— 4^/4- e,  See.  where,  putting  T  fuccellively 

equal  to  B,  C,  D,  E,  &c.  and  nzz  i,  2,  3,  4,  See.  the 
prop,  will  be  evident. 

Cor .  Hence 
A=zA,  the  firft  term. 

B  =r — A the  firft  difference. 

C  =z  A — 2 b-\-c9  the  2d  difference. 

D  ~ — A-\-$b  —  $c-\-d9  the  3^  difference. 

E  =z  A — 4 b-\-  6c — 4 the  4th  difference. 

F  = — A +  5^ — ioc-\-iod — tf-Vf)  the  5th  difference. 

See . 

Prop.  II.  If  A,  b9  c ,  d9  e,  Sc c.  be  any  ferie3,  and 
there  be  taken  B,  C,  D,  E,  Sc c.  the  firft  of  the  feveral 
orders  of  differences ; 

Then,  the  «th  term  of  the  feries  will  be  —  A 


n  —  I 
+  B 


D- 


I  n 

-  x  — 


2  _  n  — 


c  + 


I  n — 2  n — 2 

—  X - X  — — - 

1  2  3 


ix"' 


.x?1t=1x”-L5e+,&c. 
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For  from  the  equations  in  the  laft  Prop.  viz.  B  : -  b 
— A,  C  zzr.r  —  2  b  4-  A,  Sec .  we  have,  by  tranfpofine, 
^  =  A+B,  rz  —  A+2^  +  C=i—  A+2A+2B  +  C 
(expunging  b)  ;  that  is, 

c=z A4-2B  +  C,  Azz  A — 3Z/ -f- 3r  +  D:=  A — 3  A — 3B 
4-3A4-6B4-3C4-D  (expunging  b  and  c)  ;  that  is, 
d= -A  +  3B  +  3C  +  D.  Al(o*  =  — A  +  4 b—6c  +  +d 
4~  E  =z  (expunging  b9  c9  d)  — A  4-  4  A  4- 4  B  —  6  A 
*— *  1 2  B—  6 4“  4^  4”  J  2  B  4~  *  2  C  4-  4H  +  E  ;  that  is, 
e  zz  A  -f  4B  -f-  6C  4-  4D  4-  E,  &c. 

Then  putting  A,  b9  c9  d9  See.  for  the  nth  term,  and 
n  fuccellively  =z  1,  2,  3,  4,  &c.  the  feries  will  be  evi¬ 
dent. 

Cor.  1.  If  cl 9  d  ',  d"r9  See.  be  the  firft  of  the  firft,  fe¬ 
cond,  third  order,  Sec .  of  differences ;  then 

The  «th  term  of  the  feries  A,  b9  c9  d,  See.  will  be 


=  A  - 


2  ,,  n  —  I 


d[,f(  4- 


e —  Sc  c.  that 


is,  -f  T,  when  n  is  even,  and  — T  when  n  is  odd. 

The  feveral  orders  of  differences  being  taken  as  be¬ 
fore  dire&ed,  will  ftand  thus.  Then, 

A  Tt 

*  c  D 
,  BIc>  e 

B3 


x  !L=J  d"+  *- y?JZL3  X  iZL* 
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See. 

For  B  =z  d ,  C  z=  d>!y  D  d" ,  Sc c.  And  the  co¬ 
efficients  are  the  uncise  of  the  n  —  ith  power. 

Cor .  2.  Hence  alfo  it  follows,  that  any  term  of  a 
given  feries  may  be  accurately  determined,  if  the  diffe¬ 
rences  of  any  order  happen  at  laft  to  be  equaL 

Cor.  3.  Hence 
A=A,  the  firft  term. 

/vrzzA+B,  the  2d  term. 
r=A+2B+C,  the  3d  term. 

JrzA4-3B+3C4”F),  the  4th  term. 
r=A4-4B+6C4-4F>4-E,  the  5th  term. 
y'=rA4-iB4-icC-pioD+5E4-F,  the  6th  term. 
tg-z=A4“6B4-i5C4-2oD-H5E4-6F4-G,  the  7th  term, 
&c. 

Prop.  3.  If  a9  l9  c<  d9  e9  Sc c.  be  any  feries,  and  d 
cT9  dn,9  Sec .  the  firft  of  the  feveral  orders  of  differences; 
then 

The  fum  of'  n  terms  of  the  feries  is  =  n  a  4-  n 


n  —  1  »  .  n  ■ 
X— —  d+nX- 


i  n  ■ 
-X~ 


-<r+nX- 


1  n  • 
-  X  — 


2 


2 


Ill 


0  es. 


4 

+  j  &c.. 

For  in  the  ferie3  of  quantities, 

o  ,  a  ,  +  ^  +  &c* 
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4th  diff.  df,t  9  See .  _ 

Therefore  (by  Cor.  1.  Prop.  It.)  the  n  4-  1  th  term 
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For  a  fuller  account  of  this  method,  and  its  applica¬ 
tion  to  curves,  we  refer  the  reader  to  Ernerfon’s  works, 
from  which  thefe  three  propofitions  are  taken. 

DIFFRACTION,  a  term  firft  ufed  by  Grimaldi, 
to  denote  that  property  of  the  rays  of  light,  which 
others  have  called  inflexion  ;  the  difeovery  of  which  is 
attributed  by  fome  to  Grimaldi,  and  by  others  to  Dr 
Hook. 

DIGGES  (Leonard),  an  eminent  mathematician  of 
the  16th  century,  was  defeended  from  an  ancient  fami¬ 
ly,  and  born  at  Digges-court  in  the  parifh  of  Barham 
in  Kent ;  but  we  knew  not  in  what  year.  I4e  was  fent 
to  U niverfity-college  in  Oxford,  wheie  he  laid  a  good 
foundation  of  learning  and  fcience  ;  and  retiring  thence 
without  a  degree,  profecuted  his  ftudies,  and  compofed 
the  following  works :  1.  “  Teftonicum  :  briefly  (hew¬ 
ing  the  exatl  Meafuiing  and  fpeedy  Reckoning  of  all 
manner  of  Lands,  Squares,  Timber,  Stones,  Steeples, 
&c.  1556,”  410.  Augmented  and  publiflied  again 
bv  his 'fun  Thomas  Digges,  1592,  4to,  and  re¬ 
printed  in  1647,  4to.  2.  “  A  geometrical  pra&ical 
Treatife,  named  Pantometria ,  in  three  books.”  This 
he  left  in  manufeript ;  but  after  his  death  his  ion 
fupplied  fuch  parts  of  it  as  were  obfenre  and  imper¬ 
fect,  and  publiflied  it  in  1591?  folio;  fubjoiuing,  “  A 
Difcourfe  geometrical  of  the  five  regular  and  plat 0111c al 
bodies,  containing  fundry  theoretical  and  practical  pro- 
politions,  arifing  by  mutual  conference  of  thefe  folids,  in- 

fcription,circumfcription,  and  transformation.”  3.4<Prog- 

noftioation  everlafting  of  right  good  EffeCt:  or,  Choice 
Rules  to  judge  the  Weather  by  the  Sun,  Moon,  and 
Stars,  &c.”  1555,  1556,  and  156 4,  4to,  corrcAcd  and 
augmented  by  his  fon,  with  divers  general  tables,  and 
many  compendious  rules,  1592,  4to.  He  died  about 
1574. 

Digges  (Thomas),  only  fon  of  Leonard  Digges, 
after  a  liberal  fchool  education,  went  and  ftudied  for 
fome  time  at  Oxford  ;  and  by  the  improvements  which 
he  made  there,  and  the  inftruftions  of  his  learned  fa¬ 
ther,  became  one  of  the  greatefl  mathematicians  of  his 
age.  When  Queen  Elizabeth  fent  fome  forces  to  af« 
lift  the  oppreffed  inhabitants  of  the  Netherlands,  Digges 
was  appointed  muiter  mafter-general  of  them  ;  by  which 
he  had  an  opportunity  of  becoming  (killed  in  the  att  of 
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wa^.  Eefides  revjfing,  corre&ing,  and  enlarging  fome 
pieces  of  his  father's  already  mentioned,  lie  wrote  and 
publiflied  the  following  learned  works  himfelf-:  namely, 

1.  "Ah t  free  fcaU  Mathematic  a  ;  or,  Mathematical  . 
Wings  or  Ladders,  1  573>”  4t°*  This  hook  contains 
feveral  demonftrations  for  finding  the  parallaxes  of  any 
comet,  or  other  celeftial  body,  wuth  a  correction  of  the 
errors  in  the  ufe  of  the  radius  ajlrommicus.  2.  “  An 
arithmetical  military  Treatife,  containing  ib  much  of 
Arithmetic  as  is  neceflary  towards  military  Difcipline* 
1379,”  4to.  3..  “  A  geometrical  Treatife,  named  Stra- 
tioticos ,  requifite  for  the  perfe&ion  of  foldiers,  1579?” 
4to.  This  was  begun  by  his  father,  but  finifhed  by 
himfelf.  They  were  both  reprinted  together  in  1590, 
with  feveral  amendments  and  additions,  under  this  title, 
"  An  arithmetical  warlike  Treatife,  named  Stratioticos , 
comperidioufly  teaching  the  fcience  of  numbers,  as  well 
in  fraClions  as  integers,  and  fo  much  of  the  rules  and 
equations  algebraical,  and  art  of  numbers  coefiical,  as  are 
requifite  for  the  profeifion  of  a  fouldier.  Together  with 
the  moderne  militaire  difeipline,  olfices,  lawes,  and  or¬ 
ders  in  every  well-governed  campe  and  armie,  inviolably 
to  be  obferved.”  At  the  end  of  this  work  there  are 
two  pieces;  the  firft  intitled,  “  A  briefe  and  true  re¬ 
port  of  the  proceedings  of  the  Earle  cf  Leycefter,  -for 
the  reiiefe  of  the  towne  of  Sluce,  from  his  arrival  at 
Vlifhing,  about  the  end  of  June  1587,  untill  the  fur- 
rendrie  thereof  26  Julii  next  enfuing.  Whereby  it  (halt 
plainelie  appear,  his  Excellencie  was  not  in  anie  fault 
for  the  Ioffe  of  that  towne” — The  fecond,  “A  briefe  dif- 
conrfe  what  orders  were  bed  for  repulfing  of  foraine 
forces,  if  at  any  time  they  fhould  invade  us  by  fea-  in 
Kent,  or  elfewhere.”  4.  “  A  perfect  defeription  of 
the  celeftial  orbs,  according  to  the  moft  ancient  doCirine 
of  the  Pythagoreans,  &c.”  This  was  placed  at  the  end 
of  his  father’s  “  Prognoftication  everlafting,  &c.”  print¬ 
ed  in  1592,  4to*  5.  “  A  humble  motive  tor  affociation 
to  maintain  the  religion  eftablifhed,  1601,”  8vo.  To 
which  is  added,  his  “  Letter  to  the  fame  purpofe  to 
the  Archbifhops  and  Bifhops  of  England.”  6.  44  Eng¬ 
land’s  Defence  :  or,  a  Treatife  concerning  Invafion.” 
This  is  a  tradl  of  the  fame  nature  with  that  printed  at 
the  end  of  his  Stratioticos ,  and  called,  4t  A  briefe 
Difcourfe,  See.”  It  was  written  in  1599,  but  not  pub¬ 
lifhed  till  1686.  7.  “  A  Letter  printed  before  Dr  Jolm 
Dee’s  ParaUatiua  Comment ationis  praxeofque  nucleus  quU 
dam ,  1573,”  410.  Belidesthde  and  his  Nova  Corpora * 
lie  had  by  him  feveral  mathematical  treatifes  ready  for 
the  prefs  ;  which,  by  reafon  of  law-fuits  and  other  avo¬ 
cations,  he  was  hindered  from  publifhing.  He  died  in 
1595,  but  we  know  not  at  what  age. 

DIMINUTION,  in  mufic,  is  the  abating  fomething 
of  the  full  value  or  quantity  of  any  note. 

DIGPHANTUS,  a  celebrated  mathematician  of 
Alexandria,  has  been  reputed  to  be  the  inventor  of 
algebra  ;  at  leait  his  is  the  earlieft  work  extant  on 
that  fcience.  It  is  not  certain  when  Diophantus  lived* 
Some  have  placed  him  before  Chrift,  and  fome  after* 
in  the  reigns  of  Nero  and  the  Antonines ;  but  all  with 
equal  uncertainty.  It  feeras  he  is  the  fame  Diophan¬ 
tus  wdio  wrote  the  Canon  Aftronomicus,  which  Suidas. 
fays  was  commented  on  by  the  celebrated  Hypatia, 
daughter  of  Theon  of  Alexandria.  His  reputation 
muft  have  been  very  high  among  the  ancients,  fince 
they  ranked  him  with  Pythagoras  and  Euclid  in  ma- 
1  thematical 
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Diopter  thematical  learning.  Bachet,  m  KB  notes  upon  the  5th 
.  H  book  De  Arithmeticis,  has  colleded,  from  Diophantus’s 
I)lvon‘  epitaph  in  the  Anthologia,  the  following  circumftances 
*  v  of  his  life  ;  namely,  that  he  was  married  when  he  w'as 
33  years  old,  and  had  a  fon  born  five  years  after ;  that 
this  foil  died  when  lie  was  42.  years  of  age,  and  that  his 
father  did  notfurvive  him  above  four  years;  from  which 
it  appears,  that  Diopliantus  was  84  years  old  when  he 
died. 

DIOPTER,  or  Di  Optra,  the  fame  with  the  index 
or  alhidade  of  an  ailrolabe,  or  other  fuch  inftrument. 

Dioptra  was  an  inflrument  invented  by  Hipparchus, 
which  ferved  for  feveral  ufes  ;  as,  to  level  water-coui-fes ; 
to  take  the  height  of  towers,  or  places  at  a  diftance  ;  to 
determine  the  places,  magnitudes,  and  diftances  of  the 
-planets,  &c. 

DIRECT,  in  arithmetic,  is  when  the  proportion  of 
any  terms,  or  quantities,  is  in  the  natural  or  dired  or- 
•  der  in  which  they  ftar.d ;  being  the  oppofite  to  inverfe, 
which  confiders  the  proport:oii  in  the  inverted  order  of 
the  terms.  So,  3  :  4  :  :  6  :  8  diredly ;  or  3  :  4 : :  8  :  6 
inverfely. 

DIRECTION,  in  aflronomy,  the  motion  and  other 
phenomena  of  a  planet  when  dired. 

Direction,  in  aftrology,  is  a  kind  of  calculus,  by 
which  they  pretend  to  find  the  time  in  which  any  not¬ 
able  accident  fhall  befal  the  perfon  whofe  horofeope  is 
drawn. 

DISCRETE  Quantity,  is  fuch  as  is  not  conti¬ 
nued  and  joined  together.  Such,  for  inftance,  is  any 
number. 

DITTON  (Humphry)  an  eminent  mathematician, 
was  born  at  Saltfbury,  May  29,  1675.  Being  an  on¬ 
ly  fon,  and  his  father  obferving  in  him  an  extraordi¬ 
nary  good  capacity,  determined  to  cultivate  it  with  a 
good  education.  For  this  purpofe  he  placed  him  in  a 
reputable  private  academy  ;  upon  qnitting  of  which  he, 
at  the  defire  of  his  father,  though  againft  his  own  incli¬ 
nation,  engaged  in  the  profeffion  of  divinity,  and  began 
to  exercife  his  fundion  at  Tunbridge  in  the  county  of 
Kent,  where  he  continued  to  preach  fome  years  ;  during 
which  time  he  married  a  lady  of  that  place. 

But  a  weak  conftitution,  and  the  death  of  his  father, 
induced  Mr  Ditton  to  quit  that  profeflion.  And  at 
,  the  perfuafion  of  Dr  Harris  and  Mr  Whifton,  both 
eminent  mathematicians,  he  engaged  in  the  fludy  of 
mathematics;  a  fcience  to  which  he  had  always  a  ftrong 
inclination.  In  the  profecution  of  this  fcience,  he  was 
much  encouraged  by  the  luccefs  and  applaufe  he  re¬ 
ceived  :  being  greatly  efteemed  by  the  chief  profcfTors 
of  it,  and  particularly  by  Sir  Ifaac  Newton,  by  whofe 
intereit  and  recommendation  he  was  eleded  matter  of 
the  new  mathematical  fchool  in  Chritt’s  Hofpital  ; 
where  he  continued  till  his  death,  which  happened  in 
3715,  in  the  40th  year  of  his  age,  much  regretted  by 
the  philofophical  world,  wlio  expeded  many  ufeful  and 
ingenious  difeoveries  from  his  affiduity,  learning,  and 
penetrating  genius. 

Mr  Ditton  publifhed  feveral  mathematical  and  other 
trafts,  as  below. —  1.  Of  the  Tangents  of  Curves,  &c. 
Philof.  Tranf.  vol.  23. 

2.  A  Treatife  on  Spherical  Catoptrics,  publifhed  in 
the  Philof.  Tranf.  for  1705  ;  from  whence  it  was  co¬ 
pied  and  reprinted  in  the  Ada  Emditorum  1707,  and 


alfo  in  the  Memoirs  of  ihe  Academy  of  Sciences  at 
Paris. 

3.  General  Laws  of  Nature  and  Motion  ;  8vo,  1705. 
Wolfius  mentions  this  work,  and  fays  that  it  illuflrates 
and  renders  eafy  the  writings  of  Galileo,  Pluygens, 
and  the  Principia  of  Newton.  It  is  alfo  noticed  by 
La  Roche,  in  the  Memoires  de  Literature,  vol.  8.  page 
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4.  An  Inflitution  of  Fluxions,  containing  the  firfl 
Principles,  Operations,  and  Applications,  of  that  admi¬ 
rable  Method,  as  invented  by  Sir  Ifaac  Newton,  8vo, 
1706.  This  work,  with  additions  and  alterations,  was 
again  publifhed  by  Mr  John  Clarke,  in  the  year  1726. 

5.  In  1709  he  publifhed  the  Synopfis  Algebraica  of 
John  Alexander,  with  many  additions  and  corrections. 

6.  His  Treatife  on  Perfpedive  was  publifhed  in  1712. 
In  this  work  he  explained  the  principles  of  that  art  ma¬ 
thematically  ;  and  beiides  teaching  the  methods  then  ge¬ 
nerally  praCtifed,  gave  the  firft  hints  of  the  new  me¬ 
thod  afterwards  enlarged  upon  and  improved  by  Dr 
Brook  Taylor  ;  and  which  was  publifhed  in  the  year 

J7i5. 

7.  In  1714,  Mr  Ditton  publifhed  feveral  pieces  both 
theological  and  mathematical ;  particularly  his  Difcourfe 
on  the  Rcfurredion  of  Jefus  Chrift ;  and  The  New 
Law  of  Fluids,  or  a  Difcourfe  concerning  the  Afcent 
of  Liquids,  in  exad  Geometrical  Figures,  between  two 
nearly  contiguous  Surfaces.  To  this  was  annexed  a 
trad,  to  demonftrate  the  impofiibility  of  thinking  or 
perception  being  the  rcfult  of  any  combination  of  the 
parts  of  matter  and  motion  :  a  fubjed  much  agitated 
about  that  time.  To  this  work  alfo  was  added  an  ad- 
vertifement  from  him  and  Mr  Whifton,  concerning  a 
method  for  difeovering  the  longitude,  which  it  feems 
they  had  publifhed  about  half  a  year  before.  This  at¬ 
tempt  probably  cofl  our  author  his  life  ;  for  although  it 
was  approved  and  countenanced  by  Sir  Ifaac  Ncwtoa, 
before  it  was  prefented  to  the  Board  of  Longitude,  and 
the  method  has  been  fuccefsfully  put  in  practice,  in  find¬ 
ing  the  longitude  between  Paris  and  Vienna;  yet  that 
board  then  determined  againft  it ;  fo  that  the  difappoint- 
ment,  together  with  fome  public  ridicule  (particularly 
in  a  poem  written  by  Dean  Swift),  affeded  his  health 
fo  that  he  died  the  enfuing  year,  1715. 

In  an  account  of  Mr  Ditton,  prefixed  to  the  German 
tranfiation  of  his  Difcourfe  on  the  Refurredion,  it  is 
faid  that  he  had  publifhed,  in  his  own  name  only,  ano¬ 
ther  method  for  finding  the  longitude ;  but  which  Mr 
Whitton  denied.  However,  Raphael  Levi,  a  learned 
Jew,  who  had  ftudied  under  Leibnitz,  informed  the 
German  editor,  that  he  w^ell  knew  that  Ditton  and 
Leibnitz  had  corresponded  upon  the  fubjed  ;  and  that 
Ditton  had  fent  to  Leibnitz  a  delineation  of  a  machine 
he  had  invented  for  that  purpofe ;  which  was  a  piece  of 
mcchanifm  conflruded  with  many  wheels  like  a  clock, 
and  which  Leibnitz  highly  approved  of  for  land  ufe ; 
but  doubted  whether  it  would  anfwxr  on  flip-board,  on 
account  of  the  motion  of  the  fliip. 

DIVING  Bi  ll  has  been  already  deferibed  in  the 
Encyclopedia ;  but  in  that  work  was  given  no  account 
of  its  antiquity  or  its  invention.  In  the  works  of  Ari- 
ftotle  we  read  of  a  kind  of  kettle  ufed  by  divers  to  ena¬ 
ble  them  to  remain  for  fome  time  under  water ;  but'the 
manner  in.  which  thofe  kettles  were  employed  is  not 

clearly 
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•>g-  clearly  defcribed.  “  The  oldeft  information  (fays  Pro- 
fefTor  Beckmann )  which  we  have  of  the  ufe  of  the  di- 
— '  bell  in  Europe,  is  that  of  John  Taifnier,  who  was 

born  at  Hainault  in  1509,  had  a  place  at  court  under 
Charles  V.  whom  he  attended  on  his  voyage  to  Africa. 
Pie  relates  in  what  manner  he  faw  at  Toledo,  in  the 
prefence  of  the  emperor  and  feveral  tlioufand  fpe&ators, 
two  Greeks  let  themfelves  down  underwater,  in  a  large- 
inverted  kettle,  with  a  burning  light,  and  rife  up  again 
without  being  wet*  It  appears  that  this  art  was  then  new 
to  the  emperor  and  the  Spaniards,  and  that  the  Greeks 
were  caufed  to  make  the  experiment  in  order  to  prove 
the  pofiibility  of  it.” 

When  the  English,  in  1588,  difperfed  the  Spanifli 
fleet,  called  the  Invincible  Armada,  part  of  the  (hips 
went  to  the  bottom,  neai  the  ifle  of  Mull,  on  the  weft- 
ern  coaft  of  Scotland  ;  and  fome  of  thefe,  according  to 
the  account  of  the  Spanifh  prifoners,  contained  great 
riches.  This  information  excited,  from  time  to  time, 
the  avarice  of  fpeculators,  and  gave  rife  to  feveral  at¬ 
tempts  to  procure  part  of  the  loft  treafure.  In  the 
year  1665.  a  perfon  was  fo  fortunate  as  to  bring  up 
fome  cannon,  which,  however,  were  not  fufficient  to 
defray  the  expences.  Of  thefe  attempts,  and  the  kind 
of  diving  bell  ufed  in  them,  the  reader  will  find  an  ac¬ 
count  ftf  a  work  printed  at  Rotterdam  in  1669,  and 
entitled  G.  'Sinrfari  Ars  nova  et  magna  gravhaiis  ei  le- 
v halts.  In  the  year  16S0,  William  Phipps,  a  native 
of  America,  formed  a  projed  for  fearchiwg  and  unload¬ 
ing  a  rich  Spanifh  (hip  funk  011  the  coaft  of  Hifpaniola; 
and  reorefented  his  plan  m  fuch  a  plaulible  manner,  that 
King  Charles  II.  gave  him  a  (hip,  and  furnifhed  him 
with  eve *7  thing  necefiary  'for  the  undertaking.  He 
fet  fail  in  the  year  1683;  but  being  unfnccefsful,  re¬ 
turned  again  in  great  poverty,  though  with  a  firm  con- 
vidion  of  the  pofiibility  of  his  fcheme.  By  a  fubferip- 
tion  promoted  chiefly  by  the  Duke  of  Albemarle,  the 
fori  of  the  celebrated  Monk,  Phipps  was  enabled,  in 
1687,  to  try  his  fortune  once  more,  having  previoufly 
engaged  to  divide  the  profit  according  to  the  twenty 
/hares  of  which  the  fubfeription  confided.  At  fil'd  all 
Ills  labour  proved  fruitlefs  ;  but  at  laft,  when  his  pa¬ 
tience  was  almoft  entirely  exhaufted,  he  was  fo  lucky  as 
to  bring  up,  from  the  depth  of  fix  or  feven  fathoms,  fo 
much  treafure  that  he  returned  to  England  with  the 
value  of  two  hundred  thoufand  pounds  fterling.  Of 
this  fum  he  himfelf  got  about  fixteen,  others  fay  twen¬ 
ty,  thoufand,  and  the  duke  ninety  thoufand  pounds. 
After  he  came  back,  fome  perfons  endeavoured  to  per- 
fuad«e  the  king  to  feize  both  the  fliip  and  the  cargo, 
under  a  pretence  that  Phipps,  when  he  foliated  for  his 
majedy’s  permiffion,  had  not  given  accurate  information 
refpetftrng  the  buiinefs.  But  the  king  anfvvered,  with 
much  greatnefs  of  mind,  that  he  knew  Phipps  to  be  an 
honed  man,  and  that  he  and  his  friends  (hould  fhare  the 
whole  among  them  had  lie  returned  with  double  the 
value.  I~Iis  majefty  even  conferred  upon  him  the  ho¬ 
nour  of  knighthood,  to  (hew  how  much  he  was  fatisfied 
with  his  conduct.  Wc  know  not  the  conftru&ion  of 
Phipps’s  apparatus  ;  but  of  the  old  figures  of  a  diving 
machine,  that  which  approaches  neareft  to  the  diving- . 
bell  is  in  a  book  on  fortification  by  Lorini ;  who  de- 
feribes  a  fquare  box  bound  round  with  iron,  which  is 
(urniflied  with  windows,  and  has  a  ftool  affixed  to  it  for 
the  diver.  This  ingenious  contrivance  appears,  how¬ 


ever,  to  be  older  than  that  Italian  ;  at  lead  he  does  not 
pretend  to  be  the  inventor  of  it. 

In  the  year  >617,  Francis  Kefsler  gave  a  defeription 
of  his  water  armour,  intended  alfo  for  diving,  but  which 
cannot  really  be  ufed  for  that  purpofe.  In  the  year 
1 67  r ,  Witfen  taught,  in  a  better  manner  than  any  of 
his  predeceflfors,  the  conftruftion  and  ufe  of  the  diving- 
bell  ;  but  he  is  much  midaken  when  he  fays  that  it  was 
invented  at  Amfterdam.  In  1679  appeared,  for  the 
firft  time,  Borelli’s  well  known  workr/i?  motu  animalium , 
in  which  he  not  only  defcribed  the  diving  bell,  but  alfo 
propoftd  another,  the  impradlicability  of  which  was  (hewn 
by  James  Bernoulli.  When  Sturm  publiflied  his  Col¬ 
legium  curtofum  in  1678,  he  propoied  fome  hints  for  the 
improvement  of  this  machine,  on  which  remarks  were 
made  in  the  Journal  des  Javans.  To  him  fucceeded* 
Dr  Halley,  whofe  bell  is  well  known. 

DODECATEMORY,  the  12  houfes  or  parts  of, 
the  zodiac  of  the  primum  mobile.  Alfo  the  12  (Ign3 
of  the  zodiac  are  fometimes  fo  called,  becaufe  they  con¬ 
tain  each  the  12th  part  of  the  zodiac. 

DOME.  See  Arch  in  this  Supplement. 
DOMINGO,  or  Sr  Domingo.  See  Hispaniola,- 
both  in  Ettcycl  and  in  this  Supplement. 

DON  Mar.tin  de  Mayorga,  the  name  given  by 
the  Spaniards  to  a  cinder  of  iflands  in  the  South  Sea, 
difeovered  on  the  27th  of  February  1781  by  Don  F. 
A.  Maureilc,  a  celebrated  pilot  of  that  nation. 

Thofe  iflands  are  defcribed  by  him  as  abounding  with 
tropical  fruits  and  roots,  as  highly  cultivated,  and  as 
inhabited  by  a  people  confiderably  polifhed.  The  fer¬ 
tility  of  the  land,  fays  lie,  is  fuch,  that  its  cultivation 
cannot  fail  to  promife  a  favourable  harveft.  Every 
where  are  feen  an  endlefs  number  of  cocoa-nut  trees, 
beautiful  banana  trees  ranged  in  lines  with  the  greateft 
order,  and  numerous  plantations  of  potatoes,  of  which 
lie  deferibes  fome  as  fifteen  feet  in  length,  and  of  the 
thicknefs  of  a  man’s  thigh.  He  admired  the  order  with 
which  every  thing  was  difpofed.  No  weeds  were  dif¬ 
fered  to  grow  between  the  plants  ;  and  their  roads  were 
kept  in  repair  with  a  diligence  defer ving  imitation  by* 
the  mod  civilized  nations. 

Their  government  appears  from  liis  account  to  be 
defpotic.  The  fovereign,  who  is  called  the  Tz dou,  is 
held  in  the  higheft  veneration  by  his  fubje&s,  whofe 
lives  and  properties  are  at  his  difpofal.  Under  him 
there  is  an  order  of  nobles  called  Equis ,  who,  though 
they  fhrink  into  infignificance  in  the  prefence  of  the 
Tuhou ,  have  great  authority  over  the  people.  Thefe 
people  are  laid  by  Maurelle  to  be  of  great  mufcular 
ftrength  and  large  ftature,  the  ordinary  height  of  the- 
men  being  fix  feet  or  fix  feet  four  inches,  while  many 
of  them  are  much  taller.  It  would  appear,  too,  that 
they  delight  in  gymnadic  exercifes ;  for  when  the  Tu- 
bon,  by  whom  he  had  been  treated  with  great  hofpita-. 
lity,  wifhed  to  amufe  him  and  his  (hip’s  company',  he 
exhibited  to  them  feats  of  wreftling  and  boxing,  and 
tliat  as  well  by  the  women  as  by  the  men. 

Though  thefe  people  put  the  greateft  confidence  in 
the  Spaniards,  and  frequently  (laid  whole  nights  on 
board  the  frigate,  they  had  yet  the  common  inclination- 
of  favages  to  deal.  “  Every  time  they  came  on  board 
(fays  our  author),  clothes,  iron* work,  whatever  fell  in 
their  way.  they  confidered  as  lawful  prize.  They  drew 
out  through  the  port  holes,  or  the  windows,  whatever 

was 


p-aerena, 

Drains. 
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w*lt^*n  t|ie;r  reach.  They  thieved  even  to  the  very  of  air,  theie  hard  bottoms  have  been  rendered  friable  ;  Drain* , £ 

1  •  0f  the  rudder.  I  made  my  complaints  to  the  they  have  crumbled  away,  and  let  in  all  my  drains  tm* 

he  crave  me  permifiion  to  kill  whomsoever  I  (hould  which  were  not  fupported  by  a  bottom  laid  with  biick 
d  tecl  in  the  a&  •  and  I  was  affured  he  had  himfelf  dif-  or  {lone.”  For  this  information  we  requeft  the  author 
covered  and  punched  with  death  the  authors  of  the  to  accept  of  our  thanks,  and  we  arc  perfuaded  we  may 
complained  of  theft.  Our  vigilance  wai  neceffarily  cat-  add,  the  thanks  of  the  public. 

led  into  action  ;  we  furprifed  the  iflanders  driving  to  As  the  draining  of  land  13  a  matter  of  great  unpor- 
tear  away  th-  new  rudder  chains  ;  we  fired  a  piftol  at  tance  in  agriculture,  and  as  the  fubjedl  has  been  again 

th-m  one  of  them  fell  dead  on  the  occafion,  and  this  brought  before  us,  we  imagine  that  our  agricultural 

was  an  awful  leffon  for  tliofe  who  were  either  on  board  readers  will  be  glad  to  find  here  the  fubftance  of  a  paper 
or  alono-fide  of  the  fpo-ate  ;  they  faid  to  themfelves,  or  on  this  fubjed,  for  which  the  author  received  the  filvtr 
to  one  another,  cbito  f  robber)  fama  (death).”  medal  of  the  Society  inilituted  for  the  encouragement  of 

They  make  of  the  bark  of  trees  a  kind  of  cloth  not  Arts,  Manufactures,  and  Commerce.  That  au- 
unlike  that  which  lias  been  brought  from  other  illands  thor  is  Mr  John  Wedge  of  Bickenhill,  near  Coventry, 
in  the  South  Sea  ;  and  our  author  deferibes  the  wo-  who  is  not  only  a  great  farmer  himfelf,  but  had  like- 
men  as  being  peculiarly  neat  both  in  their  drefs  and  in  wife  beep  employed  by  the  Earl  of  Alesford  in  the  ma- 
their  perfons  They  had  their  mantles  or  loole  gar-  nagement  of  fevtral  ellates.  Encouraged  by  his  lord- 
rnentsadi tilled  in  ne*.t  plaits  and  folds,  and  becomingly  fhip’s  liberality,  Mr  Wedge  informs  the  fociety,  that 
attached  by  a  knot  over  the  left  (boulder.  They  wore  he  had  been  employed  for  fome  years  in  draining  large 
gadands  or  wreaths  on  the  head,  and  chaplets  oflarge  portions  of  land,  of  which  part  was  in  the  Earl’s  occu- 

glafs  beads  round  their  necks;  the  hair  was  pleafingly  pation,  and  part  in  his  own,  as  tenant  to  his  lordfhip. 

difnofed  in  trelfes,  and  the  whole  perfon  perfumed  with  The  principles  upon  which  he  proceeded,  as  well  as  his 
-m  oil  of  an  agreeable  odour;  above  all,  the  (kin  was  fo  mode  of  procedure,  he  dates  in  the  following  terms: 
exquifitely  clean,  that  they  would  not  have  iuffered  the  In  every  country  there  are  large  portions  of  land 
f milled  particle  of  dud  to  remain  upon  it  a  moment.  that,  in  wet  feafons,  have  always  what  may  be  called  a 
In  this  archipelago  Don  Maurelfe  found  a  fafe  bar-  dry  furface ,  and  other  portions  of  land  that  have  always  a 
hour,  to  which  he  gave  the  name  of  El  Refugio  ;  and  moijl  or  wet  furfice  ;  the  former  of  thefe  admitting  all 
which  he  places  in  South  Lat.  180.  36'.  and  W.  Lon.  the  water  which  falls  upon  them  to  fink  freely  through 
1^7°.  47'.  47".  of  Greenwich.  their  pores  to  various  depths,  till  falling  on  clay,  or 

DR.ACCENA  Draco  (fee  Dracoena,  EncycL ),  is  fome  other  un&uous  earth,  whofe  pores  will  not  permit 
a  native  of  Madeira,  though  it  is  there  becoming  fcarce.  it  to  pafs  through,  it  is  there  held  up  to  a  height  pro- 

The  following  account  of  it  r9  by  La  Martiniere,  natu-  portioned  to  the  quantity  of  water  which  comes  upon 

ralid  in  the  lad  voyage  of  dilcovery  by  La  Perouie.  it,  and  the  facility  with  which  that  water  is  difehar- 
<<  The  idea  of  the  dracoena  draco  (fays  lie)  given  by  ged.  Thus,  held  up  to  various  heights,  it  ferves  as 
the  (habby  foecimens  cultivated  in  our  hot-houfes,  is  a  fountain  to  didribute  its  water  (cither  by  veins  of 
far  inferior  to  that  we  entertain  of  it  when  we  have  fand,  pebbles,  or  rock),  according  to  the  formation  of 
an  opportunity  of  feeing  it  in  its  native  foil.  I  met  the  different  under  drata  on  the  neighbouring  lands, 
with  three  in  particular,  of  which  the  trunk  was  fix  or  and  there  forms  bogs  and  other  varieties  of  wet  furface, 
feven  feet  high,  and  four  and  a  half,  or  five  in  diameter,  on  a  bafis  that  will  be  always  found  to  confid  of  marl. 

The  principal  branches,  12  or  15  in  number,  and  as  or  clay,  or  fome  mixture  thereof.  The  effect  of  \va- 
thick  as  a  man’s  body,  (hoot  out  a  little  obliquely,  ter  thus  diftributed  may  be  divided  into  two  claffes. 
dividing  themfelves  geneially  into  two,  and  now  and  The  fird  clafs,  where  the  water  is  thrown  out  by  a 
then  into  three,  to  the  height  of  40  or  50  feet,  inclu-  body  of  marl  or  clay,  & c.  upon  the  furface  of  defeend- 
ding  the  feven  feet  of  the  trunk.  The  leaves  are  all  at  ing  ground,  and  in  the  valley  (there  held  up  by  clay 
the  extremity  of  the  branches,  where  they  are  placed  alfo)  forms  bogs  or  fwamps.  The  fecond  clafs,  where 
in  alternate  order,  and  form  a  duller.  This  tree  pre-  the  vatet  is  held  up  by  marl  or  clay,  as  before,  having 
fents  the  moll  perfedt  regularity  to  the  eye,  and  tempts  above  that  marl  or  day  a  ftratum  of  fand,  or  pebbles, 
the  fpe£tator  to  think,  that  the  moll  ilulful  gardener  through  which  the  water  paffes  ;  and  above  thofe  fand 3 
makes  it  the  object  of  his  daily  care.”  or  pebbles  another  ftratum  of  marl  or  clay,  through 

DRAINS.  Under  this  word  in  the  Encyclopaedia  the  weakeft  parts  of  which  the  water,  by  a  continual 
we  publifhed  Mr  Bayley  of  Hope’s  method  ot  draining  preffure  from  its  fountain,  forces  a  paffage  upwards  ; 
land  ;  and  by  a  letter  from  the  author,  we  have  fince  and  thus,  through  the  weakeft  parts  of  the  marl  ar 
teamed,  that  experience,  the  bell  guide,  has  fully  pro-  clay,  furnifhes  a  continual  fupply  of  water  on  the  iur- 
ved  the  ufefulnefs  and  durability  of  his  drains.  With  a  face,  for  the  formation  or  growth  of  bogs,  See.  in  pro¬ 
candour,  however,  worthy  of  a  man  who  writes  not  for  portion  as  this  water  is  more  or  lefs  abundantly  fupplied 
fame,  but  for  the  good  of  the  public,  he  informs  us  of  by  its  fountain  or  head,  namely,  the  higher  lands,  into 
a  miftake  into  which  he  had  led  us;  and  requells  us  to  which  rain-water  freely  palTes,  as  before  deferibed. 
correct  it  in  this  Supplement.  There  are  alfo  different  foils,  under  different  circum- 

“  I  wilh  (fays  he)  that,  in  the  Supplement  to  the  (lances,  which  may  form  a  third  clafs  of  land  for  drain- 
Encyclopsedia,  due  notice  may  be  taken  of  a  very  great  ing  ;  fuch  as,  ftrong  deep  foils,  or  open  light  foils,  ha- 
error  into  which  I  was  led  in  my  fcheme  of  making  the  ving  near  the  furface  a  body  of  marl  or  clay.  In  either 
main  drains .  1  conje&ured,  that  where  the  bottom  of  cf  thefe  cafes,  the  water  which  falls  on  the  furface  muff, 
the  trench  was  of  a  hard  or  folid  body,  as  clay  or  marl,  for  reafons  which  are  felfi  evident,  keep  fuch  lands,  in 
it  might  not  be  neceffary  to  lay  it  with  bricks  or  Hones;  rainy  feafons,  conftantly  wet  and  cold  ;  and  it  Ihonld  be 
but  in  this  I  was  quite  wrong.  By  the  runs  of  water,  obferved,  that  a  mixture  of  all  the  three  before-deferibed 
the  alternate  changes  from  wet  to  dry,  and  the  accefs  claffes  of  wet  land  foretimes  occur  in  one  field,  by  hid¬ 
den 
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I  in?,  den  alterations  of  the  under  ftrata,  and  thereby  perplex 
W  '  the  operator,  by  requiring  all  the  different  modes  of 
draining  in  the  fame  field. 

If  it  be  admitted  that  bogs  are  thus  formed  and  fed, 
their  cure  may  be  effe&ed  with  certainty.  The  firft 
clafs,  by  cutting  through  the  ftratum  (be  it  fand,  peb¬ 
bles,  or  rock,)  that  conveys  the  water  to  the  bog,  and 
cairying  off  that  water  by  a  clofe  drain  to  fome  proper 
place,  where  the  level  admits  of  its  difeharge..  The  fe- 
cond  clafs,  by  fmking  a  drain  to  any  convenient  depth 
in  the  upper  clay  ;  and  then  digging  or  boring  with 
a  large  auger,  at  a  fmatl  (iiftance  on  one  fide  of  this 
drain,  through  the  remaining  part,  be  it  (the  upper 
clay)  ever  fo  deep,  into  the  under  ftratum  of  fand,  peb¬ 
bles,  or  rock,  through  which  the  water  paffes ;  which 
will  then  rufh  up  into  the  drain  fo  made,  with  a  veloci¬ 
ty  proportioned  to  the  height  of  the  land  or  fountain 
whence  it  is  fupplied.  As  this  drain  advances  through 
the  land,  holes  muft  be  dug  or  bored,  as  before,  every 
feven  yards,  or  at  fuch  dhtance  as  the  ftrength  of  the 
fprings  may  require  ;  and  the  whole  of  the  water  thus 
brought  up  by  tapping  the  iprings,  is  carried  off  by  the 
drain  made  in  the  upper  clay,  which  muft  be  a  clofe 
one,  to  its  proper  level,  and  there  dif charged. 

By  both  thefe  methods  of  draining,  large  tra&s  of 
land,  under  favourable  citcumftances,  may  be  cured  with 
one  drain.  The  beft  place  for  fixing  thefe  drains  is 
where  the  ftratum  that  conveys  the  water  comes  neareil 
to  the  furface  ;  and  the  beft  method  of  ascertaining  that, 

|  is  to  bore  or  dig  in  different  parts  through  the  diffe¬ 

rent  under  ftrata. 

The  thiid  clafs  may  be  eafily  cured  by  clofe  drains, 
at  fuch  diftances  and  depths  as  will  beft  carry  off  the 
fui face- water.  It  may  not  be  improper  to  obferve,  that 
where  the  different  ftrata  or  meafures  crop  out,  that  is, 
become  gradually’  more  and  moic  fhahow  m  fome  cer¬ 
tain  direction  ( as  is  often  the  cafe,  till,  one  alter  the 
other,  they  all  prefent  themfelvts  in  fucceffion  on  the 
furface  of  the  earth),  draining  may  often  be  much  more 
eafily  and  better  effected  by  crofting  with  the  drain  the 
different  ftrata  or  in  era  lures  where  the  levels  and  other 
c iicum fiances  will  “admit. 

Some  of  the  land  drained  was  part  of  a  common,  in 
the  parifh  of  Church  Bickenhill,  in  the  county  of  War¬ 
wick  ;  part  of  it  was  covered  with  mofs  and  ling,  had 
a  peaty  furface  about  fix  inches  deep,  and  produced 
little  or  no  grafs  :  in  all  wet  feafor.sit  was  filled  quite  to 
the  furface,  and  often  overflowed,  with  water.  Some 
of  the  land  was  much  more  unfound,  deeper  of  peat, 
and  covered  with  mofs,  in  mo  ft  parts  nine  inches  long  5 
another  part  was  an  abfolute  bog  in  all  feafons. 

Having  dug  or  bored  with  a  large  auger  into  feveral 
parts  of  the  land,  Mr  Wedge  found  peat,  gravel,  and 
fand  mixed,  and  a  quick-fand  almoft  uniformly.  The 
quick-fand  in  every  part,  after  getting  an  inch  or  two 
into  it,  feemed  almoft  as  fluid  as  water.  Judging  trom 
this,  that  no.  materials  for  a  drain  could  be  laid  in  the 
quick-fand,  but  what  it  would  immediately  bury,  he 
dug  a  trench  almoft  to  the  quick-fand,  leaving  gra\el, 
&c.  of  fufficient  ftrength  to  bear  up  the  materials  for  a 
hollow  drain  ;  thefe  materials  were  two  fides  and  a  co- 
verer  of  ftone,  with  a  peat-turf  on  the  top  to  keep  out 
the  foil.  At  every  ieven  yards  forward,  by  the  fide  of 
this  drain,  he  dug  a  hole  in  the  quick-fand  as  deep  as 
it  would  permit.  From  thefe  holes  the  water  roic  tree- 
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ly  into  the  hollow  drain,  and  was  by  it  difeharged  at  a  Brains, 
proper  level.  It  may  be  proper  to  remark,  that  the  ~~ 1 
ftone  made  ufe  of  for  this  drain,  and  all  others  here 
mentioned,  was  a  red  fand  and  rag-ftonc,  which  ealily 
fplit  into  proper  fizes  for  the  purpofe,  and  is  very  du¬ 
rable  ;  it  coft  about  fixpence  per  ton  getting,  cxclufive 
of  carriage.  The  drain  thus  formed  ran  011  the  whole 
rather  freely,  and  made  the  land  dry  for  a  few  yards  011 
each  fide  thereof,  but  was  far  from  having  the  effed:  he 
improperly  expected  ;  for  it  evidently  appears  that  the 
drain  could  only  take  a  very  fmall  portion  of  the  water 
from  fo  large  a  quick-fand,  which  It  did  not  penetrate 
more  than  two  inches ;  and  that  it  could  drain  only  to 
its  own  depth,  or,  at  mod,  to  that  depth  in  the  fountain 
which  fupplied  the  quick-fand.  His  purpofe  was  then 
defeated  ;  and  his  motive  for  mentioning  this  error  can¬ 
not,  he  hopes,  be  miftaken. 

He  now  did  what  he  fays  he  ought  to  have  done  be¬ 
fore,  that  is,  examined  the  different  ftrata  to  a  greater 
depth,  particularly  on  the  bog,  and  at  the  upper  edges 
thereof,  and  found  the  bog  to  be  what  has  been  deferi- 
bed  under  the  firft  clafs.  He  therefore  determined  to 
attempt  the  cure  in  the  manner  before  preferibed  for 
that  clafs,  namely,  to  cut  through  the  whole  of  the  ftra- 
tmn  (in  this  inftance,  of  quick  fand).  through  which 
he  found  the  water  pafs.  This  he  effe&ed  as  follows  : 

The  fummer  being  dry,  and  favourable  for  the  purpofe, 
and  having  previoufly  made  his  main  open  drain,  he  began 
his  main  clofe  drain  the  firft  week  in  June  1791,  three 
feet  wide,  on  the  declivity  near  the  edge  of  the  great 
bog.  In  the  firft  operation  he  dug  through  the  peat, 
the  hard  fand,  and  gravel,  and  one  fpade’s  graft  (about 
nine  inches  deep,  and  feven  inches  wide)  into  the  quick- 
fand  the  whole  length  of  this  drain,  which  was  73 
perches,  of  eight  yards  to  the  perch,  in  length.  The 
drain  thus  dug  ran  copioufly,  not  lefs  than  60  gallons 
per  minute.  In  this  ftatc  he  left  it  about  nine  days: 
the  effedt  of  it  was  rapid,  both  above  the  drain  and  on 
the  bog  below.  Upon  examination,  he  now  found  about 
three  inches  on  the  top  of  the  fpade’s  graft,  which  had 
been  made  into  the  quick  fand,  perfectly  dry.  He  then 
dug  out  thefe  three  inches  of  dry  fand*  to  nearly  the 
whole  width  of  the  drain,  three  feet  ;  and  at  the  fame 
time  dug  out,  as  before,  another  fpade’s  graft  from  the 
top  of  the  quick-fand,  as  near  the  middle  of  the  drain 
as  pofiibie.  This  was  left  to  run  a  few  days,  as  before, 
and  had  the  fame  effe&,  namely,  three  or  four  niches 
moreot  the  top  of  the  quick-fand  became  dry  and  hard. 

The  fame  operation  was  repeated  again  and  again  with 
the  fame  effed,  till  the  purpofe  of  getting  through  this 
quick-fand  was  completed,  fo  far  at  leaft  as  the  level  of 
the  main  open  drain  would  permit.  The  ftream  of  wa¬ 
ter  continued  increafing  during  the  whole  operation  ; 
the  bog  below  the  drain  wa3  quite  dry,  and  the  land 
above  perfectly  fo.  The  drain  which  was  firft  made, 
and  continued  running  tor  fome  time  during  the  pro- 
grefs  of  the  main  dole  drain,  became  gradually  dry  ; 
and  has  not,  fince  that  drain  was  finished,  difeharged 
oae  fingle  drop  of  water.  Great  care  was  neceffary,  in 
making  the  main  dofe  drain,  to  keep  the  ftream  of  wa¬ 
ter  in  the  middle  of  it,  otherwife  the  current  would  have 
undermined  the  fides,  as  it  fometimes  had  done,  and 
caufed  them  to  fall  in.  For  this  reafon  it  was  necef¬ 
fary,  when  the  dry  fand  was  taken  from  the  top  of  the 
quick-fand,  immediately  to  take  out  a  fpade’a  graft  from 
3  &  the 
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the  middle  thereof,  in  order  to  divert  the  current  from 


the  Tides. 

The  main  clofe  drain  thu3  made  was  three  feet  wide 
at  top,  about  nine  feet  deep  on  the  average,  and,  beveh 
ling  a  little  from  the  top,  it  was  about  one  foot  ten 
inches  wide  at  the  bottom.  The  ftone  and  other  ma¬ 
terials  were  put  into  this  drain  in  the  following  manner  : 

Where  the  drain  went  through  the  quick  fund  into 
the  ftratum  of  clay  below  it,  as  in  mod  places  it  did, 
the  bottom,  and  in  fome  inflances  the  Tides,  wanted  no 
particular  fecurity  (a)  ;  but  where  it  did  not  go  quite 
throng'll  the  quick  fand,  which  the  level  of  his  main 
open  drain  in  fome  places  would  not  admit,  the  bottom 
of  the  drain  was  covered  half  an  inch  thick  with  ling  ; 
then  peat-turfs,  one  foot  wide  and  three  or  four  inches 
thick,  were  cut  in  convenient  lengths,  and  placed  on 
their  edges  on  each  fide  of  the  bottom  of  the  drain, 
forming  two  Tides  of  a  trough  of  peat ;  then  fide  ftones 
about  eight  inches  high,  and  a  Hone  coverer,  were  put 
in  upon^the  ling  between  the  peat  turfs ;  a  large  peat- 
turf,  near  two  feet  wide  and  four  inches  thick,  was 
then  cut  and  firmly  placed  over  the  whole :  this  left  in 
the  bottom  of  the  drain  an  open  fpace,  of  more  than 
fix  inches  fquare,  for  the  water  to  pafs.  The  whole 
was  then  completed  by  filling  in  the  upper  part  of  the 
drain. 

In  this  way  the  author  drained,  for  about  L,  80, 
thirty  acres  of  land,  which,  from  being  of  no  value 
whatever,  became  worth  at  lead  14  (hillings  per  acre  of 
yearly  rent.  He  likewife  hollow- drained  nine  acres  by 
the  method  preferibed  for  the  third  clafs  of  wet  land. 
Thefe  drains  were  made  a  few  yards  below  that  part  of 
each  field  where  the  dry  and  wet  land  feparate,  about 
22  inches  deep,  with  Tides  and  a  coverer  of  ftone,  and 
ling  on  the  top  of  it,  to  keep  the  earth  from  running 
in.  The  length  of  thefe  drains  was  880  yards,  and  the 
expence  of  labour  and  materials  three  halfpence  per 
yard.  .  The  drains,  in  wet  weather,  difeharge  a  large 
quantity  of  water  ;  and  will,  he  has  no  doubt,  anfwer 
the  intended  purpofe.  Thus  far  relates  to  land  in  his 
own  occupation. 

Nine  acres  of  the  land  in  the  earl  of  Aylesford’s  occu¬ 
pation  wras  almoft  an  entire  pulp.  This  bog  was  of  the 
fecond  clafs,  namely,  water  palling  through  a  quick- 
land,  and  confined  by  a  ftratum  of  clay  below,  and  ano¬ 
ther  ftratum  of  clay  above  it.  The  water  thus  con¬ 
fined,  being  prefied  by  its  fonntain,  and  forced  up  thro’ 
the  weakeft  parts  of  the  ,clay,  had  formed  a  bog  of  ir¬ 
regular  thicknefs  on  the  furface,  in  fome  places  fix  feet 
deep,  in  others  not  more  than  two.  As  there  is  a  con 
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The  water  rlfing  rapidly  through  thefe  holes  into  the 
clofe  drains,  has  effected  a  complete  cure  of  this  land, 
eveiy  part  of  which  will  now  bear  a  horfe  to  gallop 
upon  it.  Thefe  drains  difeharge  3660  gallons  an  hour  ; 
which  is  much  lefs  than  they  did  at  firft,  as  mail  be  the 
cafe  in  all  bogs.  This  land  will  be  worth  twenty  (hil¬ 
lings  per  acre.  The  draining  colt  twenty- five  pounds.; 
and  the  length  of  the  under-ground  drains  is  eight  hun¬ 
dred  and  fourteen  yards. 

Mr  Wedge  had  juft  finifhed  (January  1792)  drain¬ 
ing  another  piece  of  land,  about  forty-three  acres.  As 
this  was  intended  to  anfwer  two  purpofes,  one,  to  drain 
the  land,  the  other,  to  give  an  additional  fupply  of  wa¬ 
ter  to  a  mill-pool,  and  as  a  circumftance  arofe  in  the 
execution  of  the  work  which  frequently  happens  in 
draining  land,  namely,  a  Hidden  alteration  in  the  po- 
fition  of  the  under  ftrata — a  defeription  thereof  will 
not,  we  hope,  be  thought  tedious.  This  draining  was 
begun  at  the  level  of  a  mill  pool,  and  continued.  C\vith- 
out  any  great  difficulty,  to  the  diftance  of  about  thirty- 
two  chains,  in  the  manner  before  deferibed  as  a  cure  for 
the  fecond  clafs  of  boggy  land  :  but  at  or  near  that 
place  the  under  ftrata  altered  their  pofition  ;  the  quick- 
fand  which  conveyed  the  water  now  became  of  twiee 
its  former  thicknefs  ; -and  the  clay,  which  had  hitherto 
been  above  that  quick-fand,  for  fome  diftance  difap- 
peared.  From  the  quick  fand  thus  becoming  fo  much 
deeper,  he  could  not,  with  the  level  of  the  mill-pool, 
cut  through  it  ;  nor  indeed,  from  the  wetnefs  of  the 
feafon,  would  fuch  an  operation  have  been  proper.  He 
therefore  continued  a  fhallow  drain  to  fome  diftance, 
making  fide-holes  into  the  quick-fand,  which  ran  freely; 
but*a3  this  could  not  cure  the  whole  of  the  bog  below, 
he  branched  out  another  drain  (which  was  made  by  the 
method  deferibed  for  curing  the  fecond  clafs  of  wet  or 
boggy  land),  by  finking  a  clofe  drain  through  the  up- 
per  ftrata  into  the  upper  clay,  and  then,  at  a  fmall  dif¬ 
tance  on  one  fide  of  this  clofe  drain,  boring  a  hole  with 
an  auger  through  the  remaining  part  of  that  clay  into 
the  quick-fand  ;  and  at  every  eight  yards,  as  this  clofe 
drain  advanced,  ftill  boring  other  holes,  in  the  manner 
before  deferibed  :  through  many  of  thefe  holes  the  wa¬ 
ter  rufhed  with  great  rapidity.  The  water  difeharged 
by  thefe  drains  into  the  mill-pool  is  168  gallons  per  mi¬ 
nute,  or  3780  hogfheads  in  a  day  ;  which  is  after  the 
rate  of  1,379,700  hogfheads  in  a  year. 

About  fix  acres  of  this  land  were  always  found ;  a- 
bout  twelve  acres  on  the  north  fide  were  an  abfolute 
pulp,  and  the  remaining  twenty- fix  acres  very  unfound. 
The  whole  is  now  found,  and  will  when  cultivated  be 
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i  tn  ll  t  n  ,  j  from  eaft  to  welt,  he  thought  worth  fixteen  {hillings  per  acre.  This  land  would  have 
it  expedient  to  out  two  drains  into  it  •  nnA  tkic  1 _ _  j  i  i  r 
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it  expedient  to  put  two  drains  into  it ;  and  this  appears 
to  him  to  have  been  neceffary,  from  a  confideration  that 
both  thefe  drains  continue  to  run  in  the  fame  propor¬ 
tions  as  when  firft  opened.  The  manner  in  which  thefe 
drains  were  executed  was,  by  digging  through  the. dif¬ 
ferent  upper  ftrata,  and  as  deep  into  the  clay  as  the 
main  open  drain  would  admit  ;  then  digging  or  boring 
through  the  remaining  part  of  that  clay  into  the  quick- 
land,  at  the  diftance  of  about  fix  yards,  in  a  progreftive 
manner. 


been  drained  at  a  much  lefs  expence  into  the  main  open 
drain  ;  but  then  the  water,  which  was  much  wanted 
for  the  mill,  would  have  been  loft.  Thefe  clofe  drains 
are  in  length  1452  yards,  and  coft  L.  100,  of  which 
about  L.  30  ought  to  be  charged  to  the  mill. 

Important  as  this  fubjeeft  is,  we  mnft  not  enlarge  this 
article,  or  we  fhould  make  large  extra&s  from  Dr  An- 
derfon’s  P rafilccil  ^Treatife  on  JJ raining  Bogs  and  Swam¬ 
py  Grounds ,  lately  publifhed.  It  is  propel*,  however* 
to  inform  the  public,  that  the  author  puts  in  his  claim 

for 


Mr  c^dour  he^wflWcknowledge6  **  *>*  with  Mr  Bayley,  and  we  hope  that  with 
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leffcra  for  being  the  hrft  difcoverer  of  that  mode  of  draining 
\\  for  which  Mr  Elkington  lias  obtained  from  parliament 
?  utPr*  a  premium  of  L  1000  ;  and  the  reader  who  fhall  turn 
to  the  article  Drains  in  the  Encyclopaedia,  will  per¬ 
ceive  that  his  claim  is  well-founded. 

DROSSERA  Anglicana,  or  the  Sundew  (fee 
Prosser  a,  EnvycL),  is  a  very  minute  villous  plant, 
ufually  growing  entangled  with  mofs  on  peat  bogs  ;  the 
.leaves  are  curioufly  fringed  with  numerous  ftrong  red- 
difb  hairs,  terminated  by  fmall  pellucid  globules  of"vif- 
cons  liquor,  which  occafion,  by  the  refle&ion  of  the 
-fun,  that  peculiar  luftre  from  which  its  name  is  derived. 
It  is  in  thefe  hairs  that  the  effential  properties  of  the 
-  plant  refide  ;  for  if  a  fmall  infedl  fhonld  fix  itfelf  on  one 
of  the  leaves,  thefe  hairs  immediately  begin  to  clofe* 
one  by  one,  till  the  infeft  is  wholly  environed  by  them, 
and  then  the  leaf  in  which  it  is  imprifoned  gradually 
bends  inwards,  fo  as  to  reach  the  bafe  :  in  this  ftafe 
the  infeCl  is  killed  by  the  operation  of  the  acrimonious 
juice  exuding  from  the  ends  of  the  hairs.  Rothius 
(as  quoted  by  Withering,  in  his  Arrangement  of  Bri- 
tifh  Plants,)  mentions  the  effe&s  of  this  fingular  plant, 
occafioned  by  the  irritation  of  an  .ant,  which  he  placed 
on  the  centre  of  one  of  the  leaves  with  a  pair  of  pincers. 
The  ant,  in  endeavouring  to  efcape,  was  held  fad:  by 
-the  vifeous  juice  of  the  fmaller  hairs  till  the  large  ones, 
-together  with  the  edges  of  the  leaf,  clofed  in  and  im 
.priioned  it.  The  ant  died  in  fifteen  minutes ;  but  he 
obferves,  that  the  effects  followed  fooner  or  later,  in  dif¬ 
ferent  experiments,  according  to  the  Rate  of  the  wea¬ 
ther.  Dr  Withering  has  pnblifhed  a  fimilar  account  of 
the  fenfitive  properties  of  the  fundevv,  which  was  com¬ 
municated  to  him  by  two  of  his  botanical  friends,  and 
which  he  has  made  very  entertaining  and  intereftiilg. 
The  fame  thing  is  confirmed  by  a  writer  in  the  Month¬ 
ly  Magazine  for  Auguit  1797  ;  who  fays,  that  when¬ 
ever  he  made  experiments  on  the  drofiera  with  ants  and 
other  diminutive  ir.feCts,  he  commonly  found  them  perifh 
in  a  fhorter  time  than  fifteen  minutes.  His  experiments 
were  made  on  the  drofiera  rotundifolia.  Rothius,  how¬ 
ever,  obierves,  that  the  longifolia  produces  the  fame  ef¬ 
fects,  but  with  greater  rapidity.  In  concluding  his  ac¬ 
count,  Dr  Withering  fuggefts  this  enquiry  :  i(  Whether 
this  deftru&ion  of  infedls  be  not  uecefiary  to  the  welfare 
of  the  plant  V ’  And  it  is  furely  worth  fome  botanifl’s 
while  to  take  fome  pains  to  anfwer  the  queftion. 

DRUGS  (fee  EncycL )  are  fo  commonly  counter¬ 
feited,  or  at  leall  adulterated,  that,  in  London,  the 
royal  college  of  phyficians,  it  is  well  known,  has  long 
ago  appointed  a  court  of  examiners  to  inveftigate  the 
goodnefs  of  drugs  and  medicines  in  the  different  che- 
mifts  and  apothecaries  fhops.  The  counterfeit,  how¬ 
ever,  is  made  up  with  fuch  dexterity,  that  not  only  the 
merchant  and  drug-broker,  but  even  the  man  of  fkill  is 
fometimes  deceived  ;  and  indeed  nothing  can  detedt  this 
impofition  but  a  pra&ical  knowledge  of  chemiftry. 
We  therefore  recommend  it  to  every  father  of  a  family 
to  ftudy  our  Supplementary  article  Chemistry  with 
this  view,  if  with  no  other  ;  for  whatever  be  the  faults 
<)f  that  article,  we  have  loft  much  labour  if  it  be  not 
fufficiently  perfpicuous  to  enable  eveiy  man,  not  an  ab- 
folute  {hanger  to  phyfical  fcience  in  all  its  branches,  to 
detedf  the  common  iin^ofiures  of  drug-fellers. 

DUFTER,  in  Bengal,  an  office  or  department. 

Dut  ter  Cana ,  the  place  where  the  office  is  kept. 


DWARFING  of  Vegetables,  an  art  invented  by 
the  Chinefe,  to  which  the  attention  of  Sir  George 
Staunton  was  attra&ed  on  the  following  occafion  : 

When  the  embaffy  was  at  Cluifan  (See  Chus  an  in 
this  Supplement),  the  gentlemen  who  went  on  fhore 
were  introduced  to  the  governor  in  his  hall  of  audience, 
where  on  feveral  tables  were  placed,  in  frames  filled 
with  earth,  dwarf  pines,  oaks,  and  orange  trees,  bear¬ 
ing  fruit.  None  of  them  exceeded  in  height  two  feet. 
Some  of  thofe  dwarfs  bore  all  the  marks  of  decay  from 
age  1  and  upon  the  furface  of  the  foil  were  interfperfed 
fmall  heaps  of  (tones,  which,  in  proportion  to  the  ad¬ 
joining  dwarfs,  might  be  termed  rocks.  Thefe  were 
honey-combed  and  mofs-grown,  as  if  untouched  for 
ages,  which  ferved  to  maintain  the  ilhifion,  and  to  give 
an  antique  appearance  to  the  whole.  This  kind  of 
Hunted  vegetation  feemed  to  be  much  relifhed  by  the 
curious  in  China;  and  fpecimens  of  it  were  to  be  found 
in  every  confiderable  dwelling.  To  produce  them  form¬ 
ed  a  part  of  the  gardener’s  (kill,  and  was  an  art  invent¬ 
ed  in  that  country.  Befide  the  mere  merit  of  overco¬ 
ming  a  difficulty,  it  had  that  of  introducing  vegetables 
into  common  apartments,  from  which  their  natural  lize 
muff  otherwife  have  excluded  them. 

The  general  method  of  obtaining  vegetable  dwarfs  is 
faid  to  be  the  following  :  A  quantity  of  clay  or  mould 
is  applied  to  the  upper  part  of  the  trunk  of  a  tree,  from 
which  a  dwarf  is  intended  to  be  taken  and  clofe  to  its 
divilion  into  branches.  The  mold  is  to  be  confined  to 
the  fpot  by  coarfe  hempen  or  cotton  cloth,  and  to  be 
carefully  kept  moift  by  water.  In  confequence  of  this 
application,  continued  fometimes  above  a  twelvemonth, 
lmall  tender  fibres  (hoot  down  like  roots  from  the  wood 
into  the  mould.  The  part  of  the  trunk  emitting  thofe 
new  fibres,  together  with  the  branch  rifing  immediately 
above  it,  is  then  to  be  carefully  ieparated  from  the  reft 
of  the  tree,  and  planted  in  new  earth,  in  which  the 
fibres  become  new  roots,  while  the  former  branch  is 
now  the  ftem  of  the  vegetable  thus  transformed  in  fome 
meafure.  This  operation  does  not  deftroy  or  alter  the 
productive  faculty  which  thofe  parts  enjoyed  before  l heir 
feparation  from  their  parent  root.  That  which,  while 
a  branch  of  the  original  tree,  bore  flowers  and  fruit,  con¬ 
tinues  to  produce  the  fame,  though  no  longer  fupport- 
ed  upon  any  (lock.  The  terminal  buds  of  futh  branches 
of  trees  as  are  meant  to  become  dwarfs  are  torn  off ; 
which  circumftance  prevents  the  further  elongation  of 
thofe  blanches,  and  forces  other  buds  and  branchlets 
from  the  Tides.  Thefe  branchlets  are  bent  by  wires  to 
whatever  form  the  operator  wifhes  :  and  when  the  ap¬ 
pearance  of  age  and  decay  is  meant  to  be  given  to  a 
dwarf  tree,  it  is  repeatedly  fmeared  with  treacle  or  mo- 
laffts,  which  attra&s  multitudes  of  ants,  who,  in  pur¬ 
suit  of  thofe  fwfet  juices,  attack  the  bark,  and,  by 
a  gradual  corvofion  of  it,  produce  the  del Red  effect. 
Tliefe  different  proceffes  are  fometimes  attempted  to  be 
kept  fecret  by  the  gardeners,  and  they  vary  defignedly 
in  the  mode  of  carrying  them  on  ;  but  the  principle  on 
which  they  are  founded  is  -fufficieutly  apparent  from 
what  is  related  here  ;  and  the  contrivance  argues  inge¬ 
nuity  and  perfeverance,  rather  than  the  practice  does 
true  tafle,  which  confifts  in  affiRing  nature  in  its  moll 
favourite  works — not  in  counteracting  its  operations  or 
difforting  its  productions. 

DYEING  is  an  art,  into  which,  fince  the  article  in 
,  •  3  R  2  the 
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the  Encyclopaedia  was  publifhed,  improvements  have 
been  introduced  of  fuch  importance,  that  it  would  be 
unpardonable  not  to  notice  them  in  this  Supplement. 
We  accordingly  agreed  for  a  new  article  with  a  teacher 
of  chemiftry,  drongly  recommended  to  ns  as  a  man  who 
had  long  dire&ed  his  attention  to  that  fubjedt ;  and  he 
folemnly  engaged  to  have  the  article  ready  for  theprtfs 
before  the  id  of  November  1798.  It  is  now  the  20th 
of  February  1799  ;  and  after  amufing  us  from  week  to 
week,  and  from  day  to  day,  till  our  patience  is  quite 
exhaufted,  he  finds  himfejf  unable  (for  we  will  not  at¬ 
tribute  his  condudt  to  a  worfe  motive)  to  fulfil  his  en¬ 
gagement.  In  this  date  of  things  what  are  we  to  do  ? 
The  fubjedt  mult  not  be  relinquished,  and  our  mime- 
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roue  pre-fifes  can  no  longer  Hand  unemployed.  It  is  for¬ 
tunate  that,  by  following  the  arrangement  of  Chaptal, 
fo  well  known  for  the  clearnefs  of  his  method,  we  have 
yet  an  opportunity  of  treating  of  dyeing  under  the  ar¬ 
ticle  Animal  and  Vegetable  Substances  referred  to  from 
Chemistry.  Such  of  our  readers  as  are  acquainted 
with  the  bufinefs  of  the  prefs,  will  deem  this  fliort  nar¬ 
rative  a  fufficient  apology  for  our  condudt ;  and  even 
thofe  of  them  who  are  in  a  great  meafure  Grangers  to 
that  bufinefs,  will  not  think  us,  circumftanced  as  we  are, 
deferving  of  much  cenfurc  for  delaying  a  fubjeft,  which 
we  pledge  ourfelves  not  to  omit  under  the  article  ia 
which  we  have  referred. 


DYNAMICS. 


Definition. 


Objedl  of 


thing 
which  we 
call  its  mo - 
tkn , 


THIS  name  marks  that  department  of  phyfico- 
mathematical  fcience  which  contains  the  abdradl 
dodtrine  of  moving  forces;  that  is,  whatever  neccf- 
farily  refults  from  the  relations  of  our  ideas  of  motion, 
and  of  the  immediate  caufes  of  its  produdtion  and 
changes. 

dynamics  is  .  ^  changes  of  motion  are  confidered  by  us  as  the  in¬ 
change  of1  dications,  the  charadteridics,  and  the  meafures  of  clian- 
that  condi-  gmg  caufes.  This  is  a  phyfical  law  of  human  thought, 
tion  of  a  and  therefore  a  principle  to  which  we  may  refer,  and 
from  which  we  mud  derive  all  our  knowledge  of  thofe 
caufes.  When  we  appeal  to  our  own  thoughts  or  feel¬ 
ings,  we  do  not  find  in  ourfelves  any  difpofition  to  refer 
mere  exigence  to  any  caufe,  although  the  beginning 
of  exiflence  certainly  produces  this  reference  in  an  in- 
flaat.  Had  we  always  cbferved  the  univerfe  in  mo¬ 
tion,  it  does  not  appear  that  we  fhould  have  aferibed  it 
to  a  caufe,  till  the  obfervation  of  relative  red,  or  fome- 
thing  leading  to  it,  had  enahled  us  to  feparate,  by  ab- 
dradtion,  the  notion  of  matter  from  that  of  motion.  We 
might  then  perceive,  that  red  is  not  incompatible  with 
matter  ;  and  we  might  even  obferve,  by  means  of  rela¬ 
tive  motions,  that  abiolute  red  might  be  produced  by 
the  con courfe  of  equal  and  oppofite  motions.  But  all 
this  requires  refle&ion  and  reasoning  ;  whereas  we  are 
now  {peaking  of  the  firft  fuggeftions  of  our  minds. 

3  We  cannot  have  any  notion  of  motion  in  abjlraaa , 

without  confidering  it  as  a  date  or  condition  of  ex'iftence, 
which  would  remain,  if  not  changed  by  fome  caufe.  It 
is  frorn^  changes  alone,  therefore,  that  we  infer  any 
agency  in  nature  ;  and  it  is  in  thefe  that  we  are  to  find 
4  ail  that  we  know  of  their  caufes. 

Mechanical  When  we  look  around  us,  we  cannot  but  obferve, 
relation,  that  the  motions  of  bodies  have,  in  mod  cafes,  if  not 
wha*  always,  fome  relation  to  the  fituatiori,  the  didance,  and 
the  diicriminating  qualities  of  other  bodies.  The  mo¬ 
tions  of  the  moon  have  a  palpable  relation  to  the  earth; 
the  motions  of  the  tides  have  as  evident  a  relation  to  the 
moon  ;  the  motions  of  a  piece  of  iron  have  a  palpable 
dependence  on  a  magnet.  The  vicinity  of  the  one 
feems  to  be  the  occafion,  at  lead,  of  the  motions  of  the 
other.  The  .  caufes  of  thefe  motions  have  an  evident 
conne&ion  with  or  dependence  on  the  other  body.  We 
are  even  difpofed  to  imagine,  that  they  are  inherent  in 
that  body,  and  that  it  jfodefTes  certain  qualities  which 
are  the  caufes  of  thofe  modifications  of  motion  in  other 


bodies.  Thefe  ferve  to  didinguifh  fome  bodies  from 
others,  and  may  therefore  be  called  properties  ;  and, 
fince  the  condition  of  other  bodies  fo  evidently  depends 
on  them,  thefe  properties  exprefs  very  interefting  rela¬ 
tions  of  bodies,  and  are  chiefly  attended  to  in  the  enu¬ 
meration  of  the  circumftances  which  afeertain  what  we 
call  the  nature ^of  any  thing.  We  do  not  mean  to  fay', 
that  thefe  inferences  are  always  jud  ;  n^y,  we  know 
that  many  of  them  are  ill-founded  :  but  they  are  real, 
and  they  ferve  abundantly  for  informing  us  what  we 
may  expert  from  any  propofed  fituation  of  things.  It 
is  enough  for  us  to  know,  that  when  a  piece  of  iron  is 
lo  and  fo  fituated  in  relation  to  a  magnet,  it  will  move 
in  a  certain  manner. 

I  his  mutual  relation  of  bodies  is  differently  confider¬ 
ed,  according  to  the  intereft  that  we  chance  to  take  in 
the  phenomenon.  Fhe  caufe  of  the  approach  of  the 
iron  to  a  magnet  is  generally  aferibed  to  the  magnet, 
which  is  faid  to  attract  the  iron,  becaufc  we  commonly 
employ  the  magnet  in  order  that  thefe  motions  may 
take  place. .  The  fimilar  approach  of  a  done  to  the 
earth  is  aferibed  to  the  done,  and  we  fay  that  it  tends 
to  the  earth.  In  all  probability,  the  procedure  of  na¬ 
ture  is  the  fame  in  both;  for  they  are-obferved,  in  eve- 
ry  indance,  to  be  mutual  between  the  related  bodies. 
.A.S  iron  approaches  a  magnet,  fo  the  magnet  approach¬ 
es  the  iron.  The  fame  thing  is  obferved  in  the  motions 
of  eledfrified  bodies  ;  alfo  111  the  cafe  of  the  done  and 
the  earth.  Fherefore  the  caufe  of  the  motions  may  be 
conceived  as  inherent  in  either,  or  in  both. 

Fhe  qualities  thus  inherent  in  bodies,  condituting 
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their  mechanical  relations,  have  been  called  the  mech  a-  Aflion  ar 


nical  affections  of  matter.  But  they  are  more%uratiV 

*  -  .ternisw) 


commonly  named  powers  or  forces  and  the  event 
which  indicates  their  prefence,  is  confidered  as  the  ef  "unite 
fe£i  and  mark  of  their  agency.  The  magnet  is  faid  to 
act  on  the  iron,  the  earth  is  faid  to  act  on  the  done; 
and  the  iron  and  the  done  are  faid  to  act  on  the  mag¬ 
net  and  on  the  earth.  b 

All  this  is  figurative  or  metaphorical  language.  All 
languages  have  begun  with  focial  union,  and  have  im¬ 
proved  along  with  it.  The  fird  colle&ions  of  words 
expreffed  the  mod  familiar  and  the  mod  interefting  no¬ 
tions.  In  the  procefs  of  focial  improvement,  the  num¬ 
ber  of  words  did  not  increafe  in  the  fame  proportion 
with  the  notions  that  became  interefting  and  familiar  in 

their 
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their  turn  :  for  it  often  hrpptned  that  relations  of  cer¬ 
tain  ideas  fo  much  rtfembled  the  relations  of  certain 
other  ideas,  that  the  word  exprefling  one  of  them  ferved 
very  well  for  exprefling  the  other ;  became  the  diflimilar 
circumftances  of  the  two  cafes  prevented  all  chance  of 
iniftake.  Thus  we  are  faid  to  funnount  a  difficulty, 
without  attaching  to  the  word  the  notion  o $  getting  over 
a  fteep  hill.  Languages  are  thus  tilled  with  figurative 
expreffions. 

M  a  Power,  Force,  and  Action,  are  words  which  mull 
l,yis  have  appeared  in  the  language  of  the  mofl  Ample  peo- 
i  nthe  pie;  becaufe  the  notions  of  perfonal  ability,  Arength, 
t  » ^ut  and  exertion,  are  at  once  the  moft  familiar  and  the  mofl 
j’ie“  interefting  that  can  have  a  place  in  the  human  mind. 
Thefe  terms,  when  ufed  in  their  pure,  primitive  fenfe, 
exprefs  the  notions  of  the  power,  force,  and  aftion  of 
a  fentient,  active,  being.  Such  a  being  only  is  an 
agent.  The  exertion  of  his  power  or  force  is  (excln- 
fively)  aftion  :  But  the  relation  of  caufe  and  effeft  fo 
much  refembles  in  its  refults  the  relation  between  this 
force  and  the  work  performed,  that  the  fame  term  may 
be  very  intelligibly  employed  for  both.  Perhaps  the 
only  cafe  of  pure  unfigurative  action  is  that  of  the 
mind  on  the  body.  But  as  this  is  always  with  the 
deflgn  of  producing  fomc  change  on  external  bodies, 
we  think,  only  of  them  ;  the  inflrument  or  tool  is 
overlooked,  and  we  fay  that  we  aft  on  the  external 
body.  Our  real  aftion  therefore  is  but  the  flrfl  move¬ 
ment  in  a  long  train  of  fucceffive  events,  and  is  but  the 
remote  caufe  of  the  interefling  event.  The  rtfemblance 
to  fuch  aft  ions  is  very  itrong  indeed  in  many  cafes  of 
mechanical  phenomena.  A  man  throws  a  ball  by  the 
motion  of  his  arm.  A  fpring  impels  a  ball  in  the  fame 
maimer  by  unbending.  Thefe  two  events  refemble 
each  other  in  every  circumflance  but  the  aftion  of  the 
mind  on  the  corporeal  organ  — the  refl  of  it  is  a  train 
of  pure  mechaniim.  In  general,  becaufe  the  ultimate 
refults  of  the  mutual  influence  of  bodies  on  each  other 
greatly  refemble  the  ultimate  refults  of  our  aftious  on  bo¬ 
dies,  we  have  not  invented  appropriated  terms,  but  have 
contented  ourfelves  with  thofe  already  employed  for  ex- 
prelflng  our  own  aft  ions,  the  exertions  of  our  own 
powers  or  forces.  The  relation  of  phyfleal  caufe  and 
effeft  is  expreffed  metaphorically  in  the  words  which 
belong  properly  to  the  relation  of  agent  and  aftion. 
This  has  been  attended  by  the  ufual  confequences  of 
poverty  of  language,  namely,  ambiguity,  and  fometimes 
miflake,  both  in  our  refleftions  (which  are  generally 
carried  cn  by  mental  difeourfe),  our  reafonings,  and 
our  concluflons.  It  is  neeeflary  to  be  on  our  guard 
again  ft  fuch  miflakes  ;  for  they  frequently  amount  to 
tbv  confounding  of  things  totally  different.  Many  phi- 
lofophers  cf  great  reputation,  on  no  better  foundation 
than  this  metaphorical  language,  have  confounded  the  re¬ 
lations  of  aftivity  and  of  caufation,  and  even  denied  that 
there  is  any  difference  ;  and  they  have  affirmed,  that 
there  is  the  fame  invariable  relation  between  the  deter¬ 
minations  of  the  will  and  the  inducements  that  prompt 
them,  as  there  is  between  any  phyfleal  power  and  its 
effeft.  Others  have  maintained,  that  the  flrfl  mover 
in  the  mechanical  operations,  and  indeed  through  the 
whole  train  of  any  complicated  event,  is  a  percipient 
and  intending  principle  in  the  fame  manner  as  in  our 
aftions.  According  to  thefe  philofophers,  a  particle 
of  gravitating  matter  perceives  its  relation  to  every 
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other  particle  in  the  umvevfe,  and  determines  its  own 
motion  accoiding  to  fixed  laws,  in  exaft  conformity  to 
its  fltuation.  But  the  language,  and  even  the  aftions 
of  all  men,  (hew  that  they  have  a  notion  of  the  relation 
of  an  agent  to  the  aftion,  eafily  di A ingui finable  (becaufe 
all  diflinguifh  it)  from  the  relation  between  the  phyfi- 
cal  caufe  and  its  effeft.  The  proofs  of  this  faft  have 
been  adduced  in  other  parts  of  the  Encyclopaedia  Bri- 
tannica,  as,  for  example,  in  the  article  Philosophy, 
n°42.  and  in  this  Supplement  in  the  article  Action. 

Thefe  remarks  are  not  made  in  this  place  for  any 
philological  purpofe,  fuch  as  the  mere  improvement  of 
language;  but  becaufe  this  metaphorical  language  has 
affefted  the  doftrines  of  mechanical  philefophy,  and 
has  produced  a  difpute  about  fiome  of  its  fin  ft  princi¬ 
ples  ;  and  becaufe  we  find,  that  the  only  way  to  decide 
this  difpute  is  to  avoid,  mofl  fcrupuloufly,  all  metapho¬ 
rical  language,  though  at  the  expence  of  much  circum¬ 
locution.  1 

When  we  fpeak  of  powers  or  forces  as  reflding  in  a  nire&iom 
body,  and  the  effeft  as  produced  by  their  exertion,  thefor  the  fafe 
body,  confidered  as  pofTeffing  the  power,  is  faid  to  ACTtmploy- 
on  the  other.  A  magnet  is  faid  to  aft  on  a  piece  ofment 
iron  ;  a  billiard  ball  in  motion  is  faid  to  aft  on  oneanaickT* 
that  is  hit  by  it  :  but  if  we  attempt  to  fix  our  atten¬ 
tion  on  this  action,  as  diftinft  both  from  the  agent 
and  the  thing  afted  on,  we  find  no  objeft  of  contem¬ 
plation— the  exertion  or  procedure  of  nature  in  produ¬ 
cing  the  effeft  docs  not  come  under  our  view.  When 
we  fpeak  of  the  aftion  as  diflinft  from  the  agent,  we 
find  that  it  is  not  the  aftion,  properly  foeaking,  but 
the  aft,  that  we  fpeak  of.  In  like  manner,  the  aftion 
of  a  mechanical  power  can  be  conceived  only  in  the  effeft 
produced. 

A  man  is  not  faid  to  aft  nnltfs  he  produces  fome 
effeft.  Thought  is  the  aft  of  the  thinking  principle  ;  plies 
motion  of  the  limb  is  the  aft  of  the  mind  on  it.  .  In  change ; 
mechanics,  alfo,  there  is  aftion  only  in  fo  far  as  there  a"^  .mtfe 
is  mechanical  effeft  produced.  I  rtiufl  aft  violently  in  no^aAiwi 
order  to  begin  motion  on  a  Aide  :  I  mu  A  exert  force, 
and  this  force  exerted  produces  motion.  I  conceive 
the  produftion  of  motion,  in  all  cafes,  as  the  exertion 
of  force  ;  but  it  requires  no  exertion  to  continue  the 
motion  along  the  Aide  ;  I  am  confcions  of  none,  there¬ 
fore  I  ought  to  infer  that  no  force  is  neceffary  for  the 
continuation  of  any  motion.  The  continuation  of  mo¬ 
tion  is  not  the  produftion  of  any  new  effeft,  but  the 
permanency  of  an  effeft  already  produced.  We  in¬ 
deed  confider  motion  as  the  effeft  of  an  aftion  ;  but 
there  would  be  no  effeft  if  the  body  were  not  moving. 

Motion  is  not  the  aftion,  but  the  effeft  of  the  aftion. 

Mechanical  aftions  have  been  ufuaily  claffed  under  8  . 
two  heads:  they  ore  cither  Pressures  or  Impul-^^"> tfKm 
sions.  They  are  generally  confidered  as  of  different  J 
kinds;  the  exertions  of  different  powers.  Pressure 
is  fuppofed  to  differ  effeiitially  from  Impulse. 

inftead  of  attempting  to  define,  or  deferibe,  thefe 
two  kinds  of  forces  and-  aftions,  we  {hail  juft,  mention 
feme  inftances.  This  will  give  us  all  the  knowledge  of 
their  diftinftions  that  wc  can  acquire. 

When  a  ball  lies  on  a  table,  and  I  prefs  it  gently  on  Example* 
one  fide,  it  moves  toward  the  other  fide  of  the  table,  of  preffion. 
If  I  follow  it  with  my  finger,  continuing  my  preflure, 
it  accelerates  continually  in  its  motion.  In  like  man¬ 
ner,  when  I  prefs  on  the  handle  of  a  common  kitchen 

jack, 
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jack,  the  fly  'begins  to  move.  If  I  continue  to  urge  or 
prefs  round  the  handle,  the  fly  accelerates  continually, 
and  may  be  brought  into  a  ftate  of  very  rapid  motion. 
Thefe  motions  are  'ehe  effefts  of  genuine  preffnre.  The 
•kali  would  be  urged  along  the  table  in  the  fame  man- 
ner,  and  with  a  motion  continually  accelerated,  by  the 
unbending  of  a  fpring.  Alfo,  a  fpring  coiled  up  round 
the  axis  of  the  handle  of  the  jack  would,*  by  uncoiling 
itfelf.  urge  round  the  fly  with  a  motion  accelerating  in 
the  fame  way.  The  more  I  reflect  on  the  preffure  of 
my  finger  on  the  ball,  and  compare  it  with  the  effeft 
of  the  fpring  on  it,  the  more  clearly  do  I  fee  the  per- 
fed!  fimilarity  ;  and  I  call  thefe  influences,  exeitions, 
or  aft  ions,  by  one  name,,  pres  sure,  taken  from  the 
moil  familiar  inftance  of  them. 

Again,  the  very  fame  motion  may  be  produced  in 
:  ^ke  ball  or  hy  pulling  the  ball  or  the  machine  by 
means  of  a  thread,  to  which  a  weight  is  fufpended  As 
both  are  motions  accelerated  in  the  fame  manner,  I  call 
the  influence  or  aftion  of  the  thread  on  the  ball  or  ma¬ 
chine  by  the  fame  name  pressure,  and  weight  is  con- 
Adered  as  a  prefiing  power.  Indeed  1  feel  the  fame  com- 
prefiion  from  the  real  preffure  of  a  man  on  my  fhoul- 
ders  that  I  would  feel  from  a  load  laid  on  them.  But 
'  ^e  weight  in  our  example  is  afting  by  the  intervention 
of  the  thread.  By  its  preffure,  it  is  pulling  at  that  part 
of  the  thread  to  which  it  is  faftened  ;  this  part  is  pul¬ 
ling  at  the  next  by  means  of  the  force  of  cohefion  ;  and 
this  pulls  at  a  third,  and  fo  on,  till  the  moll  remote 
pulls  at  the  ball  or  the  machine.  Thus  may  elafticity, 
weight,  cohefion,  and  other  forces,  perform  the  office 
of  a  genuine  power;  and  fince  their  refnlt  is  always  a 
motion  beginning  from  nothing,  and  accelerating  by 
perceptible  degrees  to  any  velocity,  this  refembiance 
makes  us  call  them  by  one  familiar  name. 

But  farther,  I  fee  that  if  the  thread  be  cut,  the 
weight  will  fall  with  an  accelerated  motion,  which  will 
increafe  to.  any  degree,  if  the  fall  be  great  enough.  I 
aferibe  this  alfo  to  a  preffing  power  afting  on  the 
weight.  Nay,  after  a  very  little  refinement,  I  confider 
this  power  as  the  caufe  of  the  body’s  weight ;  which 
word  is  but  a  diftinguiAiing  name  for  this  particular 
inltance  of  preffing  power.  Gravitation  is  therefore 
added  to  the  lift  of  preffures ;  and,  for  fimilar  reafons, 
the  attraftions  and  repuliions  of  magnets  or  eleftric  bo¬ 
dies  may  be  added  to  the  lift  ;  for  they  produce  aftual 
compreffions  of  bodies  placed  between  them,  and  they 
produce  motions  gradually  accelerated,  precifely  as 
gravitation  does.  .Therefore  all  thefe  powers  may  be 
diftmguiflied  by  this  deferiptive  name  prefjiires ^  which, 
in  drift  language,  belongs  to  one  of  them  only.  ' 

Gravity,  st- .  Several  writers,  however,  fubdivide  this  great  clafs 
ifcraftions,  into  preffions  and  felicitations.  Gravity  is  a  folicita- 
fions^are*  tion  ab  extra,  by  which  a  body  is  urged  downward, 
eonfidered  bke  manner,  the  forces  ofmagnetifm  and  eleftricity, 
as  preffionF.and  a  vaft  variety  of  other  attraftions  and  repulfions, 
are  called  folicit  aliens.  We  fee  little  ,ufe  for  this  dif- 
ti nft ion,  and  the  term  is  too  like  an  affe&ion  of  mind. 
Examples  Impulsion  is  exhibited  when  a  ball  in  motion  puts 
of  impul-  another  balHnto  motion  by  hitting,  or  (toipeak  meta- 
&on. 
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The  appearances,  here  are 
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very  differeiit.  The  body  that  is  ftruck  acquires,  iu 
the  inftant  of  inipulfe,  a  fenfible  quantity  of  motion,  and 
iometitnes  a  very  rapid  motion.  This  motion  is  neither 
^accelerated  nor  retarded  after  the  ftroke,  unlefs  it  be  af- 
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fedled  by  fome  other  force.  It  is  alfo  remaiked,  that 
the  rapidity  of  the  motion  depends,  inter  alia ,  on  the 
previous  velocity  of  the  (Inking  body  For  inftance, 
ii  a  clay  ball,  moving  with  any  velocity,  {trike  another 
equal  ball  which  is  at  reft,  the  ftruck  ball  moves  with 
half  the  velocity  of  the  other.  And  it  is  farther  re¬ 
markable,  that  the  ftriking  body  always  lofes  as  much  • 
motion  as  the  ftruck  body  gains  This  univerfal  and 
remarkable  fad  feeins  to  hav.e  given  rife  to  a  confufed 
or  indiftindt  notion  of  a  fort  of  transference  of  motion 
from  one  body  to  another.  The  phrafeology  in  gene¬ 
ral  ufe  on  this  fubjed  expreffes  this  in  the  moil  precife 
terms.  The  one  ball  is  not  faid  to  caufe  or  produce 
motion  in  the  other,  but  to  communicate  motion  to  it ; 
and  the  whole  phenomenon  is  called  the  communication 
of  motion.  We  call  this  an  indijlintt  notion  ;  for  fuielyC°nil| 
no  one  will  fay  that  he  lias  any  clear  conception  of  it.  C3tio| 
We  can  form  the  moft  diftind  notion  of  the  communi,  ””'1 
cation  of  heat,  or  of  the  caufe  of  heat ;  of  the  communi-  pidll 
cation  of  faltnefs,  fweetnefs,  and  a  thoufand  other 
things  ;  but  we  cannot  conceive  how  part  of  that  iden-  • 
tical  motion  which  was  formerly  in  A,  is  now  infiifed 
into  B,  being  given  up  by  A.  It  is  in  our  attempt  to 
form  this  notion  that  we  find  that  motion  is  not  a 
thing ,  not  a  fubftance  which  can  exift  independently,  and 
is  fufceptible  of  adual  transference.  It  appears  in  this 
cafe  to  be  a  ftate,  or  condition,  or  mode  of  exiftencc. 
o  which  bodies  are  fufceptible,  which  is  producible,  or 
(to.fpeak  without  metaphor)  caufable,  in  bodies,  and 
which  is  the  effed  and  clmraaerijlic  of  certain  natural 
qualities,  properties,  or  powers.  We  are  anxious  to 
have  our  readers  impreffed  with  clear  and  orecife  no¬ 
tions  on  this  fubjed,  being  confident  that  ffich,  and  on¬ 
ly  luch,  will  carry  them  through  fome  intricate  paths 
ox  mechanical  and  philofophical  refearch. 

The  remarkable  circumftance  in  this  phenomenon  is, 
that  a  rapid  motion,  which  requires  for  the  effeding  it  font  4 
the  action  of  a  preffing  power,  continued  for  a  fenfible,  diftinlj 
and  frequently  a  long  time,  feems  to  be  effeded  in  an  charT 
inftant  by  impulfion.  This  has  tended  much  to  fupl ‘“P'U  I 
port  the  notion  of  the  adual  transference  of  fometliing 
formerly  poffieffied  exclufively  by  the.  ftriking  body,  in- 
lienng  in  it,  but  feparable,  and  now  transfufed,  into 
the  body  ftneken.  And  now  room  is  found  for  the 
employment  /if  metaphor,  both  in  thought  ard  lan¬ 
guage.  1  \\t  Jinking  body  affe&s  the  body  which  it  thus 
impels:  It  therefore  poffeffies  the  power  of  impulfion, 
that  is,  of  communicating  motion.  It  poffeffies  it  only 
v^ll.eit  \sJn  motion.  This  power,  therefore,  is  the 
efficient  Minguiffimg  caufe  of  its  motion,  and  its  only 
ice  m.u ft  be  the  continuation  of  this  motion.  It  is 
therefore  called  the  inherent  force,  the  force  inhe¬ 
rent  in  a  moving  body,  vis  insita  corfori  moto.  This 
force  is  transfufed  into  the  body  impelled ;  and  therefore 
the  transference  is  inftantaneous,  and  the  impelled  body 
continues  its  motion  till  it  is  changed  by  fome  other  ac¬ 
tion.  All  this  is  at  flrft  fight  very  plauiible  ;  but  a 
fcrupulous  attention  to  'thofe  feelings,  which  have  given 
rife  to  this  metaphorical  conception,  Aiould  have  pro¬ 
duced 'V^y  different  notions.  1  am  confcions  of  exer¬ 
tion  in  order  to  begin  motion  on  a  Aide  ;  but  if  the  ice 
be  very  fmooth,  1  am  confcious  of  no  exertion  in  order 
to  Aide  along.  My  power  is  felt  oi>ly  while  I  am  con- 
fcioiis  of  exerting  it;  Therefore  I  have  no  primitive 
feeling  or  notion  of  power  while  I  am  Aiding  along.  I 
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am  certain  that  no  exertion  of  power  is  neceffary  here. 
Nay,  I  find  that  I  cannot  think  of  my  moving  forward 
without  effort  otherwife  than  as  a  certain  mode  of  my 
exiltence.  Yet  we  imagine  that  the  partifans  of  this 
opinion  ‘did  really  deduce  it  in  fome  fhape  from  their 
feelings.  We  muft  continue  the  exertion  of  walking  in 
order  to  walk  on  ;  our  power  of  walking  muff  be  conti¬ 
nually  exerted,  otherwife  we  (hall  flop  But  this  is  a  very 
imperfect,  incomplete,  and  carelefs  obfervation.  Walk¬ 
ing  is  much  more  than  mere  continuance  in  progrcfiive 
motion.  It  is  a  continually  repeated  lifting  our  body 
tip  a  fmall  height,  and  allowing  it  to  come  down  again. 
This  renewed  afeent  requires  repeated  exertion, 
jf.i.lto  We  have  other  obfervations  of  importance  yet  to 
r, finite,  make  on  this  force  of  moving  bodies,  but  this  is  not 
greater  the  moft  proper  occafion.  Meanwhile  we’ muft  remaik, 
TRf*  that  the  inflantaneous  produdlion  of  rapid  motion  by 
impulfe  has  induced  the  firft  mechanicians  of  Europe 
to  maintain,  that  the  power  or  force  of  impulfe  is  un- 
fufceptible  of  any  companion  with  a  prefixing  power. 
They  have  afferted,  that  impulfe  is  infinitely  great  when 
compared  with  preffure  ;  not  recoiled* ing  that  they  held 
them  to  be  things  totally  difparate,  that  have  no  pro¬ 
portion  more  than  weight  and  fweetnefs.  But  thefe 
gentlemen  are  perpetifey  enticed  away  from  their  creed 
by  the  fimilarity  of  the  ultimate  refults  of  preffure  and 
impulfe.  No  perfon  can  find  any  difference  between 
the  motion  of  two  balls  moving  equally  fvvift,  in  the 
fame  diredtion,  one  of  which  is  defending  by  gravity 
£nd  the  other  has  derived  its  motion  from  a  blow. 
This  ffruggle  of  the  mind  to  maintain  its  faith,  and  yet 
accommodate  its  dodlrines  to  uhat  we  fee,  has  occa¬ 
sioned  fome  other  curious  forms  of  expreffion.  Preffure 
is  confidered  as  an  effort  to  produce  motion  When  a 
ball  lies  on  a  table,  its  weight,  which  they  call  a  power , 
continually  and  repeatedly  endeavours  (mark  the  meta¬ 
phorical  word  and  thought)  to  move  the  ball  down¬ 
ward.  But  thefe  efforts  are  ineffedlual.  They  lay 
that  this  ineffedlual  power  is  dead ,  and  call  it  a  vis 
*:ortua  :  but  the  force  of  impulfion  is  called  avis 
viva,  a  living  force.  But  this  is  very  whimfical  and 
very  inaccurate-.  If  the  impelling  ball  falls  perpendi¬ 
cularly  on  the  other  lying  on  the  table,  it  will  produce 
no  motion  any  more  than  gravity  will ;  and  if  the  ta¬ 
ble  be  annihilated,  gravity  becomes  a  vis  viva . 
imients  We  muft  now  add,  that  in  order  to  prove  that  im- 
pulfe  is  infinitely  greater  than  preffure,  thefe  mechanici- 
i  vg0011'  nns  turn  onr  attention  to  many  familiar  fadls  which  plead 
ftrongly  in  their  favour.  A  carpenter  will  drive  a  nail 
into  a  board  with  a  very  moderate  blow  of  his  hammer. 
This  will  require  a  preffure  which  feems  many  hundred 
times  greater  than  the  impelling  effort  of  the  carpenter. 
A  very  moderate  blow  will  fhiver  into  pieces  a  diamond 
which  would  carry  the  weight  of  a  mountain.  Seeing 
this  prodigious  fuperiority  in  the  impulfe,  how  fhall 
they  account  for  the  produdlion  of  motion  by  means  of 
preffure  ?  for  this  motion  of  the  hammer  might  have 
been  acquired  by  its  falling  from  a  height ;  nay,  it  is 
adlually  acquired  by  means  of  the  continue*!  preffure  of 
the  carpenter’s  arm.  They  confider  it  as  the  aggregate 
of  an  infinity  of  fucceeding  preffures  in  every  inliant  of 
its  continuance  ;  fo  that  the  infignificant  fmallnefs  of 
each  effort  is  compenfattd  by  their  inconceiveable 
cumber. 

On  the  whole,  we  do  not  think  that  there  is  clear 
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evidence  that  there  are  two  kinds  of  mechanical  forced  difo- 
effentially  different  in  their  nature.  It  is  virtually  gi-rencc  be- 
ven  up  by  thofe  who  fay  that  impulfe  is  infinitely  great- 
er  than  preffure.  Nor  is  there  any  confiderable  advan- bipuifton, 
tage  to  be  obtained  by  arranging  the  phenomenon  un¬ 
der  thofe  two  heads.  We  may  perhaps  find  fome  me¬ 
thod  of  explaining  fatisfadlorily  the  remarkable  diffe. 
rence  that  is  really  obferved  in  the  two  modes  of  pro* 
ducing  motion  ;  namely,  the  gradual  produdlion  of  mo-  * 
tion  by  acknowledged  preffure,  and  the  inftantaneous 
produdlion  of  it  by  impulfe.  Indeed,  we  fhould  not 
have  taken  up  fo  much  of  our  readers  attention  with 
this  fubjedl,  had  it  not  been  for  fome  inferences  that 
have  been  made  from  thefe  premifes,  which  meet  us  in 
our  very  entry  on  the  confideration  of  firft  principles, 
and  that  are  of  extenfive  influence  on  the  whole  fcience 
of  mechanical  pliilofophy,  and,  indeed,  on  the  whole 
ftudy  of  nature. 

Mechanicians  are  greatly  divided  in  their  opinion  Is  impul- 
about  the  nature  of  the  foie  moving  force  in  nature,  fion  the  foie 
Thofe  whom  we  are  now  fpeaking  of,  fern  to  think  cau*f0^ 
that  all  motion  is  produced  by  preffure:  For  when motlon 
they  confider  impulfe  as  equivalent  to  the  aggregate  of 
an  infinity  of  repeated  preffures,  they  undoubtedly  fuo- 
pofe  any  preffure,  however  infignificant,  as  a  moving 
force.  But  there  is  a  party,  both  numerous  and  re- 
fpedlable,  who  maintain  that  impulfion  is  the  foie  caufe 
of  motion.  We  fee  bodies  in  motion,  fay  they,  and  we- 
fee  them  impel  others;  and  we  fee  that  this  produdlion  of’ 
motion  is  regulated  by  fucli  laws,  that  there  is  but  one 
abfolute  quantity  of  motion  in  the  univerfe  which  re¬ 
mains  unalterably  the  fame.  It  muft  therefore  be  tranf- 
fnled  in  the  adis  of  collifion.  -We  alfo  fee,  with  clear 
evidence,  in  fome  cafes,  that  motion  can  produce  pref¬ 
fure.  Euler  adduces  fome  very  whimfical  and  compli¬ 
cated  cafes,  in  which  an  adlion,  precifely  fimilar  to  pref¬ 
fure,  may  be  produced  by  motion.  Thus,  two  balls 
connedled  by  a  thread,  may  be  fo  ftruck  that  they  (hall 
move  forward,  and  at  the  fame  time  wheel  round.  In 
this  cafe  the  connedling  thread  will  be  {fetched  be¬ 
tween  them.  Now,  fay  the  philofophers,  fince  we  fee  mo¬ 
tion,  and  fee  that  preffure  may  be  produced  by  motion, 
it  is  prepoflerous  to  imagine  that  it  is  any  thing  elfe  than 
a  refult  of  certain  motions  ;  and  it  is  the  bufinefs  of  a 
philofopher  to  inquire  and  difeover  what  motions  pro¬ 
duce  the  preffures  that  we  obferve. 

They  then  proceed  to  account  for  thofe  prefiing 
powers,  or  fulicitations  to  motion,  which  we  obferve  in 
the  acceleration  of  falling  bodies,  the  attradlions  of  mag- 
netifm  and  eledfricity,  and  many  other  phenomena  of 
this  kind,  where  bodies  are  put  in  motion  by  the  vici¬ 
nity  of  other  bodies,  or  (in  the  popular  language)  by 
the  adlion  of  other  bodies  at  a  diflance.  To  fay  that  a 
magnet  can  adl  on  a  piece  of  remote  iron,  is  to  fay  that  it 
can  adl  where  it  is  not  ;  which  is  as  abfurd  as  to  fay, 
that  it  can  adl  when  it  is  not.  Nihil movetur ,  fays  Eu¬ 
ler,  niji  a  contigtto  et  moto. 

The  bulk  of  thefe  philofophers  are  not  very  anxious  How  does 
about  the  way  in  which  thefe  motions  are  pioduced,1*  reduce 
nor  do  they  fall  upon  fuck  ingenious  methods  of  pro-  Preffure  • 
ducing  preffure  as  the  one  already  mentioned,  which 
was  adduced  by  Euler.  The  piece  of  iron,  fay  they, 
is  put  in  motion  when  brought  into  the  neighbourhood- 
of  a  magnet,  becaufe  there  is  a  flream  of  fluid  iffuing 
from  one  pole  of  the  magnet,  which  circles  round  the 
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mrgnetj  2nd  enters  at  the  Qther  pole  :  This  ftream  im¬ 
pels  the  iron,  and  arranges  it  in  certain  determined  po¬ 
rtions,  juft  as  a  ftream  of  water  would  arrange  the 
flote  grafs.  In  the  fame  manner,  there  is  a  ftream  of 
fluid  continually  moving  towards  the  centre  of  the  earth, 
which  impels  all  bodies  in  lines  perpendicular  to  the 
furface  ;  and  fo  on  with  regard  to  other  like  phenome¬ 
na.  Thefe  motions  are  thus  reduced  to  very  finiple 
cafes  by  impullion. 

Intompa-  It  is  uuneceflary  to  refute  this  dodrine  at  prefent ; 
tlie^rules^of  ^  13  enough  that  ^  *s  contrary  to  all  the  didates  of 
common  fenfe.  To  fuppofe  an  agent  that  we  do  not  fee, 
and  for  whofe  exiftence  we  have  not  the  fmalleft  argu¬ 
ment  ;  with  equal  propriety  we  might  fuppofe  mini- 
ftering  fpirits,  or  any  thing  that  we  pleafe. 

Other  philofophers  are  fo  diffatisfied  with  this  notion 
of  the  produdion  of  prefTure,  that  they,  on  the  other 
hand,  affirm  that  prefTure  is  the  only  moving  force  in 
nature  ;  not  according  to  the  popular  notion  of  pref- 
foixe10V^n^  ^ure’  ky  the  mut^al  contad  of  folid  bodies,  but  that 
kind  of  prefTure  which  lias  been  called  felicitation  ;  fuch 
as  the  power  of  gravity.  They  affirm,  that  there  is  no 
fuch  thing  as  contad  on  inftantaneou3  communication 
of  motion  by  real  collifion.  They  fay  (and  they  prove  it 
by  very  convincing  fads  (fee  Optics,  n3  63 — 63.  En* 
cycl. ) ,  that  the  particles  of  folid  bodies  exert  very  ftrong 
repulfions  to  a  frnall  diftance;  and  therefore,  when  they 
are  brought  by  motion  fufficiently  near  to  another  bo¬ 
dy,  they  repel  it,  and  are  equally  repelled  by  it.  Thus 
is  motion  produced  in  the  other  body,  and  their  own 
motion  is  diminifhed.  And  they  then  (hew,  by  a  feru- 
p pious  confiderafion  of  the  ftate  of  the  bodies  while  the 
one  is  advancing  and  the  other  retiring,  in  what  man¬ 
ner  the  two  bodies  attain  a  common  velocity,  fo  that 
the  quantity  of  motion  before  collifion  remains  unchan¬ 
ged,  the  one  body  gaining  as  much  as  the  other  lofes. 
They  alfo  fhew  cafes  of  fuch  mutual  adion  between 
bodies,  where  it  is  evident  that  they  have  never  come 
into  contad ;  and  yet  the  refult  lias  been  precifely  fimi- 
lar  to  thofe  cafes  where  the  motion  aopeared  to  be 
changed  in  an  inflant.  Therefore  they  conclude,  that 
there  is  no  fuch  thing  as  inflantaneons  communication ,  or 
transfufion  of  motion,  by  contad  in  collifion  or  impulfe. 
The  reafon  why  previous  motion  of  the  impelling  body 
is  neceffary,  is  not  that  it  may  have  a  ins  infita  corpori 
moto ,  a  force  inherent  in.  it  by  its  being  in  motion ,  but 
that  it  may  continue  to  follow  the  impelled  and  retiring 
body,  and  exert  on  it  a  force  inherent  in  itfelf,  whether 
in  motion  or  at  reft. — According  to  thefe  philofophers, 
therefore,  all  moving  forces  arc  of  that  kind  which  has 
been  named  folic  itation  ;  fuch  as  gravity.  We  fhail  know 
it  afterwards  by  the  more  familiar  and  dtferiptive  name 
of  Accelerating  or  Retarding  force. 

The  exertions  of  mechanical  forces  are  differently 
termed,  according  to  the  reference  that  we  make  to  the 
refult.  If,  in  boxing  o.r  wreftling,  T  ftrike,  or  endea¬ 
vour  to  throw  my  antagonift,  I  am  faid  to  act  ;  but 
if  I  only  party  his  blows,  or  prevent  him  from  throwing 
me,  lam  faid  to  resist.  This  diftindion  is  applied 
to  the  exertions  of  mechanical  powers.  When  one  bo¬ 
dy  A  changes  the  motion  of  another  B,  we  may  confi- 
der  the  change  in  the  motion  of  B  either  as  the  indication 
and  meafure  of  A’s  power  of  producing  motion,  or  as 
the  indication  and  meafure  of  A’s  refiftance  to  the  be- 
brought  to  reft,  or  having  its  motion  any  how 
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changed.  The  diftindion  is  not  in  the  thing  itfelf,  but 
only  in  the  reference  that  we  are  di fpofed,  by  other 
confiderations,  to  make  of  its  effed.  They  may  be 
diftinguifhed  in  the  following  manner :  If  a  change  of 
motion  follow  when  one  of  the  powers  ceafes  to  be  ex-, 
erted,  that  power  is  conceived  as  having  refilled.  The 
whole  language  on  this  fubjed  is  metaphorical,  lle- 
fiiiance,  effort,  endeavour,  &c,  are  words  which  cannot 
be  employed  in  mechanical  difeuffions  without  figure, 
becaufe  they  all  exprefs  notions  which  relate  to  fentient 
beings  ;  and  the  unguarded  indulgence  of  this  figura¬ 
tive  language  has  fo  much  affeded  the  imagination  of 
philofophers,  that  many  have  almofl  animated  all  mat¬ 
ter.  Perhaps  the  word  Reaction,  introduced  (we 
think)  by  Newton,  is  the  bell  term  for  expreffing  that 
mutual  force  which  is  perceived  in  all  the  operations  of 
nature  that  we  have  inveftigated  with  fuccefs.  As  the 
magnet  attrads  iron,  and  in  fo  doing  is  faid  to  atl  on 
it  ;  fo  the  iron  attrads  the  magnet,  and  may  be  faid  to 
read:  on  it. 

With  refped  to  the  difficulty  that  ha?  been  objeded  We  _ 
to  the  opinion  of  thofe  who  maintain  that  all  the  me- not  fU 
chanfcal  phenomena  are  produced  by  the  agency  of  at-  aclio;l  a 
trading  or  repelling  forces  ;  namely,  that  this  fuppofes^^l 
the  bodies  to  ad  on  each  other  {it  a  diftance,  however  *  » 
fmall  thofe  diftances  may  be,  which  is  thought  to  be 
abfurd,  we  may  obferve,  that  we  may  aferibe  the  mu¬ 
tual  approaches  or  receffes  to  tendencies  to  or  from 
each  other.  What  we  call  the  attradion  of  the  magnet 
may  be  confidered  as  a  tendency  of  the  iron  to  the  mag¬ 
net,  fomewhat  fimilar  to  the  gravitation  of  a  ifone  to¬ 
ward  the  earth.  We  furely  (at  lead  the  unlearned) 
can  and  do  conceive  the  iron  to  be  affeded  by  the  mag¬ 
net,  without  thinking  of  any  intermedium.  The  thing 
is  not  therefore  inconceivable  ;  which  is  all  that  wc 
know  about  abfurdity  :  and  we  do  not  know  any  thing 
about  the  nature  or  effcnce  of  matter  which  renders  this 
tendency  to  the  magnet  impoffible.  That  we  do  not 
fee  intuitively  any  reafon  why  the  iron  ffiould  approach 
the  magnet,  muft  be  granted  ;  but  this  is  not  enough  1 
to  intitle  us  to  fay,  that  fuch  a  thing  is  impoffible  or  in- 
confiftent  with  the  nature  of  matter.  It  appears,  theie- 
foie,  to  be  very  hafty  and  unwarrantable,  to  fuppofe  the 
impulfe  of  an  invifible  fluid,  of  which  we  know  notlwng,  1 
and  of  the  exiftence  of  which  we  have  110  proof.  Nay,  I 

if  it  be  true  that  bodies  do  not  come  into  contad,  even  I 

when  one  ball  hits  another,  and  drives  it  before  it,  this 
invilible  fluid  will  not  folve  the  difficulty  ;  becaufe  the 
fame  difficulty  occurs  in  the  adion  of  any  particle  of 
the  fluid  on  the  body.  We  are  obliged  to  fay,  that  the 
produdion  of  motion  without  any  olferved  contad,  is  a 
much  more  familiar  phenomenon  than  the  produdion 
of  motion  by  impullion.  More  motion  has  been  pro¬ 
duced  in  this  way  by  the  gravitation  of  a  fmall  ftream 
of  water,  running  ever  fince  the  creation,  than  by  all 
the  impulfes  in  the  woild  twice  told.  We  do  not  mean 
by  this  to  fay,  that  the  giving  to  this  obferved  mutual 
relation  between  iron  and  a  loadftone  the  name  ten¬ 
dency  makes  it  lefs  abfurd, ,than  when  we  fay  that  the 
loadftone  attrads  the  iron  ;  it  only  makes  it  more  con¬ 
ceivable  :  It  fuggefts  a  very  familiar  analogy  ;  but  both 
are  equally  figurative  expreffions ;  at  leaft  as  the  word 
tendency  is  uied  at  prefent.  In  the  language  of  ancient 
Rome,  there  was  no  metaphor  when  Virgil's  hero  faid, 
Tendimus  in  Latium •  Tender e  verfus  folem  means,  in 
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1  plain  Latin,  to  approach  the  fun .  The  fafe  way  of 
conceiving  the  whole  is  to  fay,  that  the  condition  of 
f5  the  iion  depends  on  the  vicinity  of  the  magnet. 

I rjflitn,  When  the  exertions  of  a  mechanical  power  are  ob- 

1 ferved  to  be  ahvays.dire&ed  toward  a  body,  that  body 
Mra'  is  faid  to  attract  ^  but  when  the  .  other  body  always 
t€  moves  oflF  from  it,  it  is  faid  to  repel.  Thefe  alfo  are 
metaphorical  expreffiotis.  I  attrad  a  boat  when  I 
pull  it  toward  me  by  a  rope  ;  this  is  purely  Attrac¬ 
tion  :  and  it  is  pure,  unfigurative  Repulsion,  when  I 
pu(h  any  body  from  me.  The  fame  words  are  ap¬ 
plied  to  the  mechanical  phenomena,  merely  becaufe 
they  refemble  the  refults  of  real  attraction  or  repul- 
fion.  We  mad  be  much  on  our  guard  to  avoid  meta¬ 
phor  in  our  conceptions,  and  never  allow  thofe  words 
to  fugged  to  our  mind  any  opinion  about  the  minner 
in  which  the  mechanical  forces  produce  their  effedfs. 
It  is  plain,  that  if  the  opinion  of  thofe  who  maintain 
the  exigence  and  a&ion  of  the  above  mentioned  invifi- 
ble  fluid  be  juft,  there  is  nothing  like  attraction  or  re 
pullion  in  the  univerfe.  We  mud  always  recur  to  the 
iimple  phenomenon,  the  motion  to  or  from  the  attrac¬ 
ting  or  repelling  body  ;  for  this  is  all  we  fee,  and  ge¬ 
nerally  all  that  we  know. 

ces  are  We  conceive  one  man  to  have  twice  the  drength  of 
:eived  another  man,  when  we  fee  that  he  can  withfland  the 
leafur-  united  effort  of  two  others.  Thus  animal  force  is  con- 
epun*  ceivedas  a  quantity,  made  up  of,  and  meafured  by,  its 
own  parts.  But  we  doubt  exceedingly  whether  this 
be  an  accurate  conception.  We  have  not  a  diftinCt.  no¬ 
tion  of  one  drain  added  to  another ;  though  we  have  of 
their  being  joined  or  combined.  We  want  words  to 
cxprefs.the  difference  of  thefe  two  notions  in.  our  own 
minds ;  but  we  imagine  that  others  perceive  the  fame 
difference.  We  conceive  clearly  the  addition  of  two 
lines  or  of  two  minutes  ;  we  can  conceive  them  apart, 
and  perceive  their  boundaries,  common  to  both,  where 
one  ends  and  the  other  begins.  We  cannot  conceive 
.thus  of  two  forces  combined  ;  yet  we  cannot  fay,  that 
two  equal  forces  are  not  double  of  one  of  them.  We 
meafure  them  by  the  effe&s  which  they  are  known  to 
produce.  Yet  there  are  not  wanting  many  cafes  where 
the  adlion  of  two  men,  equally  drong,  does  not  produce 
a  double  motion. 

In  like  manner,  we  conceive  all  mechanical  forces  as 
meafurable  by  their  effe&s  ;  and  thus  they  are  made 
the  fubjedh  of  mathematical  difeufiion.  ’  We  talk  of 
the  proportions  of  gravity,  magnetifm,  ele&ricity,  &c.; 
nay,  we  talk  of  the  proportion  of  gravity  to  magne- 
tifm  : — Yet  thefe,  confidered  in  themfelves,  are  dispa¬ 
rate,  and  do  not  admit  of  any  proportion  ;  but  they 
produce  effe&s,  fome  of  which  are  meafurable,  and 
whofe,  affumed  meafures  are  fufceptible  of  comparifon, 
being  quantities  of  the  fame  kind.  Thus,  one  of  the 
effects  of  gravity  is  the  acceleration  of  motion  in  a  fall¬ 
ing  body  :  magnetifm  will  alio  accelerate  the  motion 
of  a  piece  of  iron  ;  thefe  two  accelerations  are  compa¬ 
rable  But  we  cannot  compare  magnetifm  with  heat ; 
becaufe  we  do  not  know  any  meafurable  effe&s  of  mag- 
netilm  that  are  of  the  fame  kind  wTith  any  effedls  of 
heat. 

When  we  fay,  that  the  gravitation  of  the  moon  is  the 
3600th  part  of  the  gravitation  at  tire  fea  fhore,  we 
mean  that  the  fall  of  a  done  in  a  lecond  is  3600  times 
greater  than  the  fall  of  the  moon  in  the  fame  time. 
Suppl.  Vot.  I.  Part  II. 
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But  we  alfo  mean  (and  this  expreffes  the  proportion  of 
the  tendency  of  gravitation  more  purely),  that  if  a  done, 
when  hung  on  a  fpring  deelyard,  draw  out  the  rod  of 
the  deelyard  to  the  mark  3600,  the  fame  done,  taken 
up  to  the  didance  of  the  moon,  will  draw  it  out  no 
further  than  the  mark  1.  Wc  alfo  mean,  that  if  the 
done  at  the  fea-fhore  draw  out  the  rod  to  any  mark, 
it  will  require  3600  fuch  dones  to  draw  it  out  to  that 
mark,  when  the  trial  is  made  at  the  didance  of  the  moon. 

It  is  not,  therefore,  in  confequence  of  any  immediate 
perception  of  the  proportion  of  the  gravitation  at  the 
moon  to  that  at  the  furface  of  the  earth  that  we  make 
fuch  an  aflertion  ;  but  thefe  motions,  which  we  confi- 
der  as  its  effects  in  thefe  fituations,  being  magnitudes  of 
the  lame  kind,  are  fufceptible  of  comparifon,  and  have 
a  proportion  which  can  be  afeertained  by  obfervation. 

It  is  thefe  proportions  that  we  contemplate  ;  although 
we  fpeak  of  the  proportions  of  the  unfeen  caufes,  the 
forces,  or  endeavours  to  defeend.  It  will  be  of  mate¬ 
rial  fervice  to  the  reader  to  perufe  the  judicious  and 
acute  difTertation  on  quantity  in  the  45th  volume  of  the 
Philofophical  Tranfadlions  j  or  he  may  dudy  the  article 
Quantity  in  the  Encyclopedia,  where,  we  trud  he 
will  fee  clearly  how  force,  velocity,  denfity,  and  many 
other  magnitudes  of  very  frequent  occurrence  in  me¬ 
chanical  philofophy,  may  be  made  the  fubje&s  of  ma¬ 
thematical  difeufiion,  by  means  of  foine  of  thofe  proper 
quantities,  meafurable  by  their  own  paits,  which  are  to 
be  affumed  as  their  meafures.  Preffures  are  meafur¬ 
able  only  by  preffures.  When  we  confider  them  as  mo¬ 
ving  powers,  we  fhould  be  able  to  meafure  them  by  any 
moving  powers,  otherwife  we  cannot  compare  them  ; 
therefore  it  is  not  as  preffures  that  we  then  meafure 
them.  This  obfervation  is  momentous. 

One  circumdance  mud  be  carefully  attended  to. 

That  thofe  affumed  meafures  may  be  accurate,  they 
mud  be  invariably  conne&ed  with  the  magnitudes  which 
they  are  employed  to  meafure,  and  fo  conne&ed,  that 
the  degrees  of  the  one  (nud  change  in  the  fame  manner 
with  the  degrees  of  the  other.  This  is  evident,  and  is 
granted  by  all.  But  we  mud  alfo  hno'tv  this  of  the  mea¬ 
gre  we  employ  ;  we  mud  fee  this  condant  and  precife 
relation.  How  can  we  know  this?  We  do  not  per¬ 
ceive  force  as  a  feparate  evidence,  fo  as  to  fee  its  pro¬ 
portions,  and  to  fee  that  thefe  are  the  fame  with  the 
proportions  of  the  meafures,  in  the  fame  manner  that 
Euclid  fees  the  proportions  of  triangles  and  thofe  of 
their  bafes,  and  that  thefe  proportions  are  the  fame, 
when  the  triangles  are  of  equal  altitudes.  How  do 
we  difeover  that  to  every  magnitude  which  we  call  force 
is  invariably  attached  a  correfponding  magnitude  of 
acceleration  or  defle&ion  ?  -  Clearly.  In  fa&,  the  very 
exidence  of  the  force  is  an  inference  that  we  make 
from  the  obferved  acceleration  ;  and  the  degree  of 
the  force  is,  in  like  manner,  an  inference  from  the  ob¬ 
ferved  magnitude  of  the  acceleration.  Our  meafures 
are  therefore  neceflarily  conne&ed  with  the  magnitudes 
which  they  meafure,  and  their  proportions  are  the  fame; 
becaufe  the  one  is  always  an  inference  from  the  other 
both  in  fpecies  and  in  degree. 

It  is  now  evident,  that  thefe  difquifitions  are  fufeep-  18  . 
tible  of  mathematical  accuracy.  Having  feledfed  ourD)IjimiCS 
meafures,  and  obferved  certain  mathematical  relations ftr*t tiT™' 
of  thofe  meafures,  every  inference  that  we  can  drawdience. 
from  the  mathematical  relations  of  the  proportions  of 
3  S  thofe 
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thofe  reprefentations-'is  true  of  the  proportions  of  the 
motions  ;  and  therefore  of  the  proportions  of  the  forces. 
And  thus  dynamics  becomes  a  demonilrative  fcicnce, 
one  of  the  difciplince  accurate. 

*9  But  moving  forces  are  confidered  as  differing  alfo  in 
kind  ;  that  is,  in  diredion.  We  afiign  to  the  force 
the  diredion  of  the  obferved  change  of  motion  ;  which 
is  not  only  the  indication,  but  alfo  the  charaderiftic,  of 
the  changing  force.  We  call  it  an  accelerating ,  retard - 
mg,  d faffing,  force,  according  as  we  obferve  the  motion 
to  be  accelerated,  retarded,  or  dtfleded. 

1  hefe  denominations  fhew  us  inconteflsbly  that  we 
have  no  knowledge  of  the  forces  different  from  our 
knowledge  of  the  effeds.  The  denominations  are  all 
either  deferiptive  of  the  tffeds,  as  when  we  call  them 
accelerating,  penetrating,  protrufive,  attradive,  or  re- 
pnlfive  forces ;  or  they  are  names  of  reference  to  the 
fubftances  in  which  the  accelerating,  protrufive,  See. 
forces,  are  fuppofed  to  be  inherent,  as  when  we  call  them 
10  magnet ifm,  electricity,  corpufcular,  &c. 

difeove^ed  I  ffruggle  with  another,  and  feel,  that  in  Older 

by  theft  op-*°  Prevent  being  thrown,  I  mult  exert  force,  1  learn 
pofition  to  that  my  antagonift  is  exerting  force.  This  notion  is 
other  for-  transferred  to  matter  ;  and  when  a  moving  power  which 
is  known  to  operate,  produces  no  motion,  we  conceive 
it  to  be  oppofed  by  another  equal  force  ;  the  exiftence, 
agency,  and  intenfity  of  which  is  deteded  and  mea- 
fured  by  thefe  means.  The  quiefeent  ftate  of  the  body 
is  con  fide  red  as  a  change  on  the  ftate  of  things  that 
would  have  been  exhibited  in  confequence  of  the  known 
a&ionof  one  power,  had  this  other  power  not  aded  ; 
and  this  change  is  confidered  as  the  indication,  charae* 
teriftic,  and  meafure,  of  another  power,  deteded  in 
this  way.  Thus  forces  are  recognifed  not  only  by  the 
changes  of  motion  which  they  produce,  but  alfo  by 
the  changes  of  motion  which  they  prevent.  7  he  co- 
hefion  of  matter  in  a  firing  is  inferred  not  only  by  its 
giving  motion  to  a  ball  which  I  pull  towaid  me  by  its 
intervention,  but  alfoky  its  fufpending  that  ball/ and 
hindering  it  from  falling.  I  know  that  gravity  is  ad- 
irtg  on  the  ball,  which,  however,  does  not  fall.  The  fo- 
lidity  of  a  board  is  equally  inferred  from  its  flopping 
the  ball  which  ftnkes  it,  and  from  the  motion  of  the 
ball  which  it  drives  before  it.  In  this  way  we  learn 
that  the  particles  of  tangible  matter  cohere  by  means  of 
moving  forces,  and  that  they  refift  compreffion  with 
force  ;  and  in  making  this  inference,  we  find  that  this 
corpufcular  foice  exerted  between  the  particles  is  mu¬ 
tual,  oppofite,  and  equal  :  for  we  mull  apply  force 
equally  to  a  or  to  b ,  in  order  to  produce  a  {Separation 
oi-  a  comprefiion..  We  learn  their  equality,  by  obfer- 
ving  that  no  motion  enfues  while  thefe  mutual  forces 
are  known  to  ad  on  .the  particles  ;  that  is,  each  is  op¬ 
pofed  by  another  force,  which  is  neither  inferior  nor  fu- 
perior  to  it. 

Of  the  Taws  of  Motion. 

»  , 

Such,  then,  being  our  notions  of  mechanical  forces, 
the  caufes  of  the  fenlibie  changes  of  motion,  there  will 
refult  certain  confequences  from  them,  which  may  be 
called  axioms  or  laws  of  motion.  Some  of  thefe  may 
be  intuitive,  offering  themfelves  to  the  mind  as  foon  as 
the  notions  which  they  involve  are  prefented  to  it. 
Others  may  be  as  neceffary  refults  from  the  relations 
of  thefe  notions,  but  may  not  readily  offer  themfelves 


without  the  mediation  of  axioms  of  the  flrft  clafs.  We  PirftL 
fhall  feled  thole  which  are  intuitive,  and  may  be  taken ^jl 
for  the  firft  principles  of  all  difeufiions  ia  mechanical 
philofophy. 

First  Law7  of  Motion. 

Every  body  continues  in  a  Jlate  of  njl,  or  of  uniform  rec¬ 
tilineal  motion,  unlefs  ajfetled  by  fame  mechanical  force. 

This  is  a  propofition,  on  the  truth  of  which  the  whole  aj 
feitnee  of  mechanical  philofophy  ultimately  depends,  it 
is  therefore  to  be  eilablifhed  on  the  fumed  foundation  ; 
and  a  tolicitude  on  this  bead  is  the  more  juilif sable, 
becaufe  the  opinions  of  plnlofopliers  have  been,  and  fliil 
are,  extremely  different,  both  With  refped  to  the  truth 
of  this  law,  and  with  refped  to  the  foundation  on 
which  it  is  built.  Thefe  opinions  are,  in  general,  very 
obfeure  and  unfatisfadory  ;  and,  as  is  natural,  they  in-  H 
fluence  the  difeuffons  of  thofe  by  whom  they  are  held 
through  the  whole  feienee.  Although  of  contradic-  9 
tory  opinions  one  only  can  be  juft,  and  it  may  appear 
fufficient  that  this  one  be  dlabliihfcd  and  uniformly  ap-  j 
plied ;  yet  a  fhort  expedition,  at  leaft,  of  the  reft  is  ne¬ 
ceffary,  that  the  greateftpart  of  the  writings  of  the  phi- 
lofophers  may  be  intelligible,  and  that  we  may  avail  our- 
felves  of  much  valuable  information  contained  in  them,, 
by  being  able  to  perceive  the  truth  in  the  midft  of  their 
impeded  or  erroneous  conceptions  of  it. 

It  is  not  only  the  popular  opinion  that  reft  is  the  Doe*® 
natural  ftate  of  body,  and  that  motion  is  foniething  fo- tinue9 
reign  to  it,  but  it  lias  been  fenoufiy  maintained  by  thedoniB 
great  eft  part  of  thofe  who  are  eiteemed  plnlofopliers. 

They  readily  grant,  that  matter  will  continue  at  reft,  don  I 
unlefs  fome  moving  force  ad  upon  it.  Nothing  feeros 
neceffary  for  matter's  remaining  where  it  is,  but  its 
continuing  to  exift.  But  it  is  far  otherwife,  fay  they, 
with  refped  to  matter  in  motion.  Here  the  body  is 
continually  changing  its  relations  to  other  things  ;  there¬ 
fore  the  continual  agency  of  a  changing  canfe  is  necef¬ 
fary  (by  the  fundamental  principle  of  all  phflofophical 
difeuffion),  for  there  is  here  the  continual  produdion  1 
of  an  effed.  7'hey  fay  that  this  metaphyfical  argu¬ 
ment  receives  complete  confirmation  (if  confirm  at?on 
of  an  intuitive  truth  be  neceffary)  from  the  moil  fami¬ 
liar  obiervation.  We  fee  that  all  motions,  however 
violent,  terminate  in  reft,  and  ‘that  the  continual  exer¬ 
tion  of  fume  force  is  neceffary  for  their  continuance. 

Thefe  philofophers  therefore  affert,  that  the  conti-  wh£ 
nual  ad  ion  of  the  moving  caufe  is  ejfimtially  neceffary  notion 
for  the  continuance  of  the  motion  :  but  they  differ  elema 
among  themfelves  in  their  notions  and  opinions  about  min^s 
this  caufe.  Some  maintain,  that  all  the  motions  in  the 
univerfe  are  produced  and  continued  by  the  immediate 
agency  of  Deity.;  others  affirm,  that  in  every  particle 
oi  matter  there  is  inherent  a  fort  of  mind,  the 
and  WTirt,***  of  Ariftotle,  which  they  call  an  Ele-  ' 
mental  Mind,  which  is  the  caufe  of  all  its  motions 
and  changes.  An  overweaning  reverence  for  Greek 
learning  has  had  a  great  influence  in  reviving  this  doc¬ 
trine  oi  Ariftotle.  The  Greek  and  Roman  languages 
are  affirmed  to  be  more  accurate  exprefiions  of  human 
thought  than  the  modem  languages  are.  In  thofe  an¬ 
cient  languages.,  the  verbs  which  exprefs  motion  arc 
employed  both  in  the  adive  and  pafiive  voice  ;  whereas 
we  have  only  the  adive  verb  to  move9  for  exprefiing 

both 
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F|k*w  both  the  (late  of  motion  and  the  a<ft  of  putting  in  mo- 
Kp^tion,  “  The  ftone  moves  dovvn  the  Hope,  and  moves 
p,  all  the  pebbles  which  lie  in  its  way:”  but  in  the  an¬ 
cient  languages,  the  mere  ftate  of  motion  is  always  ex- 
preffed  by  the  paflive  or  middle  voice.  The  accurate 
conception  of  the  fpeakers  is  therefore  extolled.  The 
Hate  of  motion  is  expreffed  as  it  ought  to  be,  as  the 
refult  of  a  continual  a&ion.”  Ktvalxt,  moveiur ,  is  equi¬ 
valent  to  “  it  is  moved.”  According  to  thefe  philo- 
fopherg,  every  thing  which  moves  is  mind,  and  every 
thing  that  is  moved  is  body. 

1  he  argument  is  futile,  and  it  is  falfe  ;  for  the  modern 
languages  are,  in  general,  equally  accurate  in  this  in- 
fhnee  :  “  fe  mouvoir in  French  ;  “ fich  bewegen”  in 
German;  dvigatfu”  in  Slavonic;  are  all  paflive  or 
reflected.  And  the  ancients  faid,  that  “  rain  falls,  wa- 
•  ter  runs,  fmoke  rifes,”  juft  as  we  do.  The  ingenious 
author  of  Ancient  Metaphysics  has  taken  much  pains  to 
give  us,  at  length,  the  procedures  of  thofe  elementary 
minds  in  producing  the  oftenfible  phenomena  of  local 
motion  ;  but  it  feems  to  be  merely  an  abufe  of  lan¬ 
guage^  and  a  very  frivolous  abufe.  This  elemental 
mind  is  known  and  chara&erifed  only  by  the  efft& 
which  we  afciibe  to  its  aftion  ;  that  is,  by  the  motions 
or  changes  of  motions.  Uniform  and  unexcepted  ex¬ 
perience  (hews  u«  that  thefe  are  regulated  by  laws  as 
precife  as  thofe  of  mathematical  truth.  We  confider 
nothing  as  more  fixed  and  determined  than  the  com¬ 
mon  laws  of  mechanifm.  There  is  nothing  here  that 
indicates  any  thing  like  fpontaneity,  intention,  pur- 
pofe  ;  uone  of  thofe  marks  by  which  mind  was  firft 
brought  into  view :  but  they  are  very  like  the  effe&s 
which  we  produce  by  the  exertions  of  our  corporeal 
forces ;  and  we  have  accordingly  given  the  name  force 
to  the  canfes  of  motion.  It  is  fnrely  much  more  ap- 
pofite  than  the  name  mind,  and  conveys  with  much 
more  readinef3  and  perfpicuity  the  very  notions  that  we 
wifh  to  convey. 

\  net  nmY  to  know  what  reafon  wc  have  to  think 

1 7  that  the  continual  a&ion  of  iome  caufe  is  neceflary  for 
!  continuing  matter  in  motion,  or  for  thinking  that  reft 
*  is  its  natural  ftate.  If  we  pretend  to  draw  any  argn- 
t  ment  from  the  nature  of  matter,  that  matter  mud  be 
known,  as  far  as  is  neceffary  for  being  the  foundation 
of  argument.  Its  very  existence  is  known  only  from 
obfervation;  all  our  knowledge  of  it  muft  therefore  be 
i  derived  from  the  fame  fource. 

If  we  take  this  way  to  come  at  the  origin  of  this 
opinion,  we  fhall  find  that  experience  gives  us  no  au¬ 
thority  for  faying  that  reft  is  the  natural  condition  of 
matter.  We  cannot  fay  that  we  have  ever  feen  a  body 
at  reft  ;  this  is  evident  to  every  perfon  who  allows  the 
validity  of  the  Newtonian  pliilofophy,  and  the  truth  of 
the  Copernican  fyftem  of  the  fun  and  planets  ;  all  the 
parts  of  this  fyftem  are  in  motion.  Nay*  it  appears 
from  many  observations,  that  the  fun,  with  his  attend¬ 
ing  planets,  is  carried  in  a  certain  dire&ion,  with  a  ve¬ 
locity  which  is  very  great.  We  have  no  unqueftionable 
authority  for  faying  that  any  one  of  thfc  ftars  is  abfo- 
lutely  fixed ;  but  we  are  certain  that  many  of  them  are 
in  motion.  Reft  is  therefore  fo  rare  a  condition  of  bo¬ 
dy,  that  we  cannot  fay,  from  any  experience,  that  it  is 
its  natural  ftate. 

5  It  is  eafy,  however,  to  fee,  that  it  is  from  obferva¬ 
tion  that  this  opinion  has  been  derived ;  but  the  obfer- 
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vation  has  been  limited  and  carclefs.  Our  experiments  Ur  ft  Law( 
in  this  fublunary  world  do  indeed  always  require  eontt-^  Motion* 
nued  action  of  fome  moving  force  to  continue  the  mo-  v  '* 
tion  ;  and  if  this  be  not  employed,  we  fee  the  motions 
fiacken  every  minute,  and  terminate  in  reft  after  no 
long  period.  Our  firft  notions  of  fublunary  bodies  are 
indicated  by  their  operation  in  cafes  where  we  have  fome 
mtereft.  Perpetually  feeing  our  own  exertions  necefiarv, 
we  are  led  to  confider  matter  as  fomething  not  only 
naturally  quiefeent  and  inert,  but  Huggifh,  averfe  from 
motion,  and  prone  to  reft  (we  muft  be  pardoned  this 
metaphorical  language,  becaufe  we  can  find  no  other 
term).  What  is  exprefted  by  it,  on  this  occafion,  is 
precifely  one  of  the  erroneous  or  inadequate  concep¬ 
tions  that  are  fuggefted  to  our  thoughts  by  reafon  of 
the  poverty  of  language.  We  animate  matter  in  or¬ 
der  to  give  it  motion,  and  then  we  endow  it  with  a  fort 
of  moral  chara&er  in  order  to  explain  the  appearance 
of  thofe  motions. 

Put  more  extended  oblervation  Ha3  made  men  ^ta- 
dually  defert  their  firft  opinions,  and  at  laft  allow  that 
matter  lias  no  peculiar  aptitude  to  reft.  All  the  retar¬ 
dations  that  we  obferve  have  been  difeovered,  one  after 
another,  to  have  a  diftind  reference  to  fome  external 
circumftances.  The  diminution  of  motion  is  always 
obferved  to  be  accompanied  by  the  removal  of  obfta- 
eles,  as  when  a  ball  moves  through  fand,  or  water,  or 
air ;  or  it  is  owing  to  oppofite  motions  which  are  de¬ 
stroyed  ;  or  it  is  owing  to  ronghnefs  of  the  path,  or  to 
frieftion, .  &c.  We  find  that  the  more  we  can  keep 
thofe  things  out  of  the  way,  the  lefs  are  the  motions 
diminiftied.  A  pendulum  will  vibrate  but  a  fhort  while 
in  water ;  much  longer  in  air;  and  in  the  exhanfted  re- 
ceiver,  it  will  vibrate  a  whole  day.  We  know  that  we 
cannot  remove  all  obftacles;  but  we  are  led  by  fuch  ob¬ 
fervations  to  conclude  that,  if  they  could  be  completely 
removed ,  our  motions  would  continue  for  ever.  And 
this  conclufion  is  almoft  demonft rated  by  the  motions 
of  the  heavenly  bodies,  to  which  we  know  of  no  ob¬ 
ftacles,  and  which  we  really  obferve  to  retain  their  mo¬ 
tions  for  many  thoufand  years  without  the  fmalleft  fen- 
fible  diminution. 

Another  fet  of  philofophers  maintain  an  opinion  di-  J„aalvhr 
reftly  oppofite  to  that  of  the _  inactivity  of  matter,  and  <  f  matter 
afTcrt,  that  it  is  effentially  active,  and  continually  chan-  der!ied  by 
ging  us  ftate.  Faint  traces  of  this  are  to  be  found  fnLeibuitz. 
the  writings  of  Plato,  Ariftotle,  and  their  commenta¬ 
tors.,  Jdx  .Leibnitz  is  the  perfon  who  has  treated  this 
queftion  molt  fyftematically  and  fully.  He  fuppofes  71W,, 
every  particle  of  matter  to  have  a  principle  of  indivi- what, 
duality,  which  he  therefore  calls  a  Monad.  This  mo. 
nad  has  a  fort  of  perception  of  its  lituation  in  the  univerfe, 
and  of  its  relation  to  every  other  part  of  this  univerfe! 

Laftly,  he  fays  that  the  monad  afts  on  the  material 
particle,  much  in  the  fame  way  that  the  foul  of  man 
afts  on  his  body.  It  modifies  the  motion  of  the  ma¬ 
terial  atom  (in  conformity,  however,  to  unalterable 
laws),  producing  all  thofe  modifications  of  motion  that 
we  obferve.  Matter  therefore,  or,  at  lead,  particles  of 
matter,  are  continually  a&ive,  and  continually  chansrinsr 
their  lituation.  b 

It  is  quite  unneceffary  to  enter  on  a  formal  confnta-  This  opi, 
tion  of  Mr  Leibnitz’s  fyftem  of  monads,  which  differs nion  ill. 
very  little  from  the  fyftem  of  elemental  minds,  and  is  funded, 
equally  whimfical  and  frivolous ;  becaufe  it  only  makes  ' 
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'r  the  unlearned  reader  flare,  without  giving  him  any  in* 
^  ^toao?,‘  formation.  Should  it  even  be  granted,  it  would  not, 
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any  more  than  the  a£lion  of  animals,  invalidate  the  ge¬ 
neral  propofition  which  we  are  endeavouring  to  efta- 
blifh  as  the  fundamental  law  of  motion.  Thofe  powers 
of  the  monads,  or  of  the  elemental  minds,  are  the 
caufes  of  all  the  changes  of  motion  ;  but  the  mere  ma¬ 
terial  particle  is  fubjedt  to  the  law,  and  requires  the 
exertion  of  the  monad  in  order  to  exhibit  a  change  of 
motion. 

A  third  fe£l  of  philofophers,  at  the  head  of  which 
we  may. place  Sir  Ifaac  Newton,  maintain  the  doctrine 
enounced  in  the  propofition.  But  they  differ  much  in 
refpe&  of  the  foundation  on  which  it  is  built. 

Some  affert  that  its  truth  flows  from  the  nature  of 


caufc  t^ie  ^  a  hody  at  re^>  and  you  aA*ett  that  it 

cau  e.  w*j|  not  remai*n  reft,  it  muff  move  in  fome  one  direc¬ 
tion.  If  it  be  in  motion  in  any  direction,  and  with  any 
velocity,  and  do  not  continue  its  equable,  re&ilineal, 
motion,  it  mud  either  be  accelerated  or  retarded  ;  it 
mufl  turn  either  to  one  fide,  or  to  fome  other  fide.  The 
event,  whatever  it  be,  is  individual  and  determinate  ; 
but  no  caufe  which  can  determine  it  is  fuppofed:  there* 
fore  the  determination  cannot  take  place,  and  no  change 
will  happen  in  the  condition  of  the  body  with  refpe& 
to  motion.  It  will  continue  at  reft,  or  perfevere  in  its 
reflilineal  and  equable  motion. 

But  confiderable  objections  may  be  made  to  this  ar¬ 
gument,  of  JuJjicient  reafon ,  as  it  is  called.  In  the  im- 
nienfity  and  perfedl  uniformity  of  fpace  and  time,  there 
is  no  determining  caufe  why  the  vifible  univerfe  fhould 
cxift  in  the  place  in  which  we  fee  it  rather  than  in  an¬ 
other,  or  at  this  time  rather  than  at  another.  Nay,  the 
argument  feems  to  beg  the  queflion.  A  caufe  of  de¬ 
termination  is  required  as  effentially  neceffary — a  deter¬ 
mination  may  be  without  a  caufe,  as  well  as  a  motion 
without  a  caufe. 

Other  philofophers,  who  maintain  this  do&rine,  con- 
fider  it  merely  as  an  experimental  truth ;  and  proofs  of 
its  univerfality  are  innumerable. 

When  a  (tone  is  thrown  from  the  hand,  we  prefs  it 
forward  while  in  the  hand,  and  let  it  go  when  the  hand 
has  acquired  the  greatefl  rapidity  of  motion  that  we 
can  give  it.  The  ftone  continues  in  that  fiate  of  mo¬ 
tion  which  it  acquired  gradually  along  with  the  hand. 
We  can  throw  a  ftone  much  farther  by  means  of  a  fling; 
becaufe,  by  a  very  moderate  motion  of  the  hand,  we 
can  whirl  the  ftone  round  till  it  acquire  a  very  great 
velocity,  and  then  we  let  go  one  of  the  firings,  and  the 
Hone  efcapes,  by  continuing  its  rapid  motion.  We  fee 
it  ftill  more  diflin&ly  iii  fhooting  an  arrow  from  a  bow. 
The  firing  preffes  hard  on  the  notch  of  the  arrow,  and 
it  yields  to  this  preffure  and  goes  forward.  The  ftring 
alone  would  go  fatter  forward.  It  therefore  continues 
to  prefs  the  arrow  forward,  and  accelerates  its  motion. 
This  goes  on  till  the  bow  is  as  much  unbent  as  the 
ftring  will  allow.  But  the  firing  is  now  a  ftraight  line. 
It  came  into  this  pofition  with  an  accelerated  motion, 
and  it  therefore  goes  a  little  beyond  this  pofition,  but 
with  a  retarded  motion,  being  checked  by  the  bow. 
But  there  is  nothing  to  check  the  arrow  ;  therefore  the 
arrow  quits  the  firing,  and  flies  away. 

Thefe  are  fimple  cafes  of  perfeverance  in  a  (late  of 
motion,  where  the  procedure  of  nature  is  fo  eafily  tra¬ 
ced  that  we  perceive  it  almoft  intuitively.  It  is  no  lefis 
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clear  in  other  phenomena  which  are  more  complicated ;  Fnk 
but  it  requires  a  little  refle&ion  to  trace  the  procefs.°f  fl 
We  have  often  feen  an  equeflrian  fhowman  ride  a  s“*r' 
horfe  at  a  gallop,  (landing  on  the  faddle,  and  ttepping 
from  it  to  the  back  of  another  horfe  that  gallops  along- 
fide  at  the  fame  rate  :  and  he  does  this  feemingly  with 
as  much  eafe  as  if  the  horfes  were  (landing  ft  ill.  The 
man  has  the  fame  velocity  with  the  horfe  that  gallops 
under  him,  and  keeps  this  velocity  while  he  fteps  to  the 
back  of  the  other.  If  that  other  were  Handing  ftill, 
the  man  would  fly  over  his  head.  And  if  a  man  fhould 
ftep  from  the  back  of  a  horfe  that  is  Handing  ftill  to  the 
back  of  another  that,  gallops  paft  him,  he  would  be  left 
behind.  In  the  fame  manner,  a  flack  wire-dancer  toffes 
oranges  from  hand  to  hand  while  the  wire  is  in  full 
fwing.  The  orange,  fwinging  along  with  the  hand,  re¬ 
tains  the  velocity;  and  when  in  the  air  follows  the 
hand,  and  falls  into  it  when  it  is  in  the  oppofr.e  extre¬ 
mity  of  its  fwing.  A  ball,  dropped  from  the  mafthead 
of  a  fhip  that  is  failing  brifkly  forward,  falls  at  the  foot 
of  the  maft.  It  retains  the  motion  which  it  had  while 
in  the  hand  of  the  perfon  who  dropped  it,  and  follows 
the  maft  during  the  whole  of  its  fall. 

We  alfo  have  familiar  inflances  of  the  perfeverance 
of  a  body  in  a  ftate  of  reft.  When  a  veflel  filled  with 
water  is  drawn  fuddenly  along  the  floor,  the  water  daili¬ 
es  over  the  pofterior  fide  of  the  veflel.  It  is  left  be¬ 
hind.  In  the  fame  manner,  when  a  coach  or  boat  is 
dragged  forward,  the  perfons  in  it  find  themfelves  flrike 
againft  the  hinder  part  of  the  carriage  or  boat.  Pro¬ 
perly  {peaking,  it  is  the  carriage  that  ftrikes  on  them. 

In  like  manner,  if  we  lay  a  card  on  the  tip  of  the  fin¬ 
ger,  and  a  piece  of  money  on  the  card,  we  may  nick 
away  the  card,  by  hitting  it  neatly  on  its  edge;  but 
the  piece  of  money  will  be  left  behind,  lying  on  the  tip 
of  the  finger.  A  ball  will  go  through  a  wall  and  fly 
onward  ;  but  the  wall  is  left  behind.  Buildings  are 
thrown  down  by  earthquakes;  fometimes  by  being  tof- 
fed  from  their  foundations,  but  more  generally  by  the 
ground  on  which  they  (land  being  haftily  drawn  fide- 
wife  from  under  them,  &c. 

But  common  experience  feems  infufficient  for  efta-CorL 
blifhing  this  fundamental  propofition  of  mechanical  phi-expfcn< 
lofophy.  We  muft,  on  the  faith  of  the  Copernican  fy.infiia 
flem,  grant  that  we  never  faw  a  body  at  reft,  or  in  uni¬ 
form  re&ilineal  motion  ;  yet  this  feems  abfolutely  ne* 
ceflary  before  we  can  fay  that  we  have  eflablifhed  thij> 
propofition  experimentally. 

What  we  imagine,  in  our  experiments,  to  be  putting 
a  body,  formerly  at  reft,  into  motion,  is,  in  fa<ft,  only 
changing  a  moft  rapid  motion,  not  lefs,  and  probably 
much  greater,  than  90,000  feet  per  fecond.  Suppofe 
a  cannon  pointed  eaft,  and  the  bullet  difeharged  at  noon 
day  with  60  times  greater  velocity  than  we  have  ever 
been  able  to  give  it.  It  would  appear  to  fet  out  with 
this  unmeafurable  velocity  to  the  eaftward  ;  to  be  gra¬ 
dually  retarded  by  the  refiftance  of  the  air,  and  at  lail 
brought  to  reft  by  hitting  the  ground.  But,  by  reafon 
of  the  earth’s  motion  round  the  fun,  the  fadl  is  quite 
the  reverfe.  Immediately  before  the  difeharge,  the  ball 
was  moving  to  the  weflward  with  the  velocity  of  90,00a 
feet  per  fecond  nearly.  By  the  explofion  of  the  pow¬ 
der,  and  its  preffure  on  the  ball,  fome  of  this  motion  is 
deflroyed,  and  at  the  muzzle  of  the  gun,  the  ball  is 
moving  flower,  and  the  cannon  is  hurried  away  from  it 

to 


D  Y  N  A 

t  l,*  to  the  weft  ward.  The  air,  which  is  alfo  moving  to  the 
Mrion  weftvvard  90,000  feet  in  a  fecond,  gradually  communi- 
cates  motion  to  the  ball,  in  the  fame  manner  as  a  hur¬ 
ricane  would  do.  At  laft  (the  ball  dropping  all  the 
while)  fome  part  of  the  ground  hits  the  ball,  and  car¬ 
ries  it  along  with  it. 

Other  obfervations  mull  therefore  be  reforted  to,  in 
order  to  obtain  an  experimental  proof  of  this  propoli- 
tion.  And  filch  are  to  be  found.  Although  we  cannot 
meafure  the  abfolutc  motions  of  bodies,  we  can  obferve 
and  meafure  accurately  their  relative  motions,  which  are 
the  differences  of  their  abfolute  motions.  Now,  if  we 
can  (hew  experimentally,  that  bodies  (hew  equal  ten¬ 
dencies  to  refift  the  augmentation  and  the  diminution  of 
their  relative  motions,  they,  Ipfo  facto,  (hew  equal  ten¬ 
dencies  to  refift  the  augmentation  or  diminution  of  their 
abfolute  motions.  Therefore  let  two  bodies,  A  and  B, 
be  put  into  fuch  a  fituation,  that  they  cannot  (by  rea- 
fon  of  their  impenetrability,  or  the  adtions  of  their  mu¬ 
tual  powers)  perfevere  in  their  relative  motions.  The 
change  produced  on  A  is  the  effedt  and  the  meafure  of 
B’s  tendency  to  perfevere  in  its  former  (fate;  and  there¬ 
fore  the  proportion  of  thefe  changes  will  (hew  the  pro¬ 
portion  of  their  tendencies  to  maintain  their  former 
ftates.  Therefore  let  the  following  experiment  be  made 

at  noon.  . 

peri-  Let  A,  apparently  moving  weftward  three  teet  per 
ntsprn-  fecond,  hit  the  equal  body  B  apparently  at  reft.  Sup- 
for  the  pofe,  iji.  That  A  impels  B  forward,  without  any  dimi- 
'p0fc-  notion  of  its  own  velocity.  This  refult  would  fhew 
that  B  manifefts  no  tendency  to  maintain  its  motion  un¬ 
changed,  but  that  A  retains  its  motion  undiminilhed. 

idly,  Suppofe  that  A  (tops,  and  that  B  remains  at 
reft.  This  would  (hew  that  A  does  not  refift  a  diminu¬ 
tion  of  motion,  but  that  B  retains  its  motion  unaug 

mented.  ... 

yUy,  Suppofe  that  both  move  weftward  with  the  ve¬ 
locity  of  one  foot  per  fecond.  The  change  on  A  is  a 
diminution  of  velocity,  amounting  to  two  feet  per  fe- 
eond.  This  is  the  effed  and  the  meafure  of  B  3  ten¬ 
dency  to  maintain  its  velocity  unaugmented.  The  change 
on  B  is  an  augmentation  of  one  foot  per  fecond  made 
on  its  velocity  and  this  is  the  meafwe  of  A’s  tenden¬ 
cy  to  maintain  its  velocity  undiminilhed.  >  This  tenden¬ 
cy  is  but  half  of  the  former  ;  and  this  refult  would 
fhew,  that  the  refiftance  to  a  diminution  of  velocity  is 
but  half  of  the  refiftance  to  augmentation.  It  is  per¬ 
haps  but  one  quarter ;  for  the  change  on  B  has  produ¬ 
ced  a  double  change  on  A.  , 

af/j/y,  Suppofe  that  both  move  weftward  at  the  rate 
9f  i  ■  feet  per  fecond.  It  is  evident  that  their  tendencies 
to  maintain  their  ftates  unchanged  are  now  equal. 

abh,  Suppofe  A  =  2  B,  and  that  both  move,  after 
the  collifion,  two  feet  per  fecond,  B  has  received,  an 
addition  of  two  feet  per  fecond  to  its  former  velocity. 
This  is  the  effed  and  the  meafure  of  A  s  whole  ten- 
dency  to  retain  its  motion  undnninifhed.  hda.t  ot  tins 
change  on  B  meafures  the  perfevenng  tendency  ot  the 
half  of  A*  but  A,  which  formerly  moved  with  the  ap¬ 
parent  or  relative  velocity  thiee,  now  moves  (by  the 
fuppofition)  with  the  velocity  two,  having  loft  a  velo¬ 
city  of  one  foot  per  fecond.  Each  half  of  A  therefore 
has  loft  this  velocity,  and  the  whole  lofs  of  motion  is 
two.  Now  this  is  the  meafure  of  B’s  tendency  to 
maintain  its  former  (late  unaugmented  ;  and  this. is  the 
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fame  with  the  meafure  of  A’s  tendency  to  maintain  its  Firft  ^aw 
own  former  date  undiminilhed  The  conclufion  from  °  °_l.ol<i' 

fuch  a  refult  would  therefore  be,  that  bodies  have  equal 
tendencies  to  maintain  their  former  ftates  of  motion 
without  augmentation  and  without  diminution.^ 

What  is  fuppofed  in  the  4 th  and  $ih  cafes  is  really 
the  refult  of  all  the  experiments  which  have  been  tried; 
and  this  law  regulates  all  the  changes  of  motion  which 
are  produced  by  the  mutual  actions  of  bodies  in  impul- 
iions.  This  after  t  ion  is  true  without  exception  or  qua* 
location.  Therefore  it  appears  that  bodies  have  no 
preferable  tendency  to  reft,  and  that  no  fad  can  be  ad¬ 
duced  which  fhonld  make  us  fuppofe  that  a  motion  once 
begun  ftiould  fuffer  any  diminution  without  the  adion  - 
of  a  changing  caufe. 

But  we  mult  now  obferve,  that  this  way  of  eftablifh-  Butexpe-’ 
ing  the  firft  law  of  motion  is  very  imperfed,  and  ajt0’ ^thepro* 
gether  unfit  for  rendering  it  the  fundamental  principle  per  fou 
of  a  whole  and  extenfive  fcience.  It  is  fubjed  to  alltionofan. 
the  inaccuracy  that  is  to  be  found  in  our  beft  expert-  axiom* 
ments  ;  and  it  cannot  be  applied  to  cafes  where  feru- 
pulous  accuracy  is  wanted,  and  where  no  experiment 
can  be  made. 

Let  us  therefore  examine  the  propofition  by  means 
of  the  general  principles  adopted  in  the  article  Philo¬ 
sophy,  EncycL  which  contain  the  foundation  of  all 
our  knowledge  of  a&ive  nature.  .  Thefe  principles  will, 
we  imagine,  give  a  decifion  of  this  queftion  that  is  fpee- 
dy  and  accurate 5  {hewing  the  propofition  to  be  an  axi¬ 
om  or  intuitive  confequencc  of  the  relations  of  thofe 
ideas  which  we  have  of  motion,  and  of  the  caufes  of  it 3 
produdion  and  changes.  3* 

It  has  been  fully  demonstrated  that  the  powers  or“.°0^ 
forces,  of  which  we  fpeak  fo  much,  are  never  the  imme-p 
diate  objeas  of  our  perception.  Their  very  exiftence, 
their  kind,  and  their  degree,  are  inftindive  inferences 
from  the  motions  which  we  obferve  and  clafs.  It  evi¬ 
dently  follows  from  this  experimental  and  univerfal 
truth,  1 if,  That  where  no  change  of  motion  is  obfer- 
ved,  no  fuch  inference  is  made  ;  that  is,  no  power  is 
fuppofed  to  aft.  But  whenever  any  change  of  motion 
is  obferved,  the  inference  is  made  ;  that  is,  a  power  or 
force  is  fuppofed  to  have  aded. 

In  the  fame  form  cf  logical  conclufion,  we  inuft  fay 
that,  2 dly,  When  no  change  of  motion  is  fuppofed  o ? 
thought  of,  no  force  u  fuppofed;  and  that  whenever  we 
fuppofe  a  change  of  motion,  we,  in  fad,  though  not  in 
terms,  fuppofe  a  changing  force.  And,  011  the  other  % 
hand,  whenever"  we  fuppofe  the  adion  of  a  changing, 
force,  we  fuppofe  the  change  of  motion  ;  for  the  adion 
of  this  force,  and  the  change  of  motion*  is  one  and  the 
fame  thing.  We  cannot  think  of  the  adion  without 
thinking  of  the  indication  of  that  adion  ;  that  is,  the 
change  of  motion. —  In  the  fame  manner,  when  we  do 
not  think  of  a  changing  force,  or  fuppofe  that  there  is 
no  adion  of  a  changing  force,  we,  in  fad,  though  not 
in  terms,  fuppofe  that  there  is  no  indication  of  this, 
changing  force  ;  that  is*  that  there  is  no  change. 

Whenever,  therefore,  we  fuppofe  that  no  mechanical"  t  is  a  law 
force  is  ading  on  a  body,  we,  in  fad,  fuppofe  that  the  of  human 
body  continues  in  its  former  condition  with  refped  tcTh'uSlt* 
motion.  If  we  fuppofe  that  nothing  accelerates,  or  re* 
tards,  or  defteds  the  motion,  we  fuppofe  that  it  is  not 
accelerated,  nor  retarded,  nor  defledcd.  Lienee  fol* 
lows  the  propofition  in  exprefs  terms —IVe  fuppofe  that 
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of* Motion  t'Je  cont'inues  'tn  former  fate  of  rcjl  or  motion >  un- 

^  J .  _jfefs  we  fuppofe  that  it  is  changed  by  funs  mechanical 
force* 

Thus  it  appears,  that  this  propofition  is  not  a  matter 
of  experience  or  contingency,  depending  on  the  proper* 
ties  which  it  has  pleafed  the  Author  of  Nature  to  be- 
ftow  on  body  :  it  is,  to  us,  a  neceffary  truth.  The 
propofition  does  riot  fo  much  exprefs  any  thing  with  re¬ 
gard  to  body,  as  it  does  the  operations  of  our  mind 
when  contemplating  body.  It  may  perhaps  be  efiential 
to  body  to  move  in  fome  particular  direclion.  It  may 
r  Be  efiential  to  body  to  flop  as  foon  as  the  moving  caufe 
has  ceafcd  to  ad  ;  or  it  may  be  efiential  to  body  to  di¬ 
minish  its  motion  gradually,  and  finally  come  to  reft. 
But  this  will  not  invalidate  the  truth  of  this  propofi¬ 
tion  Thefe  circumftances  in  the  nature  of  body, 
vehich  render  thofe  modifications  of  motion  efieritially 
neceffary,  are  the  caufes  of  thofe  modifications  ;  and, 
in  our  fludy  of  nature,  they  will  be  confidertd-  by  us  as 
changing  forces,  and  will  be  known  and  called  by  that 
name.  And  if  we  fhould  ever  fee  a  particle  of  matter 
in  fiuch  a  ftuation  that  it  is  affeded  by  thofe  efiential 
properties  alone,  we  fh all,  from  observation  cf  its  mo* 
tion,  difeover  what  thofe  efiential  properties  are. 

orTllentica]  *aw  turnS  OUt  at  to  more  tf*an  a 

proportion.  tautolo^^ca^  P«>-pof:tion  :  But  mechanical  philofophy, 
as  vve  have  defined  it,  requires  no  other  fenfe  of  it ; 
for,  even  if  we  fhould  fuppofe  that  body,  of  its  own 
nature,  is  capable  of  changing  its  ftate,  this  change 
mull  be  performed  according  to  fome  law  which  charac¬ 
terises  the  nature  of  body  ;  and  the  knowledge  of  the 
law  can  be  had  in  no  other  way  than  by  obferving  the 
deviations  from  uniform  redilineal  motion.  It  is  there¬ 
fore  indifferent  whether  thofe  changes  are  derived  from 
the  nature  of  the  thing,  or  from  external  caufes  :  for 
in  order  to  confider  the  various  motions  of  bodies,  we 
mull  fir  It  confider  this  nature  of  matter  as  a  mechanical 
affection  of  matter,  operating  in  every  inflance  ;  and 
thus  we  are  brought  back  to  the  law  enounced  in  this 
propofition.  This  becomes  more  certain  when  we  re* 
fled  that  the  external  caufes  (Inch  as  gravity  or  mag. 
netifm),  which  are  acknowledged  to  operate  changes  of 
motion,  are  equally  unknown  to  ns  with  this  efiential 
original  property  of  matter,  and  are,  like  it,  nothing 
but  inferences  from  the  phenomena. 

Th'e  above  very  diffufe  difeuffions  may  appear  fuper- 
fluous  to  many  readers,  and  even  cumberfome ;  but  we 
trull  that  the  philofophical  reader  will  excufe  our  anxie¬ 
ty  on  this  head,  when  he  refieds  on  the  complicated, 
indiftindl,  and  inaccurate  notions  commonly  had  of  the 
fubje6l ;  and  more  t  fpecially  when  he  obferves,  that  of 
thofe  who  maintain  the  truth  of  this  fundamental  pro¬ 
pofition,  as  we  have  enounced  it,  many  (and  they  too 
of  the  firft  eminence),  rejed  it  in  fad,  by  combining  it 
tvith  other  opinions  which  are  inconfiflent  with  it,  nay, 
which  contradict  it  in  exprefs  terms.  We  may  even 
include  Sir  Ifaac  Newton  in  the  number  of  thofe  who 
have  at  leaf!  introduced  modes  of  exprefiion  which  mif- 
lead  the  minds  of  incautious  perfons,  and  fuggeft  inade¬ 
quate  notions,  incompatible  with  the  pure  dodrine  of 
the  propofition.  Although,  in  words,  they  difclaim 
the  dodrine  that  reft  is  the  natural  ftate  of  body,  and 
that  force  is  neceffary  for  the  continuation  of  its  motion, 
yet  in  words  they  (and  mofl  of  them  in  thought  )  likewife 
£bet  that  dodrine ;  for  they  fay,  that  there  refides  in  a 
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moving  body  a  power  or  force,  by  which  it  perfevires  in  lidl 
its  motion.  They  call  it  the  vis  insita,  the  jnhe-0*  ^ 
reht  force  of  a  moving  body.  This  is  finely  — 
giving  up  the  queflion  :  for  if  the  motion  is  fiippofed 
to  be  continued  in  confequence  of  a  force,  that  force  is 
fippofed  to  be  exerted  ;  and  it  is  fuppofed,  that  if  it 
were  not  exerted,  the  motion  would  ceafe  ;  and  there¬ 
fore  the  propofition  mufl  be  falfc.  Indeed  it  is  f  mu¬ 
tinies  expreffed  fo  as  feemingly  to  ward  off  this  objec¬ 
tion.  It  is  faid,  that  the  body  continues  in  uniform  rec¬ 
tilineal  motion,  unlefs  affeded  by  fome  external  caufe . 

But  this  way  of  lpeaking  obliges  us,  at  firft  fetting  out 
in  natural  philofophy,  to  affert  that  gravity,  magnetifm, 
electricity,  and  a  thoufand  other  mechanical  powers' 
are  external  to  the  matter  which  they  put  in  mot  on.' 

This  is  quite  improper  :  It  is  the  hufinefs  of  philofo- 
phy  to  difeover  whether  they  be  external  or  not ;  and 
if  we  affert  that  they  arc,  we  have  no  principles  of  ar¬ 
gumentation  with  thofe  who  deny  it.  It  is  this  one 
thing  that  ha*  filled  the  ihidyof  nature  with  all  the  jargon 
of  aethers  and  other  mvifible  intangible  fluids,  which  has 
difgraced  philofophy,  and  greatly  retarded  its  progrefi. 

We  mud  ohferve,  that  the  terms  vis  infita,  inherent  jru  U 
force,  are  very  improper.  There  is"  no  difpute  among  irtoS 
philofophera  in  calling  every  thing  a  force  that  pro-  f°rce> 
duces  a  change  of  motion,  and  in  inferring  the  adionimpt0  * 
of  fuch  a  force  whenever  we  obferve  a  change  of  mo- 
t,OTl*_  l\  1S  furel7  incongruous  to  give  the  fame  name  accept  M 
to  what  has  not  this  quality  of  producing  a  change,  or ci°n* 
to  infer  (or  rather  to  fuppofe)  the  energy  of  a  force 
when  no  change  of  motion  is  obferved.  This  is  one 
amoag  many  inffances  of  the  danger  of  miftake  when  we 
indulge  in  analogical  difeuffions.  All  our  language, 
at  leaft,  on  this  fubjed  is  analogous.  I  feel,  That  in 
order  to  oppofe  animal  force,  I  mufl  exert  force.  But 
I  mufl  exert  force dn  order  to  oppofe  a  body  in  motion: 
Therefore  I  imagine  that  the  moving  body  poffeffes 
force.  A  bent  fpring  will  drive  a  body  forward  by  un¬ 
bending  :  Therefore  I  fay  that  the  fpring  exerts  force. 

A  moving  body  impels  the  body  which  it  hits :  There¬ 
fore  I  fay,  that  the  impelling  body  poffeffes  and  exerts 
force..  I  imagine  farther,  that  it  poffeffes  force  only* 
by  being  in  motion,  or  becaufe  it  is  in  motion  ;  becaufe 
I  do  not  find  that  a  quiefeent  body  will  put  another 
into  motion  by  touching  it.  But  we  fhall  foon  find  this 
to  be  falfe  in  many,  if  not  in  all  cafes,  and  that  the  com¬ 
munication  of  motion  depends  on  the  mere  vicinity,  and 
not  on  the  motion,  of  the  impelling  body;  yet  we  aferibe 
the  exertion  of  the  vis  infita  to  the  circurnftance  of  the 
continued  motion.  We  therefore  conceive  the  force  as 
arifing  from,  or  as  confiding  in,  the  impelling  body’s 
being  in  motion  ;  and,  with  a  very  obfeure  and  indif- 
tindl  conception  of  the  whole  matter,  we  call  it  the 
force  by  which  the  body  prefer ves  itfelf  in  motion .  Thus, 
taking  it  for  granted  that  a  force  i elides  in  the  body, 
and  being  obliged  to  give  it  fome  office,  this  is  the  on¬ 
ly  one  that  we  can  think  of. 

But  philofophers  imaginelhat  they  perceive  the  ne- 
ceffity  of  the  exertioq  of  a  force  in  order  to  the  conti¬ 
nuation  of  a  motion.  Motion  (fay  they)  is  a  conti¬ 
nued  adion  ;  the  body  is  every  inflant'  in  a  new  fitua- 
tion  ;  there  is  the  continual  produdiou  ,qf  an  effed, 
therefore  the  continual  adion  of  a  caufe. 

But  this  is  a  very  inaccurate  way  of  thinking.  We 
have  a  diflind  conception  of  motion  ;  and  we  conceive 
1  .  that 
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Law  that  there  Is  fuch  a  things  as  a  moving  caufe,  which  'we 
ll  ’ti^’dhllngmfh  from  all  other  caufes  by  the  name  force .  It 
produces  motion.  If  it  does  this,  it  produces  the  cha¬ 
racter  of  motion,  which  is  a  continual  change  ef  place. 
Motion  is  not  adion,  but  the  tffe<ft  of  an  action  ;  and 
this  action  is  as  complete  in  the  inllant  immediately 
dfech  fucceeding  the  beginning  of  the  motion  as  it  is  a  mi¬ 
nute  after.  The  fubfequent  change  of  place  is  the  con¬ 
tinuation  of  an  efFeCt  already  produced.  1  he  immedi¬ 
ate  efTe<ft  of  the  moving  foice  is  a  determination,  by 
winch,  if  not  hindered,  the  body  would  go  on  for  ever 
from  place  to  place.  It  is  in  this  determination  only 
that  the  ftate  or  condition  of  the  body  can  differ  fro  n 
a  ftate  of  reft  ;  for  in  any  inftant,  the  body  does  not 
dtfciibe  any  fpnee,  but  has  a  determination,  by  which 
it  will  deferibe  a  certain  foace  uniformly  in  a  certain 
time.  Motion  is  a  condition,  a  ftate,  or  mode,  of  ex- 
iftence,  and  no  more  requires  the  continued  agency  of 
the  moving  caufe  than  yellownefs  or  roundnefs  does. 
It  requires  fome  chemical  agency  to  change  the  yellow- 
refs  to  greennefs ;  and  it  requires  a  mechanical  caufe 
or  a  force  to  change  this  motion  into  reft.  When  we 
fee  a  moving  body  ftop  fhort  in  an  inftant,  or  be  gra¬ 
dually,  but  quickly,  brought  to  reft,  we  never  fail  to 
fpeculate  about  a  caufe  of  this  ceffation  or  retardation. 
The  cafe  is  no  way  different  in  itfelf  although  the  re¬ 
tardation  fhonld  be  extremely  flow.  We  fhould  always 
attribute  it  to  a  caufe.  It  requires  a  caufe  to  put  a 
body  out  of  motion  as  much  as  to  put  it  into  motion. 
This  caufe,  if  not  external,  muft  be  found  in  the  body 
itftlf ;  and  it  muft  have  a  felf-determining  power,  and 
may  as  well  be  able  to  put  itfelf  into  motion  as  out 
of  it. 

If  this  reafoning  be  not  admitted,  we  do  not  fee  how 
any  effeft  can  be  produced  by  any  caufe.  Every  effe<ft 
fuppofts  fomething  done  ;  and  any  thing  done  implies 
that  the  thing  done  may  remain  till  it  be  undone  by 
fome  other  caufe.  Without  this,  it  would  have  no  ex- 
iftence.  If  a  moving  caufe  did  not  produce  continued 
motion  by  its  inftaiuaneoiis  action,  it  could  not  pro¬ 
duce  it  by  any  continuance  of  that  aft  ion  ;  becaufe  in 
no  inftant  of  that  adtiori  docs  it  produce  continued 
motion. 

We  muft  therefore  give  up  the  opinion,  that  there  , 
rtfides  in  a  moving  body  a  force  by  which  it  is  kept  in 
motion  ;  and  we  muft  find  fome  other  way  of  explain¬ 
ing  that  remarkable  difference  between  a  moving  body 
and  a  body  at  reft,  by  which  the  firft  caufes  other  bo¬ 
dies  to  move  by  hitting  them,  vdiile  the  other  does  not 
do  this  by  merely  touching  them.  We  fhall  fee,  with 
the  dearth  evidence,  that  motion  is  necefiary  in  the  im¬ 
pelling  body,  in  order  that  it  may  permit  the  forces  in- 
heient  in  one  or  both  bodies  to  continue  this  preffure 
long  enough  for  producing  a  fenfible  or  coniiderable 
motion.  But  thefe  moving  forces  are  inherent  in  bo¬ 
dies,  wrhether  they  are  in  motion  or  at  reft. 

The  foregoing  obfervations  fheiv  us  the  impropriety 
of  the  phrafe  communication  of  motion .  By  thus  iefk<ft- 

ing  on  the  notions  that  are  involved  in  the  general  con- 
firafe  ception  of  one  body  being  made  to  move  by  the  im- 
*  pulfe  of  another,  we  perceive,  that  there  is  nothing  in¬ 
dividual  transferred  from  the  one  body  to  the  other. 
The  determination  to  motion,  indeed,  exifted  only  in 
the  impelling  body  before  collifion;  whereas,  afterwards, 
both  bodies  are  fo  conditioned  or  determined.  But  we 
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can  form  no  notion  of  the  thing  transferred.  With  the  Firft  Law 
fame  metaphyfcal  impropriety,  we  fpeak  of  the  com-of  Mution* 
miHiication  of  joy,  of  fever.  — ^  ' 

Kepler  introduced  a  term  inertia,  vis  inertias,  So  is* 'lu 
into  mechanical  philosophy  ;  and  it  is  now  in  conltant'W//#. 
ufe.  But  writers  are  very  cardefs  and  vague  in  the  no- 
tions  which  thev  affix  to  thefe  terms.  Kepler  and  New¬ 
ton  feem  generally  to  employ  it  for  exprefTmg  the  fad:,, 
the  perfevtrar.ee  of  the  body  in  its  prtfent  ftate  of  mo¬ 
tion  or  reft  :  but  they  alfo  frequently  exprefs  by  it 
fomething  like  an  indifference  to.  motion  or  reft,  mani - 
ffed  by  its  requiring  the  fame  quantity  of  force  to  male 
an  augmentation  of  its  motion  as  to  make  an  equal  diminu¬ 
tion  of  it .  '1  he  popular  notion  is  like  that  which  we 

have  of  a<5hial  idiftance  ;  and  it  always  implies  the  no¬ 
tion  of  force  exerted  by  the  rehftirg  body.  We  fop- 
pofe  this  to  be  the  exertion  of  the  vis  infita ,  or  the  inhe¬ 
rent  force  of  a  body  in  motion.  But  we  have  the  fame 
notion  of  rdiftance  from  a  body  at  reft  which  we  fet 
in  motion.  Now  furcly  it  is  in  dire  (ft  contradiction  to 
the  common  ufe  of  the  wor 6.  force,  when  we  fuppoie  re¬ 
fill  a  nee  from  a  body  at  reft  ;  yet  vis  inertia  is  a  very 
common  expreffion.  Nor  is  it  more  abfurd  (and  it  is 
very  abfurd)  to  fay,  that  a  body  maintains  its  ftate 
of  relt  by  the  exertion  of  a  vis  inertia ,  than  to  fay, 
that  it  maintains  its  ftate  of  motion  by  the  exertion  of 
an  inherent  force..  We  fhould  avoid  all  fuch  metapho¬ 
rical  expreffions  as  reft/lance,  indtffirence ,  Jluggi/hnefs ,  or 
pronenefs  to  rejl  (which  fome  exprefs  by  inertia ),  be¬ 
caufe  they  feldom  fail  to  make  ns  indulge  in  metapho¬ 
rical  notions,  and  thus  lead  us  to  mifconeeive  the  modus 
operand. /,  or  procedure  of  nature. 

1  here  is  no  rejijlance  whatever  olfcrved  in  thefe  phe¬ 
nomena  ;  for  the  force  employed  always  produces  its- 
complete  efFe<ft.  When  I  throw*  down  a  man,  and  find 
that  I  have  employed  no  more  force  than  was  fufficient 
to  tin o\v  down  a  firnilar  and  equal  mafs  of  dead  matter,. 

I  know  by  this  that  he  has  not  refilled  ;  but  I  con¬ 
clude  that  he  has  refilled,  if  I  have  been  obliged  to  em¬ 
ploy  much  more  force.  i  here  is  therefore  no  rdift¬ 
ance,  properly  fo  called,  when  the  exerted  force  is  ob- 
ferved  to  produce  its  full  To  fay  that  there  is 

rdiftance,  is  therefore  a  ical  mifconception  of  the  way 
in  which  mechanical  forces  have  operated  in  the  colli- 
fion  of  bodies.  There  is  no  more  idiftance  in  thefe 
caies  than  in  any  other  natural  charges  of  condition. 

We  are  guilty,  however,  of.  the  fame  impropriety  of 
language  in  other  cafes,  where  the  caufe  of  it  is  more 
evident.  We  fay  that  colours  in  giain  reffl  the  a&ion. 
of  foap  and  of  the  fun,  but  that  Prnflian  blue  does  not. 

We  all  perceive,  that  in  this  exprellion  the  word  re¬ 
finance  is  entirely  figurative:  and  we  fhould  fay  that 
Prufiian  blue  rrfijls  foap,  if  we  are  right  in  faying  that 
a  body  refills  any  force  employed  to  change  its  ftate  of 
motion  ;  for  foap  muft  be  employed  to  difeharge  or 
change  the  colour  ;  and  it  does  change  it.  Eorcc  muft 
be  employed  to  change  a  motion  ;  and  it  does  change  it. 

The  impropriety,  both  of.  thought  and  language,  is  plain 
in  the  one  cafe,  and  it  is  no  lefs  real  in  the  other.  Both 
of  the  terms,  inherent  force  and  inertia ,  may  be  nfed 
with  fafety  for  abbreviating  language,  if  we  be  careful 
to  employ  them  only  for  expreffing,  either  the fimple  fait 
of  pei fevering  in  the  former  Jlate,  or  the  necejjily  of  em¬ 
ploying  a  certain  determinate  force,  in  order  to  change  that 
Jute,  and  if  we  avoid  all  thought  of  rejijlance. 
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be  o  idLaw  From  the  whole  of  this  dtfeuflion,  we  learn,  that  the 
-d  Motion  deviations  from  uniform  motions  are  the  indications  of 
the  exiftence  and  agency  of  mechanical  forced,  and  that 
Deviations  they  are  the  only  indications.  .  The  indication  is  very 
from  un?-  fimple,  mere  change  of  place  ;  it  can  therefore  indicate 
form  re£i-  nothing  but  what  is  very  fimple,  the  fomethin.g  com- 
t^arc  the  Pctcnt  to  the  produdion  of  the  very  motion  that  we 
only  indica- obferve.  And  when  two  changes  of  motion  are  pre- 
*ions  of  .cifely  fimilar,  they  indicate  the  fame  thing.  Suppofe  a 
£*rce.  planner's  compafs  on  the  table,  and  that  by  a  fniall  tap 
with  my  finger  I  caufe  the  needle  to  turn  off  from  its  qui* 
-efeent  pofition  10  degrees.  I  can  do  the  fame  thing  by 
bringing  a  magnet  near  it  ;  or  by. bringing  an  eledrified 
‘body  near  it ;  or  by  the  unbending  of.  a  fine  fpring 
preffmg  it  afide  ;  or  by  a  puff  of  wind ;  cr  by  feveral 
other  methods.  In  all  thefe  cafes,  the  indication  is  the 
fame  ;  therefore  the  thing  indicated  is  the  fame,  name¬ 
ly,  a  certain  intenfity  and  dire&ion  of  a  moving  power. 
How  it  operates,  or  in  what  manner  it  ex  ills  and  exerts 
itfelf  in  thefe  inftances,  outwardly  fo  different,  is  not 
.under  confideradon  at  prefent.  Impulfivenefs,  intenfity, 
-and  direction,  are  all  the  cir.cuniftances  of  refemblance 
►by  which  the  affedions  of  matter  arc  to  be  charadeiifed  ; 
•and  it  is  to  the  difeovery  and  determination  of  thefe 
alone  that  our  attention  is  now  to  be  directed.  We  are 
'.dlreded  in  this  refearch  by  the 

Second  Law  of  Motion. 
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blifh  it  as  a  law  of  motion,  according'to  our  definition  SecojUj 
of  that  term  ;  as  a  law  of  human  thought,  the  refult  of0*  ^ 
the  relations  of  our  ideas,  as  an  intuitive  truth.  The 
injudicious  attempts  of  philo fophers  to  prove  it  as  a 
matter  of  obfervation,  have  occafioned  the  only  difpute 
that  has  arifen  in  mechanical  philofophy.  It  is  well 
■■known,  that  a  bullet,  moving  with  double  velocity,  pe¬ 
netrates  four  times  as  far.  Many  other  fimilar  fads 
corroborate  this  :  and  the  philofophers  obferve,  that 
four  times  the  force  has  been  expended  to  generate  this 
double  velocity  in  the  bullet  ;  it  requires  four  times  as 
much  powder.  In  all  the  examples  of  this  kind,  it  would 
feenv  that  the  ratio  of  the  forces  employed  has  been 
very  accurately  afeertained  ;  yet  this  is  the  invariable 
.refult.  Philosophers,  therefore,  have  concluded,  that 
moving  forces  are  not  proportional  to  the  velocities  which 
they  produce,  but  to  the  fquares  of  thofe  velocities.  It 
13  a  ftrong  confirmation,  to  fee  that  the  bodies  in  mo¬ 
tion  feem  to  poffefs  forces  in  this  very  proportion,  and 
produce  effeds  in  this  proportion  ;  penetrating  four 
times  as  deep  when  the  velocity  is  only  twice  as  great, 

&c. 

But  if  this  be  a  juft  eftimation,  we  cannot  reconcile  it 
to  the  conctfiion  of  the  fame  philofophers,  who  grant 
that  the  velocity  is  proportional  to  the  force  impreffed, 
in  the  cafes  where  we  have  no  previous  obfervation  of 
the  ratio  of  the  forces,  and  of  its  equality  to  the  ratio 
of  the  velocities.  This  is  the  cafe  with  gravity,  which 
thefe  philofophers  always  meafure  by  its  accelerating 
power,  or  the  velocity  which  it  generates  in  a  given 
time.  And  this  cannot  be  refufed  by  them  ;  for  cafc6 
occur,  where  the  force  can  be  meafured,  in  the  moft  na¬ 
tural  manner,  by  the  a  dual,  preffure  which  it  exerts. 
Gravity  is  thus  meafured  by  the  preffure  which  a  Hone 
exerts  on  its  fupports.  A  weight  which  at  Quito  will 
pull  out  the  rod  of  a  fpring  ft eelyard  to  the  mark  312, 
will  pull  it  to  313  at  bpitzbergen.  And  it  is  a  fa d, 
that  a  body  will  fall  3 1 3  inches  at  Spitzbergen  in  the 
fame  time  that  it  falls  312  at  Quito.  Gravitation  is 
the  caufe  both  of  the  preffure  and  the  fall ;  and  it  is  a 
matter  of  unexccpted  obfervation,  that  they  have  al¬ 
ways  the  fame  ratio.  The  philofophers  who  have  fo 
ftrenuoufly ’maintained  the  other  meafure  of  forces,  are 
among  the  moft  eminent  of  thofe  who  have  examined 
the  motions  produced  by  gravity,  magnetifm,  eledricity, 

&c. ;  and  they  never  think  of  meafuring  thofe  forces 
any  other  way  than  by  the  velocity.  It  is  in  this  way 
that  the  whole  of  the  celeftial  phenomena  are  explained 
in  perfed  uniformity  with  obfervation,  and  that  the 
-Newtonian  philofophy  is  confidered  as  a  demonftrative  I 
fcience. 

There  muft,  therefore,  be  fome  defed  in  the  principle 
on  which  the  other  meafurement  of  forces  i  built,  or 
in  the  method  of  applying  it.  Preffure  is  undoubtedly 
the  immediate  and  natural  meafure  of  force  ;  yet  we 
know  that  four  fprings,  or  a  bow  four  times  as  ftrong,  I 
give  only  a  double  velocity  to  an  arrow. 

The  truth  of  our  law  refts  on  this  only,  that  we  affumc 
the  charges  of  motion  as  the  meaiure  of  the  changing 
forces  ;  2>r,  at  leaft,as  the  meafure s of  their  exertions  in 
producing  motion.  In. fad,  they  are  the  meafurts  only 
of  a  certain  circumftance,  in  which  the  adioris  of  very 
different  natural  powers  may  refemble  each  other;  name¬ 
ly,  the  competency  to  produce  motion.  They  do  not, 
perhaps,  meafure  their  competency  to  produce  heat,  or 

even  | 


.. Every  change  of  motion  Is  proportional  to  the  force  impreffed , 
and  is  made  in  the  diredion  of  that  force. 

This  law  alfo  may'  almoft  be  confidered  as  an  identi¬ 
cal  prepofition  ;  for  it  is  equivalent  to  faying,  that  the 
changing  force  is  to  be  meafured  by  the  change  which 
it  produces,  and  that  the  diredion  of  this  force  is  the 
diredion  of  the  change.  Of  this  there  can  be  no  doubt, 
when  we  confider  the  force  in  no  other  fenfe  than  that 
of  the  caufe  of  motion,  paying  no  attention  to  the  form 
or  manner  of  its  exertion.  Thus,  when  a  pellet  of  tow 
is  (hot  from  a  pop-gun  by  the  expanfion  of  the  air  com- 
preffed  by  the  rammer,  or  where  it  is  fhot  from  a  toy 
piftol  by  the  unbending  of  the  coiled  wire,  or  when  it 
Js  nicked  away  by  the  thumb  like  a  marble — if,  in  all 
thefe  cafes,  it  moves  off  in  the  fame  diredion,  and  with 
.the  fame  velocity,  we  cannot  confider  or  think  of  the 
-force,  or  at  leaft  of  its  exertion,  as  any  how  different. 
Nay,  when  it  is  driven  forward  by  the  inftantaneous 
percuffion  of  a  fmatt  ftroke,  although  the  manner  of 
producing  this  effed  (if  poflible)  is  effentially  different 
.from  whatffs  conceived  in  the  other  cafes,  we  muft  ft  ill 
think  that  the  propelling  force,  confidered  as  a  pro¬ 
pelling  force,  is  one  and  the  fame.  In  fiiort,  this  law 
of  motion,  as  thus  expreffed  by  Sir  Ifaac  Newton,  is 
equivalent  to  faying,  “  That  we  take  the  changes  of 
motion  as  the  meafures  of  the  changing  forces,  and  the 
diredion  of  the  change  for  the  indication  of  the  direc¬ 
tion  of  the  forces  For  110  tdleding  perfon  can  pre¬ 
tend  to  fay,  that  it  is  a  dedudion  from  the  acknowledged 
principle,  that  effeds  are  proportional  to  their  eauies. 
We  do  not  affirm  this. law,  from  having  obferved  the 
proportion  of  the  .forces  and  the  proportion  of  the 
changes,  and  that  thefe  proportions  are  the  fame  ;  and 
from  having  obferved  that  this  has  obtained  through 
the  whole  extent  of  our  ftitdy  of  nature.  'This  would 
indeed  eftabliffi  it  as  a  phyfical  law,  an  univerfal  fad..; 
and  it  is,  in  fad,  fo  eftabliihed.  But  this  does  not  efta- 
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tauJUwevsn  to  bend  fpring?.  We  can  furely  coniider  this  a- 
^oHnn  part  from  all  other  clrcum fiances ;  and  it  is  worthy  of 
J*"’~  ft  pa  rate  confideration.  j  ,et  us  fee  what  can  he,  and 

what  ought  to  be,  deduced  from  this  way  of  treating 
3g  the  fubjedl. 

mge  of  1  he  motion  of  a  body  may  certainly  remain  unchaiu 
^  dircdlion  and  velocity  remain  the  fame,  we 

perceive  no  circumflance  in  which  its  condition,  with 
refpe£l  to  motion,  differs.  Its  change  of  place  orfitu- 
ation  cgn  make  no  difference  ;  for  this  is  implied  in 
the  very  circumflance  of  the  bodies  being  in  motion. 

ihat  if  either  the  velocity  or  dire&iun  change,  then 
furely  is  its  mechanical  condition  no  longer  the  fame  ; 
a  force  h^s  $<5ted.on  it,  either  intrinfic  or  from  without, 
either  accelerating,  or  retarding,  or  defle&ing  it.  Sup- 
pofing  the  direction  to  remain  the  fame,  its  difference  of 
condition  can  ccnfift  in  nothing  but  its  difference  of 
velocity.  This  is  the  only  circumflance  in  which  its 
condition  can  differ,  as.  it  paflfea  through  two  different 
points  of  its  redliiine.al  path.  It  is  this  determination 
by  \yhich  tire  body  will  deferibe  a  certain  determinate 
fpace  uniformly  ifua  given  time,  which  defines  its  con¬ 
dition  as  a,  moving  body  :  the  changes  of  this  determi* 
nation  are  the  meafures  of  their  own  caufes and  to 
thofe  caufes.  we  have  given  the  name  force .  Tliofc 
caufes  may  refide  in  other  bodies,  which  may  have  other 
properties,  chara&enfed  and  meafured  by  other  effeds. 
Prefiure  may  be  one  of  thofe  properties,  and  may  have 
its  own  meafures’;  thefe  may,  or  may  not,  have  the 
fame  proportion  with  that  property  which  is  the  caufe  of 
a  change  of  velocity  :  and  therefore  changes  of  velocity 
may  not  be  a  m,eafure  of  preffure.  This  is  a  queftfon 
oi  lad,  and  requires  obfervation  and  experience  ;  but, 
in  the  mean  tin,\e,  velocity,  and  the  change  of  velocity, 
h  the  meafure  of  moving  force  and  of  changing  force. 
When  therefore  the  change  of  velocity  is  the  fame, 
whatever  the  previous  velocity  may  he,  the  changing 
force  muft  be  confidered  as  the  fame  :  therefore,  final¬ 
ly,  it  the  previous  velocity  is  nothing,  and  confequent- 
ly  the  change  on  that  body  is  the  very  velocity  or  mo¬ 
tion  that  it  acquires,  we  mult  fay,  that  the  force  which 
produces  a  certain  change  in  the  velocity  of  a  moving 
body,  is  the  fame  with  the  force  which  would  impart  to 
a  body  at  reft  a  velocity  equal  to  this  change  or  diffe¬ 
rence  of  velocity  produced  on  the  body  already  in  mo¬ 
tion. 

This  manner  of  eftimating  force  13  in  perfed  confor¬ 
mity  to  our  moft  familiar  notions  on  thefe  fubjeds. 
We  conceive  the  weight  or  downward  preffure  of  a  bo¬ 
dy  as  the  caufe  of  its  motion  downwards  ;  and  we  con¬ 
ceive  it  as  belonging  to  the  body  at  all  times,  and  in 
all  places,  whether  falling,  or  riling  upwards,  or  deferr¬ 
ing  a  parabola,  or  lying  on  a  table  ;  and,  accordingly, 
we  obferve,  that  in  every  ftate  of  motion  it  receives 
equal  changes  of  velocity  in  the  fame,  or  an  equal  time, 
and  all  in  the  direction  of  its  preffure. 

All  that  we  have  now  faid  of  a  change  of  velocity 
might  be  repeated  of  a  change  of  diredion.  It  is  fure¬ 
ly  poflible  that  the  fame  change  of  diiedion  may  be 
made  on  any  two  motions.  Let  one  of  the  motions  be 
confidered  as  growing  continually  flower,  and  terminating 
in  reft.  In  every  inftant  of  this  motion  itSs  poffible  to 
make  one  and  the  fame  change  on  it.  The  fame  change 
may  therefore  be  made  at  the  very  inftant  that  the  mo¬ 
tion  is  at  an  end.  In  this  cafe,  the  change  is  the  very 
Suppl.  Vol.  I.  Part  II. 
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motion  which  the  body*  acquires  from  the  changing  Second l. aw 
force.  Therefore,  in  this  cafe  alfo,  we  mail  fay,  that  aof 
change  of  motion  is  itfelf  a  motion,  and  that  it  is  the 
motion  which  the  force  Would  produce  in  a  body  that 
was  prcvibufly  at  reft.  '  4, 

The  refult  of  thefe  obfervations  is  evidently  this,  How  after- 
that  we  muft  afeertain,  in  every  inftauce,  what  is  thetail!^d  a:‘d 
change  of  motion,  and  mark  it  by  ehara&ers  that  are mc:i*ure 
confpicuous  and  diftinguifhing  ;  and  this  mark  and  mea- 
fiire  of  change  muft  be  a  motion  :  Then  we  muft  fay, 
that  the  changing  forde  is  thac  which  would'  produce 
this  motion  in  a  body  previoufly  at  reft.  We  muft  fee 
how  this  is  manifeft,  as  a  motion,  in  the  difference  be¬ 
tween  the  former  motion  and  the  new  motion  ;  and,  on 
the  other  hand,  we  muft  fee  liov/  the  motion  produce- 
able  in  a  quiefcent  body  may  be  lo  combined  with  a 
motion  already  exifting,  as  to  exhibit  a  new  motion,  in 
which  the  agency  of  the  changing  force  may  appear. 

Suppofe  a  fhip  at  anchor  in  a  (Iream  ;  while  one  man 
walks  forward  on  the  quarter  deck  at  the  rate  of  two 
miles  per  hour,  another  walks  from  ftem  to  ftern  at  the 
fame  rate,  a  third  walks  athwart  (hip,  and  a  fourth 
Hands  ftill.  Let  the  fhip  be  fuppofed  to  cut  or  part 
her  cable,  and  float  down  the  ftream  at  the  rate  of  three 
miles  per  hour.  We  cannot  conceive  any  difference  in 
the  change  made  on  each  man’s  motion  in  abfolute 
fpace  ;  but  their  motions  are  now  exceedingly  d;ff  ent 
from  what  they 'were  :  the  firft  man,  whom  we  may 
fuppofe  to  have  been  walking  weftward,  is  now  moving 
eaftward  one  mile  per  hour  ;  the  fecond  is  moving  eaft- 
ward  four  miles  per  hour  ;  and  the  third  is  moving  in  ' 
an  oblique  dire&ion,  about  three  points  north  or  fjuth 
of  due  eaft.  All  have  buffered  the  fame  change  of  con¬ 
dition  with  the  man  who  had  been  Handing  Hill.  Iffe 
has  now  got  a  motion  eaftward  three  miles  per  hour. 

In  this  iniiance,  we  fee  very  well  the  circumflance  of 
famenefs  that  obtains  in  the  change  of  thefe  four  con¬ 
ditions.  It  is  the  motion  of  the  fhip,  which  is  blended 
with  the  other  motions.  But  this  circumflance  is  e- 
qually  prefent  whenever  the  fame  previous  motions  are 
changed  into  the  fame  new  motions.  We  muft  learn 
to  expifeate  this  ;  which  we  [hall  do,  by  confidering  the 
manner  in  which  the  motion  of  the  fhip  is  blended  with 
each  of  the  m  ens  motions. 

This  kind  of  combination  has  been  called  the  Compo-  Oompefi- 
sition  of  motion’  ;  becaufe,  in  every  point  of  the  rao-h"n  °f  mo~ 
tion  really  purfued,  the  two  motions  are  to  be  found.  tiun* 

The  fundamental  theorem  on  this  fubjed  is  this : _ 

Two  uniform  motions  in  the  fidcs  of  a  parallelogram 
compofe  an  uniform  motion  in  the  diagonal. 

Sunpofe  that  a  point  A  (fig.  1.)  deferibes  AB  uni- Plate  XXI. 
formly  in  fome  given  time,  -while  the  line  AB  is  car¬ 
ried  uniformly  along  AC  in  the  fame  time,  keeping  al¬ 
ways  parallel  to  its  firft  pofition  AB.  I  he  point  \, 
by  the  combination  of  thefe  motions,  will  deferibe  AD, 
the  diagonal  of  the  parallelogram  ABDC,  uniformly 
in  the  fame  time. 

For  it  is  plain,  that  the  velocities  in  AB  and  AC 
are  proportional  to  AB  and  AC,  becaufe  they  arc  uni¬ 
formly  deferibed  in  the  fame  time.  When  the  point- 
has  got  to  E,  the  middle  of  AB,  the  line  A.B  has  got 
into  the  fituation  GH,  half  way  between  AB  and  CD, 
and  the  point  E  is  in  the  place  e,  the  middle  of  GH. 

Draw  H  e  L  parallel  to  AC.  It  is  plain,  that  the  pa¬ 
rallelograms  ABDC  and  AEf  G  are  firnilar  5  becaufe 
3 T  AE 
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Secon  i  Law  A  E  and  AG  are  the  halves  of  AB  and  AC,  and  the 
of  Motion  angje  at  1S  common  to  both.  Therefore,  by  a  pro- 
pofition  in  the  elements,  they  are  about  the  fame  dia¬ 
gonal,  and  the  point  e  is  in  the  diagonal  of  AD.  In 
like  manner,  it  may  be  fhewn,  that  when  A  has  de^ 
fcribed  AF,  ^ths  of  AB,  the  line  A B  will  be  in  the 
fituation  IK,  fo  that  AI  is  hhs  of  AC,  and  the  point 
/>  in  which  A  is  now  found,  is  in  the  diagonal  AD. 
It  will  be  the  fame  in  whatever  point  of  AB  the  de¬ 
scribing  point  A  be  fuppofed  to  be  found.  The  line 
AB  will  be  on  a  fimilar  point  of  AC,  and  the  descri¬ 
bing  point  will  be  in  the  diagonal  AD. 

Moreover,  the  motion  in  AD  is  uniform  :  for  Ae  is 
deferibed  in  the  time  of  deferibing  AE  ;  that  is,  in 
half  the  time  of  deferibing  AB,  or  in  half  the  time 
of  deferibing  AD.  In  like  manner,  Af  is  deferibed 
in  |th$  of  the  time  of  deferibing  AD,  &c.  &c. 

Daftly,  the  velocity  in  the  diagonal  AD  is  to  the 
velocity  in  either  of  the  fide9  as  AD  is  to  that  fide.  This 
is  evident,  becaufe  they  are  uniformly  deferibed  in  the 
fame  time. 

This  is  juftly  called  a  compofition  of  the  motions  AB 
and  AC,  as  will  appear  by  confidering  it  in  the  follow¬ 
ing  manner  :  Let  the  lines  AB  AC  be  conceived  as 
two  material  lines  like  wires.  Let  AB  move  uniformly 
from  the  fituation  AB  into  the  fituation  CD,  while 
AC  moves  uniformly  into  the  fituation  BD.  It  is  plain, 
that  their  interfedion  will  always  be  found  on  AD, 
The  point  e ,  for  example,  is  a  point  common  to  both 
lines.  Confidered  as  a  point  of  EL,  it  is  then  mo¬ 
ving  in  the  diredion  e  FI  or  AB  ;  and,  confidered 
as  a  point  of  GH,  it  is  moving  in  the  diredion  e  L. 
Both  of  thefe  motions  are  therefore  blended  in  the  mo¬ 
tion  of  the  interfedlion  along  AD.  We  can  conceive 
a  fmall  ring  at  e ,  embracing  loofely  both  of  the  wires. 
This  material  ring  will  move  in  the  diagonal,  and  will 
really  partake  of  both  motions. 

Thus  we  fee  how  the  motion  of  the  fhip  is  adually 
blended  with  the  motions  of  the  three  men  ;  and  the 
circumflance  of  famenefs  which  is  to  be  found  in  the 
four  changes  of  motion  is  this  motion  of  the  fhip,  or 
of  the  man  who  was  handing  ftill.  By  compofition 
with  each  of  the  three  former  motions,  it  produces  each 
of  the  three  new  motions.  Now,  when  each  of  two 
primitive  motions  is  the  fame,  and  each  of  the  new  mo¬ 
tions  is  the  fame,  the  change  is  furely  the  fame.  If 
one  of  the  changes  has  been  brought  about  by  the  ac¬ 
tual  compofition  of  motions,  we  know  precifely  what 
that  change  is  ;  and  this  informs  us  what  the  other  is, 
in  whatever  way  it  was  produced.  Hence  we  infer, 

43  that,  *  ^ 

When  a  motion  is  any  how  changed ,  the  change  is  that 
and  Die  a-  motion  which ,  when  compounded  with  the  former  motion , 
will  produce  the  new  motion.  Now,  becaufe  we  affume 
the  change  as  the  meafure  and  charaderiftfc  of  the 
changing  force,  we  mull  do  fo  in  the  prefent  inftance  $ 

44  and  we  muft  fay, 

Changing  That  the  changing  force  is  that  which  will  produce  in 
force.  a  quiefeeni  body  the  motion  which ,  by  compofition  with  the 
former  motion  of  a  body ,  will  produce  the  new  motion . 

And,  on  the  other  hand, 

Its  effe<5h  When  the  motion  of  a  body  is  changed  by  the  attion  of 
any  force y  the  new  motion  is  that  which  is  compounded  of 
the  former  motion ,  and  of  the  motion  which  the  force  would 
produce  in  a  quiefeent  body . 
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When  a  force  changes  the  diredion  of  a  motion,  wc Secon! 
fee  that  its  diredion  is  tranfveife  in  fome  angle  BAC;of 
becaufe  a  diagonal  AD  always  fuppofes  two  fides.  A9  n 
we  have  diitinguifhed  any  change  of  diredion  by  the/J^.l 
term  deflection,  we  may  call  the  tranfverfe  force  a 
deflecting,  force. 

In  this  way  of  eftimafing  a  change  of  motion,  all  the 
charaders  of  both  motions  are  preferved,  and  it  ex¬ 
press  every  circumftance  of  the  change;  the  mere 
change  of  diredion,  or  the  angle  BAD,  is  not  enough, 
becaufe  the  fame  force  will  make  different  angles  of 
deflexion,  according  to  the  velocity  of  the  former  mo¬ 
tion,  or  according  to  its  diredlion  :  but  in  this  eftima- 
tion;  the  full  effed  of  the  defleding  force  is  feen  ;  it  is 
feen  as  a  motion  ;  for  when  half  of  the  time  is  eiapfed,  ' 
the  body  is  at  e  inftead  of  E  ;  when  three-fourths  are 
eiapfed,  it  is  at /inftead  of  F ;  and  at  the  end  of  the  time 
it  is  at  D  initead  of  B.  In  fhort,  the  body  has  mo¬ 
ved  uniformly  away  from  the  points  at  which  it  would 
have  arrived  independent  of  the  change  ;  and  this  mo¬ 
tion  has  been  in  the  fame  diredion,  and  at  the  fame 
rate,  as  if  it  had  moved  from  A  to  C  by  the  changing 
force  alone.  Each  force  has  produced  its  full  effed  ; 
lor  when  the  body  is  at  D,  it  is  as  far  from  AC  as  if 
the  force  AC  had  not  aded  on  it ;  and  it  is  as  far  from 
AB  as  it  would  have  been  by  the  adion  of  AC  alone. 

For  all  thefe  reafons,  therefore,  it  is  evident,  that  if 
we  are  to  abide  by  our  meafure  and  charader  of  force 
as  a  mere  producer  of  motion,  we  have  feleded  the 
proper  charaderiftic  and  meafure  of  a  changing  force  ; 
and  our  deferiptions,  in  conformity  to  this  feledion, 
mull  be  agreeable  to  the  phenomena  of  nature,  and  re¬ 
tain  the  accuracy  of  geometrical  procedure;  becaufe, 
on  the  other  hand,  the  refults  which  we  deduce  from 
the  fuppofed  influence  of  thofe  forces  are  formed  in  the 
fame  mould.  It  is  not  even  requifite  that  the  real 
exertions  of  the  natural  forces,  fuch  as  preffure  of  va¬ 
rious  kinds,  &c.  lhall  follow  thefe  rules  ;  for  their  do 
viations  will  be  confidered  as  new  forces,  although  they 
are  only  indications  of  the  differences  of  the  real  forces 
from  our  hypothelis.  We  have  obtained  the  precious 
advantage  of  mathematical  inveftigation,  by  which  we 
can  examine  the  law  cf  exertion  which  ehara  denies 
every  force  in  nature. 

On  thefe  principles  we  eftablifh  the  following  funda¬ 
mental  elementary  propofition,  of  continual  and  indif- 
penfable  ufe  in  all  mechanical  enquiries. 

If  a  body  or  material  particle  be  fubjeiled  at  the  fame  /zWpun(lab| 
to  the  action  of  two  moving  forces,  each  of  which  tal  A  tf1 
would  feparately  caufe  it  to  dtferibe  the  fide  of  a  paral¬ 
lelogram  uniformly  in  a  given  time ,  the  body  will  cle* 
feribe  the  diagonal  uniformly  in  the  fame  time . 

For  the  body,  whofe  motion  AB  wa9  changed  into 
AD,  had  gotten  its  motion  by  thfe  adion  of  fome  j 
force.  It  was  moving  along  NAB ;  and,  when  it  reach¬ 
ed  the  point  A ,  the  force  AC  aded  on  it.  The  pri- 
mitive  motion  is  the  fame,  or  the  body  is  in  the  fame 
condition  in  every  inftant  of  the  primitive  motion.  It 
may  have  acquired  this  motion  when  it  was  in  N,  or  when 
at  O,  or  any  other  point  of  NA.  In  all  thefe  cafes, 
if  AC  ad  on  it  when  it  is  in  A,  it  will  always  deferihe 
AD  ;  *  therefore  it  will  deferibe  AD  when  it  acquires 
the  primitive  motion  alfo  in  A  ;  that  is,  if  the  two  for¬ 
ces  ad  on  it  at  one  and  the  fame  inftant.  The  demoii- 
ftration  may  be  neatly  exprefted  thus :  The  change  in¬ 
duced 


ation 

ces. 
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ffldl^wcJuced  by  each  force  on  the  nation  produced  by  the 
C)ther,  is  the  motion  which  it  would  produce  in  the  bo¬ 
dy  if  previously  at  reft.  Therefore  the  motion  rcfult- 
ing  *rom  j01nt  adion  is  the  motion  which  is  compound¬ 
ed  of  thefe  two  motions  ;  or  it  is  a  motion  in  the  dia- 
gonal  of  tire  parallelogram,  of  which  thefe  motions  are 
the  fides. 

injition  I  Ins  is -called  the  Composition  of  Forces.  The 
forces  vvhlch  Produce  the  motions  along  the  fides  of  the 
parallelogram  are  called  the  Simple  Forces,  or  the 
Constituent  Forces  ;  and  the  force  which  would 
alone  pioduce  the  motion  along  the  diagonal  is  called 
the  Compound  Force,  the  Resulting  Force,  the 
Equivalent  Force. 

.  the  other  hand,  the  force  which  produces  a  mo^ 
tion  along  any  line  whatever,  may  be  conceived  as  re- 
fulting  frofti  the  combined  adion  of  two  or  more  for¬ 
ces.  We  may  know  or  obferve  it  to  be  fo ;  as  when  we 
fee  a  lighter  dragged  along  a  canal  by  two  horfes,  one 
on  each  fide.  Each  pulls  the  boat  diredly  toward  him- 
felf  in  the  direction  of  the  track-rope  ;  the  boat  cannot 
go  both  ways,  and  its  real  motion,  whatever  it  is,  re- 
fults  from  this  combined  adion.  This  might  be  pro¬ 
duced  by  a  fingle  force  ;  for  example,  if  the  lighter  be 
dragged  along  the  canal  by  a  rope  from  another  lighter 
which  precedes  it,  being  dragged  by  one  horfe,  aided  by 
the  helm  of  the  foremoft  lighter.  Here  the  realforce  is  not 
the  re  fulting,  or  the  compound,  but  the  equivalent  foice. 

Tins  view  of  a  motion,  mechanically  produced,  is 
called  the  Resolution  of  Forces.  The  force  in 
the  diagonal  is  faid  to  be  nejolved  into  the  two  forces, 
having  the  .directions  and  velocities  reprefented  by  the 
fides.  This  pradice  is  of  the  moft  extenfive  and  mul- 
tifareous  ufe  in  all  mechanical  difquiiitions.  It  may 
frequently  be  exceedingly  difficult  to  manage  the  com¬ 
plication  of  the  many  real  forces  which  concur  in  pro¬ 
ducing  a  phenomenon  ;  and  by  fubftitutir.g  others, 
whofe  combined  effeds  are  equivalent,  our  inveftigation 
may  be  much  expedited.  But  more  of  this  afterwards. 

We  muft  carefully  remember,  that  when  the  motion 
AD  is  once  begun,  all  compofition  is  at  an  end,  and 
the  motion  is  a  fimple  motion.  The  two  determina¬ 
tions,  by  one  of  which  the  body  would  deferibe  AB, 
and  by  the  other  of  which  it  would  deferibe  AC,’ 
no  longer  co  exift  in  the  body.  This  was  the  cafe  only 
in  the*  infant ,  in  the  very  ad  of  changing  the  motion 
AB  into  the  motion  BD;  yet  is  the  motion  AD  equi¬ 
valent  to  a  motion  which  is  produced  by  the  adual 
compofition  of  two  motions  AB  and  AC  ;  in  which  cafe 
7  the  two  motions  co -exift  in  every  point  of  AD. 

:aC;  .  Accordingly  this  is  the  way  in  which  the  compofi- 
icon-  j10n  of  forces  Is  dually  illuftrated,  and  thought  to  be 
•  ftemonftrated.  A  man  is  fuppofed  (for  inftance)  to 
walk  uniformly  from  A  to  C  on  a  fhcet  of  ice,  while 
the  ice  is  carried  uniformly  along  AB  by  the  ft  ream. 

The  man’s  real  motion  is  undoubtedly  along  AD  ;  but 
this  is  by  no  means  a  demonft ration  that  the  inftanta- 
neous  or  (hort. lived  adion  of  two  forces  would  pro¬ 
duce  that  motion  ;  the  man  muft  continue  to  exert 
orce  in  order  to  walk,  and  the  ice  is  dragged  along  by 
the  ftream.  Some  indeed  exprefs  this  proof  in  another 
v-ay,  faying.,  let  a  body  deferibe  AB,  while  the  foace 
in  which  this  motion  is  performed  is  carried  along  AC. 

File  ire  mav-  .,1 -  - 3 _  1  r  •  -  • 
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cannot  be  removed  from  one  place  to  another,  nor,  jfSccondLaw 
it  could,  would  it  take  the  man  with  it.  Should  aof 
fh ip  ftart  fuddenly  forward  while  a  man  is  walking  T,,"^v~ 
acrofs  (he  deck,  he  would  be  left  behind,  and  fall  to¬ 
ward  the  ftern.  We  muft  fippofe  a  tranfverfe  force, 
and  we  mu  Vi  fuppofe  the  compoiftion  of  this  force  with¬ 
out  proof.  This  is  no  demonftr ation. 

\\  e  apprehend,  that  the  demonstration  given  above 
of  this  fundamental  propofition  is  unexceptionable, 
when  the  terms  force  and  deftedion  are  ufe d  in  the  ab- 
ftrad  fenfe  which  we  have  affixed  to  them  ;  and  we 
hope,  by  thefe  means,  to  maintain  the  rigour  of  mathe¬ 
matical  difcuffion  in  all  our  future  difquifitions  on  thefe 
fubjects.  The  only  circumftance  in  it  which  can  be 
the  fubjed  of  difcuffion  is,  whether  we  have  fele&ed 
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the  proper  meafure  and  chara&eriflic  of  a  change  of 
motion — We  never  met  with  any  objtdion  to  it.  ° 

But  fome  have  ftill  maintained,  that  it  does  not  evi-  oi>ie&ionS 
dentlvapp„r  from  tlieie  principles,  that  the  motion  to  me  dc- 
which  renilts  from  the  joint  action  of  two  natural  moRhratioii 
powers,  whofe  known  and  meafurable  intenlities  have  "f 
the  fame  proportions  with  A B  and  BC,  and  which  alfo  ™iv  to°C 
exert  themfelves  in  thefe  directions,  will  produce  a  mo-  prdlures. 
tion,  having  the  direction  and  proportion  of  AD. 

They  will  not,  if  the  velocities  produced  by  thefe  for¬ 
ces  are  not  in  the  proportion  of  thofe  intenfities,  but  in 
the  fubduplicate  ratio  of  them.  Nay,  thev  fay,  that  it 
is  not  fo.  If  a  body  be  impelled  along' AC  by  one 
fpnng,  and  along  AB  by  two  fprings  equally  ftroinr, 
it  will  not  deferibe  the  diagonal  of  a  parallelogram,  of 
which  the  fide  A  B  double  the  fide  AC.  Nay,  they  ' 
add,  that  an  indefinite  number  of  examples  can  be  of. 
ven  where  a  body  does  not  deferibe  the  diagonal  of  the 
parallelogram  by  the  joint  adion  of  two  forces,  which, 
feparately,  would  caufe  it  to  deferibe  the  fides.  And, 
laftly,  they  fay,  ,  that,  at  any  rate,  it  does  not  apuear 
evident  to  the  mind,  that  two  incitements  to  motion Jia- 
ving  the  diredions  and  the  fame  proportion  of  intend 
ty  with  that  of  the  fides  .  of  a  parallelogram,  adually 
generate  a  third,  which  is  the  immediate  caufe  of  the 
motion  in  the  diagonal.  An  equivalent  force  is  not  the 
fame  with  a  refulting  force. 

Yet  we  fee  nnmberlefs  cafes  of  the  compofition  of  40 
incitements  to  motion,  and  they  feem  as  determinate, 
and  as  fufceptible  of  being-  combined  by  compofition, 
as  the  things  called  moving  forces,  which  are  meaiured 
by  the  velocities  :  we  fee  them  adually  fo'combined  in 
a  thoufanci  inftances,  as  in  the  example  already  riven 
of  a  lighter  dragged  by  two  horfes  pulling  in  different 
directions.  Nay,  experiment  fhews,  that  this  coinoo- 
htion  follows  precifely  the  fame  rule  as  the  compofition 
of  the  forces  which  are  meafured  by  tl.e  velocities ;  for 
if  the  point  A  (fig.  i.)  be  pulled  by  a  thread,  or  pref¬ 
led  by  a  ipnng,  in  the  direction  AB,  and  by  another 
in  the  direction  AC  and  if  the  preflures  are  proper- 
tional  to.AB  and  AC,  then  it  will  be  withheld  from 
moving  if  it  be  pulled  or  prelfed  by  a  third  force,  act- 
ing  1.1  the  dirediion  Ad,  oppofite  to  AD,  the  preiTure 
bemga^o  proportional  to  AD.  This  force,  acting-  in 
the  diredion  A d,  would  certainly  withftand  an  equal 
-orce  siting  in  the  diredion  AD  ;  therefore  we  muft 
conclude,  that  the  two  preffurcs-AB  and  AC  really 
generate  a  force  AD.  1  iris  uniform  agreement  fliews 
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This  com¬ 
petition  is 
of  more  dif¬ 
ficult  invef- 
tigation. 


Compofition 
of  preffures. 


ft  rated  by  the  arguments  employed  in  the  cafe  of  mo¬ 
tions.  A  demonftration  of  the  compofition  of  pref- 
fures  is  flill  wanted,  in  order  to  render  mechanics  a  de- 
monftrative  fcience. 

Accordingly,  philofophers  of  the  firft  eminence  have 
turned  their  attention  to  this  problem.  It  is  by  no 
means  eafy  ;  being  fo  nearly  allied  to  firft  principles,  that 
it  muft  be  difficult  to  find  axioms  of  greater  fimplicity 
by  which  it  may  be  proved. 

Mechanicians  generally  contented  themfelves  with 
the  folution  given  by  Ariftotle  ;  but  this  is  merely  a 
compofition  of  motions  :  indeed  he  does  not  give  it  for 
any  thing  elfe,  and  calls  it  “  o-wfoo-ts  ny  The  firft 

writer  who  appears  to  have  confidered  it  as  different 
from  the  mere  compofition  of  motions,  was  the  celebra¬ 
ted  Dutch  engineer  Stevinus  in  his  work  on  Sluices 
but  his  folution  is  obfeure.  It  was  fufficient,  however, 
to  convince  Daniel  Bernoulli  of  the  neceffity  and  the 
difficulty  of  the  problem.  He  has  given  the  firft  com¬ 
plete  demonftration  of  it  in  the  firft  volume  of  the  Com¬ 
mentaries  of  the  Imperial  Academy  of  iSciences  at  dt 
peterfburgh.  It  is  extremely  ingenious ;  but  it  is  te¬ 
dious  and  intricate,  requiring  a  feries  of  15  propofi- 
tious  to  demonftrate  that  two  preffures,  having  the .  di¬ 
rections  and  magnitudes  of  the  fides  of  any  parallelo¬ 
gram,  compofe  a  third,  which  has  the  direction  and 
magnitude  of  its  diagonal.  His  firft  propefition  is,  that 
two  equal  preffures,  a  fling  ai  right  angles ,  compofe  a  third , 
in  the  direction  of  the  diagonal  of  a  fquare ,  and  having  to 
either  of  the  other  two  the  proportion  of  the  diagonal  of  a 
fquare  to  its  fides . 

Mr  D'Alembert  has  greatly  fimpltfied  and  improved 
this  demonftration,  by  beginning  with  a  cafe  that  is  felf- 
evident  ;  namely,  If  three  equal  forces  are  inclined  to  each 
other  in  equal  angles  of  1  20  degrees ,  any  one  of  them  will 
balance  the  combined  aflion  of  the  other  two*  Surely  ; 
for  neither  of  them  can  prevail.  Therefore  two  equal 
forces,  inclined  in  an  angle  of  120  degrees,  produce  a 
third,  which  has  the  direction  and  proportion  of  the 
diagonal  of  the  rhombus ;  for  this  is  equal  and  oppo>- 
fite  to  one  of  the  three  above  mentioned."  He  then  de- 
monftrates  the  fame  thing  of  two  equal  forces  inclined  in 
any  angle  ;  and  by  a  feries  of  eight  propofitions  more, 
demonli rates  the  general  theorem.  This  differtation  is  in 
the  Memoirs  of  the  Academy  at  Paris  for  1769.  Pie 
improves  it  ftill  farther  in  a  fubfequent  memoir. 

Mr  Riccati  and  Mr  Fonfenex,  in  the  Commen^iries 
of  the  Academy  of  Turin,  have  given  analytical  demon- 
ftrations,  which  are  alfo  very  ingenious  and  concife,  but 
require  acquaintance  with  the  higher  mathematics.— 
There  is  another  very  ingenious  demonftration  in  the 
jfuurnal  des  Sgavans  for  June  17 64,  but  too  obfeure 
for  an  elementary  propofition  It  is  fomewhat  fimpli- 
fied  by  Eelidor  in  his  Ingenieur  Frangois.  Frill  us,  in 
his  Cofmographia ,  has  given  one,  which  is  perhaps  the 
beft  of  all  thofe  that  are  eafily  comprehended  without 
acquaintance  with  the  higher  mathematics  :  but  .we 
imagine  that,  although  no  one  can  doubt  of  the  concln- 
fion,  it  has  not  that  intuitive  evidence  for  every  ftep  of 
the  procefs  that  feems  neceffary. 

We  here  offer  another,  compofed  by  blending  toge¬ 
ther  the  methods  of  Bernoulli  and  D'Alembert,;  and 
we  imagine  that  no  objection  can  be  made  to  any  ftep 
of  it.  We  limit  it  entirely  to  preffures,  and  do  not  at 
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all  confider  nor  employ  the  motions  which  they  may  bes^o' 
fuppofed  to  produce.  ^ 

(A)  If  two  equal  and  oppofite  preffures  or  incitements 
to  motion  act  at  once  on  a  material  particle,  it  fuffers  no 
change  of  motion  ;  for  if  it  yields  in  either  direction  by 
their  joint  eution,  one  of  the  preffures  prevails,  and  they 
are  not  equal. 

Equal  and  oppofite  preffures  are  faid  to  balance 
each  other  ;  and  fuch  as  balance  muft  be  efteemed  equal 
and  oppofite. 

(B)  If  a  and  b  are  two  magnitudes  of  the  fame  kind, 
proportional  to  the  intenfities  of  two  preffures  which  act 
in  the  fame  direction,  then  the  magnitude  a  b  will 
meafure  the  intenfity  of  the  preffure,  which  is  equiva¬ 
lent,  and  may  be  called  equal,  to  the  combined  effort  of 
the  other  two;  for  when  we  try  to  form  a  notion  of  pref¬ 
fure  as  a  meafurable  magnitude,  diftinct  from  motion  or 
any  other  effect  of  it,  wc  find  nothing  that  we  can  mea¬ 
fure  it  by  but  another  preffure.  Nor  have  we  any  no¬ 
tion  of  a  double  or  triple  preffure  different  from  a  pref¬ 
fure  that  is  equivalent  to  the  joint  effort  of  two  or  three 
equal  preffures.  A  preffure  a  is  accounted  triple  of  a 
preffure  b ,  if  it  balances  three  preffures,  each  equal  to  b> 
acting  together.  Therefore,  in  all  proportions  which 
can  be  expreffed  by  numbers,  we  muft  acknowledge  the 
legitimacy  of  this  meafurement ;  and  it  would  furely  be 
affectation  to  omit  thofe  which  the  mathematicians  call 
incommenfurable. 

In  like  manner,  the  magnitude  &  —  b  muft  be  ac¬ 
knowledged  to  meafure  that  preffuVe  which  arifes  frorft 
the  joint  action  of  two  preffures  a  and  ladling  in  oppo¬ 
fite  directions,  of  which  a  is  the  greeted. 

(C)  Let  A  BCD  and  A  b  C  d  (fig.  A)  be  two  rhom- 
bufes,  which  have  the  common  diagonal  AC.  Let  the 
angles  BA£,  DA d,  be  bifected  by  the  ftraight  lines 
AE  and  AF. 

If  there  be  drawn  from  the  points  E  and  F  the  lines 
EG,  EH,  F^,  F/.?,  making  equal  angles  on  each  fide 
of  EA  and  FA,  and  if  Gg,  PI&  be  drawn,  cutting  the 
diagonal  AC  in  I  and  L:  then  AI-f-AL  will  he 
greater  or  lefs  than  AQ^tlic  half  of  AC,  according  as 
the  angles  GEH,  gl? h,  are  greater  or  Ids  than  GAH, 
§Ah. 

Draw  GH,  g  h,  cutting  AE,  AF,  in  O  and  0,  and 
draw  O0,  cutting  AC  in  K. 

Became  the  angles  AEG  and  E  AG  are  refpedfively 
equal  to  AE  1*1  and  EAHAand  ‘AE  is  common  to 
both  triangles,  the  fides  AG,  GE  are  reipectively  equal 
to  AH,  FIE,  and  GH  is  perpendicular  to  AE,  and  is 
bifedled  in  O  ;  for  the  fame  reafons,  gh  is  bifected  in 
0 .  Therefore  the  lines  Gg,  O  0,  H‘A  are  parallel,  and 
IL  is  bifedled  in  K  Therefore  AI  -f-  AL  is  equal  to. 
twice  AK  Moreover,  if  the  angle  GEH  be  gieater 
than  GAH,  AO  is  greater  than  E  O,  and  AK  is  great¬ 
er  than  KCb_  Therefore  AI  +  AL  is  greater  thah 
AQ;  and  if  the  angle  GEH  be  lefs  than  GAH,  At 
+  AL  is  lefs  than 

(D)  Two  equal  preffures,  acting  in  the  dire&ions 
AB  and  AC  (fig.  2.),  at  right  angles  to  each  other, 
compofe  a  preffure  in  the  direction  AD,  which  bifedls 
the  light  angle  *,  and  its  intenfity  is  to  the  intenlity  of 
each  of  the  conftituent  preffures  as  the  diagonal  of  a 
fquare  to  one  of  the  fides.  It  is  evident,  that  the  di¬ 
rection  of  the  preffure,  generated  by  their  joint  action,. 

will 


: 
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will  bifeft  the  angle  formed  by  their  dire&rous;  becaufe' 
Motion.  no  reafon  can  he  affigned  tor  the  direction  inclining 
*“’v  more  to  one  fide  than  to  the  other. 

In  the  next  place,  fince  a  force  in  the  diredion  AD 
does,  in  fad,  arife  from  the  joint  adion  of  the  equal 
preffures  AB  and  AC,  the  preffure  AB  may  be  con¬ 
ceived  as  arihng  from  the  joint  adion  of  two  equal 
forces  fimilarly  inclined  and  proportioned  to  it.  Draw 
E  AF  perpendicular  to  AD.  One  of  thefe  forces  muff  be 
direded  along  AD,  and  the  other  along  AE.  In  like 
manner,  the  preffure  AC  may  arife  from  the  joint  ac¬ 
tion  of  a  preffure  in  the  diredion  AD,  and  an  equal 
preffure  iu  the  diredion  AF.  It  is  alfo  plain,  that  the 
preffures  in  the  diredions  AE  and  AF,  and  the  two 
pre fibres  in  the  diredion  AD,  mud  be  all  equal.  And 
alfo,  any  one  of  them  muft  have  the  fame  proportion  to 
AB  or  to  AC,  that  AB  or  AC  has  to  the  force  in 
the  diredion  AD,  arifing  from  their  joint  adion. 

Therefore,  if  it  be  laid  that  AD  does  not  meafure 
the  preffure  arihng  from  the  joint  adion  of  AB  and 

AC,  let  Ac/,  greater  than  AD,  be  its  jufl  meafure, 

1  and  make  A  d :  AB  :=  AB  :  Ag  =r  AB  :  A  c.  Then 

Ag  and  A  e  have, the  fame  inclination  and  proportion 
to  AB  that  AB  and  AC  have  to  A  d .  We  determine, 
in  like  manner,  two  forces  A f  and  Ag  as  conftituents 
of  AC. 

Now  A  c/  is  equivalent  to  AB  and  AC,  and  AB  is 
equivalent  to  Ae  ard  A^  ;  and  AC  is  equivalent  to 
A/  and  Ag.  Therefore  Ad  is  equivalent  to  A  e, 
A/,  Ag,  and  Ag,  But  (a)  At  and  Af  ba¬ 
lance  each  other.  Or  annihilate  each  other  ’s  effed ;  and 
there  remain  only  the  two  forces  or  preffures  A^,  A^. 
Therefore  (b)  their  meafure  is  a  magnitude  equal  to 
twice  A^.  But  if  A  d  be  greater  than  the  diagonal 
AD  of  the  fquare,  whofe  fides  are  AB  and  AC;  then 
A^  mud  be  lefs  than  A  I,  the  fide  of  the  fquare  whofe 
diagonal  is  AB.  But  twice  A^  is  Ids  than  AD,  and 
much  lefs  than  Ad,  Therefore  the  meafure  of  the 
equivalent  of  AB  and  AC  cannot  be  a  Lne  A  d  great¬ 
er  than  AD,  In  like  manner,  it  cannot  be  a  line  As 
that  Is  lefs  than  AD.  Therefore  it  mufl  be  equal  to 

AD,  and  the  proportion  is  demonftra'ted. 

(E)  Cor.  Two  equal  forces  AB,  AC,  a ding  at 
right  angles,  will  be  balanced  by  a  force  AO,  equal 
and  oppofite  to  AD.  the 'diagonal  of  the  fquare  whofe 
h  ies  are  AB  and  AC  ;  for  AO  would  balance  A 13, 
which  is  the  equivalent  of  AB  and  AC. 

(F)  Let  AECF  (fig.  3.)  be  a  rhombus,  the  acute 
angle  of  which  EAF  is  half  of  a  right  angle.  Two 
equal  preffures,  which  have  the  diredions  and  meafures 

AE,  AF,  compofe  a  preffure,  having  the  direttion  and 
meafure  AC,  which  is  the  diagonal  of  the  rhombus. 

It  is  evident,  in  the  firif  place,  that  the  compound 
force  has  the  diredion  AC,  which  bifeds  the  angle 
EAF.  If  AC  be  not  its  juft  meafure,  let  it  be  Ap 
lefs  than  AC.  Let  ABCD  be  a  fquare  deferibed  on 
the  fame  diagonal,  and  make  AP  :  AQ^~  AE  :  AO, 

2=  AF  :  A  o.  Draw  j\OG,  Kog  perpendicular  to 
AE,  AF;  draw  Gig,  OH  0,  EG,  EK>  Y  g,  FK, 
PF,  and  PE. 

The  angles  CAB  and  FAE  are  equal,  each  being 
half  of  a  right  angle.  Alfo  the  figures  AEPF  and 
AGEK  are  fimilar,  becaufe  AP  :  AQ==  AE  :  AO. 
Therefore  FA  :  AP  =  KA  :  AE,  and  EA  :  AP  zm 
GA  :  AE.  Therefoie,  in  the  fame  manner  that  the 
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forces  AE,  AF  are  affirmed  to  compofe  AP,  the  forces  Second  Law 
AG  and  AK  may  compote  the  force  AE,  and  the  forces0^ 

A g  and  A K  may  compofe  the  force  AF.  Therefore  v 
(B)  the  force  AP  is  equivalent  to  the  four  forces  AG, 

AK,  A  g,  AIv.  But  (D)  AG  and  are  the  Tides 
of  a  fquare,  whefe  diagonal  is  equal  to  twice  AI ; 
and  the  two  forces  AK,  AK  are  equal  to,  or  are  mea- 
fured  by,  twice  AK.  Therefore  the  four  forces  AG, 

AK,  A^,  AK,  are  equivalent  to  2  AI  4-  2  AK,  sz 
4  AH. 

But  becaufe  AP  was  fuppofed  lefs  than  AC,  the 
angle  FPE  is  greater  than  I  Ae,  and  GEK  is  greater 
than  GAK,  AO  is  greater  than  O E,  and  AH  is  great- 
er  than  HQ^  and  2  AH  is  greater  than  AQ;  and 
therefore  4  API  is  greater  than  AC,  and  much  greater 
than  AP.  therefore  AP  is  not  the  juft  meafure  of 
the  force  compofed  of  AE  and  AF. 

In  like  manner,  it  is  (hewn,  that.  AE  and  AF  do  * 
not  compofe  a  force  whofe  meafure  is  greater  than  AC. 

It  is  therefore  equal  to  AC  ;  and  the  proportion  is  de¬ 
mon  ft  rated. 

(G)  By  the  fame  procefs  it  may  be  demonft rated, 
that  if  BAD  be  half  a  right  angle,  and  EAF  be  the' 
fourth  of  a  right  angle,  two  forces  AE,  AF  will  com¬ 
pofe  a  force  m£afhred  by  AC.  And  the  piocefs  may 
be  repeated  for  a  rhombus  whofe  acute  angle  is  Pth, 

-fffth,  Sec.  of  a  right  angle  ;  that  is,  any  portion  of  i\ 
right  angle  that  is  produced  by  continual  bifedion. 

Two  forces,  forming  the  fides  of  fuch  a  rhombus,  com¬ 
pofe  a  force  meafuredby  the  diagonal. 

(II)  Let  ABCD,  A  bed  (fig.  4.)  be  two  rhom¬ 
buses  formed  by  two  confecutive  bifid  ions  of  a  right 
angle.  Let  AECF  be  another  rhombus  whofe  fides 
AE  and  A  I"  bifed  the  angles  BA  1  and  DA  d. 

The  two  forces  AE,  AF,  compofe  a  force  AC. 

Bifed  AE  and  AF  in  O  and  o.  Draw  the  per  pen-. 
dieulars  GOB,  gob,  and  the  lines  GI  g,  OKo,  Ii  Lb, 
and  the  lines  EG,  EH,  F g,  F  b. 

It  is  evident,  that  AGEH  and  Ag  F b  are  idiom— 
bufes ;  becaufe  AO  zs  OE,  and  A  0  zz  oY.  It  is  alfo 
plain,  that  free  flAafis  half  of  BAD,  the  angle  GAH 
is  half  of  b  A  d.  It  is  therefore  formed  by  a  continual 
hi  fed  ion  of  a  right  angle.  Therefore  (G)  the  forces 
AG,  AH,  ctmipofe  a  force  AE  ;  and  A g,  A  h ,  com¬ 
pofe  the  force  A F.  Therefore  the  forces  AG,  AH, 

Ag,  A  b,  ading  together,  are  equivalent  to  the  forces 
AE,  AF  ading  together.  But  AG,  A ^  compofe 
a  force  =  2  AI ;  and  the  force*  AH,  A  h  compofe  a 
force  zr  2  AL.  T  herefore  the  four  forces  ading  to¬ 
gether  are  equivalent  to  2  AI  -f  2  AI,,  or  to  4  AK. 

But  becaufe  AO  is  4  AE,  and  the  lines  G g,  Oo ,  H h, 
are  evidently  parallel,  4  AK  is  equal  to  2  AQ,  or  to 
AC  ;  and  the  proportion  is  demonftrated. 

(J)  Cor-  Let  118  now  foppofe,  that  by  continual  bi- 
fedion  of  a  right  angle  we  have  obtained  a’very  final! 
angle  a  of  a  rhombus;  and  let  us  name  the  rhombus  by 
the  multiple  of  a  which  forms  its  acute  angle. 

The  proportion  (G)  is  true  of  a,  2  a,  4  a ,  See.  The 
proportion  (H)  is  true  of  3  <7.  In  like  manner,  be- 
caufe  (G)  is  true  of  4  a  and  8  a ,  proportion  (H)  is 
true  of  6  a;  and  becaufe  it  is  true  of  4  a ,  6  a,  and  8  a, 
it  is  true  of  5  ci  and  7  ei.  And  fo  on  continually  till 
we  have  demonftrated  it  pf  every  multiple  of  a  that  is 
lefs  than  aiight  angle. 

(K)  Let  11  AS  (fig.  5.)  be  perpendicular  to  AC, 

and 


. 
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jc^rdLaw  ancJ  R*  ABCD  be  a  rhombus,  whofe  acute  angle  BAD 
oi,  "-otnn,  *3  forne  multiple  of  2  a  that  is  lefs  than  a  right  angle. 

Let  A  b  c  d  be  another  rhombus,  whofe  fides  A  b,  A  d 
bife£:  the  angles- R A  B,  SAD.  Then  the  forces  A  b, 
A  d  c  )mpole  a  force  AC 

Draw  £R,  dS  parallel  to  BA,  DA.  It  is  evident,  that 
AR  b  B  and  AS  d  D  are  rhombufes,  whofe  acute  arrgles 
are  multiples  of  a ,  that  are  each  lefs  than  a  right  angle. 
The  re  fore  . ( I)  the  forces  A  R  and  AB  compofc  the  force 
A/’,  and  AS,  AD  compofe  Ad;  but  AR  and  AS 
annihilate  each  other Y  effe£l,  and  there  remains  only  the 
forces.  AB,  AD.  Therefore  A  b  and  A  d  are  equiva¬ 
lent  to  AB  and  Al),  *  which  compofe  the  force  AC  ; 
and  the  proportion  is  demonftrated. 

(L)  Cor.  Thus  is  the  corrollary  of  laft  proportion 
extended  to  every  rhombus,  whofe  angle  at  A  is  force 
multiple  of  a  lefs  than  two  right  angles.  And  fmc^  a 
may  be  taken  lefs  than  any  angle  that  can  be  named, 
the  proportion  may  be  confidered  as  demonftrated  of 
every  rhombus  :  and  we  may  fay, 

(M)  Two  equal  forces ,  inclined  to  each  other  in  any 
angle,  compofe  a  force  which  is  mcafured  by  the  diagonal 
of  the  rhombus ,  whofe  fides  are  the  meafures  of  the  conjli- 

\  uent  forces . 
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(N)  Two  forces  AB,  AC  (fig.  6  ),  having  the  di¬ 
rection  and  proportion  of  the  fides  of  a  redtangle,  com¬ 
pofe  a  force  AD,  having  the  direction  and  proportion 


of  the  diagonal. 


Draw  the  other  diagonal  CB,  and  draw  EAF  pa¬ 
rallel  to  it ;  draw  BE,  CF  parallel  to  DA. 

AEBG  is  a  rhombus  ;  and  therefore  the  forces  A*E 
and  AG  compofe  the  force  AB.  ' AFCG  is  alfo  a  rhoru- r 
bus,  and  the  force  AC  is  equivalent  to  AF  and  AG. 
Therefore  the  forces  AB  and  AC,  afting  together,  are 
equivalent  to  the  forces  AE,  AF,  AG,  and  AG  ac- 
ting  together,  or  to  AE,  AF,  and  AD  adting  toge¬ 
ther  :  But  AE  and  AF  annihilate  each  other’s  a&ion, 
being  oppofite  and  equal  (for  each  is  equal  to  the  half 
of  BC).  Therefore  AB  and  AC  a&ing  together,  are 
equivalent  to  AD,  or  compofe  the  force  AD. 

(O)  Two  forces,  which  have  the  direftion  and  pro¬ 
portions  of  AB,  AC  (fig.  7.)  the  fides  of  any  paralle¬ 
logram,  compofe  a  force,  having  the  direction  and  pro¬ 
portion  of  the  diagonal  AD. 

Draw  AF  perpendicular  to  I3D,  and  BG  and  DE 
perpendicular  to  AC. 

Then  AFBG  is  a  re&angle,  as  is  alfo  AFDE  ;  and 
AG  is  equal  to  CE.  Therefore  (N)  AB  is  equivalent 
to  AF  and  AG.  Therefore  AB  and  AC  aCting  to¬ 
gether,  are  equivalent  to  AF,  AG,  and  AC  afting  to¬ 
gether  ,•  that  is,  to  AF  and  AE  a&ing  together  ;  that 
is  (N)  to  AD  ;  or  the  forces  AB  and  AC  compofe 
the  force  AD. 

Hence  arifes  the  moil  general  propofition, 

If  a  material  particle  be  urged  at  once  by  two  preffures 
at'  incitements  to  motion,  whofe  intenfities  are  proportional 
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^Tmouon  '  *°  M^€S  anI  ParaH(I(JSramy  an(l  which  ad  in  the  di¬ 
rections  of  thofe  fides ,  it  is  affetied  in  the  fame  manner  as 
if  it  were  aded  on  by  a  fngle  force ,  whofe  intcnfity  is  mea- 
fured  by  the  diagonal  of  the  parallelogram ,  and  which  acts 
in  its  direction  :  Or,  two  preffures,  helving  the  diredion 
and  proportion  of  the  fides  of  a  parallelogram ,  generate  a 
po'cjjure,  having  the  diredion  and  proportion  of  the  diagonal. 

Thus  have  we  endeavoured  to  demonftrate  from  ab~ 
Lad  principles  the  per  fed  fimilarity  of  the  compofition 


of  preffures,  and  the  compofition  of  forces  meafured  by 
the  motions  which  they  produce.  We  cannot  help  be¬ 
ing  of  the  opinion,  that  a  feparate  demonftration  is  in- 
difpenfably  neceffary.  What  may  be  fairly  deduced 
from  the  one  cafe,  cannot  always  be  applied  to  the 
other.  No  compofition  of  preffures  can  explain  the 
change  produced  by  a  defleding  force  on  a  motion  al¬ 
ready  cxifting  ;  for  the  changing  preffure  is  the  only 
one  that  exifts,  and  there  is  rone  to  be  compounded 
with  it.  And,  on  the  other  hand,  our  notions  and  ob- 
fervations  of  the  compofition  of  motions  will  not  explain 
the  compofition  of  preffures,  unlefs  we  take  it  for  grant¬ 
ed  that  the  preffures  are  proportional  to  the  velocities ; 
but  this  is  perhaps  a  gratuitous  aftumption.  At  any 
rate,  it  is  not  an  intuitive  propofition  ;  and  we  have 
mentioned  fome  fads  where  it  feems  that  they  do  not 
follow  the  fame  proportion.  The  preffure  of  four  equal 
fprings.  produces  only  a  double  velocity.  It  would  ap¬ 
pear,  therefore,  that  there  are  circumftances  which  ob¬ 
lige  us  to  fay,  that  the  exertion  of  preffure,  as  a  caufv  of 
motion,  is  not  (always  at  leafl)  proportional  to  the  real 
meafurable  preffure.  Wc  are  therefore  anxious  to  dif- 
covtr  in  what  the  difference  confifts  ;  and  in  the  mean 
tune  muft  allow,  that  the  preffure  exerted  011  a  body  at 
reft  is  different  from  its  exertion  in  producing  motion. 
We  cannot  indeed  flate  any  immediate  comparifon  be¬ 
tween  preffure  and  motion,  nor  have  we  any  clear  con¬ 
ception  of  the  connedion  between  them.  It  is  only  by 
our  fenfations  of  touch  that  we  have  any  notion  of  prtf- 
fure,  and  it  is  experience  that  teaches  us  that  it  always 
accompanies  every  caufe  of  motion.  We  can,  however, 
obferve  the  proportions  of  preffures,  and  compare  them 
with  the  proportions  of  motion.  We  very  often  ob. 
ferve  them  different ;  and  therefore  it  was  indifpenfably 
neceffary  to  inveftigate  the  laws  of  combined  preffure 
as  we  did  the  laws  of  combined  motion  in  confequence 
ofpieffure.  Yet  we  fhould  err,  if  we  haftily  afferted 
that  preffures  are  not  proportional  to  the  motions  which 
they  produce  ;  all  that  we  are  intitled  to  call  in  doubt 
is,  whether  the  preffures  in  their  exertion,  while  they 
adually  produce  motion,  or  changes  of  motion,  con¬ 
tinue  to  be  the  fame  as  when  they  do  not  produce 
motion,  being  withftood  or  balanced  by  oppofite  pref¬ 
fures.  Confidered  as  caufes  of  motibn,  we  ought  to 
think  that  they  do  not  vary  while  they  produce  mo¬ 
tion,  and  that  the  adual  preffure,  while  it  produces  a 
double  motion,  is  really 'double,  although  it- may  be 
quadruple  when  the  body  exerting  it  is  made  to  ad  on 
a  body  that  it  cannot  move.  We  are  confirmed  in  this 
opinion  by  obferving,  that  other  fa£ts  fhew  us,  that  even 
while  producing  motion,  the  preffure  which  we  call 
quadruple,  becaufe  we  have  -meafured  it  by  four  equal, 
pieffures  balancing  it,  is  really  quadruple,  confidered  as 
the  caufe  of  motion,  and  produces  a  quadruple  motion. 
A  bow  which  requires  four  times  the  force  to  draw  it 
to  any  given  extent,  willcommunicate  the  fame  velocity 
to  a  bundle  of  four  arrows  that  a  bow  four  times  cafier 
drawn  communicates  to  one  arrow,  -and  will  therefore 
produce  a  quadruple  motion.  Yet  it  will  only  produce 
a  double  velocity  in  the  arrow  that  acquired  a  fimple 
velocity  from  2  bow  having  one  fourth  df  the  ftrength. 

Thefe  difcrepancies  fhould  excite  the  endeavours  of 
mechanicians  to  inveftigate  the  laws  obfervecl  in  the  ac¬ 
tion  of  preffures  in  producing  motion.  Had  this  been 
done  with  care  and  with  candour,  we  fhould  not  have 
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condLawhad  the  great  difference  of  opinion,  which  flill  divides 
Mon°n  philosophers,  about  the  meafures  of  moving  forces.  But 
^v"""  a  fpirit  of  party,  which  had  aiifen  from  other  caufes, 
gave  importance  to  what  was  at  firft  only  a  difference 
of  exprefiion,  and  made  the  partifans  of  Mr  Leibnitz 
avail  themfelves  of  the  figurative  language  which  has 
done  fo  much  harm  in  all  the  departments  of  philofo- 
phy.  Notwithftanding  all  our  caution,  it  is  hardly  pof- 
fible  to  avoid  metaphorical  conceptions  when  we  em¬ 
ploy  the  language  of  metaphor.  The  abettors  of  the 
Leibnitzian  meafure  of  moving  forces,  or  perhaps,  to 
fpeak  more  properly,  the  abettors  of  the  Leibnitzian 
meafure  of  that  force  which  is  fuppofed  to  preferve  bo¬ 
dies  in  their  condition  of  motion  — inlift,  that  the  force 
which  is  exerted  in  producing  any  change  of  motion  is 
greater  in  proportion  as  the  motion  changed  is  greater 
and  they  give  a  very  fpecious  argument  for  their  affer- 
tion.  They  appeal  to  the  exertions  which  we  our- 
ielv§s  make.  Here  we  are  confcious  of  the  fad.  Then 
they  give  fimilar  examples  of  the  adion  of  bodies.  A 
clay  ball,  moving  fix  feet  per  fecond,  will  make  the  ad¬ 
dition  of  one  foot  to  the  velocity  of  an  equal  clay  ball 
that  is  already  moving  four  feet  per  fecond  in  the  fame 
diredion.  33 ut  if  this  laft  ball  be  already  moving  ten 
feet  per  fecond,  we  mull  follow  it  with  a  velocity  of 
twelve  feet  in  order  to  increafe  its  velocity  on<£  foot. 
But,  without  infilling  on  the  numberlefs  paralogifms 
and  inconfiftencies  which  this  way  of  conceiving  the 
matter  would  lead  us  into,  it  fuffices  to  obferve,  that 
the  phenomena  give  us  abundant  affurance  that  there 
has  been  the  fame  exertion  in  both  thefe  cafes.  This 
acceleration  is  always  accompanied  by  a  comprefiion  of 
the  balls,. and  the  comprefiion  is  the  fame  in  both.  This 
comprefiion  is  a  very  good  meafure  of  the  force  em¬ 
ployed  to  produce  it ;  and  in  the  prefent  cafe,  we  need 
not  even  trouble  ourfelves  with  any  rule  for  its  meafure. 
ment  :  for  furely  when  the  comprefiion  is  not  different, 
but  the  ’fame,  the  force  exerted  is  the  fame.  This  is 
farther  confirmed  by  obferving,  that  it  requires  the  fame 
force  to  make  the  fame  pit,  or  to  give  the  fame  mo. 
lien,  to  a  piece  of  clay  lying  on  the  table  of  a  fhip’s 
cabin,  whether  the  fhip  be  failing  two  miles  or  ten  miles 
per  hour. 

.  Thus  we  fee  that  there  are  flrong  reafons  for  belie¬ 
ving,  that  the  exertions  of  preflu  re  in  producing  motion, 
or-  that  the  prefiures  actually  exerted \  are  proportional  to 
the  changes  of  motion  obferved,  and  that  they  coincide 
in  this  r tfp eel  with  our  abftrad  conceptions  of  moving 
forces. 

But  we  have  flill  better  arguments.  None  of  the 
Leibnitzians  think  of  denying  the  equal  exertions  of 
gravity,  or  of  any  of  thofe  powers  which  they  call  foil- 
citations  or  accelerating  forces.  They  all  admit,  that 
gravity,  or  any  comiant  accelerating  force,  produces 
equal  increments  of  velocity  in  equal  times,  and  that  a 
double  gravity  will  produce  a  double  increment  in  an 
equal  time,' and  an  equal  increment  in  half  of  the  time  ; 
and  that  a  quadruple  gravity  will  produce  a  double  ve¬ 
locity  in  half  the  time.  All  thefe  things  are  granted 
by  them,  and  their  writings  are  full  of  reafonings  from 
this  principle.  Now  from  the  fad,  acknowledged  by 
the  Leibnitzians,  that  the  quadruple  force  of  a  bow 
giyes  a  double  velocity  to  the  arrow,  in.  every  inflant 
of  its  adion,  it  indifputably  follows,  that  it  has  aded 
°n  it  only  for  half  the  time  of  the  action  of  the  four 
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times  weaker  bow,  which  gives  the  arrow  only  half  the  SecondLaw 
velocity  ;  and  thus  has  the  difcrepancy  between  the  ef- Morion* 
febls  of  prefiures  and  of  our  abftrad  moving  forces  en¬ 
tirely  difappeared.  For  this  circumilance  of  the  diffe¬ 
rence  in  the  time  of  afb’ng  will  be  found,  on  ftrid  ex- 
•  animation,  in  all  the  cafes  of  the  change  of  motion  by 
prefliires  which  we  meafure  by  their  effeds  on  a  body 
at  reft.  When  this  and  the  appreciable  changes  of  ac¬ 
tual  prefiure,  during  the  time  of  producing  the  motion, 
are  taken  into  consideration,  all  difference  vanifhea,  and 
the  compofition  of  prefiures  is  in  perfed  harmony  with 
the  compofition  of  motions,  or  of  abftrad  moving  for¬ 
ces.  Dynamics  is  thus  made  a  demon ftrative  fcience, 
and  affords  the  opportunity  of  inveftigating,  by  obfer- 
vation  and  ^  experiment,  the  nature  of  thofe  mechanical 
powers  which  refide  in  bodies,  and  which  appear  to  us 
under  the  form  of  prefiure,  inducing  us  to  confider  pref- 
fure  as  a  caufe  of  motion. 

In  this,  however,  we  are  rather  inaccurate.  P  re  fin  re 
is  one  of  the  fenfible  effeds  of  that  property  which  is 
alfo  the  caufe  of  motion.  It  is  not  the  prefiure  of  a 
piece  of  lead,  but  its  heavinefs,  that  is  the  reafon  that 
it  gives  motion  to  a  kitchen  jack.  Prefiure  is  merely 
a  generic  name,  borrowed  from  a  familiar  inflance,  and 
given  to  moving  forces,  which  have  the  fame  nature, 
but  different  names  that  ferve  to  mark  their  connection 
with' certain  fubftances,  in  which  they  may  be  fuppofed 
to  refide.  Natural  philofophy  is  almoft  entirely  em¬ 
ployed  in  examining  the  nature  of  thefe  various  pref- 
fnres  or  accelerative  forces  ;  and  the  general  doctrines  • 
of  dynamics,  by  afeertaining  what  is  common  to  them 
all,  enable  us  to  mark  with  precifion  what  is  charader- 
iftic  of  each.  ^ 

We  have  now  advanced  very  far  in  this  invefligation;  General  cc- 
for  we  have  obtained  the  criterion  by  which  we  learn  roilaries' 
the  direction  and  the  magnitude  of' every  changing 
force  :  and,  on  the  other  hand,  we  fee  how  to  flate 
what  w  ill  be  the  effed  of  the  exertion  of  any  force 
that  is  known  or  f impeded  to  ad. '  All  this  we  learn  by 
the  compofition  of  forces ;  and  the  greateft  part  of  me¬ 
chanical  difqiiifition  confifts  in  the  application  of  chi? 
doariue.  For  fuch  reafons  ft  merits  minute  confider- 
ation  ;  and  therefore  we  rnuft  point  out  fome  general 
conclufions  from  the  properties  of  figure,  which  wifi 
greatly  facilitate  the  ufe  of  the  parallelogram  of  forces. 

1.  The  conftituent  and  the  refulting,  forces,  or  the 
fimple  and  compound  forces,  ad  m  the  fame  plane;  for 
the  tides  and  diagonal  of  a  paiallelog*am  are  in  one 
plane 

.  1  he  fimple  and  the  compound  forces  are  propor¬ 

tional  to  the  fides  of  ahy  triangle  which  are  parallel  to 
their  directions.  For  if  any  three  lines,  ab9  bd,  ad ,  be 
drawn  parallel  to'AB,  AC,  and  AD  (fig.  7,  n*  2.), 
they  will  form  a  triangle  fimilar  to  the  triangle  ABD. 

For  the  fame  reafons  they  are  proportional  to  the  Tides 
of  a  triangle  a'b'd,  which  are  refpe&ively  perpendicular 
to  their  diredions. 

3.  Therefore  each  Is  proportional  to  the  fine  of  the 

oppofitc  angle  of  this  triangle  ;  for  the  fides  of  any  tri¬ 
angle  are  proportional  to  the  fines  of  the  oopofite 
angles.  1  r 

4.  Each  is  proportional  to  the  fine  of  the  an  He  con¬ 
tained  by  the  directions  of  the  other  two  ;  for^At)  is 
to  A B  as  the  fine  of  the  angle  ABD  to  the  line  of 
the  angle  ADB.  Now  the  fine  of  ABD  is  the  fame 
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Second  Law  wJtE  the  fine  of  BAC  contained. between  the  directions 
of  Moti-.n  an(j  and  the  £ne  0f  ADB  is  the  fane  with 

v-r ^|ie  ^ne  0f  QAD  ;  alfo  AB  is  to  AC,  or  BD,  as  tne 
5S  fine  of  ADB  (or  CAD)  to  the  fine dof  BAD. 

Some  fpe-  .  We  now  proceed  to  the  application  of  this  funda- 
cia>  ufes  of  meiatal  propofition.  And  we  obfcrve,,-in  the  fivil  place, 
lelornni  fthat  linC€  AD  may  be  the  diagonal  of  an  indefinite 
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number  of  parallelograms,  the  motion  or  the  prefiure 
AD  may  refult  from  the  joint  a&iow  of  many  pairs  of 
forc.es.  It  may  be  produced  by  forces  which  wuld 
■feparatcly  produce  the  motions  A  l1  and  AG.  1  his 
generally  gives  us  the  means  of  difeovgring,  the  fprc££ 
which. concur  in  its  production.  If  one  oi  them,  Alb 
is  known  in  direction  and  intenfity,  the  direction  AC, 
parallel  to  BD,  and  the  intenfity,  are  difcpverqd.  Some¬ 
times  we  know  the  directions  of  both.  Then,  by 
drawing  the  parallelogram  or  triangle,  we  learn  their 
proportions.  The  force  which  defteCh  any  motion 
AB  into  a  motion  AD,  is  jhad  by  Amply  drawing  a 
line  from  the  point  B  (to  which  the  tody  would  have 
moved  from  A  in  the  time  of  really  moving  from  A  to 
D)  to  the  pviutD.  The  defieciipgiforcc  is  fuch  as  would 
have q-att fed  the  body  move  from  b  to  Din  the  lametimq. 
And,  in  the  fame  manner,  wc  get  the  compound  mo¬ 
tion  AD,  which  arifej3  from  any  two  fijople  motions 
AB  and  AC,  by  fuppofmg  both  of  the  motions  to  be 
accompli  (lied  in  fucceffion.  The  final  place  oi  the  bo¬ 
dy  is  the  fame,  whether  it  moves  along  AD  or  along 
AB  and  BD  in  fucceffion. 

This  theorem  is  not  limited  to  the  compofition  of 
two  motions  or  two  forces  only  ;  for  fincc  the  combi¬ 
ned  aCtion  of  two  forces  puts  the  body  into  the  fame 
Hare  as  if  their  equivalent  alone  had  acted  on  it,  we 
may  fuppofe  th’13  to  have  been  the  caie,  and  then 
the  aCtion  of  a  third  force  will  produce  a  change  on 
this  equivalent  motion.  The  refulting  motion  will  be 
the  fame  as  if  only  this  third  force  and  the  equivalent 
of  the  other  two  had  a£ted  on  the  body.  Thus,  in 
jPlateXXil.fig.  8.  the  three  forces  AB,  AC,  AE,  may  aft  at  once 
on  a  particle  of  matter.  Complete  the  parallelogram 
ABDC;  the  diagonal  AD  is  the  force  which  is  ge¬ 
nerated  by  AB  and  AC.  Complete  the.  parallelogram 
AE  ED  ;  the  diagonal  AF  is  the  force  refulting  from 
the  combined  aCtion  of  the  forces  AB,  AC,  and  AE. 
In  like  manner,  completing  the  parallelogram  AG  HE, 
the  diagonal  AH  is  the  force  refulting  from  the  com¬ 
bined  aCtion  of  AB,  AC,  AE,  and  AG,  and  fo  on  of 
any  number  of  forces. 

This  refulting  force  and  the  refulting  motion  may 
be  much  more  expeditiouOy  determined,  in  any  degree 
of  compofition,  by  drawing  lines  in  the  proportion  and 
direction  of  the  forces  in  fucceffion,  each  from  the  end 
of  the  preceding.  Thus,  draw  AB,  BD,  DF,  FH, 
and  join  AH;  AH  is  the  refulting  force.  The  de- 
monllration  is  evident. 

It  is  to  be  noticed  here,  that  in  the  compofition  of 
more  than  two  forces,  we  are  not  limited  to  one  plane. 
The  force  AD  is  in  the  fame  plane  with  Al>  and  AC  ; 
but  AE  may  be  elevated  above  this  plane,  and  AG  may 
lead  below  it.  AF  is  in  the  plane  of  AD  and  AE, 
and  AH  is  in  the  plane  of  AF  and  AG. 

Complete  the  parallelograms  ABEE,  ACKE, 
ELFK.  It  is  evident  that  ABLFKCD  is  a  paral- 
lelopiptd,  and  that  AF  is  one  of  its  diagonals.  Hence 
we  derive  a  more  general  theorem  of  great  life. 
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Three  forces  having  the  proportion  and  direction  '  of  the  Seen 
three  Jides  of  a  parallelepiped^  compofe  a  force  having  of  ^ 
the  proportion  and  direction  of  the  diagonal 
Any  number  of  forces  adding  together  on  one  par,  0ne  ■ 
ticle  of  matter  are  balanced  by  a  force  that  is  equal  and  niay  t 
oppofite  to  their  refulting  force  ;  for  this  force  would  ba- 
lance  their  refulting  force  which  is  equivalent  to  them  iu  aru“‘ 
action.  When  this  is  duly  confidevtd,  we  peiceive  that6 
each  force,  is  ihen  in  equilibrio  with  the  equivalent  01  all 
the  others  ;  for  a  force  can  balance  only  what-  is  equal 
and  oppofite  to  it.  It  appears  very  readily  "by  the  geome¬ 
trical  conft  ru.Ction.  If,  inftead  of  the  circuit  A,  B, 

D,  F,  M.  we*  take  B,  D,  F,  H,  A,  we  have  BA  for 
the  equivalent  of  the  forces  AC,  AE,  AG ;  but  AB 
is  equal  and  oppofite  to  BA.  Therefore  the  force  AB 
is  in  equilibrio  with  the  equivalent  of  all  the  others. 

Wfie.n  any  number  of  forces  add. on  one  particle  of 
matter,,  and  are  in  equilibrio,  if  they  be  confideied  as 
adding  in  parcels,  the  equivalents  of  .thefe  parcels  are  in 
equihb.no;  for  let  the  farces  A B,  AC,  AE,  AG,  Pxh% 
be  iu  equilibrio,  and  let  them  be  confidercd  in  the  two 
parcels  AB,  AC,  and  AE,  AG,  Ah;  then  AD  is  the 
equivalent  of  AB,  BD  (or  AC),  and  DA  is  the  equi¬ 
valent  of  DF,  FH,  HA  (or  Ah)  :  now  AD  and  DA 
balance  each  other.  This  corollary  enables  us  to  fim- 
plify  many  intricate  complications  of  force;  it  alfo  ena- 
bks  us  to  draw  accurate  conclufions  from  very  imper¬ 
fect  obfervations.  In.  moil  of  our  practical  difeuffiona 
we  know,  or  at  ieaft  we  attend  to,  a  part  only  of  the 
forces  which  are  acting  on  a  material  particle  ;  and  in 
fuch  cafes  we  reafon  as  if  we  faw  the  whole  :  yet  is  our 
mathematical  reafoning  good  with  refpeCt  to^the  equi¬ 
valent  of  all  the  parcels  which  we  are  contemplating, 
and  the  equivalents  of  the  fmallcr  parcels  of  which  it 
con  fills  ;  and  the  negleCted  force,  or  parcel  of  forces,  . 
induces  no«error  on  our  conclufions.  h 

In  the  fpontaneous  phenomena  of  nature,  the  inveftfi  Eqftif 
gation  and  difeovery  of  our  ultimate  objeCt  of  l'earch  is 
frequently  very  difficult,  on  account  of  the  multiplicity  °h*j| 
of  directions  and  intenlities  of  the  operating  forces  or;ngL 
motions.  We  may  generally  facilitate  the  proceis,  by  in  c  pt 
fubflituting  equivalent  forces  or  motions  aClmg  iu  con-  catl  :a*( 
venient  directions.  It  is  in  thi3  way  that  the  naviga¬ 
tor  computes  the  fhip>s  place  with  very  little  trouble,- 
by  fubflituting  equivalent  motions  in  the  meridional 
and  equatoreal  directions  for  the  real  oblique  courfes  of 
the  {hip.  In  dead  of  letting  down  ten  miles  on  a 
courfe,  S.  36.  52.  W.  he  fuppofes  that  the  fiiip  has 
failed  eight  miles, due  fouth,  and  fix  miles  due  weft, 
which  brings  her  near  to  the  fame  place.  Then,  in- 
ftcad  of  fourteen  miles  fouth-weil,  he  lets  down  ten 
miles  fouth  and  ten  miles  weft  ;  and  he  proceeds  in  the 
fame  way  for  every  other  courfe  and  diftance.  He 
does  this  expeditioufly  by  means  /of  a  traverfe  table,  in 
which  arc  ready  calculated  the  meridional  and  equato¬ 
real  fides  of  right  angled  triangles,  corrcfponding  to 
every  courfe  and  diftance.  Having  done  diis  for  the 
courfe  of  a  whole  day,  he  adds  all  the  fouthings  into 
one  fum,  and  all  tlie'weftings  into  another;  he  confiders 
thefe  as  forming  the  fide9  of  a  right  angled  triangle ; 
he  looks  for  them,  paired  together,  in  his  traverfe  ta¬ 
ble,  and  then  notices  what  angle  and  what  diftance  cor- 
refponds  to^this  pair.  This  gives  him  the  pofition  and 
magnitude  of  the  ftraight  line  joining  the  beginning  and 
end  of  his  day’s  work. 

1  The 
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coB<iU*'  The  miner  proceeds  in  the  fame  way  when  he  takes 
Motion.  the  pian  0f  fob  terraneous  workings,  meafuring,  as  he 
^  rr"  '  goes  along,  and  noticing  the  bearing  of  each  Hrre  by 
the  compafs,  and  fetting  down,  from  his  traverfe  table, 
the  northing  or  foil  thing,  and  the  easing  or  welling, 
for  each  oblique  line  :  but  there  is  another  circnmftance 
which  he  mull  attend  to,  namely,  the  dope  of  the  va¬ 
rious  drifts,  galleries,  and  other  workings.  This  he 
does  by  noting  the  rife  or  the  dip  of  each  doping  line. 
He  adds  all  thefe  into  two  fums,  and  taking  the  rifings 
from  the  dips,  he  obtains  the  whole  dip.  Thus  he 
learns  how  far  the  workings  proceed  to  the  north,  how 
far  to  the  eaft,  and  how  far  to  the  dip. 

The  reflecting  reader  will  perceive  that  the  line  join¬ 
ing  the  two  extremities  of  this  progrefiion  will  form 
the  diagonal  of  a  rectangular  parallelopiped  ;  one  of 
whole  lides  lies  north  and  foutli,  the  other  lies  ealt  and 
weft,  and  the  third  is  right  up  and  down. 

The  mechanician  proceeds  in  the  very  fame  way  in 
the  investigation  of  the  very  complicated  phenomena 
which  frequently  engage  his  attention.  He  considers 
every  motion  as  compounded  of  three  motions  in  feme 
convenient  directions,  at  right  angles  to  each  other. 
He  alfo-  confiders  every  force  as  rd  lilting  from  the 
joint  aCtion  of  three  forces,  at  right  angles  to  each 
other,  and  takes  the  fum  or  difference  of  thefe  in  the 
fame  or  oppofite  directions.  From  this  procefs  he  ob¬ 
tains  the  three  Tides  of  a  parallelopiped,  and  from  thefe 
computes  the  pofrtion  and  magnitude  of  the  diagonal. 
This  is  the  motion  or  force  refultiilg  from  the*  competi¬ 
tion  of  all  the  partial  ones. 

This  procedure  is  called  the  Estimation  or  Re- 


d  by,  or 


duction  of  motions  and  forces. 


to  be  eftl- 


jduceii  to,  Amotion  or  force  A  B  (fig.  9.)  is  faid 

64  .  mated  in  the  direction  EF,  or  to  be  reduced  to  this  di- 
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dion, 
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11  of  for- 
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nated  or 
fluted. 


tions  or  forces  AC,  AD,  one  of  which  AC  is  paral¬ 
lel  to  EF,  and  the  other  AD  is  perpendicular  to  it. 
This  expreflion  is  abundantly  iignificant ;  for  it  is  plain 
that  the  motion  AD  neither  promotes  nor  hinders  the 
progrefs  along  EF,  and  that  AC  exprefles  the  whole 
progrefs  in  this  direction. 

In  like  manner,  a  force  AB  (fig.  10.)  is  faid  to  be 
ejiiwated  iny  01  reduced  to,  a  given  plane  EFGH,  when 
it  is  conceived  as  refultiilg  from  the  joint  aCtion  of  two 
forces  AC,  AD,  one  of  which  is  parallel  to  a  line 
a  b  drawn  in  that  plane,  and  the  other  AD  is  perpen¬ 
dicular  to  it.  The  pofition  of  the  line  a  l  is  determined 
by  letting  fall  B  b  perpendicular  to  the  plane,  and  draw¬ 
ing  b  P  to  the  point  P,  in  which  BA  meets  the  plane  ; 
then  A  a  being  drawn  parallel  to  B  b,  will  cut  off  b  a , 
which  is  the  reduction  of  the  motion  AB  to  the  plane. 
Drawing  AC  parallel  to  a  b,  and  completing  the  paral¬ 
lelogram  ACBD,  it  is  evident  that  the  motion  AB  is 
equivalent  to  AD  and  AC,  which  is  parallel  to  a  by 
and  the  three  forces  AB,  AC,  AD,  are,  as  they  fhould 
be,  in  one  plane  perpendicular  to  the  plane  EG. 

If  three  forces  AB,  AC,  AD  (fig-  11.),  are  in 
equilibrio,  and  are  reduced  to  any  one  direction  d  A  /,  or 
to  ore  plane  EFGH,  the  reduced  forces  are  alfo  in 
equilibrio. 

Firjly  Let  them  be  reduced  to  one  direction  d  l  by 
drawing  the  perpendiculars  B  b,  Cc,  D  d ;  make  AL 
equal  to  AD,  and  join  BL,  CL,  and  draw  the  perpen¬ 
diculars  L  /,  C  c ;  then,  becaufe  the  forces  AB,  AC, 
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AD,  are  in  equilibrio,  ABLC  muft  be  a  parallelogram, SetondLaw 
and  AL  is  the  force  equivalent  to  AB  and  AC  com-°^  Motion. 
Fined  ;  then,  becaufe  the  lines  D  d>  B  b,  Cc,  L/,  are 
parallel,  d  A  is  equal  to  A  /,  and  A  b  to  C  0,  or  to  c  l ; 
therefore  A  /  is  equal  to  the  fum  of  A  5  and  A  c ,  which 
are  the  reductions  of  AB  and  AC  ;  therefore  </A  is 
equal  to  the  fame  fum,  and  in  equilibrio  with  them. 

Secondly ,  Let  them  be  reduced  to  one  plane  EFGH, 
and  let  «  *  *,  «  be  the  reduced  forces.  The  lines  D 

A  or,  B  £,  C  *,  L  arc  parallel,  being  perpendicular 
to  the  plane ;  therefore  the  planes  AB  k*  and  CL^ 
are  parallel,  and  are  parallel.  For  fimilar  rest- 

fens  £  «  *,  are  parallel ;  therefore  «£*•*  is  a  parallelo¬ 

gram.  Alfo,  becaufe  the  lines  D  J,  A»,L  *,  are  parallel,, 
and  DA  is  equal  to  AL  ;  therefore  *  *  is  equal  to 
But  becaufe  is  a  parallelogram,  the  forces  «  *> 
are  equivalent  to  «  *  ;  and  *  S  is  equal  and  oppofite  to  • 

*  and  will  balance  it ;  and  therefore  will  balance  a  & 
and  «  x,  which  are  the  reductions  of  AB  and  AC  to 
the  plane  EFGH,  while  *  J  is  the  reduction  of  AD  ; 
therefore  the  proportion  is  demonftrated. 

I  he  molt  ulual  and  the  moft  ufeful  mode  of  redne  ^he  molt 
tion,  is  to  eftimate  all  forces  in  the  direCHons  of  three  ufeful  mode 
lines  drawn  from  one  point,  at  right  angles  to  eaeh°frtduc- 
other,  like  the  three  plane  angles  of  a  reClangular  cheft,^1?^  or 
forming  the  length,  the  breadth,  and  the  depth  of  the^atcs/°  " 
cheft.  Thefe  are  commonly  called  the  tlfree  co-ordi¬ 
nates.  The  refolting  force  will  be  the  diagonal  of  this 
parallelopiped.  This  procefs  occurs  in  all  difquifi  tions 
in  which  the  mutual  aCtion  of  folids  and  fluids  is  confi- 
dered,  and  when  the  ofcillation  or  rotation  of  detached 
free  bodies  is  the  fubjeft  of  difeufiion.  , 

The  only  other  general  theorem  that  remains  to  be  Relative 
deduced  from  this  law  of  motion  Jis,  that  if  a  number  motions  of 
of  bodies  are  moving  in  any  manner  whatever,  and  an^)0clies  noc 
equal  force  aft  on  every  particle  of  matter  in  the  fame^^fra- 
or  parallel  directions,  their  relative  motions  will  fuffer  neons  equal 
no  change  ;  for  the  motion  of  any  body  A  (fig.  1  2,),  and  parallel 
relative  to  another  body  B,  which  is  alfo  in  motion,  isf°rcc* 
compounded  of  the  real  motion  of  A,  and  the  oppofite 
to  the  real  motion  of  B  ;  for  let  A  move  uniformly 
from  A  to  C,  while  B  delcribes  BD  uniformly,  draw 
AB,  alto  draw  AE  equal  and  parallel  to  BD,  join  EC, 

DC,  ED.  The  motion  of  A,  relative  to  B,  confifia 
in  its  change  of  pofition  and  diltance.  Had  A  deferi- 
bed  AE,  while  B  deferfbed  BD,  there  would  have 
been  no  change  of  relative  place  or  diltance  ;  but  A  1*3 
now  at  C,  and  DC  is  its  new  direction  and  diltance. 

The  relative  or  apparent  motion  of  A  therefore  is  EC. 

Complete  the  parallelogram  ACFE;  it  is  plain  that  the 
motion  EC  is  compounded  of  EF,  which  is  equal  and 
parallel  to  AC,  the  real  motion  of  A,  and  of  E  A,  the 
equal  and  oppofite  to  BD,  the  real  motion  of  B. 

Now  let  the  motions  of  A  and  B  fuftain  the  fame 
change  ;  let  the  equal  and  parallel  motions  AG,  B“H, 
be  compounded  with  the  motions  AC  and  BD  ;  or  let 
forces  aCt  at  once  on  A  and  B,  in  tlie  parallel  directions 
AG,  BH,  and  with  equal  intenfities  ;  in  either  fuppo- 
lition,  the  refulting  motions  will  be  A  c ,  B  d ,  the  dia¬ 
gonals  of  the  parallelograms  A  G  r  C,  and  B  H  d  D. 

Conftrn'Ct  the  figure  as  before,  and  we  fee  that  the  re¬ 
lative  motion  is  now  e  c ,  and  that  it  is  the  fame  with 
EC  both  in  refpeCt  of  magnitude  and  pofition. 

Here  we  ftill  fee  the  conftant  analogy  between  the 
compofition  of  motions  and  the  compofirion  of  forces. 
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*  pC<Twr^an  relative  motions  of  tiling's  are  not 

-  y  changed,  whatever  common  motion  be  compounded 
v/ith  them  all  ;  or,  as  it  rs  nfually,  but  inaccurately, 
exprefied,  although  the  fpace  in  which  they  move  be 
carried  along  with  any  motion  whatever.  In  the  fc- 
cond  cafe,  the  relative  motions  and  actions  are  not 
changed  by  any  external  force,  however  great,  when 
equally  exerted  on  every  particle  in  parallel  diredions. 

Thus  it  is  that  the  evolutions  of  a  fleet  in  a  uniform 
current  are  the  fame,  and  produced  by  the  fame  means, 
as  in  ft  ill  water.  Thus  it  is  that  we  walk  about  on  the 
furface  of  this  globe  in  the  fame  manner  as  if  it  neither 
revolved  round  the  fun,  nor  turned  round  its  axis.  Thus 
it  is  that  the  fame  ftrength  of  a  bow  will  com  muni cate 
a  certain  velocity  to  an  arrow,  whether  it  is  (hot  eaft, 
or  weft,  or  north,  or  fouth.  Thus  it  is  that  the  mu¬ 
tual  adions  of  fublunary  bodies  are  the  fame,  in  what¬ 
ever  diredions  they  are  exerted,  and  notwithftanding 
the  very  great  changes  in  their  velocities  by  reafon  of 
the  earth’s  rotation  and  orbital  revolution.  The  real 
velocity  or  a  body  on  the  earth’s  equator  is  about  3000 
feet  per  fecond  greater  at  midnight  than  at  midday. 
For  at  midnight  the  motion  of  rotation  nearly  confpires 
with  vthe  orbital  motion,  and  at  midday  it  nearly  oppo¬ 
ses  it.  The  difference  between  the  velocities  at  the  be¬ 
ginning  of  January  and  the  beginning  of  July  is  vaftly 
greater.  And  at  other  times  of  the  day,  and  other  fca- 
lons  of  the  year,  both  motions  of  the  earth  are  tranf- 
verfely  compounded  with  the  eafterly  or  wefterly  motion 
of  an  arrow  or  cannon  bullet.  Yet  we  can  obferve  no 

68  change  in  the  effeds  of  the  mutual  adions  of  bodies. 
This  affords  This  is  an  important  obfervation  ;  becaufc  it  proves 
a  dem°n-  that  forces  are  to  be  meafured  by  no  other  fcale  than 
the  propor.  the  motlon3  which  they  produce.  We  have  had  re- 
tionality  of  Plated  occasions  to  mention  the  very  different  eftima- 
moving  ,  tion  of  moving  forces  by  Mr  Leibnitz;  and  have  fhewn 
the  mo °‘  k°W’  ky  a  very  partial  confideration  of  the  adion  of 
produced* nS  t^10^e  natura*  powers  called  prejfures ,  he  has  attempted 
by  them,  t0  prove,  that  moving  forces  are  proportional  to  the 

fquares  of  the  velocities;  and  we  {hewed  briefly,  in  what 
manner  2  right  confideration  of  what  paffes  when  mo¬ 
tion  is  produced  by  meafurable  preffures,  proves  that  the 
forces  really  exerted  are  as  the  velocities  produced. 
But  the  moft  Copious  proof  is  had  from  the  prefent  ob¬ 
fervation,  that,  in  fad,  the  mutual  adions  of  bodies  de- 

69  pend  on  their  relative  motions  alone. 

And  is  in-  The  Leibnitzian  meafure  of  moving  force  is  altoge- 
cc  mparibic  ther  incompatible  with  the  univerfal  fad  now  mention- 
prop  or  bon- e<^’  that  the  relative  motions  of  bodies,  refulting  from 

ality  to  the  their  mutual  adions,  are  not  affeded  by  any  common 
fquares  of  motion,  or  the  adion  of  any  equal  and  parallel  force  on 
t!ons  m°  k01*1  bodies  :  for  this  univeifal  fad  imports,  that  when 
two  bodies  are  moving  with  equal  velocities  in  the  fame 
diredion,  a  force  applied  to  one  of  them,  fo  as  to  in- 
creafe  its  velocity,  gives  it  the  fame  motion  relative  to 
the  other,  as  if  both  bodies  had  been  at  reft.  Here  it 
is  plain,  that  the  fpace  deferibed  by  the  body  in  con- 
fequence  of  the  primitive  force,  and  of  the  force  now 
added,  is  the  fum  of  the  fpaccs  which  each  of  them 
would  generate  in  a  body  at  reft.  Therefore  the  forces 
are  proportional  to  the  velocities  or  changes  of  motion 
which  they  produce,  and  not  to  the  fquares  of  thofe  ve¬ 
locities.  This  meafure  of  forces,  or  the  pofition  that 
a  force  makes  the  fame  change  on  any  velocity  what¬ 
ever,  and  the  independence  of  the  relative  motions  on 
any  motion  that  is  the  fame  on  all  the  bodies  of  a  fyf- 


tem,  are  counterparts  of  each  other.  Since  this  inde-  Se-onu 
pendence  is  a  matter  of  obfervation  in  all  ter  reft  riaLbo- of  m 

dies,  we  are  intitled  to  fay,  that  the  powers  which  the  '  * 
Author  of  Nature  has  imparted  to  natural  bodies  are 
no  way  different  from  what  are  competent  to  matter 
once  called  into  exiftence.  And  it  alfo  follows  from 
this,  that  we  muft  always  remain  ignorant  of  the  abfo- 
lute  motions  of  bodies.  The  fad,  that  it  has  required 
the  unremitted  ffudy  of  ages  to  difeover  even  the  rela¬ 
tive  motions  of  our  folar  fyftem,  is  an  argument  to  prove 
that  the  influence  of  this  mechanical  principle  extends 
far  beyond  the  limits  of  this  fublunary  world  ;  nor  has 
any  phenomenon  yet  been  exhibited  which  fliould  lead 
us  to  imagine  that  it  is  not  univerfal. 

When  we  have  made  ufe  of  thefe  arguments  with  So  Ba  il 
lome  zealous  partizans  of  Mr  Leibnitz’s  dodrine,  they  li"s  del* 
have  anfwered,  that  if  indeed  this  independence  of  theofthi8l 
relative  motions  of  terreftrial  bodies  were  obferved  to°pilI,0B 
obtain  exadly,  it  would  be  a  conclufive  argument,  force?’  1 
But  the  motion  with  which  all  is  carried  along  is  fo 
great  in .  comparifon  with  the  motions  which  we  can 
produce  in  our  experiments,  that  the  fmali  additions  or 
diminutions  that  we  can  make  to  the  velocity  of  this 
common  motion  muft  obferve  very  nearly  the  propor¬ 
tions  of  the  additions  or  diminutions  of  their  fquares. 

The  differences  of  the  fquares  of  2,  3,  and  4,  are  very 
unequal;  but  the  differences  of  the  fquares  of  9,  10,  11, 
are  much  nearer  to  the  ratio  of  equality  ;  and  the  dif¬ 
ferences  of  the  fquares  of  1000001,  1000002,  1000003, 
do  not  fenfibly  deviate  from  this  ratio.  But  it  is  not 
fa£t  that  we  cannot  produce  motions  which  have  a 
very  fenfible  proportion  to  the  common  motion.  The 
motion  of  a  cannon  ball,  difeharged  with  one-third 
of  its  weight  of  powder,  is  nearly  equal  to  that  of 
.the  rotation  of  the  earth’s  equator.  When,  there¬ 
fore,  we  difeharge  the  ball  eaftward,  we  double  its  mo¬ 
tion  ;  when  to  the  weftward,  we  deftroy  it.  There¬ 
fore,  according  to  Leibnitz,  the  adion  in  the  firft  cafe 
is  three  times  the  a&ion  in  the  fecond.  I"n  the  fir  a 
cafe  it  changes  the  fquare  of  the.  velocity  (which  we 
may  call  1)  from  i  to  4  ;  and,  in  the  fecond,  it  changes 
it  from  1  to  o.  But  fay  the  Leibnitzians,  the  velocity 
of  rotation  is  but  3-y  of  the  orbital  velocity  of  the  earth, 
and  our  observations  of  the  velocities  of  cannon  bullets 
are  not  fufficiently  exad  to  enfure  us  againft  an  error 

°f^T-  But  the  later  obfervations  on  the  peculiar 

motions  of  the  fixed  ftars  concur  in  fhewiRg,  that  the 
fun,  with  his  attending  planets,  are  carried'  along  with 
a  very  great  motion,  which,  in  all  probability,  has  a 
fenfible  ratio  to  the  orbital  motion  of  the  earth.  This 
muft  make  a  prodigious  change  on  the  earth's  abfolute 
motion,  according  as  her  orbital  motion  confpires  with, 
oppofes,  or  crofles,  this  other  motion  :  the  earth  may 
even  be  at  abfolute  reft  in  fome  points  of  its  orbit.  Thus 
will  the  compofition  with  the  motions  produced  in  our 
experiments  be  fo  varied,  that  cafes  mujl  occur  when 
the  difference  of  the  refolts  of  the  two  meafures  of  force 
will  be  very  fenfible. 

But,  farther,  they  have  not  attended  to  the  agree¬ 
ment  of  our  experiments,  when  the  difeharges  of  can¬ 
non  are  made  in  a  diredion  tranfverfe  to  that  of  the 
common  motion.  Here  the  immenfity  of  the  common 
motion,  and  the  minutenefs  of  our  experimental  veloci* 
ties,  can  have  no  effed  in  diminifhing  the  difference  of 
the  refults  of  the  two  dodrines.  This  will  appear  dif* 

3  tindly 


ID  Y  N  A 

mc’haw  tindiy  to  every  reader  who  is  much  converfant  in  dif- 
iVJoti  n*  quifitions  of  this  kind  ;  and  it  is  in  thefe  more  mode- 
** ' " r  rate  motions  that  the  complete  independence  of  the  re¬ 
lative  motions  on  the  common  motions  molt  accurately 
appears.  Pendulum  clocks  and  watches  have  been  of¬ 
ten  executed  which  do  not  deviate  from  perfect  equabi¬ 
lity  of  motion  one  part  in  £{3400.  This  could  not  be  ob¬ 
tained  in  all  dire&ions  of  the  ofcillations,  if  the  forces  de¬ 
viated  from  the  ratio  of  the  velocities  one  part  in  86400. 
fed  a-  O11  the  whole,  we  may  confider  it  as  eftabliffied  on  the 
ementof  fureft  foundation,  that  the  adlion  of  thofe  powers  of  na- 
abftrad  turaj  p,ocqes  which  we  call  preffures ,  fuch  as  the  force 
■ewith  fprings,  the  exertions  of  animals,  the  cohefion  of  bo- 
ourac-  dies,  as  well  as  the  a&ion  of  thofe  other  incitements  to 
°h-  motion  which  we  call  attractions  and  repulfions ,  fuch  as 
gravitation,  magnetifm,  and  eledricity — is  proportional 
to  the  change  of  velocity  produced  by  it.  And  we 
mull  obferve  here,  that  this  is  not  a  mere  mode  of  con. 
ception,  the  refult  of  the  laws  of  human  thought,  which 
cannot  conceive  a  natural  power  as  the  caufe  of  motion 
otherwife  than  by  its  producing  motion,  and  which 
cannot  conceive  any  degree  of  moving  power  different 
fiom  the  degree  of  the  motion.  This  is  the  abftraft 
do&rine,  and  is  true  whether  the  preffures  are  propor¬ 
tional  to  the  velocities  or  to  the  fquares  of  the  veloci¬ 
ties.  But  wc  fee  farther,  that  whatever  is  the  preffure 
of  a  fpring  (for  example)  on  a  quiefeent  body,  yet  the 
preffure  adualiy  exerted  in  producing  a  double  velocity 
is  only  double,  and  not  quadruple,  as  our  firft  imperfed 
obfervations  make  us  imagine. 

Sir  Ifaac  Newton  has  added  another  propofition  to 
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d  law  of  the  number  of  laws  of  motion  ;  namely,  that  every  ac - 
dV8  ilQn  tS  accomPflnle(^  on  equal  and  contrary  reaction . 
•rience1  ^ut  aiming  th is  to  be  a  law  of  nature,  lie  only 
e,  and  means  that  it  is  an  univerfal  fad  :  And  he  makes  this 
ot  a  ne- affirmation  on  the  authority  of  what  he  conceives  to 
be  a  law  of  human  thought ;  namely,  that  thofe  qua¬ 
lities  which  we  find  in  all  bodies  on  which  we  can  make 
experiments  and  obfervations,  are  to  be  confidered  as 
univerfal  qualities  of  body.  But  we  have  limited  the 
term  law  of  motion  to  thofe  confequences  that  necef- 
farily  flow  from  our  notions  of  motion,  of  the  caufes 
of  its  production  and  changes.  Now  this  third  New¬ 
tonian  propofition  is  not  fuch  a  refult.  A  magnet  is 
faid  to  aft  on  a  piece  of  iron  when,  and  only  when, 
the  vicinity  of  the  magnet  is  obferved  to  be  accompa¬ 
nied  by  certain  motions  of  the  iron.  But  it  by  no 
means  follows  from  this  obfervation,  that  the  prefence 
of  the  iron  {hall  be  accompanied  by  any  motion,  or  any 
change  of  (late  whatever  of  the  magnet,  or  any  ap¬ 
pearance  that  can  fuggeil  the  notion  that  the  iron  ads 
on  the  magnet.  When  this  was  obferved,  it  was  ac¬ 
counted  a  difeovery.  Newton  difeovered ,  that  the  fun 
ads  on  the  planets,  and  that  the  earth  afts  on  the 
moon;  and  Kepler  difeovered,  that  the  moon  reads 
on  the  earth.  Newton  had  obierved,  that  the  iron  re¬ 
ads  on  the  magnet ;  that  the  adions  of  eledrified  bo¬ 
dies  were  mutual  ;  and  that  every  adion  of  fublunary 
bodies  was,  in  fad,  accompanied  by  an  equal  and  con¬ 
trary  readi-on.  On  the  authority  of  his  rule -of  philo- 
fophizing  he  affirmed,  that  the  planets  read  011  the 
kin,  and  that  the  fun  is  not -at  reft,  but  i3  continual¬ 
ly  agitated  by  a  fmall 'motion  round  the  general  centre 
of  gravitation.  He  pointed  out  ieveral  confequences 
of  this  readion.  Aftronomers  examined  the  'celeftial 
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motions  more  narrowly,  and  found  that  thofe  confe-  SccondLaw 
quences  do  really  obtain,  and  difturb  all  the  planetary of  M?tlon* 
motions.  It  is  now  found  that  this  reciprocity  of  ac¬ 
tion  obtains  throughout  the  tolar  fyftem  with  the  utmoil 
precifion,  and  that  the  third  Newtonian  propofition  ia 
really  a  law  of  nature,  although  it  is  not  a  law  of  hu¬ 
man  thought.  It  ia  a  difeovery.  The  contrary  in¬ 
volves  no  abfurdity  or  contradiction.  It  would  indeed 
be  contrary  to  experience  ;  but  things  might  have 
been  otherwife.  It  is  conceivable,  and  poffiblc,  that  a 
ball  A  fhall  (trike  another  equal  ball  B,  and  carry  it 
along  with  it,  without  any  diminution  of  its  velocity. 

The  fad,  that  the  velocity  of  A  is  reduced  to  one- 
half,  is  the  indication  of  a  force  refiding  in  B,‘  which 
force  changes  the  motion  of  A  ;  and  the  intenfity  of 
this  force  is  learned  from  the  change  which  it  produces. 

This  is  found  to  be  equal  to  the  change  produced  by  A 
011  B.  And  thus  the  readion  of  B  is  difeovered  to  be 
equal  to  the  adion  of  A. 

It  is  highly  probable,  that  this  univerfality  and  equa¬ 
lity  of  readion  to  adion  is  the  confequence  of  fome 
general  principle,  which  we  may  in  time  difeover  ; 
meanwhile  we  are  intitled  to  fuppofe  it  univeifal,  and 
to  reafon  from  this  topic  in  our  difquifitions  about  the 
adions  of  bodies  on  each  other. 

Although  the  celebrated  philofophers  of  Europe  Maupertu- 
have  at  latt  agreed  in  the  reception  of  the  two  propoli-  KLeibi  irz, 
tions  fo  largely  difeuffed  by  us  as  the  laws  of  motion,  ar  ^  other 
they  have  differed  exceedingly  in  their  opinion  about  pj^rs^have 
their  origin  and  validity  :  Some  afferted  that  they  are  entertained 
entirely  matters  of  experience;  while  others  affirmed  veiy  imde- 
them  to  be  neceffary  truths.  The  royal  academy  of d^a:e  °P1* 
Berlin  made  this  queilion  the  fubjed  of  their  prize  dif-  errdt^the 
fertation  in  the  year  1744.  Mr  Maupertuis,  prdident  found*  L11 
of  the  academy,  pubiifhed  a  differtation  ;  in  which  he  d  the  laws 
endeavoured  to  prove  that  they  are  neceffary  truths,  only  ^  motion, 
becaufe  they  are  fuch  as  male  the  quantity  of  adion  the  leaf 
pojfibky  an  economy  which  is  worthy  of  infinite  wifdoin  ; 
and  therefore  certainly  direds  the  choice  of  the  An- 
thor  of  Nature.  On  this  account  alone  are  they  necef¬ 
fary  tmtlis. 

But  this  is  not  the  way  to  confider  a  queftion  of  this 
kind.  We  know  too  little  about  infinite  wifdom  to  be 
able  to  fay  with  Meffrs  Leibnitz  and  Maupertuis,  that 
the  Deity  fhould  or  ffiould  not  imprefs  on  bodies  laws 
different  from  thofe  which  are  effentia!  to  matter  ;  and 
we  are  not  to  inquire  whether  God  could  or  could  not 
do  this.  We  know  from  our  own  experience,  that 
matter,  when  fnbjeded  to  the  adion  of  intelligence, 
may  be  moved  in  a  way  extremely  different  from  what 
it  would  follow  if  left  to  itfelf,  and  that  its  motions 
may  either  be  regulated  by  fixed,  but  contingent,  laws, 
or  may  be  without  any  conftancy  whatever,  and  vary 
in  every  inftance.  When  we  fuppofe  the  exiitence  of 
matter  and  motion,  a  variety  of  truths  are  involved  in 
the  fuppofitton,  in  the  fame  manner  as  all  the  theorems 
in  the  third  book  of  Euclid’s  Elements  arc  involved  in 
the  conception  of  a  circle  and  a  llraight  line.  Our  firft 
employment  ffiould  be  to  evolve  thole  truths.'  We  can 
do  this  in  110  way  but  by  firft  noticing  the  relations  of 
the  ideas  that  we  have  of  the  different  objeds  of  con-* 
templation,  and  then  following  the  laws  of  human 
thought  in  our  judgments  concerning  thofe  relations.* 

This  procefs  of  the  mind  is  expieffed  in  the  train  of  a 
geometrical  demonftration.  The  different  parts  or  argu- 
3  U  2  mentations 
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©rMotior  mcntatl*ons  this  train  arc  not  the  caufes  of  our  con- 

?  ^otlon,clufion9,  but  the  means  by  which  we  form  our  judge¬ 
ment  ;  not  the  reafons  of  the  truth  of  our  ultimate 
conciufion,  but  the  fteps  by  which  we  arrive  at  the 
knowledge  of  it.  The  young  geometer  generally  thinks 
otherwife  :  But  that  this  is  the  matter  of  fad  is  plain 
from  this,  that  more  than  one  demonffration,  and  of¬ 
ten  very  different,  can  be  given  of  the  fame  theorem. 
We  mull  proceed  in  the  fame  manner  in  the  prefen t 
queftion  ;  and  the  firfl  general  truths  which  we  find  in¬ 
volved  in  the  notions  of  matter,  motion,  and  force,  mud 
be  received  as  neceffary  truths.  The  Heps  by  which  we 
arrive  at  the  difcovery  are  the  laws  of  human  thought  ; 
and  the  expreffion  of  the  difcovery,  involving  both  the 
truth  itfelf,  and  the  manner  of  conceiving  it,  is  a  necef- 
fary  law  of  motion.  There  may  be  other  fads,  perhaps 
as  general  as  any  of  thofe  neceffary  laws,  but  which  do 
not  neceffarily  refult  from  the  relations  of  our  notions 
of  motion  and  of  force.  Thefe  are  difcovered  by  ob- 
fervation  only ;  and  they  ferve  to  charaderife  the  forces 
which  nature  prefents  to  our  view.  Thefe  fads  are 
contingent  laws  of  motion. 

We  apprehend  that  this  method  ha3  been  followed 
in  treating  this  article.  The  firft  proportion,  termed 
a  law  of  motion ,  is  only  a  more  convenient  way  of  ex- 
preffing  our  contemplation  of  motion  in  body  as  an  ef- 
fed  of  the  general  caufe  which  we  term  force .  The  fe- 
eond  propofition  does  nothing  but  exprefs  more  dif- 
tindly  the  relation  between  this  caufe  and  its  effed  ; 
it  expreffes  what  we  mean  by  the  magnitude  and  the 
kind  of  the  caufe.  The  proportion,  dating  the  com¬ 
port  ion  of  forces,  is  but  another  form  of  the  fame  law, 
better  luited  to  the  ordinary  procedure  in  geometrical 
difquifitions. 

These  propofitions  might  have  completed  the  doc¬ 
trines  of  dynamics  ;  but  it  appears  that,  in  order  to 
the  produdion  of  a  material  nniverfe  which  ffiould  ac- 
complifh  the  purpofes  of  the  Creator,  it  was  neceffary 
that  there  be  certain  charaderiftic  differences  between 
the  forces  inherent  in  the  various  colledions  of  matter 
which  compofe  this  univerfe..  The  fads  or  phyfical 
laws  (for  the  above  mentioned  laws  are  metaphyiical) 
of  motion  may  be  different  from  thofe  which  would 
have  been  obferved  had  matter  been  left  entirely  to  it¬ 
felf,  This  difference  may  have  introduced  other  laws 
of  motion  as  neceffarily  refulting  from  the  nature  of 
the  forces.  We  have  occafionally  mentioned  fome  in- 
ftances  where  this  appears  to  obtain,  but  gave  good  rea¬ 
fons  for  affirming,  that  a  due  examination  of  all  circum- 
dances  which  may  be  obferved  in  the  produdion  or  va¬ 
riation  of  motion  by  thofe  forces,  has  demonflrated,  that 
there  are  no  fuch  deviations  from  the  two  laws  of  mo¬ 
tion  already  determined,  but  that  ail  the  mechanical 
powers  of  bodies,  when  confidered  merely  as  caufes  of 
motion,  ad  agreeably  to  the  fame  laws.  Careful  exa¬ 
mination  was,  however,  faid  to  be  neceffary. 

This  examination  muff  confift  in  diftindly  noticing 
the  circumftances  that  occur  in  the  produdion  of  mo¬ 
tion  by  any  force  whatever.  It  is  by  no  means  enough 
to  date  fimply  the  intenfity  of  the  force  and  the  direc- 
tion  of  its  exertion.  If  a  force  continue  to  ad,  it  con¬ 
tinues  to  vary  the  motion  already  produced.  Should 
the  force  change  its  intenfity  or  diredion  while  it  is 
ading,  thefe  circumdances  mud  induce  dill  farther 
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changes  in  the  motion  ;  and  ft  is  not  till  all  adion  has  Of  am 
ceafed  that  the  motion  is  brought  to  its  oftenfible  date,  ratecH 
in  which  it  is  the  objed  of  our  attention  and  our  fu-  ?TS  ** 
tnre  difeuffions.  Indances  of  the  effeds  of  fuch  con-  >  0tr 
turned  and  fuch  varied  adions  ‘are  to  be  feen  in  mod 
of  the  phenomena  of  nature  or  art.  The  communica¬ 
tion  of  motion  by  impulfe  is  perhaps  the  only  indance 
(veiy  frequent  indeed)  that  can  be  produced  where  this 
is  not  neceffary  :  Nay,  we  (hall  perhaps  find  reafon  to 
conclude,  that  this  indance  is  not  an  exception,  and  that 
even  the  communication  of  motion  from  one  billiard  j  * 
ball  to  another  is  brought  about  by  an  adion  conti¬ 
nued  for  fome  time,  and  greatly  varied  during  that  I 
time.  Much  preparation  in  therefore  neceffary  before 
we  can  apply  the  general  laws  of  motion  to  the  folution 
of  mod  of  the  quedions  which  come  before  us  in  the 
courfe  even  of  our  elementary  difquifitions.  We  mud 
lay  down  fome  general  propofitions  which  determine 
the  refults  of  the  continued,  and  perhaps  varied,  adions 
of  moving  forces  ;  and  we  mud  mark  the  different  ef¬ 
feds  of  the  Ample  continuation  of  adion,  and  aifo  thofe 
of  the  variations  in  this  continued  adion,  both  in  re-  | 
fped  of  intenfity  and  diredion.  The  effed  of  a  mere 
continuance  of  adion.  mud  be  an  acceleration  of  the 
motion  ;  or  a  retardation  of  it,  if  the  force  continue  to 
ad  in  the  oppofite  diredion.  The  effed  of  the  conti¬ 
nued  adion  of  a  tranfverfe  force  mud  be  a  continual 
defledion,  that  is,  a  curvelineal  motion.  Thefe  mud 
therefore  now  occupy  our  attention  in  their  order. 

Of  Accelerated  and  Retarded  MortONs. 

All  men  can  perceive,  that  a  done  dropped  from H  ■ 
the  hand,  or  Aiding  down  an  uniform  dope,  has  its 
motion  continually  accelerated,  and  that  the  motion  ofpofitk  f 
an  arrow  riling  perpendicularly  through  the  air  is  con-  gUPC(|l1i 
tmually  retarded;  and  they  fed  no  difficulty  in  corieci-tl°V fl 
vmg  thefe  changes  of  motion  as  the  effeds  of  the  con- of”  h.| 
tmual  operation  of  their  weight  or  heavinefs.  The  falling  in  refill 
done  is  in  a  different  condition  in  refped  of  motion  m t0  muB 
the  beginning  and  the  end  . of  its  fall,  hi  what  refped  do 
thefe  dates  of  the  body  differ  ?  Only  in  refped  to  what 
\ve  call  its  velocity.  I  his  is  an  affedion  of  motion  ;  it 
is  an  expreffion  of  the  relation  between  the  two  notions 
or  ideas  which  concur  to  form  the  idea  of  motion, 
namely,  the  fpace  and  the  time.  Thefe  are  all  the  cir¬ 
cumdances  that  we  obferve  in  a  motion.  Time  elapfes, 
and  during  its  currency  a  fpace  is  deferibed.  The 
term  velocity  expreffes  the  magnitude  of  the  fpace  which, 
correlpouds  to  fome  unit  of  time.  Thu3,  the  rate  of  a 
/hip’s  .motion  is  determined,  when  we  fay  that  it  is  nine 
miles  in  an  hour,  or  nine  miles  per  hour.  We  fome- 
times  fay  (but  aukwardly)  “  The  motion  is  at  the  rate, 
or  with  the  velocity,  of  a  mile  in  three  days.”  It  is  mod 
conveniently  expreffed  by  a  number  of  fome  given  units 
of  length,,  which  completely  make  up  the  line  deferibed 
during  this  unit  of  time.  But  the  mechanicians  ex-, 
prds  it  in  a  way  more  general  by  a  fradion,  of  which 
the  numerator  is  a  number  of  inches,  feet,  yards,  fa¬ 
thoms,  or  miles,  and  the  denominator  is  the  number  of 
feconds,  minutes,  or  hours,  employed  m  moving  along 
this  line.  This  is  a  very  proper  expreffion  ;  for  when 
we  fpeak  of  any  velocity,  and  continue  to  reafon  from 
it,  we  conceive  ourfelves  to  fpeak  of  fomething  that  re¬ 
mains  the  fame,  in  the  different  occafions  of  ufing  the 
term.  Now  if  the  velocity  be  conllant,  it  is  indifferent 
1  how 
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1  tceeKhow  long  the  line  may  be ;  becaufe  the  time  of  its  de- 
fcription  will  be  lengthened  in  the  fame  proportion, 
lions  Thus  if  48  feet  be  defcribed  in  12  feconds,  36  feet 
K u  y .  will  be  defcribed  in  9  feconds,  1 6  feet  will  be  defcribed 
in  4  feconds,  &c.  Now  if,  ,  and  ,  are  fraftions 
of  equal  value,  being  equal  to  £,  or  4,  that  is,  to  the 
velocity  of  4  feet  per  fecond.  The  value  of  this  frac¬ 
tion,  or  the  quotient  of  the  number  of  the  units  of 
length,  divided  by  the  number  of  units  of  time,  is  the 
number  of  thofe  units  of  length  defcribed  uniformly  in 
one  unit  of  time. 

I  nitude  But  how  {hall  we  determine  the  velocity  in  any  inftant 
'<  ydo-  or  in  any  point  of  a  motion  that  is  continually  changing  ? 

1  hwe  Suppofe  that  a  body  has  fallen  144  feet,  and  chat  we 
}  no  ac-  would  afeertain  its  velocity  in  that  point  of  its  fall,  or 
mea*  the  velocity  which  it  has  in  paffing  through  that  point  ? 
In  the  next  fecond  the  body  falls  112  feet  farther. 
This  cannot  be  the  rneafure  of  the  velocity  at  the  be¬ 
ginning  of  the  fourth  or  the  end  of  the  third  fecond.  It 
is  too  great.  The  fall  during  the  preceding  fecond 
was  80  feet.  This  is  too  fmall.  The  mean  of  thefe 

80+112  192  ,  .  ,  lt 

two,  or  — - - ,  =  — ,  r=  90,  is  probably  more  ex- 

aft.  Due  attention  to  the  nature  of  this  motion  {hews 
us,  that  96  is  the  proper  rneafure,  or  that  the  motion 
at  that  inftant  is  at  the  rate  of  96  feet  per  fecond.  But 
it  is  peculiar  to  this  kind  of  motion  that  the  half  fum 
of  the  fpaccs  defcribed  in  two  fucceeding  equal  mo¬ 
ments  is  the  meafure  of  the  velocity  in  the  middle  in- 
ilaut.  Therefore  this  method  will  not  generally  give 
an  accurate  meafure.  Yet  it  is  indifpenfably  neceifary 
to  obtain  fome  accurate  meafure  ;  for  it  is  in  this  par¬ 
ticular  alone  that  the  ftate  of  the  body  differs  from  its 
limilar  ftate  in  another  inftant.  The  difference  of  place 
makes  no  diftinftion  ;  for  if  a  body  continue  its  motion 
unchanged,  its  condition  in  every  different  inftant  of 
time,  or  point  of  fpace,  is  unchanged  or  the  fame.  The 
clktuge  of  place  is  not  a  change  of  motion,  but  is  in¬ 
volved  in  the  very  conception  of  the  continuation  of  the 
motion.  ’The  change  of  condition  confiils,  therefore, 
in  the  change  of  velocity  :  Therefore  the  change  of  ve¬ 
locity  is  the  only  indication,  and  the  only  meafure  of 
the  aftlon  (perhaps  accumulated)  of  the  changing  force. 
It  is  therefore  the  chief  objeft  of  ourfearcli ;  and  accu¬ 
rate  meaiures  of  velocity  are  abfolutely  neceiTary. 

When  the  velocity  changes  continually,  there  can  be 
no  actual  meafure  of  it.  In  what  then  does  the  mag¬ 
nitude  of  a  velocity  confi ft,  when  there  is  no  aftual  mea- 
fure  of  it  ?  It  is  ?.  certain  undefendable  determina¬ 
tion;  by  which,  if  not  changed,  a  ceitain  fpace  would 
be  uniformly  defcribed  in  a  given  unit  of  time.  I  bus 
we  know,  that  if,  when  a  ftone  has  fallen  1 6  feet,  its 
motion  be  direfted  along  a  "horizontal  plane,  without 
diminution,  it  will  move  on  for  ever  at  the  rate  of 
32  feet  per  fecond.  The  fpace  which  would  be  thus 
iropor-  defcribed  is  not  the  velocity,  but  the  meafure  of  the  ve- 
ofve-  locity.  But  the  proportions  of  thofe  fpaces,  being  the 
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that  proportions  of  thofe  meafures,  are  the  proportions  of 
the  velocities  themfelves.  We  may  difeover  thefe  pro- 
i|Jin  portions  in  the  following  manner  : 

damen-  Let  ACG  (fig.  13.)  be  a  line  defcribed  by  a  body 
!!  *equifite  with  a  motion  anyhow  continually,  but  gradually,  va- 
<  alaT"  ’  an^  ^et  reqill*red  to  determine  the  prop  or* 

1  uifi.  Bon  the  velocity  in  any  point  C  to  the  velocity  in 
1  s,  any  other  point  F. 
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Axiom. — If  Pi.  he  to  B  in  a  ratio  that  fs  greater  than  Of  Accele- 
any  ratio  lefs  than  that  of  C  to  D,  but  lefs  than  any  ratio  ^tarrfed 
greater  than  that  of  C  to  D,  then  A  is  to  B  as  C  to  Motions. 

Take  the  ftraight  line  a  c  g  to  reprefent  the  time  or  — H 
the  body’s  motion  along  ACG,  fo  that  the  points  a,  c , 

/, g,  may  reprefent  the  inftants  of  time  in  which  the 
body  pafies  through  the  points  A,  C,  F,  G  ;  and  the 
portions  ac,  cf,  fg ,  of  the  line  a g,  may  reprefent  the 
times  employed  in  deferibing  the  portions  AC,  CF, 

FG  ;  and  therefore  acSs  to  af  as  the  time  oi  deferi¬ 
bing  AC  to  the  time  of  deferibing  AF. 

Moreover,  let  h  k  n  0  be  a  line  fo  related  to  the 
ftraight  line  a  c fg ,  by  the  perpendicular  ordinates  a  h% 
c  k,  fti,  g  0,  that  the  areas  a  c  k  L,  afn  h ,  ago  h ,  may 
be  proportional  to  the  portions  AC,  AF,  AG,  of  the 
line  defcribed  by  the  moving  body ;  and  let  this  rela¬ 
tion  be  true  with  relpedt  to  every  point  B,  D,  E,  Scot 
and  the  correfponding  points  b ,  d,  e ,  &c.' 

Then  it  is  affirmed,  that  the  velocity  In  the  point  C  is 
to  the  velocity  in  the  point  F  as  c  k  is  to  f  n. 

Let  the  equal  lines  be ,  c  d,  ef,  f g,  reprefent  equal 
moments  of  time,  and  let  B,  D,  E,  G,  be  the  points 
through  which  the  body  is  paffing  at  the  inftants  b ,  df 
e ,  g.  T  hen  the  areas  bike,  chid,  emnf,  f n  0  g,  will 
reprefent,  and  be  proportional  to,  the  fpaces  BC,  CD, 

EF,  FG,  which  are  defcribed  during  the  moments  b  cr 
cd,  ef,fg. 

Draw  tp  parallel  to  ag,  fo  as  to  rnake  the  reftangle 
1 1 pc  equal  to  the  trapezium  bike  ;  and  draw  the  lines 
q  v,  u  r,  s  x,  in  the  fame  manner,  fo  that  each  reftangle 
may  be  equal  to  its  correfponding  trapezium. 

If  the  motions  had  been  uniform  during  the  mo¬ 
ments  b  c  and  fg,  that  is,  if  the  fpaces  BC  and  FG  had 
been  uniformly  defcribed,  then  the  velocity  in  the  point 
C  would  have  been  to  the  velocity  in  the  point  F  as  cp 
to  f  s  :  For  fince  the  reftangles  b  tp  c  and  fsxg  are  re- 
fpeftively  equal  to  the  trapeziums  bike  and  f  nog',  and 
fince  bike  is  to  fn  0  g  as  BC  is  to  FG,  the  reftangle 
btpc  is  to  the  reftangle  fsxg  as  to  FG.  But 
becaufe  thefe  two  reftangles  have  equal  altitudes  be 
and  fg,  they  are  to  each  other  in  the  proportion  of 
their  bales  cp  and^x,  or  cp  and  f  s.  Therefore  BC  is 
to  FG  as  cp  to  fs.  But  if  BC  and  FG  are  uniformly 
defcribed  in  equal  times,  they  aie  proportional  to  the 
velocities  of  thofe  uniform  motions.  Therefore  cp  is 
to/«f  as  the  velocity  with  which  BC  is  uniformly  de¬ 
fcribed  to  the  velocity  with  which  FG  is  uniformly  de¬ 
fcribed  in  an  equal  time. 

But  the  motion  exprefied  by  the  figure  is  not  uni¬ 
form,  becaufe  the  line  hlo  recedes  from  the  axis  ag>. 
and  the  areas,  cut  oil  by  the  parallel  ordinates,  increafe 
in  a  greater  proportion  than  the  correfponding  parts  oF 
the  axis  ;  that  is,  the  fpaces  increafe  fafter  than  the 
times  :  for  the  moments  b  c,  c  d,  ef,  fg,  beirig  all  equal, 
it  is  evident  tli3t  the  correfponding  flips  of  the  area  con¬ 
tinually  augment  The  motion  is  fvvifter  at  the  inftant 
c  than  at  the  inftant  b ,  and  the  velocity  at  the  inftant  c 
is  greater  than  that  with  which  the  fpace  BC  would  be 
uniformly  defcribed  in  the  fame  time.  For  the  fame 
reafon,  the  velocity  at  the  inftant/  is  lefs  than  that  with 
which  the  fpace  FG  would  be  uniformly  defcribed  in 
the  fame  time.  Therefore  the  velocity  at  the  inftant  c 
is  to  the  velocity  at  the  inflant  fm  a  greater  ratio  than 
that  of  cp  to  fs.  In  the  very  fame  manner,  it  will 
appear,  by  comparing  the  motion  during  the  moment 
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Of  Accelc*  r  with  the  rnotion  during  the  moment  e f,  that  the  ve- 
\  ar  tl  -  *  *  *  *  -  - 

Retarded 


lated  ai  d  ]GC1*ty  at  the  inftant  c  is  to  the  velocity  at  the  inftant  f 


Motions.  ln  a  r^io‘ than  that  of  cq  to  fr, 
mm -y—  Therefore  the  velocity  in  the  point  C  is  to  the  velo¬ 

city  in  the  point  F  in  a  greater  ratio  than  that  of  c p  to 
f  s,  but  in  a  ltfs  ratio  than  that  of  c  q  to  f  r. 

But  by  continually  diminiftsing  the  equal  moments 
b  c,  c  d,  ef,fg,  it  is  evident  that  cp  and  c  q  continually 
•approach  to  equality  with  c  k ;  and  f  r  and/7  continual¬ 
ly  approach  to  equality  with  f  n,  that  when  cp  is  lefs 
than  c  k}f  s  is  greater  than^ n ,  and  when  c  q  is  greater 
'than  c  by  f  r  is  lefs  than  fn. 

Therefore  the  velocity  in  the  point  C  is  to  the  velo¬ 
city  in  the  point  F  in  a  ratio  that  is  greater  than  the 
•ratio  of  any  line  lefs  than  ck  to  any  line  greater  than 
fn,  but  which  is  lets  than  the  ratio  of  any  line  greater 
than  c  k  to  any  line  lefs  than  f  n.  Therefore  the  ratio 
of  the  velocity  in  C  to  the  velocity  in  F  is  greater  than 
•any  ratio  that  is  lefs  than  that  of  c  k  tofn;  but  it  is  lefs 
than  any  ratio  that  is  greater  than  that  of  ck  to  f  tu 
Therefore  the  velocity  in  the  point  C  is  to  the  velocity 
in  the  point  F  as  c  k  to/ n. 

This  important  theorem  may  be  expreffed  in  moie 
•general  terms  as  follows  : 

Jf  the  abfcijfa  a  g  of  a  line  h  k  o  reprefent  the  time  cf 
'any  motion,  and  if  the  areas  bounded  by  parallel  ordinates 
be  proportional  to  the  fpaces  defended,  the  ordinates  are 
proportional  to  the  'velocities. 

Remark.  The- propriety  or  aptitude  of  expreffmg 
^he  time  by  the  portions  of  the  axis  a  eg,  will,  perhaps, 
appear  more  clearly  in  the  following  manner. 

Let  a  eg  be  any  ftraight  line,  and  let  h  k  v  be  ano* 
ther  line,  ftraight  or  curved.  Let  the  ftraight  line  a  h  z, 
•perpendicular  to  a g,  be  carried  uniformly  down  along 
this  line,  keeping  always  perpendicular  to  it,  and  there¬ 
fore  always  parallel  to  its  firft  pofition  a  h  z,  In  its 
various  fituations  ckz,  e  m  z,  &c.  it  will  cut  off  areas 
a  c  k  h,  a  emh,  See.  bounded  by  the  axis  by  the  ordi¬ 
nates  a  h  and  c  k,  or  by  the  ordinates  a  h  and  e  m ,  See, 
and  by  the  line  hhg.  By  this  motion  the  moveable  or¬ 
dinate  is  faid,  in  the  language  of  modern  geometry,  to 
generate  the  areas  ackh ,  a  emh.  See,  At  the  feme 
time,  let  a  point  A  move  along  the  line  ACG,  fetting 
out  from  A  at  the.inftant  when  the  line  a  z  fets  out 
•from  a  ;  and  let  the  motion  of  the  point  A  be  fo  re¬ 
gulated,  that  the  fpaces  AB,  AC,  AD,  Sec.  generated 
"by  this  motion,  may  increafe  at  the  fame  rate  With  the 
areas  a  b,  i  h,  a  c  k  h,  ad l h.  See.  or  fuch  that  we  [hall 
have  AB  to  AC  as  a  b  i  h  to  ackh,  Se  c.  It  is  plain, 
that  the  motion  along  AG  is  the  fame  with  that  descri¬ 
bed  in  the  enunciation  of  the  propofition  :  for  becaufe 
the  motion  of  the  ordinate  a  z,  along  the  axis  a g,  is 
fuppofed  to  be  uniform,  the  fpaces  a  b,  a  c ,  a  d ,  Sec.  are 
proportional  to  the  times  in  which  they  are  deferibed, 
and  may  therefore  be  taken  to  rr.eafure  or  to  reprefent 
thoie  times. 

Cor.  f .  In  a  motion  continually  varied ,  the  velocities 
in  the  different  points  of  the  path  are  to  each  other  in 
the  limiting  or  ultimate  ratio  of  the  fpaces  deferibed  in 
equal  times,  thofe  times  being  fuppofed  to  diminiffi  con¬ 
tinually  :  for  it  is  evident,  that  if  the  equal  moments 
be,  c  d,  ef,  fg,  are  fuppofed  to  diminiffi  continually, 
till  the  inftants  b  and  d  coalefce  with  c,  and  the  inftarits 
€  and  g  coalefce  with  f ;  then  the  ratio  of  ck  to  f  n  is 


the  limit  of  the  continually  increafing  ratio  of  cp  to  fs, 
or  of  the  continually  diminiffimg  ratio  of  c  q  to  f  r.  Sir 
Ifaac  Newton  calls  this  the  ultimate  ratio  of  c  p  to  ft, 
or  of  cq  to  f  r.  Now  the  ratio  of  cp  to  fs  is,  by  con- 
ftru&ion,  the  fame  with  the  ratio  of  the  reClangle  btpc 
to  the  redtangle/7  xg,  and  the  ratio  of  cq  to fr  is  the 
fame  with  the  ratio  of  the  rediangle  cqv.d  to  the  rec¬ 
tangle  e  u  rf  But  the  ratio  of  the  rcdiangle  btpc  to 
the  re&angle  fsxg  is  the  fame  with  the  ratio  of  the 
•fpace  b  i  k  c  to  the  fpace  f  n  qg;  that  is  (by  hypothefis), 
the  fame  with  the  ratio  of  the  [pace  BC  to  the  fpace 
FG  ;  and  the  ratio  of  the  redtangles  c  qv  d  and  e  u  rf 
is  the  fame  with  that  of  the  fpaces  CD  and  EF.  There¬ 
fore  the  ratio  of  the  velocity  at  C  to  the  velocity  at  F 
is  the  fame  with  the  ultimate  ratio  of  the  fjnall  incre¬ 
ments  BC,  FG,  or  CD,  EF  of  the  fpaces  generated  in 
-very  (mall  and  equal  times. 

It  is  alfo  evident,  that  becaufe  the  ratio  of  c  k  tofn 
is  the  limit  both  of  the  ratio  of  cp  to  fs  and  of  the 
ratio  of  c  q  to  fr,  thefe  ultimate  ratios  are  the  fame, 
and  that  we  may  fay  that  the  velocity  in  C  is  to  the  ve¬ 
locity  in  F  in  the  ultimate  ratio  of  BC)  to  EF,  or  in  the 
ultimate  ratio  of  CD  to  FG. 

We  alfo  can  eafily  perceive,  that  the  ratio  of  the 
area  bike  to  the  area  erunf  approaches  more  near  to 
the  ratio  of  c  k  to  fn  as  we  take  the  moments  be  and 
^/fmaller.  Therefore,  in  many  cafes  of  pra&ice,  where 
it  may  be  eafy  to  meafure  the  fpaces  deferibed  in  the 
different  fmall  moments  of  the  motion,  but  difficult  to 
alcertain  their  ultimate  ratio,  fo  as  to  obtain  accurate 
meafures  of  the  proportions  of  the  velocities,  we  may 
reduce  the  errors  of  meafurement  to  fomething  very  in- 
Significant,  by  taking  thefe  moments  extremely  fmall ; 
and  we  fhall  diminiffi  the  error  ftill  more,  by  taking  the 
proportion  of  the  half  fum  of  BC  and  CD  to  the  half 
lurn  of  EF  and  FG  for  the  proportion  of  the  velocities 
in  C  and  F. 

It  often  happens  that  we  have  it  not  in  our  power  to 
compare  the  fpaces  deferibed  in  fmall  moments  which 
are  precifely  equal.  Still  we  can  find  the  exadl  pro¬ 
portion  of  the  velocities,  if  we  can  afeertain  the  ultimate 
rat  io  of  the  increments  of  the  fpaces,  and  the  ultimate 
ratio  of  the  moments  of  time  in  which  thefe  increments 
are  deferibed  :  for  it  ds  plain,  by  confidering  the  gradual 
approach  of  the  points  p  and  r  to  the  points  k  and  n, 
that  the  ratio  of  c  k  tofn  is  ftill  the  ultimate  ratio  of 
the  bafes  of  rectangles  equal  to  the  mixtiliueal  areas, 
whether  the  altitudes  (representing  the  moments)  are 
equal  or  not.  Now  the  bafes  of  two  rectangles  are  in 
the  proportion  of  the  re6tangle8  direCtly,  and  of  their 
altitudes  iuverfely.  But  the  ultimate  ratio  of  the  alti¬ 
tudes  is  the  ultimate  ratio  of  the  moments,  and  the  ul¬ 
timate  ratio  of  the  redtangles  is  the  ultimate  ratio  of  the 
fpaces  deferibed  in  thofe  unequal  moments.  Therefore, 
in  fuch  cales,  we  have, 

Cor.  2.  The  velocities  are  in  the  ratio  compounded  of  7 
the  dir  eft  ultimate  ratio  of,  the  momentary  increments  of  the 
fpaces.,  and  the  inverfe •  ultimate  ratio  of  the  increments  (or 
moments)  of  the  times  in  which  thefe  increments  of  the  fpa¬ 
ces  are  made, 
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v,  and  t,  are  taken  to  reprefent  the  magnitudes 
of  the  [paces,  velocities,  and  times,  and  if  s,  v,  and  t, 
are  taken  always  in  the  limiting  or  ultimate  ratio  of 
•their  momentary  increments.,  we  (hall  have  v  always  in 
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If  the  proportion  of  s  dire&ly,  and  of  t  inverfely.  We 

■  ^  i  J  A  S 

ns  exPre^3  by  tbe  proportional  equation  v  ===—*  which 


is  equivalent  to  the  analogy  V  :  v  = 


T  i 


=  S/:;T, 

N.  Br'  Here  obferve,  that  this  is  not  the  only  way  of 
dating  the  relation  of  fpace  and  time — the  abfeifla  may 
be  made  the  time  and  the  ordinate  the  fpace  ;  then  the 

velocity  z=4—. 

x 

The  converfe  of  this  proportion  may  be  thus  ex- 
preffed. 

'm  fc  If  axts  ago/  the  line  h  k  o  reprefent  the  time  of  a 
foec  i.  n varied  motion  along  the  line  AG,  and  if  the  ordinates  a  h, 
b  i,  c  k,  &c.  be  as  the  velocities  in  the  infants  a,  b,  c,  or 
in  the  points  A,  B,  C  ;  then  the  areas  a  b  i  h,  ackh, 
a  d  1  h,  &c,  are  proportional  to  the  fpaces  AB,  AC,  AX), 
&c. 

This  may  be  demonftrated  in  the  fame  way  with  the 
former ;  but  the  indirect  demondration  is  more  brief, 
and  equally  drift. 

If  the  fpaces  AC,  AF,  &c.  are  not  proportional  to 
the  areas  ackh,  afn  h ,  &c.  they  are  proportional  to 
fome  other  areas  ackh',  afri  ti,  &c.  which  are  bound- 
ed  by  the  fame  ordinates,  and  by  another  line  //  k  n\ 
But  becaufe  the  areas  a  c  k  hi,  afn  h',  See.  are  always 
proportional  to  the  fpaces  AC,  AF,  See.  deferibed  on 
the  line  AG,  the  velocity  in  the  point  C  is  to  the  velo¬ 
city  in  the  point  F  as  the  ordinate  c  k  is  to  the  ordi¬ 
nate  fn<.  But,  by  hypothefis,  the  velocity  in  C  is  to 
the  velocity  in  F  as  c  k  to  f  n,  and  / «'  is  equal  to / //  ; 
which  is  abfurd.  Therefore  the  fpaces  AC,  AF,  are 
not  proportional  to  any  other  areas,  See. 

Cor.  The  ultimate  ratio  of  the  momentary  increments 
|  of  the  fpaces  is  compounded  of  the  ratio  of  the  veloci¬ 
ties^  and  the  ultimate  ratio  of  the  increments  of  the  times  : 
for  when  the  moments  be,  ef,  are  equal,  it  is  evi¬ 
dent,  that  the  ultimate  ratio  of  the  redangles  bept, 
efr  u  is  the  fame  with  the  ultimate  ratio  of  the  incre¬ 
ments  of  the  fpaces.  But  the  ultimate  ratio  of  thefe 
redangles  is  the  fame  with  that  of  their  bales  c p  and 
f  r ;  that  is,  the  ratio  of  r  i  to///,  that  is,  the  ratio  of 
the  velocities.  And  when  the  moments  are  unequal,  the 
ratio  of  the  redangles  is  compounded  of  the  ratio  of 
their  bafes  and  the  ratio  of  their  altitudes;  that  is,  com- 
pounded  of  the  ratio  of  the  velocities  and  the  ultimate 
ratio  of  the  moments  of  time. 

We  have,  therefore,  S  :  s  =  VT  :  v  t ,  and  s  ==  v  t. 

It  moft  commonly  happens,  that  we  can  only  obferve 
the  accumulated  refultsof  varied  motions;  and  in  them 
we  only  obferve  a  fpace  palled  over,  and  a  certain  por¬ 
tion  of  time  that  has  elapfed  during  the  motion.  But 
being  able  to  diftinguifh  the  portions  of  the  whole  fpace 
which  are  deferibed  in  known  portions  of  the  whole 
time,  and  having  made  duch  obfervations  in  feveral  parts 
of  the  motion,  we  difeover  the  general  law  that  the  mo¬ 
tion  afiefts,  and  we  affirm  this  law  to  hold  univerfally, 
even  though  we  have  not  obferved  it  in  every  point. 
We  do  this  with  a  degree  of  probability  and  confidence 
proportioned  to  the  frequency  of  our  obfervation.  It 
is  not  till  we  have  done  this,  that  we  can  make  ufe  of 
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the  firft  of  thefe  two  prppofitions,  which  enables  us  to  Of  Accekv 
afeertain  the  velocity  of  the  motion  in  its  different  mo- 
ments.  Thus  if  we  obferve,  that  a  Hone  in  falling  de-  Motions, 
feends  one  foot  in  the  quarter  of  a  fecond,  i  6  feet  in  a  - v—  ,J 

fecond,  64  feet  in  two  feconds,  and  144  feet  in  three 
feconds  ;  the  general  law  immediately  obferved  is,  u  that 
the  fpaces  deferibed  are  as  the  fquares  of  the  times 
for  1  is  to  16  as  the  fquare  of  £  to  the  fqnare  of  r„ 

Again,  16  is  to  64  as  i2  to  2Z ;  and  16  is  to  144  as  I2 
to  p.  Hence  we  infer,  with  great  probability,  that 
the  ftone  would  fall  36  feet  in  a  fecond  and  a  half;  for 
16  is  to  36  as  1 2  to  1 1 2 ;  and  we  conclude  in  the  fame 
way  for  all  other  parts  of  the  motion. 

This  immediate  obfervation  of  the  analogy  between  A  good  er-~ 
the  fpaces  and  the  fquares  of  the  times  fnggefts  an  eafy  arrple  of 
determination  of  the  velocity  in  this  particular  kind  of?-® 
motion  ;  and  it  merits  particular  notice,  being  very  often  thod. 
referred  to.  We  can  take  ag  to  reprefent  the  time  ;  and 
then,  becaufe  the  areas  which  are  to  reprefent  the  fpaces 
deferibed  mud  be  proportioned  to  the  fquares  of  the  por¬ 
tions  of  ag,  we  perceive  that  the  line  which  comes  in 
place  of  h  k  0  mud  be  a  draight  line  drawn  from  a.  For 
example,  the  draight  line  a  $  y.  For  this  is  the  only 
boundary  which  will  give  areas  a  b  &,  ac  *,  a  d$,  & c; 
proportional  to  a  b2,  a  c 2,  a  d2,  &c.  And  we  perceive, 
that  any  ftraight  line  drawn  from  a  will  have  this  pro¬ 
perty.  ^ 

Having  thus  got  our  reprefentations  of  the  times  and 
the  fpaces,  we  fay,  on  the  authority  of  our  theorem, 
that  the  velocity  at  the  indant  b  is  to  the  velocity  at 
the  indant  d  as  b&  to  d  t,  See.  And  now  we  begin  to 
make  inferences,  purely  geometrical,  and  exprefs  our 
difeovery  of  the  velocities  in  a  very  general  and  fimplc 
manner.  We  remark,  that  b$  is  to  d s  as  a  b  is  to  ad; 
and  we  make  the  fame  affirmation  concerning  the  mag¬ 
nitudes  repreferited  by  thefe  lines.  We  fay  that  the 
velocity  at  the  indant  b  is  to  the  velocity  at  the  indant 
d  as  the  time  a  b  is  to  the  time  a  dr  We  fay,  in  terms 
dill  more  general,  that  the  velocities  are  proportional  to 
the  times  from  the  beginning  of  the  motion.  We  more¬ 
over  perceive,  that  the  fpaces  are  alfo  proportional  to 
the  fquares  of  the  acquired  velocities  ;  or  the  velocities 
are  as  the  fquare  roots  of  the  fpaces. 

We  can  farther  infer,  from  the  properties  of  the  tri¬ 
angle,  that  the  momentary  increments  of  the  fpaces  are 
proportional  to  the  momentary  increments  of  the  fquares 
of  the  times,  or  of  the  fquares  of  the  velocities. 

We  alfo  obferve,  that  not  only  the  whole  acquired 
velocities  are  proportional  to  the  whole  elapfed  times, 
but  that  the  increments  of  the  velocities  are  propor¬ 
tional  to  t-he  times  in  which  they  are  acquired  ;  for  *  * 
is  to  p  $  as  b  c  to  df.  Sc c.  Fqual  increments  of  velocity 
are  therefore  acquired  in  equal  times.  Therefore  fuch 
amotion  may,  in  great  propriety  of  language,  be  deno¬ 
minated  a  UNIFORMLY  ACCELERATED  MOTION  ;  that 
is,  a  motion  in  which  we  obferve  the  fpaces  proportioned  to 
the  fquares  of  the  times,  is  a  motion  uniformly  accelerated  ; 
and  fpaces  in  the  duplicate  ratio  of  the  times  form  the  ol- 
tenfible  charafteridic  of  an  uniformly  accelerated  motion. 

Ladly,  if  we  draw  1  *  parallel  to  the  axis  a  b ,  we  per¬ 
ceive  that  the  reftangle  a  e  *  *  is  double  of  the  triangle 
aet.  Now  becaufe  a  e  reprefents  the  time  of  the  mo¬ 
tion,  and  e  f  reprefents  the  acquired  velocity,  the  rec¬ 
tangle  a  e^  will  reprefent  the  fpace  which  would  Le 
uniformly  deferibed  with  the  velocity  e  <  during  the  time 
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etc,  But  the  triangle  aee  reprcfents  the  fpsce  really 
defcribed  with  the  uniformly  accelerated  motion  during 
the  fame  time.  Hence  we  infer,  that  the  fpace  that  is 
defcribed  in  anytime,  with  amotion  increafing  uniform¬ 
ly  from  nothing,  is  one  half  of  the  fpace  which  wonld 
be  uniformly  defcribed  during  the  fame  time  with  the 
final  velocity. 

Thefe  are  but  a  part  of  the  inferences  which  we  may 
draw  from  the  geometrical  properties  of  thofe  reprcfen- 
tations  which  we  had  feleded  of  the  d^Tei'ent  mcafure- 
able  affedions  of  motion.  We  may  affirm,  with  refped 
to  the  motions  thcmfelves,  all  the  inferences  which  re¬ 
late  to  magnitude  and  proportion,  and  thus  improve-  our 
knowledge  of  the  motions. 

We  took  the  opportunity  of  this  very  fimple  and 
perfpicuous  example,  to  give  our  young  readers  a  juft 
conception  of  the  mathematical  method  of  profecuting 
mechanical  knowledge,  and  to  make  them  fenfible  of 
the  unqneftionabie  authority  for  every  theorem  dedu¬ 
ced  in  this  manner. 

*  One  of  the  moft  important  is,  to  difeover  the  accu- 
mulated  refuk  of  a  motion  of  which  we  only  obferve  the 
momentary  increments.  This  is  to  be  done  by  finding 
the  area,  or  portions  of  the  area,  of  the  mixtilineal  fpace 
a  gs)  h  ;  and  it  is  evidently  analogous  to  the  iuverfe  me¬ 
thod  of  fluxions,  or  the  integral  calculus. 

In  molt  cafes,  we  muft  avail  ourfelves  of  the  corolla¬ 
ry  s=Z=vt,  and  we  obtain  the  folution  of  our  queftion 
only  in  the  cafes  where  our  knowledge  of  the  quanth 
tiesj,  /,  and  v  (confidered  as  geometrical  magnitudes, 
that  is,  as  lines  ar.d  furfaces),  enables  us  to  dilcover 
s  and  /. 
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any  charge  in  the  accelerating  force.  Therefore  a  uni  Of 
formly  accelerated  motion  is  the  mark  of  the  unvaried  m'y 


adiou  of  an  accelerating  force,  that  is,  of  the  eontinued  ^ 


Having  thus  difeovered  the  proportions  of  the  ve¬ 
locities  in  motions  varying  in  any  manner  whatever,  we 
can  obferve  the  variations  which  happen  in  them.  Thefe 
variations  are  the  effeds,  and  the  only  marks  and  mea- 
fares,  of  the  changing  forces.  They  are  the  charade- 
riftics  of  their  kinds  (confidered  merely  as  moving  for¬ 
ces)  ;  that  is,  the  indications  of  the  directions  in  which 
they  ad;  for  this  is  the  only  difference  in  kind  of  which 
they  are  fufeeptibie  in  this  general  point  of  view.  If 
they  increafe  the  velocity,  their  direction  mud  be  con¬ 
ceived  as  the  fame  with  that  of  the  previous  motion ; 
becaufe  the  refult  of  the  adion  of  a  force  is  equivalent 
to  the  compofition  of  the  motion  which  that  force 
would  produce  in  a  quiefeent  body  with  the  motion  al¬ 
ready  exifting  ;  and  an  increafe  of  velocity  is  equivalent 
to  the  composition  of  a  motion  in  the  fame  diiedion. 

Having  no  other  mark  of  the  force  but  the  accelera¬ 
tion,  we  have  no  other  name,  for  it  in  the  abftrad:  doc¬ 
trines  of  dynamics,  and  we  call  it  an  accelerating 
force.  Had  it  retarded  the  motion,  we  fhould  have 
called  it  a  retarding  force. 

In  like  manner,  we  have  no  meafure  of  the  magnitude 
or  intenfity  of  an  accelerating  force,  but  the  acceleration 
which  it  produces.  In  order  therefore  to  inveftigate 
the  powers  which  produce  all  the  clianges  of  motion, 
we  mull  endeavour  to  obtain  meafures  of  the  accelera¬ 
tion. 

A  continual  increafe  of  velocity  is  the  efFed  of  the 
continued  adion  of  accelerating  forces.  If  equal  in¬ 
crements  of  velocity  are  produced  in  every  fucceeding 
equal  moment  of  time,  we  cannot  conceive  that  there  is 


adion  of  a  conftant  force  ;  of  a  force  whofe  intenfity  is 
always  the  fame.  When  therefore  we  obferve  a  body 
deferibe  fpaces  proportional  to  the  fquares  of  the  times, 
we  muft  infer  that  it  is  urged  forward  by  a  force  wlicfe 
intenfity  does  not  change  ;  and,  on  the  other  hand,  a 
conftant  force  muft  produce  a  uniformly  accelerated  mo- 
tion  by  its  continued  adion.  And  if  any  previous  cir- 
cumftances  affure  us  of  this  continued  allion  of  an  in- 
varied  force,  v/e  may  make  all  the  inferences  which  were 
mentioned  under  the  article  of  uniformly  accelerated 
motion. 

That  force  muft  furely  be  accounted  double  which  Mtajl 
produces  a  double  increment  of  velocity  in  the  fame  an atB 
time  by  its  uniform  adiou,  we  can  form  no  other  efti.tilfgB 
mation  of  its  magnitude.  And,  in  general,  accelerating  1 
forces  mujl  he  accounted  proportional  to  the  increments  of  ■ 
- velocity  which  they  produce ,  ly  ahling  uniformly  during 
the  fame  or  equal  times .  I 

Suppofing  them  to  ad  on  a  body  at  reft.  Then  the 
velocity  produced  is  itfelf  the  increment  ;  and  we  muft 
fay,  that  accelerating  forces  are  proportional  to  the  ve¬ 
locities  which  they  generate  in  a  body  in  equal  times. 

And  becaufe  we  four  d  (n°  79.),  that  the  fpace  defcri¬ 
bed  with  a  uniformly  accelerated  motion  is  half  the 
fpace  which  would  bt  uniformly  defcribed  in  the  fame 
time  with  the  final  velocity,  which  fpace  is  the  dired 
meafure  of  this  velocity,  and  becaufe  halves  have  the 
fame  proportion  with  the  wholes— we  may  fay,  that 
accelerating  forces  are  proportional  to  the  fpaces  through  ^ 
which  they  impel  a  body  from  reft  in  equal  times  by  their  nla| 
uniform  atiion. 

This  is  an  important  remark  ;  becaufe  it  gives  us  an 
cafy  meafure  of  the  force,  without  the  trouble  of  firit 
computing  the  velocities.  It  alfo  gives  us  the  only  di- 
ftind  notion  that  we  have  of  the  meafurement  of  forces 
by  the  motions  which  they  produce.  When  fpeaking 
of  the  compofition  of  forces,  we  diftinguifhed  or  deno- 
minated  them  by  the  fides  and  diagonal  of  a  parallelo¬ 
gram.  Thefe  lines  muft  be  conceived  as  proportional  to 
the  fpaces  through  which  the  forces  urge  the  body  uni¬ 
formly  during  the  fmall  and  infenfible  time  of  their  ac¬ 
tion,  which  time  is  fuppofed  to  be  the  fame  for  both 
forces ;  for  the  fides  of  the  parallelogram  are  iuppoled 
to  be  feparately  defcribed  in  equal  times,  and  therefore 
to  be  proportional  to  the  velocities  generated  by  the 
conftituent  forces.  If  indeed  the  forces  do  not  aft  uni¬ 
formly,  nor  fimilarly,  nor  during  equal  times,  we  can¬ 
not  fay  (without  farther  inveftigation)  what  is  the  pro¬ 
portion  of  the  intenfity  of  the  forces,  nor  can  we  infer 
the  compofition  of  their  adion.  We  muft  at  lead  fup- 
pofe,  that  in  eveiy  inftant  of  this  very  fmall  time  of  their 
joint  adion,  their  diredion  remains  unchanged,  and  that 
their  intenlities  are  in  the  fame  ratio.  We  fhall  fee 
by  and  bye,  that  with  thefe  conditions  the  fides  of  the 
parallelogram  are  ft  ill  proportional  to  the  velocities  ge¬ 
nerated.  In  the  mean  time,  we  may  take  the  fpaces 
through  which  a  body  is  uniformly  impelled  from  reft 
(that  is,  with  a  uniformly  accelerated  motion)  as  the 
meafures  of  the  forces  ;  yet  thefe  fpaces  a^e  but  the 
halves  of  the  meafures  of  the  velocities.  Then,  if  a  bo¬ 
dy  be  moving  with  the  velocity  of  32  feet  per  fecond, 
and  an  accelerating  force  ads  on  it  during  a  fecond, 
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and  if  this  force  be  fuch  that  it  would  impel  the  body 
(from  a  Hate  of  reft)  1 6  feet,  it  will  add  to  the  body  a 
velocity  of  32  feet  per  fecond.  Accordingly,  this  is 
the  effed  of  gravity — the  weight  of  a  pound  of  lead  may 
be  conlidered  as  a  force  which  does  not  vary  in  its  in- 
tenfity.  We  know  thaf  it  will  caufc  the  lead  to  fall  16 
feet  in  a  fecond  ;  but  if  the  body  lias  already  fallen  1  6 
feet,  we  know  that  it  is  then  moving  with  the  velocity 
of  32  feet  per  fecond.  And  the  fad  is,  that  it  will  fall 
48  feet  farther  in  the  next  fecond,  and  will  have  acqui¬ 
red  the  velocity  of  64  feet  per  fecond.  It  has  therefore 
received  an  augmentation  of  32  feet  of  velocity  by  the 
adion  of  gravity  during  the  fecond  fecond  ;  and  gravi¬ 
ty  is  in  fad  a  conftant  force,  caufing  equal  increments 
of  velocity  in  equal  times,  however  great  the  velocities 
may  be.  It  does  not  ad  like  a  ftream  of  fluid,  whofe 
impulfe  or  adion  diminifties  as  the  folid  body  withdraws 
from  it  by  yielding. 

But  fuppofmg  that  we  have  not  compared  the  incre¬ 
ments  of  velocity  uniformly  acquired  during  equal 
times,  in  what  manner  fhall  we  meafure  the  accelerating 
forces  ?  In  fuch  a  cafe,  that  force  mull  be  accounted 
double  which  generates  the  fame  velocity,  by  ading 
uniformly  during  half  the  time  ;  for  when  the  force  is 
fuppofed  invariable,  the  changes  of  velocity  which  it 
produces  are  proportional  to  the  times  of  its  adion  ; 
therefore  if  it  produces  an  equal  velocity  in  half  the 
time,  it  will  produce  a  double  velocity  in  an  equal 
time,  and  is  therefore  a  double  force.  The  fame  may 
be  faid  of  every  proportion  of  time  in  which  an  equal 
change  of  velocity  is  produced  by  the  uniform  adion 
of  an  accelerating  force.  The  force  miift  be  accounted 
greater  in  the  fame  proportion  that  the  time  required 
for  the  produdion  of  a  given  velocity  in  a  body  is  lefs. 

I  fence  we  infer,  that  accelerating  forces  are  inverfely  pro¬ 
portional  to  the  times  in  which  a  given  change  of  velocity 
is  produced  ly  their  uniform  adion. 

By  combining  thefe  two  propolitions  we  eftablifh  this 
general  theorem ; 
re  0f  decelerating  forces  are  proportional  to  the  changes  of  ve- 
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locity  which  they  produce  in  a  body  by  their  uniform 
adion  direftly ,  and  to  the  times  in  which  thefe  changes 
are  produced  inverfely . 

If,  therefore,  A  and  a  are  the  forces,  V'  and  vf  the 
changes  of  velocity,  and  T'  and  /'  the  portions  of  time 
in  which  they  are  uniformly  produced,  we  have 

,  V'  <1/ 

A  :  *  =  VV  :  v'T,  — 


And  a  ==  jp 


V' 


±V  i 


to 


any  parti- 
therefore, 


The  formula  a  2=  —  is  not  reflrided 

cular  magnitude  of  v  and  t\  It  is  true, 
when  the  portion  of  time  is  diminifhed  without  end 
for  iince  the  adion  is  fuppofed  uniform,  the  increment 
of  velocity  is  leflened  in  the  lame  proportion,  and  the 

value  of  the  fradion  —  remains  the  fame.  The  cha¬ 
rades  or  fymbols  vf  and  t'  are  commonly  ufed  to  ex- 
prefs  finite  portions  of  v  and  t.  The  fyrnbols  v  and  t 
are  ufed  by  Newton  to  exprefs  the  fame  things  taken  in 
the  ultimate  or  limiting  ratio.  They  are  uiually  confi¬ 
ned  as  indefinitely  fmall  portions  of  v  and  t.  We  fhall 

abide  by  the  formulae 

i 

Buppl,  Vol.  I.  Part  II, 


It  muft  always  be  kept  in  mind,  that  v  and  t  are  ab-  Of  AccHe- 
Brad  numbers;  and  that  v  refers  to  fome  unit  of  fpace,  rAtin£  -nd 
fuch  as  a  foot,  an  inch,  a  yard  ;  and  that  t  refers  to  R^;dm£ 

fome  unit  of  time,  fuch  as  an  hour,  a  minute,  a  fecond  ;  ... _ ‘  t 

and  elpecially  that  a  is  the  number  of  the  lame  units  83 
of  fpace,  which  will  be  uniformly  deferibed  in  one  unit*5  an  ab* 

‘  ‘  ftradtiium- 


”  her. 


of  the  time  with  the  velocity  generated,  by  the  force 
ading  uniformly  during  that  unit.  It  is"  twice  the 
fpace  adually  deferibed  by  the  body  during  that  ur»it 
when  impelled  from  reft  by  the  accelerating  force.  It 
is  neceflary  to  keep  hold  of  thefe  clear  ideas  of  the  quan¬ 
tities  exprefled  by  the  fymbols. 

On  the  other  hand,  when  the  meafure  of  the  accelera-  Meafure  of 
ting  force  is  previoufiy  known,  we  employ  the  theorem11  ch.mee  of 
at'  z. z  vf ;  that  is,  the  addition  made  to  the  velocity  velocit/* 
during  the  whole,  or  any  part,  of  the  time  of  the  adion 
of  the  force  is  obtained  by  multiplying  the  acceleration 
of  one  unit  of  time  by  the  number  of  fuch  units  con¬ 
tained  in 

Thefe  are  evidently  leading  theorems  in  dynamics  ;  Thefe  me  a. 
becaufe  all  the  mechanical  powers  of  nature  come  un-fure* 
der  the  predicament  of  accelerating  or  retarding  forces. 

It  is  the  colledion  of  thefe  in  any  fubjed,  and  the  man- part  of  our 
ner  in  which  they  accompany,  or  are  inherent  in  it,  knowledge 
which  determine  the  mechanical  charader  of  that  fub-°f  mecha“ 
jed  ;  and  therefore  the  phenomena  by  which  they  are  na' 
brought  into  view  are  the  charaderiftic  phenomena.  1  * 

Nay,  it  may  even  be  qneftioned,  whether  the  phenome¬ 
na  bring  any  thing  more  into  view.  This  force,  of  which 
we  fpeak  fo  familiarly,  is  no  objed  of  diftind  contem¬ 
plation  ;  it  is  merely  a  fomethir.g  that  is  proportional 

to  JL.  And  when  we  obferve,  that  the  .X.,  found  in 
t  '  T 

the  motions  that  refult  from  the  vicinity  of  a  body  A, 

is  double  of  the  ~ 
t 

another  body  B  ;  we  fay  that  a  force  refides  in  A,  and 
that  it  is  double  of  the  force  refiding  in  B.  The  ac¬ 
celerations  are  the  things  immediately  and  truly  ex¬ 
prefled  by  thefe  fymbols.  And  the  whole  fcience  of 
dynamics  may  be  completely  taught  without  once  cm- 
ploying  the  word  force ,  or  the  conception  which  we 
imagine  that  we  form  of  it.  It  is  of  no  ufe  till  we  come 
to  ftudy  the  mechanical  hiftory  of  bodies  Then,  in- 
deed,  we  muft  have  fome  way  of  exprefiing  the  fad,  that 
.  32  feet  . 

an  acceleration  ==  py — is  obferved  in  every  thing  on 

the  fur  face  of  this  globe  5  and  that  an  acceleration  = 

418  feet . 

—7,  is  obferved  over  all  the  furface  of  the  fun.  Thefe 

fads  are  charaderiftic  of  this  earth  and  of  the  fun;  and 
we  exprefs  them  fhortly  by  faying,  that  fuch  and  fuch 
forces  re  fide  in  the  earth  arid  in  the  fun.  It  will  pre¬ 
serve  us  from  many  miftakes  and  puzzling  doubts,  if 
we  refolutely  adhere  to  this  meaning  of  the  term  force  ; 
and  this  will  carry  mathematical  evidence  through  the 
whole  of  our  investigations. 

As  velocity  is  not  an  immediate  objed  of  contem- Anofj*er 
plat  ion,  and  all  that  we  obferve  of  motion  is  a  fpace  meafure  of 
and  a  time,  it  may  be  proper  to  give  an  exprdflon  oTccekra' 
this  meafure  of  accelerating  force  which  involves  notm& forcc' 
other  idea.  Suppofing  the  body  to  have  been  previ- 

oufly  at  reft,  we  have  a  ===  -p  Multiply  both  parts 


which  refults  from  the  vecinity  of 
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Of  Accelc*  of  the  fradlion  by  t ,  which  does  not  change  it  value, 
rating  and  ~  v  t  _ 

[Retarding  an<3  we  have  a  ~  — .  But  v  t  =r  s  ;  and  therefore  a 
Forces.  •  t 


The  formula  a  =  ys  is  equivalent  to  the  proportion 

:  i  =  jr  :  a  ;  and  a  would  then  be  the  fpace  through 
which  the  accelerating  force  would  impel  the  body  in 
one  unite  of  the  time  t.  But  this  is  only  half  of  the 
mcafiue  of  the  velocity  which  the  accelerating  force  ge¬ 
nerates  during  that  unit  of  time.  For  this  reafon  we 
did  not  exprefs  the  accelerating  force  by  an  ordinary 
equation,  but  ufed  the  fymbol  ===.  In  this  cafe,  there¬ 
fore,  of  uniform  a&ion,  we  may  exprefs  the  accelera¬ 
ting  force  by  a  =  yr. 


The  following  theorem  is  of  ftill  more  extenfive  ufe 
in  all  dynamical  difquifitions. 

3Moft  gene-  Accelerating  forces  are  proportional  to  the  momentary  in * 
ral  mcafure  crements  of  the  fquares  of  the  ‘velocities  dire  Elly,  and  as 
ofaccelera-  tfje  fpaces  along;  ‘which  they  are  uniformly  acquired  in - 
ting  force.  7, 

“  verjely. 

Let  A'B,  A'C,  and  AD  (fig.  14.),  be  three  lines, 
defcribed  in  the  fame  or  equal  times  by  the  uniform  ac¬ 
tion  of  accelerating  forces  ;  the  motions  along  thefc 
lines  will  be  uniformly  accelerated,  and  the  lines  them- 
felves  will  be  proportional  to  the  forces,  and  may  be 
employed  as  their  meafures.  On  the  greateft  of  them 
AD,  deferibe  the  femicircle  ABCD,  and  apply  the 
other  two  lines  A'B,  A'C  as  chords  AB,  AC.  Draw 
EB,  FC  perpendicular  to  AD.  Take  any  fmall  por- 
tions  B  b,  C  c  of  AB  and  AC,  and  draw  he,  cf  per¬ 
pendicular  to  AD,  and  E  h  and  F  k  parallel  to  AB 
and  AC. 

Then,  becaufe  the  triangles  DAB  and  BAE  are  fr- 
milar,  we  have  AD  :  AE  zr  AD2:  AB2.  And  be¬ 


caufe  AD  *is  to  AB  as  the  velocity  generated  at  D  is 
to  the  velocity  generated  at  B  (the  times  being  equal), 
we  have  AD  to  A  E  as  the  fquare  of  the  velocity  at 
D  to  the  fquare  of  the  velocity  at  B  ;  which  we  may 
exprefs  thus  : 

AD  :  AE  =  V2,  D  :  V%  B. 


AB  :  AC  =. 
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along  the  portions  B  h  and  C  c  ;  and  E  h  and  F  k  are 
equal  to  thofe  portions  re fp lively.  The  ratio  of  AB 
to  AC  is  compounded  of  the  diredl  ratio  of  E^  to  F/ 
and  the  inverfe  ratio  of  E  h  to  F  h.  The  propofition 
is  therefore  demonftrated. 

The  proportion  may  be  exprefted  thus  : 

E  *  F  / 

27>  :  FI>  an^  may  exprefted  by 
E  e 

the  proportional  equation  AB  ==  or,  fymbolical- 

.  •  K)- 

iy> «  =  — 

Remark.  Becaufe  the  motion  along  any  of  thefe„*  | 
three  lines  is  uniformly  accelerated,  the  relation  between  one-hal 
fpaces,  times,  and  velocities,  may  be  reprefented  by  of  the  i 
means  of  the  triangle  ABC  (fig.  15.)  ;  where  AB  re  ^.e”J€n 
prefents  the  time,  BC  the  velocity,  and  ABC  the  fpace. 

If  BC  be  taken  equal  to  AB,  the  triangle  is  half  of 
the  fquare  ABCF  of  the  velocity  BC  ;  and  the  triangle 
ADE  is  half  of  the  iquare  ADEG  of  the  velocity 
DE,  Let  D  d  and  B  h  be  two  moments  of  time, 
equal  or  unequal.  Then  D  de  E  and  B  h  c  C  are  half 
the  increments  of  the  fquares  of  the  velocities  DE  and 
BC,  acquired  during  the  moments  D  d  and  B  b.  It 
was  demonftrated,  that  the  ratio  of  the  area  D^E  to 
the  areaB^cC  is  compounded  of  the  ratio  of  DE 
to  BC,  and  the  ultimate  ratio  of  D  d  to  B  b.  But  Dd 
and  B  b  are  refpedfively  equal  to  f  e  and  *  c.  There¬ 
fore  D^E  is  to  B  be  C,  in  the  ratio  compounded  of 
the  ratio  of  DE  to  BC,  and  the  ultimate  ratio  of  #  e  to 
If  we  reprefent  DE  and  BC  by  V  and  *»>  then  « e 


and  *  c  muft  be  reprefented  by  V'  and  v'9  the  incre¬ 
ments  of  V  and  v  ;  and  then  the  compound  ratio  will 
be  the  ratio  of  VV'  to  v  v'  ;  and  if  we  take  the  ulti¬ 
mate  ratio  of  the  moments,  and  confequently  the  ulti¬ 
mate  ratio  of  the  increments  of  the  velocities,  we  have 
the  ratio  of  VV  to  If,  therefore,  V2  and  v 2  re¬ 


prefent  the  fquares  of  the  velocities,  VV  and  v  v  will 
reprefent,  not  the  increments  of  thofe  fquares,  but  half 
the  increments  of  them. 

We  may  now  reprefent  this  propofition  concerning 
accelerating  forces  by  the  proportional  equation  a  == 


For  the  fame  reafons  we  have  alfo 

AD  :  AF  =  V%  D  :  V2,  C.  Therefore 
AE  :  AF  =  V2,  B  :  C. 

But  becaufe  in  any  uniformly  accelerated  motion, 
the  fpaces  are  as  the  lquares  of  the  acquired  velocities, 
we  have  alfo 

AE  :  Ae  =  V2,  B  :  VH,  and 
AF  :  A/=  V*,C  :  V2  c. 

Therefore  E*  is  toaF  f  as  the  increment  of  the  fquare 
of  the  velocity  acquired  in  the  motion  along  B  b  to  the 
increment  of  the  fquare  of  the  velocity  acquired  along 
C  c  • 

But,  by  fimilarity  of  the  triangles  ABD  and  E  eh, 
we  have 

AB:  AD  =  E  £  :  Ei6;  and,  in  like  manner, 
AD  :  AC  =  F  k  :  F /.  Therefore 
AB  :  AC  =  E*  X  Fi  :  F/XEi^. 

Now  AB  and  AC  are  proportional  to  the  forces 
which  accelerate  the  body  along  the  lines  AT  and 
A'C  ;  E  e  and  F f  are  proportional  to  the  increments 
of  the  fquares  of  the  velocities  acquired  in  the  motions 


and  we  muft  confider  this  as  equivalent  with  a 


■ ;  keeping  always  in  mind,  that  a ,  V,  and  v, 


V* —  v2 

2  (S  —  s) 

relate  to  the  fame  units  of  time  and  fpace,  and  that  a  is 
that  number  of  units  of  the  fcalc  on  which  S  and  s  are 
meafured,  which  i3  run  over  in  one  unit  of  time. 

This  will  be  more  clearly  conceived  by  taking  an  Meafu 
example.  Let  us  ascertain  the  accelerative  power  of Kra™: 
gravity,  fuppofmg  it  to  adt  uniformly  on  a  body.  Letcon!l"( 
the  fpaces  be  meafured  in  feet  and  the  time  in  feconds.  j£ratjn 
It  is  a  matter  of  obfervation,  that  when  a  body  has  fab  force, 
len  64  feet,  it  has  acquired  a  velocity  of  64  feet  per 
fecond  :  and  that  when  it  has  fallen  1 44  feet,  it  has  ac¬ 
quired  the  velocity  of  96  feet  per  fecond.  We  want 
to  determine  what  velocity  gravity  communicated  to  it 
by  a&ing  on  it  during  one  fecond.  We  have  V*  == 
9216,  and  vl  =  4C96;  and  therefore  V'1 2 — *ua  =  5120. 

S  =:  144,  and  s  =  64,  and  S  —  s  =  80,  and  2  (3 — s) 

5 120  r  • 

=  160.  Now  a  =  ■  =  32.  Therefore  gravi¬ 
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ty  has  generated  the  velocity  32  feet  per  fecond  by 
a&ing  uniformly  during  one  fecond. 

The  augmentation  of  the  fquare  of  the  velocity  is  pro¬ 
portional  to  the  force  and  to  the  fpace  jointly •  For,  becaufe 

a  ~  __ ,  we  have  a  s  zz  v  v. 
s 

Thus  we  learn,  that  a  given  force,  a&ing  uniformly 
on  a  body  along  a  given  fpace,  produces  the  fame  in¬ 
crement  of  the  fquare  of  the  velocity,  whatever  the  pre¬ 
vious  velocity  may  have  been.  Alfo,  in  the  fame  man¬ 
ner  as  we  formerly  found  that  the  augmentation  of  the 
velocity  was  proportioned  to  the  time  during  which  the 
force  has  a&ed,  fo  the  augmentation  cf  the  fquare  of 
the  velocity  is  proportional  to  the  fpace  along  which  it 
has  ailed. 

It  is  pretty  plain,  that  all  that  we  have  faid  of  the 
uniform  adtion  of  an  accelerating  force  may  be  affirmed 
of  a  retarding  force ,  taking  a  diminution  or  decrement 
of  velocity  in  place  of  an  increment.  A  uniformly  re¬ 
tarded  motion  is  that  in  which  the  decrements  of  velo¬ 
city  in  equal  times  are  equal,  and  the  whole  decrements 
are  proportional  to  the  whole  times  of  a&ion.  Such  a 
motion  is  the  indication  of  a  conftant  or  invariable  force 
?ding  in  a  direction  opoofite  to  that  of  the  motion. 
We  conceive  this  to  be  the  cafe  when  an  arrow  is  fhot 
perpendicularly  upwards  ;  its  weight  i3  conceived  as  a 
force  continually  preffing  it  perpendicularly  downwards. 

In  fuch  motions,  however  great  the  initial  velocity 
may  be,  the  body  will  come  to  red  ;  becaufe  a  certain 
determined  velocity  will  be  taken  from  the  body  in 
each  equal  fueceffive  moment,  and  fome  multiple  of 
this  will  exceed  the  initial  velocity.  Therefore  the 
velocity  will  be  extinguifhed  before  the  end  of  a 
time  that  is  the  fame  multiple  of  the  time  in  which 
the  velocity  was  diminifhed  by  the  quantity  above  men¬ 
tioned.  It  is  no  lefs  evident,  that  the  time  in  which 
any  velocity  will  be  extinguifhed  by  an  oppofing  or  re¬ 
tarding  force  is  equal  to  the  time  in  which  the  fame 
force  would  generate  this  velocity  in  the  body  previ- 
oufly  at  reft.  Therefore, 

t.  The  times  in  which  different  initial  velocities  will 
be  extinguifhed  by  the  fame  oppofing  force  are  propor¬ 
tional  to  the  initial  velocities. 

2.  The  diftances  to  which  the  body  will  go  till  the 
extinction  of  its  velocity  are  as  the  fquares  of  the  initial 
velocities. 

3.  They  are  alfo  as  the  fquares  of  the  times  elapfed. 

4.  The  diftance  to  which  a  body,  proje&ed  with  any 
velocity,  will  go  till  its  motion  be  extinguifhed  by  the 
uniform  action  of  a  retarding  force,  is  one  half  of  the 
fpace  which  it  would  defcribe  uniformly  during  the 
fame  time  with  the  initial  velocity. 

ccs  ge-  It  very  rarely  happens,  that  the  force  which  accele- 
ally  va-  rates  the  body  a£ts  uniformly,  or  with  an  unvaried  in- 
?Ie.in  tenfity.  The  attra&ion  of  a  magnet,  for  example,  in- 
ir  inten-  creapeg  as  tjie  jron  approaches  it.  The  preffure  of  a 
fpring  diminifhes  as  it  unbends.  The  iinpulfe  of  a  ftream 
of  water  or  wind  diminifhes  as  the  impelled  furface  re¬ 
tires  from  it  by  yielding.  Therefore  the  effects  of  ac¬ 
celerating  forces  are  very  imperfectly  explained,  till  we 
have  (hewn  what  motions  refult  from  any  given  varia¬ 
tion  of  force,  and  how  to  dlfcover  the  variation  of  force 
from  the  olaferved  motion.  This  laft  queftion  is  per- 
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haps  the  moft  important  in  the  fludy  of  mechanical  na-  Of  Aceele- 
ture.  It  is  only  thus  that  we  learn  what  is  ufually  call- 
ed  the  nature  of  a  mechanical  force .  This  chiefly  con-  Forces, 
fifts  in  the  relation  fnbfifting  between  the  intenfity  of  — — v— — * 
the  force  and  the  diftance  of  the  fubftance  in  which  it 
refides.  Thus  the  nature  of  that  power  which  pro¬ 
duces  all  the  planetary  motions,  is  confidered  as  afeer- 
tained  when  we  have  demonft rated  that  its  preffure  or 
intenfity  is  inverfely  as  the  fquare  of  the  diftance  from 
the  body  in  which  it  is  fuppofed  to  relide.  *• 

Acceleration  expreffes  fome  relation  of  the  velocity 
and  time.  This  relation  may  be  geometrically  expref- 
fed  in  a  variety  of  ways.  In  figure  13.  the  uniform 
acceleration  or  the  unvaried  relation  between  the  velo¬ 
city  and  the  time  is  veiy  aptly  expreffed  by  the  con¬ 
ftant  ratio  of  the  ordinates  and  abfeiffes  of  the  triangle 
ag  y.  The  ratio  of  d  to  a  d  is  the  fame  with  that  of 
e «  to  a  e9  or  that  of/9  to  af.  Sc c. ;  or  the  ratio  of  the 
increment  of  velocity  to  the  increment  of  the  time 
h  &  or  h  c9  or  that  of  i  9  to  « it  Sc c.  This  ratio  ^ 


is  equivalent  to  the  fymbol  — 

But  when  the  fpaces  deferibed  in  a  varied  motion 
are  reprefented  by  the  areas  bounded  by  a  curve  line 
h  k  0 ,  we  no  longer  have  that  conftant  ratio  of  the  in¬ 
crements  of  the  ordinates  and  abfeiffes.  go 

Therefore,  in  order  to  obtain  meafures  of  the  acce-^CT. mca® 
lerating  forces,  or  at  leaft  of  their  proportions,  let  the  cafes 
abfeiffa  a  eg  (fig.  13.)  of  the  line  h  k  0  again  repre- how  obtain* 
fent  the  time  of  a  motion.  But  let  the  areas  bounded  ed?  Thco- 
by  parallel  ordinates  now  reprefent  the  velocities,  that ren^ 
is,  let  the  whole  area  increafc  during  the  time  ag  at ^  ufe< 
the  fame  rate  with  the  velocities  of  the  motion  along 
the  line  AG.  I11  this  cafe  the  ordinates  h  i9  c  k9  d  /, 

See.  will  be  as  the  accelerations  at  the  inftants  b9  c9  d9 
See.  or  in  the  points  B,  C,  D,  Sc c. 

This  is  demonftrated  in  the  fame  way  as  the  former 
propofition  (n°  72.).  If  the  accelerating  force  be  fup¬ 
pofed  conftant  during  any  two  equal  moments  be  and 
f  g9  the  rectangles  b  cp  t  and  fg  x  s  would  exprefs  the 
increments  of  velocity  uniformly  acquired  in  equal 
times,  and  their  bafes  cp  and  f  s  would  have  the  ratio 
of  the  accelerations,  or  of  the  accelerating  forces.  But 
as  the  velocities  expreffed  by  the  figure  increafc  fafter 
than  the  times  during  every  moment,  the  force  at  the 
inftant  c  is  to  the  force  at  the  inftant  f  in  a  greater  ra¬ 
tio  than  that  of  cp  to  / s  ;  but,  for  fimilar  reafons,  it 
is  in  a  lefs  ratio  than  that  of  c  q  to/r  ;  and  therefore 
(as  in  the  other  propofition)  the  force  at  the  inftant  c 
i3  to  the  force  at  the  inftant  f  as  c  k  to/«. 

Cor .  Becaufe  cp  is  to  fs  in  the  ratio  compounded  9J 
of  the  direCt  ratio  of  the  reCtangle  cp  t  b  to  the  rect¬ 
angle  fsxg,  and  the  inverfe  ratio  of  the  altitude  ^  to 
the  altitude/^- ;  and  becaufe  thefe  reCtangles  are  pro¬ 
portional  to  the  increments  of  velocity,  and  the  ulti¬ 
mate  ratio  of  the  altitudes  is  the  ultimate  ratio  of  the  mo¬ 
ments  or  increments  of  the  time — we  muft  fay,  that  the 
accelerating  forces  ( that  is9  their  intenfities  or  prejfures 
producing  acceleration )  are  direfily  as  the  increments 
of  velocity  9  and  inverfely  as  the  increments  of  the  times  : 

Which  propofition  may  be  expreffed,  in  regard  to  two 
accelerations  A  and  a9  by  this  analogy : 


A :  a 
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Or  by  the  proportional  equation  a  ==  — .  Alfo 

t 

jl. ^  ,  and fat  =  v\  And  thus  do  thefe  theorems  ex¬ 
tend  even  to  the  cafes  where  there  cannot  be  obferved 
an  immediate  meafure,  either  of  velocity  or  of  accelera¬ 
tion  ;  becanfe  neither  the  fpace  nor  the  velocity  in- 
creafes  uniformly. 
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by  an  area,  that  is,  by  a  flip  of  the  whole  area  ;  which  Of  Ac 
flip  mull  have  fome  altitude,  or  mull  occupy  fome  por-  ratJng| 


Retar  j 

Fore  I 


See  Bar - 

roiv's  LeS, 
Ceometr . 
partial . 
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The  theorem  a  ==  —  is  employed  when  we  would 

difeover  the  variation  in  the  intenfity  of  fome  natu¬ 
ral  power.  We  obferve  the  motion,  and  reprefent  it 
by  a  figure  analogous  to  fig.  13.  where  the  abfeifla  re- 
prefents  the  times,  and  the  atea  is  made  to  increafe  at 
the  fame  rate  with  the  fpaces  deferibed.  Then  the  or¬ 
dinates  will  represent  the  velocities,  or  have  the  propor¬ 
tion  of  the  velocities.  Then  we  may  draw  a  fecond 
curve  on  the  other  fide  of  the  fame  abfeifla,  fuefuthat 
the  areas  of  this  laft  curve  fhall  be  proportional  to  the 
ordinates  of  the  firft.  The  ordinates  of  this  laft  curve 
are  proportional  to  the  accelerating  forces. 

On  the  other  hand,  when  we  know  from  other  cir- 
cumftances  that  a  force,  varying  according  to  fome 
known  law,  adds  on  a  body,  we  can  determine  its  mo¬ 


tion  of  the  abfeiffa  which  reprefents  time.  Some  por¬ 
tion  of  time,  however  fmall  it  may  be,  mufl  elapfe  be- 
fore  any  meafurable  addition  can  be  made  to  the  velo¬ 
city.  The  velocity  muff  change  continually .  As  no 
motion  can  be  conceived  as  inftantaneous,  becaufe  this 
would  be  to  conceive,  that  in  one  inftant  the  moving 
particle  is  in  every  point  of  its  momentary  path  ;  fo  no 
velocity  can  change,  by  a  finite  quantity,  in  one  inftant; 
becaufe  this  would  be  to  conceive,  that  in  that  inftant 
the  particle  had  all  the  intervening  velocities.  The 
inftant  of  change  is  at  once  the  laft  inftant  of  the  pre¬ 
ceding  velocity,  and  the  firfl  of  the  fucceeding,  "and 
therefore  miift  belong  to  both.  This  cannot  be  con¬ 
ceived,  or  is  abfurd.  As  a  body,  in  palling  from  one 
part  of  fpace  to  another,  muff  pafs  in  fuccefuon  through 
all  the  intermediate  places  ;  fo,  in  palling  from  one  ve¬ 
locity  to  another,  it  muft  in  fiiccefhon  have  all  the  in¬ 
termediate  velocities.  It  muft  be  continually  accelera¬ 
ted  ;  we  muft  not  fay  gradually ,  however  fmall  the 
fteps. 

But  to  return  from  this  digreflion  :  ( 

The  molt  frequent  cafes  which  come  under  examina-More 
tion  do  not  fhew  us  the  relation  between  the  forces  and  ven,’em 
tion.  The  intenfity  of  the  force  in  every  inftant  being  times,  but  the  relation  between  the  forces  and  fpaces. 
known,  we  can  draw  a  line  fo  related  to  another  line  Thus,  when  a  piece  of  iron  is  in  the  neighbourhood  of  the  ad 

a  magnet,  or  a  planet  is  confidered  in  the  neighbour 

K  4-  f  Via  i  n  <n  -r-  rv  ^  _  _  A.  * *  * 
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reprefenting  the  time  that  the  ordinates  fhall  be  pro¬ 
portional  to  the  forces  :  The  areas  will  be  proportional 
to  the  velocities.  We  can  draw  another  curve  to  the 
fame  abfeifs,  fuch  that  the  ordinates  of  this  fhall  be  pro¬ 
portional  to  the  areas  of  the  other,  that  is,  to  the  velo¬ 
cities  of  the  motion.  The  areas  of  this  fecond 
will  be  proportional  to  the  fpaces  deferibed. 

We  muft  now  obferve,  that  all  that  has  been 
faid  concerning  the  efleds  of  accelerating  forces  con¬ 
tinually  varying,  relates  to  changes  of  motion,  indepen¬ 
dent  of  what  the  abfolute  motions  may  be.  The  areas 
of  the  line  whofe  ordinates  reprefent  the  velocities  do 
the  fpaces  deferibed,  but  the 


means  they  not  necefiarlly  reprefent 

^-change  made  on  the  fpaces  deferibed  in  the  fame  time; 
operation  of not  the  motions,  but  the  changes  of  motion.  If, 


natural 

powers. 


No  finite 
change  of 


deed,  the  body  be  fuppofed  to  be  at  reft  when  the  for¬ 
ces  begin  to  ad,  thefe  areas  reprefent  the  very  fpaces 
that  are  parted  over,  and  the  ordinates  are  the  very  ve¬ 
locities;  In  every  cafe,  however,  the  accelerations  are 
the  real  increments  of  the  velocities. 

This  circumftance  gives  a  great  extenfion  to  our  the¬ 
orems,  and  enables  us  to  afeertain  the  difturbances  of 
any  fpecies  of  regular  motion,  apart  from  the  motions 
themfelves,  and  thus  avoid  a  complication  which  would 
frequently  be  inextricable  in  any  other  way.  And  this 
procefs,  which  is  merely  mathematical,  is  perfedly  con¬ 
formable  to  mechanical  principles.  It  is  in  fad  an  ap¬ 
plication  of  the  dodrine  of  the  compofition  of  motion  ; 
a  dodrine  rigidly  demonftrated  when  we  meafure  a  me¬ 
chanical  force  by  the  change  of  motion  which  it  pro¬ 
duces.  Acceleration  is  the  continual  compofition  of  a 
new  motion  with  the  motion  already  produced. 

We  may  learn  from  this  inveftigation  of  the  value  of 
an  accelerating  force,  that  no  finite  change  of  velocity  is 


be  produced  e^e<^e<A  m  an  inftant  by  the  adion  of  an  accelerating 
in  an inUant force.  When  the  fig.  13.  is  ufed  for  the  fcale  of  acce- 
by  any  ac-  lerations,  and  they  are  reprefented  by  the  ordinates  of 
fprceaun<»  the  line  h  kot  the  increment  of  velocity  is  reprefented 


-  of  fora 

hood  of  the  fun,  a  force  is  ading  on  it  in  every  point andmc 
of  its  path,  and  we  have  difeovered  that  the ‘intenfity  [re^er 
of  this  force  varies  in  a  certain  proportion.  Thus,  a  to  S 
fpring  varies  in  its  preffure  as  it  unbends  ;  gunpowder 
prefies  lefs  violently  as  it  expands,  &c.  &c. 

Our  knowledge  is  generally  confined  to  fome  fuch 
effed  as  this.  We  know,  that  while  a  body  is  moving 
along  a  line  ADE  (fig.  16.),  it  is  urged  forward  by  a 
force,  of  which  the  intenfity  varies  in  the  proportion 
of  the  ordinates  BF,  CG,  DH,  El,  &c.  of  the  line 
FGHI. 

To  inveft igate  the  motion  or  change  of  motion  pro¬ 
duced  by  the  adion  of  this  force,  let  CD  be  fuppofed 
a  very  fmall  portion  of  the  fpace  s ,  which  we  may  ex- 
prefs  by  /.  Draw  GK  perpendicular  to  DH.  Then, 
if  we  fuppofe  that  the  force  ads  with  the  unvaried  iir- 
tenfity  CG  through  the  whole  fpace  CD,  the  redangle 
CD  KG  will  exprefs  half  of  the  increment  of  the  fquare 
of  the  velocity  (^85.).  We  may  fuppofe  that  the 
force  ads  uniformly  along  the  adjoining  fmall  fpace 
Dr  with  the  intenfity  DH.  The  redangle  DH  0  r 
will  in  like  manner  exprefs  another  half  increment  of 
the  fquare  of  the  velocity.  And  in  like  manner  we 
may  obtain  a  fuccefiion  of  fuch  increments.  The  ag¬ 
gregate  or  fum  of  them  all  will  be  half  the  difference 
between  the  fquare  of  the  velocity  at  B  and  the  fquare 
of  the  velocity  at  E. 

If  we  employ  f  to  exprefs  the  indetermined  or  va¬ 
riable  intenfity  of  the  accelerating  force,  and  v  to  ex¬ 
prefs  the  variable  velocity,  and  1/  its  increment  uniform - 
ly  acquired  ;  then  the  redangle  CD  KG  will  be  ex¬ 
ported  by  //.  We  have  feen  that  this  is  equal  to  v  v. 
Therefore,  in  every  cafe  where  we  can  tell  the  aggre¬ 
gate  of  all  the  quantities  fs ,  it  is  plain  that  we  will  ob¬ 
tain  half  the  difference  between  the  fquares  of  the  ve¬ 
locities  in  B  and  E,  on  the  fuppofition  that  the  intenfi¬ 
ty  of  the  force  was  conflant  along  each  little  fpace,  and 
2  varied 
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varied  By  ftarts.  Then,  by  increafmg  the  number,  and 
diminilhing  the  magnitude,  of  thofe  little  portions  of 
the  fpace  without  end,  it  is  evident  that  we  terminate 
in  the  exprefiion  of  the  real  ftate  of  the  cafe,  /.  e.  of  a 
force  varying  continually  ;  and  that  in  this  cafe  the  ag¬ 
gregate  of  thefe  re&angles  occupies  the  whole  area 
AE1F,  and  is  equivalent  to  the  fluent  of f  sf  or  to  the 
fymbol  Jf  sy  ufed  by  the  foreign  mathematicians  to  ex- 

prefs  this  fluent,  which  they  indeed  conceive  as  an  ag¬ 
gregate  of  fmall  re&angles  /V.  And  we  fee  that  this 
area  expreffes  half  of  the  augmentation  of  the  fquare  of 
the  velocity.  Therefore, 

If  the  abfctjfa  AE  (fig.  x6.)  of  a  line  FGI  is  the  path 
along  which  a  body  is  urged  by  any  accelerating  force , 
and  if  the  ordinates  BF,  CG,  DH,  &c,  are  proportional 
to  the  forces  a  fling  in  the  points  B,  C,  D,  &c.  the  inter¬ 
cepted  areas  BCGF,  BEIF,  SsV.  are  proportional  to  the 
augmentations  of  the  fquare  of  the  velocity . 

Obferve  that  the  areas  BCGF  and  DEIH  are  alfo 
proportional  to  the  augmentations  made  on  the  fquares 
of  the  velocities  in  B  and  in  D. 

Obferve  alfo,  that  it  is  indifferent  what  may  have 
been  the  original  velocity.  The  a&ion  of  the  forces  re- 
prefented  by  the  ordinates  make  always  the  fame  addi¬ 
tion  to  its  fquare  ;  and  this  addition  is  half  the  fquare 
of  the  velocity  which  thofe  forces  would  generate  in 
the  body  by  impelling  it  from  reft  in  the  point  A. 

Lafily,  on  this  head,  obferve,  that  we  can  ftate  what 
conftant  or  variable  force  will  make  the  fame  augmen¬ 
tation  of  the  fquare  of  the  velocity  by  impelling  the 
body  unifoimly  along  the  fame  fpace  BE  ;  or  along 
what  fpace  a  given  force  mult  impel  the  body,  in  order 
to  produce  the  fame  in  create  of  the  fquare  of  its  velo¬ 
city.  in  the  firft  cafe,  we  have  only  to  make  a  rect¬ 
angle  BEN?,  equal  to  the  area  BEIF,  and  then  B  ?  is 
the  in  ten  fit  y  of  the  conftant  force  wanted.  In  the  fe- 
cond  cafe,  in  which  the  force  EO  is  given,  we  mnft 
make  the  rectangle  A  a  OE  equal  to  the  area  BEIF, 
and  AE  is  the  fpace  required. 

The  converfc  of  this  propofition,  viz.  If  the  areas 
are  as  the  increments  of  the  fquare  of  the  velocity ,  the  or¬ 
dinates  are9  as  the  forces ,  is  eafily  demonflrated  in  the 
fame  way;  for  if  the  elementary  areas  CD  KG  and 
ELM  e  reprefent  increments  of  the  fquares  of  the  velo¬ 
city,  the  accelerating  forces  are  iri  the  ratio  compound¬ 
ed  of  the  diredt  ratio  of  thefe  rectangles  and  the  in* 
vei ie  ratio  of  their  altitudes,  becaufe  thefe  altitudes  are 
the  increments  of  the  fpace  (n085.)  Now  the  bafe 
CG  of  the  re&anglc  CD lvG,  is  to  the  bafe  El  of  the 
rectangle  EIM  e  in  the  fame  compounded  ratio  ;  there- 
fore  the  force  in  C  is  to  the  force  in  E  as  CG  to  El. 

The  line  h  k  o  (fig.  13.)  wa3  called  by  Dr  Barrow 
(who  firft  introduced  this  extenfive  employment  of  mo¬ 
tion  into  geometry),  the  scale  of  velocities ;  and  the  line 
FHL(fig.  1 6.)  was  named  by  him  th  c  fcale  of  accelerations . 
Hermann,  in  his  Phoronomia ,  calls  it  th  z  fcale  of  forces. 
We  fhall  retain  this  name,  and  wc  may  call  h  k  0  of 
fig.  13.  the  fcale  of  accelerations,  when  the  areas  re- 
piefent  the  velocities.  Sir  Ifaac  Newton  added  another 
fcale  of  very  great  ufe,  viz.  a  fcale  of  times.  It  is  con¬ 
firmed  as  follows. 

Let  ABE  (ltg.  16.)  be  the  line  along  which  a  body 
is  accelerated,  and  let  FHI  be  the  fcale  of  forces,  that 
is,  having  its  ordinates  FB,  HD,  IE,  &c.  proportional 
to  the  forces  a&ing  at  B,  D,  E,  F,  &c.  ;  kt fhi  be 
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another  line  fo  related  to  ABE,  that  Cg  is  to  E/  inOf  Accde 
the  inverfe  fubduplicate  ratio  of  the  area  BFGC  to  j?ti«gand 
the  area  BFIE  ;  or,  to  exprefs  it  more  generally,  let  Forces1** 
the  fquares  of  the  ordinates  to  the  line  fgi  be  inverfely,  *  ~  *  4 

as  the  areas  of  the  line  FHI  intercepted  between  thefe 
ordinates  and  the  firft  ordinal  drawn  through  B  ;  then 
the  times  of  the  bodies  moving  from  a  Hate  of  reil  in 
B  are  as  the  intercepted  areas  of  the  curve  fg  i. 

For  let  CD  and  E^  be  two  very  fmall  portions  of 
the  fpace  deferibed  in  equal  times.  They  will  be  ulti-** 
mately  as  the  velocities  in  C  and  E.  The  area  FBCG 
is  to  the  area  FBEI  as  the  fquare  of  E  i  to  the  fquare  # 
of  C g  (by  conilru&ion)  ;  but  the  area  FBCG  is  to 
FBEI  as  the  fquare  of  the  velocity  at  C  to  the 
fquare  of  the  velocity  at  E  (by  the  propofition)  5 
therefore  the  fquare  of  the  velocity  at  C  is  to  the 
fquare  of  the  velocity  at  E  as  the  fquare  of  E  i  to 
the  fquare  of  C  ;  therefore  E  i  is  to  C^  as  the  ve¬ 
locity  at  C  to  the  velocity  at  E,  that  is,  as  CD  to 
to  Ee:  but  fince  E  i :  C^  =  CD  ;  E  e,  we  have  Ei 
X  Ef  z:  C^  X  C  D,  and  the  elementary  redlanglea 
Cgh  D  and  E  im  e  are  equal,  and  may  reprefent  the 
equal  moments  of  time  in  which  CD  and  E  e  were 
deferibed.  Thus  the  areas  of  the  line  fgi  will  reprefent 
or  exprefs  the  times  of  deferibing  the  correfponding 
portions  of  the  abfeifia. 

We  may  exprefs  the  nature  of  this  fcale  more  briefly 
thus.  Let  BE  be  the  fpace  deferibed  with  any  varied 
motion,  and  fgi  a  curve,  fuch  that  its  ordinates  are  in¬ 
verfely  as  the  velocities  in  the  different  points  of  the 
abfcilfa,  then  the  area  will  be  as  the  times  of  deferibing 
the  correfponding  portions  of  the  abfeifia. 

In  all  the  cafes  where  our  mathematical  knowledge  Examples 
enables  us  to  afiign  the  values  of  the  ordinates  of  the  fi-of  the  ap-* 
gure  16,  we  can  obtain  the  law  of  a£ion  of  the  forces,  plication  ox 
or  the  nature  of  the  force;  and  where  we  can  afiign0  95* 
the  value  of  the  areas  from  our  knowledge  of  the  pro¬ 
portions  of  the  ordinates  or  forces,  we  can  afeertain 
the  velocities  of  the  motion.  We  fhall  give  an  exam¬ 
ple  or  two,  which  will  Ihew  the  way  in  which  we  avail 
ourfelves  of  the  geometrical  properties  of  figure  in  or~ 
der  to  afeertain  the  effe&s  of  mechanical  forces. 

1.  Let  tlie  accelerating  force  which  impels  the  body 
along  the  line  AB  be  conftant,  and  let  the  body  be 
previoufiy  at  reft  in  B  ;  the  line  which  bounds  the  or- 
dinates  that  reprefent  the  forces  mull  be  fome  line 

<p  HN  parallel  to  AB.  The  area  BDH  f  is  to  the  area  - 
BEN  p  as  the  fquare  of  the  velocity  at  D  to  the  fquare 
of  the  velocity  at  E.  Thefe  areas,  having  equal  bafes 
DH  and  EN,  are  as  their  altitudes  BD  and  BE.  That 
is,  the  fpaces  deferibed  are  as  the  fquares  of  the  ac¬ 
quired  velocities.  And  we  fee  that  this  chara&eriftio 
mark  of  uniformly  accelerated  motion  is  included  in  this 
general  propofition. 

2.  Let  11s  fuppofe  that  the  body  is  impelled  from  A  Example 
(fig.  1  7.)  towards  the  point  C,'  by  a  force  proportional/econd  <  f 
to  its  diftance  from  that  point.  This  force  may  be  re-4  eculiar 
presented  by  the  ordinates  DA,  EB,  e  b9  See.  to  the ^7^ 
ftraight  line  DC.  We  may  take  any  magnitude  of 

thefe  ordinates;  that  is,  the  line  DC  may  make  any  angle 
with  AC.  It  will  fimplify  the  inveftigation  if  we 
make  the  firft  force  AD  AC.  About  C  deferibe 
the  circle  AHd,  cutting  the  ordinate  EB  in  F  ;  let 
e  b  be  another  ordinate,  cutting  the  circle  in  f  very  nearv 
to  F  ;  draw  CH  perpendicular  to  AC,  and  make  the 
arch  H/;—/F,  and  draw  he  parallel  to  HC  ;  join 
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Of  Accelc-  FC  and  DH,  and  draw  F g  perpendicular  to  fb.  Let 
rating  and  be  another  ordinate. 

Forces  g  The  area  DA  BE  is  to  the  area  DAKL  as  the 
fquare  of  the  velocity  at  B  to  the  fquare  of  the  velo¬ 
city  at  K.  But  DA  BE  is  the  cxcefs  of  the  triangle 
ADC  above  the  triangle  EBC,  or  it  is  half  of  the  ex* 
cefs  of  the  fquare  of  CA  or  CF  above  the  fquare  of 
CB,  that  is,  half  the  fquare  of  BF.  In  like  manner, 
the  area  DAKL  is  equal  to  half  the  fquare  of  KM  ; 
but  halves  have  the  fame  ratio  as  the  integers  ;  there¬ 
fore  the  fquare  of  BF  is  to  the  fquare  of  KM  as  the 
4  fquare  of  the  velocity  at  B  to  the  fquare  of  the  velo¬ 
city  at  K  ;  therefore  the  velocity  at  B  is  to  the  velo¬ 
city  at  K  as  BF  is  to  KM.  The  velocities  are  pro* 
portional  to  the  fines  of  the  arches  of  the  quadrant 
AFH  deferihed  on  AC. 

Cor.  i.  The  final  velocity  with  which  the  body  ar¬ 
rives  at  C,  is  to  the  velocity  in  any  other  point  B  as 
radius  to  the  fine  of  the  arch  AF. 

Cor .  2.  The  final  velocity  is  to  the  velocity  which 
the  body  would  acquire  by  the  uniform  a&ion  of  the 
initial  force  at  A  as  c  to  \/ 2  ;  for  the  re&angle  DA 
CH  expreffes  the  fquare  of  the  velocity  acquiied  by 
the  uniform  a&ion  of  the  force  DA  ;  and  this  is  dou¬ 
ble  of  the  triangle  DAC  ;  therefore  the  fquares  of  thefe 
velocities  are  as  i  and  2,  and  the  velocities  are  as  \/i 
and  4/2,  or  as  1  to  2. 

Cor.  3.  The  time  of  deferibing  AB  is  to  the  time 
of  deferibing  AC  as  the  arch  AF  to  the  quadrant 
'  AFH. 

xoz  For  when  the  arch  F/  is  diminifhed  continually,  it 
is  plain  that  the  triangle  ft  F  is  ultimately  fimilar  to 
CFB,  by  reafon  of  the  equal  angles  C  ib  (or  CFB) 
and  fi  F,  and  the  right  angles  CBF  and  /Fi ;  there¬ 
fore  the  triangles  fg  F  and  CBF  are  alfo  fimilar. 
Moreover,  B  b  is  equal  to  F  g,  F /is  equal  to  b  H, 
which  is  ultimately  equal  to  c  C  ;  therefore  fince  the 
triangles  fg  F  and  CFB  are  fimilar,  we  have  F  ^  :  F/ 
=  FB  :  FC,  =  FB  :  HC  ;  therefore  B  b  is  toV  C  as 
FB  to  HC,  that  is,  as  the  velocity  at  B  to  the  velo¬ 
city  at  C  ;  therefore  B  b  and  c  C  are  deferibed  in  equal 
moments  when  indefinitely  fmall ;  therefore  equal  por¬ 
tions  F /,  h  H,  of  the  quadrant  correfpor.d  to  equal 
moments  of  the  accelerated  motion  along  the  radius 
AC  ;  and  the  arches  AF,  FM,  MH,  See.  are  propor¬ 
tional  to  the  times  of  deferibing  AB,  BK,  KC,  &e. 

Cor.  4.  The  time  of  deferibing  AC  with  the  un¬ 
equally  accelerated  motion,  is  to  the  time  of  deferibing 
it  uniformly  with  the  final  velocity  as  the  qnadrantal 
arch  is  to  the  radius  of  a  circle  ;  for  if  a  point  move  in 
the  quadrantal  arch  fo  as  to  be  in  F ,/,  M,  H,  &c. 
when  the  body  is  in  B,  b ,  K,  C,  it  will  be  moving 
uniformly,  becaufe  the  arches  are  proportional  to  the 
times  of  deferibing  thofe  portions  of  AC  ;  and  it  will 
be  moving  with  the  velocity  with  which  the  body  arrives 
at  C,  becaufe  the  arch  h  H  is  ultimately  zzz  C  c.  Now 
if  twd  bodies  move  uniformly  with  this  velocity,  one 
in  the  arch  AFH,  and  the  other  in  the  radius  AC,  the 
times  will  be  proportional  to  the  fpaces  uniformly  de¬ 
feribed  ;  bdt  the  time  of  deferibing  AFH  is  equal  to 
the  time  of  the  accelerated  motion  along  AC  ;  therefore 
the  propofition  is  manifefi. 

*03  Cor.  5.  If  the  body  proceed  in  the  line  C  a,  and  be 
retarded  in  the  fame  manner  that  it  was  accelerated 
along  AC,  the  time  of  delcribing  AC  uniformly  with 


the  velocity  which  it  acquires  in  C  Is  to  the  time  of  Of  aCc  ! 
deferibing  AC  a  with  the  varied  motion,  as  the  diame-  rafing 
ter  of  a  circle  to  the  circumference  ;  for  becaufe  the  ®“CE*rc 
momentary  retardations  at  K\  B',  &c.  are  equal  to  the  f°rci 
accelerations  at  K  and  B,  Sac.  the  time  of  deferibing  ~V'|1 
AC  a  is  the  fame  with  that  of  deferibing  AIL/  uni¬ 
formly  with  the  greatefi  velocity.  That  is,  to  the  time 
of  deferibing  AC  uniformly  as  AH  nr  to  AC,  or  as 
the  circumference  of  a  circle  to  the  diameter.  There¬ 
fore,  &c.  N.  B.  In  this  cafe  of  retarding  forces  it  is 
convenient  to  reprefent  them  by  ordinates  K'L,  B  E, 
a  D',  lying  x>n  the  other  fide  of  the  axis  AC  a  ;  and  to 
confider  the  areas  bounded  by  thefe  ordinates  as  fub- 
tra&ive  from  the  others.  Thus  the  fquare  of  the  velo¬ 
city  at  K?  is  exprefied  by  the  whole  area  DACK'LT), 
the  part  CK'L  being  negative  in  refpe&  of  the  point 
DAC.  This  obfervation  is  general  (See  alfo  Optics, 
n°  125,  Eticycl .) 

Cor.  6.  The  time  of  moving  along  KC,  the  half  of 
AC,  by  the  uniform  a&ion  of  the  force  at  A,  is  to  that 
of  deferibing  AC  a  by  the  varied  a&ion  of  the  force 
dire&ed  to  C,  and  proportional  to  the  difiance  from  it, 
as  the  diameter  of  a  circle  to  the  circumference  ;  for 
when  the  body  is  uniformly  impelled  along  KC  by  the 
conftant  force  IK,  the  fquare  of  the  velocity  acquired 
at  C  is  reprefented  by  half  the  re&angle  1KCH,  and 
therefore  it  is  equal  to  the  velocity  which  the  variable 
force  generates  by  impelling  it  along  AC  (by  the  way, 
an  important  obfervation).  The  body  will  deferibe 
AC  uniformly  with  this  velocity  in  the  fame  time  that 
it  1*3  uniformly  accelerated  along  KC.  Therefore  by 
Cor.  5.  the  propofition  is  manifefi. 

Cor.  7.  If  two  bodies  deferibe  AC  and  KC  by  the 
a£rion  of  forces  which  are  every  where  proportional  to 
the  diftances  from  C,‘  their  final  velocities  will  be  pro¬ 
portional  to  the  difiances  run  over,  and  the  times  will  . 
be  equal. 

For  the  fquares  of  the  final  velocities  are  proportional 
to  the  triangles  ADC,  LKC,  that  is,  to  AO,  KO, 
and  therefore  the  velocities  are  as  AC,  KC.  The 
times  of  deferibing  AC  and  KC  uniformly,  with  velo¬ 
cities  proportional  to  AC  and  KC,  muft  be  equal  :  and 
thefe  times  are  in  the  fame  ratio  (vi*.  that  of  radius 
to  i  of  the  circumference)  to  the  times  of  deferibing 
AC  and  KC  with  the  rxcelerated  motion.  Therefore, 

&c. 

Thus  by  availing  ourfelves  of  the  properties  of 
the  circle,  we  have  difeovered  all  the  properties  or 
chara&ers  of  a  motion  produced  by  a  force  always 
dire&ed  to  a  fixed  point,  and  proportional  to  the  dis¬ 
tance  from  it.  Some  of  thefe  are  remarkable,  fuch  ! 

as  the  laft  corollary  ;  and  they  are  all  important  ;  for 
there  are  innumerable  cafes  where,  this  law  of  ac¬ 
tion  obtains  in  Nature.  It  is  nearly  the  law  of  a&ion 
of  a  bowftring,  and  of  all  elaftic  bodies,  when  their 
change  of  figure  during  their  mutual  a&ion  is  mode¬ 
rate  ;  and  it  has  been  by  the  help  of  this  propofition, 
firft  demonftrated  in  a  particular  cafe  by  Lord  Brouncker 
and  Mr  Hnyghens,  that  we  have  been  able  to  obtain 
precife  meafures  of  time,  and  confequently  ,of  a&ual 
motions,  and  confequently  of  any  of  the  mechanical 
powers  of  Nature,  it  is  for  this  reafon,  as  well  as  for 
the  eafy  and  perfpicuous  employment  of  the  mathema¬ 
tical  method  of  proceeding  that  we  have  fele&ed  it. 

Inftead  of  giving  any  more  particular  cafes,  we  may 
1  obferve 
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U  cede-  obfcfve  in  general,  that  if  the  intensity  of  the  iorce 
r  ig and  proportional  to  any  power  whofe  index  is  n  —  i  of  the 
f  diftance,  and  if  a  be  the  diftance  from  the  fixed  point 
Ij  r^c  ‘  iat  which  the  body  begins  to  be  accelerated,  and  x  its 
I  diftance  from  that  point  in  any  part  of  the  motion,  the 

velocity  will  be  A/an--  xn.  This  is  very  plain,  be- 
caufe  the  increment  CGHD  of  the  area  of  tig.  16. 
which  is  alfo  the  increment  of  the  iquare  of  the  veloci¬ 
ty,  is  and  the  area  is  == x11 ;  and  the  whole 

area,  correfponding  to  the  diftance  is  a ”.  Therefore 
the  portion  of  the  area  lying  beyond  the  diftance  x  is 
an—xn*  This  is  as  the  Iquare  of  the  velocity,  and 

therefore  the  velocity  is  as  the  fquare  root  */ an  —  n 
of  this  quantity. 

This  propofition,  f  s  ==  v  v,  or  f  ==  — — ,  is  the 

.  f* . 

39th  of  the  firft  book  of  Newton’s  Principia ,  and  is 
perhaps  the  moll  important  in  the  whole  dodtiine  of  dy¬ 
namics,  whether  employed  for  the  inveftigation  of  forces 
or  for  the  explanation  of  motions.  It  furniihesr  the 
moft  immediate  data  for  both  purpofes,  but  more  efpe- 
cially  for  the  laft. .  By  its  help  Sir  Ifaac  Newton  was 
able  to  point  out  the  numerous  difturbances  of  the  pla¬ 
netary  motions,  and  to  fepaiate  them  from  each  other  ; 
thus  unravelling,  as  it  were,  that  moft  intricate  motion 
in  which  all  are  blended  together.  He  has  given  a  moft 
wonderful  fpecimen  of  its  application  in  his  Lunar 
Theory. 

We  now  are  able  to  explain  all  the  puzzling  fads 
which  were  adduced  by  Leibnitz  and  his  partifans  in 
fupport  of  their  meafure  of  the  forces  of  bodies  in  mo¬ 
tion.  We  fee  why  four  Iprings,  equally  bent,  commu¬ 
nicate  but  a  double  velocity,  and  nine  fprings  but  a 
triple  velocity  ;  why  a  bullet  moving  twice  as  fall  will 
penetrate  an  earthen  rampart  to  a  quadruple  depth, 
&c.  &c. 

I rrvatio  This  theorem  alfo  gives  a  moft  perfpicuous  explanation 
\  w-  of  the  famous  do&rine  called  conftrvatio  virium  vivarum. 

*  m'  When perfedtly ela ftic  bodies  ad  on  each  other,  it  isfound 

that  the  fum  of  the  maffes  multiplied  by  the  fquares  of 
the  velocities  is  always  the  fame.  This  has  been  fubfti- 
tuted,  with  great  encomiums,  by  the  German  philofo- 
phers  in  place  of  Des  Cartes’s  principle,  that  the  quan¬ 
tity  of  motion  in  the  univerfe,  eftimated  in  one  direc¬ 
tion,  remains  always  the  fame.  They  are  obliged,  how¬ 
ever,  to  acknowledge,  that  in  the  adions  of  perfedtly 
hard  bodies,  there  is  always  a  lofs  of  vh  viva,  and 
therefore  have  denied  the  exiftence  of  fucli  bodies.  But 
there  is  the  fame  lofs  in  the  mutual  actions  of  all  foft  or 
dudile,  or  even  imperfectly  elaftic,  bodies;  and  they 
are  miferably  puzzled  how  to  explain  the  fad:  but  both 
the  confervatio  and  the  amiffio  arc  neceffary  confequen- 
ces  of  this  theorem. 

In  the  collifion  of  elaftic  bodies,  the.  whole  change  of 
motion  is  produced  during  the  fhort  time  that  the  bo¬ 
dies  are  compreffed,  and  while  they  regain  their  figure. 
When  this  is  completed,  the  bodies  are  at  the  fame  dt- 
ftance  from  each  other  as  when  the  mutual  adion  be¬ 
gan.  Therefore  the  preceding  body  has  been  accelera¬ 
ted,  and  the  following  body  has  been  retarded,  along 
equal  fpaces ;  and  in  every  point  of  this  fpace  the  acce¬ 
lerating  and  the  retarding  force  has  been  equal.  Con- 
fequently  the  fame  area  of  fig.  17.  expreffes  the  change 
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made  on  the  fquare  of  the  velocity  of  both  bodies.  Of  Accde- 
Thereforc,  ifV  and  U  are  the  velocities  before  collifion,  rating  ana 
and  v  and  u  the  velocities  after  collifion,  of  the  two  bo-  forces?*3 
dies  A  afid  B,  we  mud  have  AxV2 —  vz  ~  BX«2 — V2,  '  > 

and  therefore  A  X  V2  -f  B  X  U2  --  A  X  v2  B  X  u2. 

But  in  the  other  clafs  of  bodies,  which  do  not  com¬ 
pletely  regain  their  figure,  but  remain  compreffed,  they 
are  nearer  to  each  other  when  their  mutual  adion  is 
ended  than  when  it  began.  The  foremoft  body  has 
been  accelerated  along  a  fhorter  fpace  than  that  along 
which  the  other  has  been  retarded.  The  mutual  forces 
have,  in  every  inftant,  been  equal  and  oppofite.  There¬ 
fore  the  area  which  expreffes  the  diminution  of  the 
fquare  of  the  velocity,  mull  exceed  the  area  exprefiing 
the  augmentation  by  a  quantity  that  is  always  the  fame 
when  the  permanent  coinprtflion  is  the  fame  ;  that  is, 
when  the  relative  motion  is  the  fame.  A  X  V2  — 
muft  exceed  BXn1  —  U2,  and  A  X  V2  +  B  X  U2  mull 
exceed  A  X  v2  +  BXal 

This  fame  theorem  is  of  the  moft  extenfive  ufe  in  all 
pradical  queftions  in  mechanic  arts  ;  and  without  it 
mechanics  can  go  no  farther  than  the  mere  ftatement  of 
equilibrium. 

Hermann,  profeffor  of  mathematics  at  Pavia,  one  of  Hiftory  of 
the  ornaments  of  the  mathematical  clafs  of  philofophers,  n°  9 5*  is 
has  given  a  pretty  demonftration  of  this  valuable  propo-  curious* 
fition  in  the  Ada  Eruditorum  Lipfiee  for  1709  ;  and 
fays,  that  having  fearched  the  writings  of  the  mathema¬ 
ticians  with  great  care,  he  found  liimfdf  warranted  to 
fay,  that  Newton  was  the  undoubted  author,  and  boafts 
of  his  own  as  the  firft  fynthetical  demonftration.  The 
purpofe  of  this  affertion  was  not  very  apparent  at  the 
time  ;  but  long  after,  in  1  746,  when  Hermann’s  papers, 
preferved  in  the  town-honfe  of  Pavia,  were  examined, 
in  order  to  determine  a  difpute  between  Maupertuis  and 
Koenig  about  the  claim  to  the  difeovery  of  the  principle 
of  leaf  adion,  letters  of  Leibnitz’s  were  found,  requeft- 
ing  Hermann  to  fearch  for  any  traces  of  this  propofi¬ 
tion  in  the  writings  of  the  mathematicians  of  Europe. 

Leibnitz  was  by  this  time  the  envious  detractor  from 
Newton’s  reputation  ;  and  could  not  but  perceive,  that 
all  his  contorted  arguments  for  his  dodtrine  received  a 
clear  explanation  by  means  of  this  propofition,  in  per¬ 
fect  conformity  to  the  ufual  meafure  of  moving  forces. 

Newton  had  difeovered  this  theorem  long  before  the 
publication  of  the  Principia ,  and  even  before  the  difeo¬ 
very  of  the  chief  propofition  of  that  book  in  16661  ' 

for  in  his  Optical  Ledtuves,  the  materials  of  which  were 
in  his  pofteilion  in  1664,  makes  frequent  ufe  of  a 
propofition  founded  on  this  (fee  n°  42.)  We  may 
here  remark,  that  Hermann’s  demonftration  is,  in  every 
ftep,  the  fame  with  Dr  Barrow’s  demonftration  of  it  as 
a  theorem  merely  geometrical,  without  fpeaking  of  mo¬ 
ving  forces  (fee  Led.  Geomelr .  xi.  p.  85.  edit.  16.), 
but  giving  it  as  an  inftance  of  the  transformation  of 
curves,  which  he  calls  scales  of  velocity,  of  time,  of 
acceleration,  See.  It  is  very  true  that  Barrow,  in  thefe 
mathematical  ledtures,  approached  very  near  to  both  of 
Newton’s  difeoveries,  the  fluxionary  geometry,  and  the 
principles  of  dynamics;  and  the  junto  on  the  continent, 
who  were  his  continual  detractors,  charge  him  with  im¬ 
pudent  plagiarifm  from  Dr  Barrow,  and  even  fay  that 
he  has  added  nothing  to  the  difeoveries  of  his  teacher. 

But  furely  Dr  Barrow  was  the  beft  judge  of  this  mat¬ 
tery 


fs6  dynamics. 

Of  A  cede-  ter;  and  fo  far  from  refentmg  tlie  ufe  which  Newton 
iulardinK  I,as  made  of  Whan  he  had  taught  him,  he  was  charmed 


forces. 


with  the  genius  of  the  juvenis  fpeSatiffimus  his  fcholar, 
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and  of  his  own  accord  gave  him  his  profefforial  chair, 
and  ever  after  lived  in  the  utmofi  harmony  and  friend- 
fhip  with  him.  Nay,  it  would  even  appear,  from  fome 
expreflions  in  thofe  veiy  k£hires,  that  Dr  Barrow  owed 
to  young  Newton  the  firft  thought  of  making  fuch  ex- 
tenfive  ufe  of  motion  in  geometry.  We  recommend  this 
work  of  Barrow’s  to  the  fetiotis  perufal  of  our  readers, 
who  wifh  to  acquire  clear  notions  of  the  fcience  of  mo¬ 
tion,  and  an  elegant  tafte  in  their  mechanical  difquifi- 
tions.  After  all  the  cultivation  of  this  fcience  by  the 
commentators  and  followers  of  Newton,  after  the  Pho - 
ronomia  of  Hermann,  the  Mechanic  a  of  Euler,  the  Dy 
namique  of  D’Alembert,  and  th t  Mechanique  dnalytique 
of  De  la  Grange,  which  are  undoubtedly  works  of  tran- 
feendent  merit  and  utility,  the  Principia  of  Newton  will 
flill  remain  the  mod  pleafing,  perfpicuous,  and  elegant 
fpecimen  of  the  application  of  mathematics  to  the  fcience 
bf  univerfal  mechanics ,  or  what  we  call  Dynamics. 

The  two  fundamental  theorems  f  t  =  v,  and  f  s 

=  v  v,  enable  us  to  folve  every  queftion  of  motion  ac¬ 
celerated  or  retarded  by  the  a&ion  of  the  mechanical 
powers  of  nature.  But  the  employment  of  them  may 
be  greatly  expedited  and  Amplified  by  noticing  two  or 
three  general  cafes  which  occur  very  frequently. 

....  Thife  may  he  called  fimilar  infants  of  time ,  and  fimilar 
iUnts  and  points  of  J pace  which  divide  given  portions  of  time ,  and  of 
what^*  fPace  in  fame  raiw*  Thus  the  middle  is  a  fimilar  in- 

a  *  -ftant  of  an  hour  or  of  a  day,  and  18  the  fimilar ly  fituated 

•point  of  a  foot  or  of  a  yard.  The  beginning  of  the 
2 1  ft  minute,  and  of  the  9th  hour,  are  fimilar  inftants  of 
an  hour  and  of  a  day.  The  beginning  of  the  5th  inch, 
and  of  the  2d  foot,  are  fimilar  points  of  a  foot  and  of  a 
•yard. 

Similar  ac-  Forces  may  he  faid  to  aft  ftmilarly  when  their  intern - 
Cions,  what if  ties  in  fimilar  infants  of  time ,  or  in  fimilar  points  of 
/pace,  are  in  a  confant  ratio .  Thus  in  fig.  17.  when 
one  body  is  impelled  towards  C  from  A,  and  another 
from  K,  each  with  a  force  proportional  to  the  diftance 
of  every  point  of  its  motion  from  C,  thefe  forces  may 
be  faid  to  ad  ftmilarly  along  the  fpaces  AC  and  KC, 
or  during  the  times  reprefented  by  the  quadrantal  arches 
AFH,  KNO.  The  following  proportions  on  fimilar 
a&ions  will  be  found  very  ufeful  on  many  occafions  ; 
but  we  muft  premife  a  geometrical  lemma. 

If  there  be  two  lines  EFGH  (fig.  18,),  efgh ,  fo  re¬ 
lated  to  their  abfeifies  AD,  a  d,  that  the  ordinates  IK, 
i  k,  drawn  from  fimilar  points  I  and  i  of  the  abfeiffes, 
are  in  the  conftant  ratio  of  to  a  e  ;  then  the  area 
ADHE  is  to  the  area  ad  he  as  the  redangle  of  AD 
X  AE  to  the  redangle  adXae. 

For  let  each  abfeiffa  be  divided  into  the  fame  number 
©f  equal  and  very  fmall  parts,  of  which  let  CD  and  c  d 
be  one  in  each.  Infcribe  the  redangles  CGID,  c  g  i  d. 
Then  bccanfe  the  number  of  parts  in  each  axis  is  the 
fame,  the  lengths  of  the  portions  CD  and  cd  will  be 
proportional  to  the  whole  abfeifies  AD  and  a  d.  And 
becaufe  C  and  c  are  fimilar  points,  CG  is  to  as  AE 
is  to  a  e.  Therefore  CDxCG  :  c  d  X  c  g  3=  AD 
A  E  :  ad  X  a e.  This  is  true  of  each  pair  of  corre- 
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fponding  redangles  ;  and  therefore  it  is  true  of  their 
fums.  But  when  the  number  of  thefe :redangles  is  in- 


creafed,  and  their  breadth  xh’minifhed  without  end,  itisevi- 
dent  that  the  ultimate  ratio  of  tliefum  of  all  the  redan¬ 
gles,  fuch  as  CDHG  to  the  fum  of  all  the  re6t  angles 
cdhg  is  the  fame  with  that  of  the  area  ADHE  to'the 
area  ad  he,  and  the  propofition  is  manifeft. 

If  two  par  tides  of  matter  are  fimilar  ly  impelled  during 
given  times ,  the  changes  of  velocity  are  as  the  times  and  as 
the  forces  jointly. 

Let  the  times  be  reprefented  by  the  ft  might  lines 
ABC  (fig.  19*)  a  b  e,  and  the  forces  by  the  ordi- 
nates  AD,  BE,  CF,  and  a  d,  b  e,  cf.  Then  if  B  and 
and  b  are  fimilar  inftants  (fuppofe  the  middles)  of  the 
whole  times,  we  have  B  E  ;  b  e  -r  A  D  :  a  d.  There¬ 
fore,  by  the  lemma,  the  area  ACFD  is  to  acfd  as 
AC  X  AD  to  a  c  X  a  d.  But  thefe  areas  are  propor¬ 
tional  to  the  velocities  (n072),  and  the  propofition  is 
demonftrated.  For  the  fame  reafon,  the  change  of  ve¬ 
locity  during  the  time  AB  is  to  the  change  during  a  b 
as  ABXAD  to  abXad.  * 

Cor.  1.  If  the  times  and  forces  are  reciprocally  propor¬ 
tional,  the  changes  of  velocity  are  equal ;  and  if  the 
forces  are  inverfely  as  the  times,  the  changes  of  velocity 
are  equal. 

Ij  two  particles  be  fimilar  ly  urged  along  given  fpaces , 
the  changes  made  on  the  fquares  of  the  velocities  are  as  the 
forces  and  fpaces  jointly. 

For  if  AC  (fig.  19.)  and  ac  are  the  fpaces  along 
which  the  particles  are  impelled,  and  the  forces  are  as 
the  ordinates  AD  and  a  d ,  the  areas  ACFD  and  a  c  fd 
are  as  the  changes  on  the  fquares  of  the  velocities  But 
thefe  areas  are  as  AC  X  AD,  and  acXad.  There¬ 
fore,  &c , 

Cor.  2.  If  the  fpaces  are  inverfely  as  the  forces,  the 
changes  of  the  fquares  of  the  velocities  are  equal ;  and 
if  thefe  are  equal,  the  fpaces  are  inverfely  as  the  forces. 

Cor.  3.  If  the  fpaces,  along  which  the  particles  have 
been  impelled  from  a  previous  ftate  of  reft,  are  diredly 
as  the  forces,  the  velocities  are  alfo  a3  the  forces.  For, 
becaufe  the  changes  of  the  fquares  of  the  velocities  are 
as  the  fpaces  and' forces  jointly,  they  are  in  this  cafe 
as  the  fquares  of  the  forces  or  of  the  fpaces  ;  but  the 
changes  of  the  fquares  of  the  velocities  are  in  this  cafe 
the  whole  fquares  of  the  velocities;  therefore  the  fquares 
of  the  velocities  are  as  the  fquares  of  the  forces,  and  the 
velocities  are  as  the  forces.  N.  B.  This  includes  the 
motions  reprefented  in  fig.  17. 

If  two  particles  be  fmilarly  impelled  along  given 
fpaces,  from  a  fate  of  ref,  the  fquares  of  the  times  are 
proportional  to  the  fpaces  direPly,  and  to  the  forces  in¬ 
verfely. 

Let  ABC  (fig.  19.)  a  be  be  the  fpaces  deferibed, 
and  AD,  ad,  the  accelerating  forces  at  A  and  a.  Let 
V,  B  exprefs  the  velocity  at  B,  and  v,  b  the  velocity 
at  b. 

Let  GHK  and  g  h  k  be  curves  whofe  ordinates  are 
inverfely  as  the  velocities  at  the  correfponding  points  of 
the  abfeifta.  Thefe  curves  are  therefore  exponents  of 
the  times  (n°  99.)  Then,  becaufe  the  forces  a&  fimi- 
larly,  we  have,  by  the  laft  theorem,  AC  XAD  :  ac 
X  a  d  ~  V-,  B  ;  v*,  b,  zz  h  b2  ;  ITBk  Therefore  FIB 
;  hb  =  */ acXad  :  V7 ACXAD,  and  therefore  in  a 
conftant  ratio.  Call  this  the  ratio  of  m  to  n.  But, 
fince  the  ordinates  of  the  lines  GHK,  g  h  k  are  inverfe- 
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Or  T2  :  t1  = 
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Accele-  and  fince  thefe  ordinates  are  in  the  conftant  ratio  of  m 
ting  an<t  to  the  areas  are  {n  the  rat{0  0f  AC  X  m  to  a  c  X  n. 
Forces!^  Therefore  (calling  the  times  of  the  motions  T  and  t) , 
we  have 

T  :  t  zz  m  AQ  :  nac  ;  and  therefore 
T2  :  t1  zz  m2  X  A  C2  :  ri1  X  a  c1.  But 
m2  :  n2zzacXad  ;  AC  X  AD.  Therefore 
T2  :  t2  =  acXadX  AC2  :  ACXADX^1, 

Or  T2  :  t2  zz  a  dx  AC  :  AD  Xac. 

AC 

AD  ;  TTd 

The  attentive  reader  will  obferve  that  thefe  three 
propofitions  give  a  great  extenfion  to  the  theorems 
which  were  foimerly  deduced  from  the  nature  of  uni¬ 
formly  accelerated  motion,  or  of  uniform  adion  of  the 
forces,  and  were  afterwards  demonflrated  to  obtain  in 
the  momentary  adion  of  forces  any  how  variable. 

'I  he  fir  ft  of  the  three  propofitions,  V  :  v  zz  F  X  T  : 
fX  t,  is  the  extenfion  of  the  theorem fXt^zv.  The 
fecond,  V2  :  <l»2  —  F  X  S  :fX  s,  is  the  extenfion  of  the 

S  s 

theorem /X  szzvv.  And  the  third,  T2  :  t2zz  p  :^r, 

is  the  extenfion  o  f  /  =  or  of fX  (t2)'  zz  s .  Thefe 

theorems  hold  true  of  all  fimilar  adions  ;  and  only  for 
this  reafon,  are  true  of  uniformly  accelerated  motions,  or 
uniform  adions. 

^regate  There  remains  one  thing  more  to  be  faid  concerning 
nany  the  adion  of  accelerating  forces.  Their  magnitude  is 
ial  acce-  afCertained  by  their  efFed.  Therefore  that  is  to  be 
confidered  as  a  double  force  which  produces  a  double 
quantity  of  motion  Therefore  when  a  body  A  con¬ 
tains  twice  the  number  of  equal  atoms  of  matter,  and 
acquires  the  fame  velocity  from  the  adion  of  the  force 
F  that  another  body  a ,  containing  half  the  number  of 
atoms,  acquires  from  the  adion  of  a  force  f  we  con¬ 
ceive  F  to  be  double  of f.  That  this  is  a  legitimate  in¬ 
ference  appears  clearly  from  this,  that  we  conceive  the 
fenfible  weight  of  a  body,  or  that  preffure  which  it  ex¬ 
erts  on  its  fupports,  as  the  aggregate  of  the  equal  pref 
fuie,  of  every  atom,  accumulated  perhaps  on  one  point ; 
as  when  the  body  hangs  by  a  thread,  and,  by  its  inter¬ 
vention,  pulls  at  fomc  machine.  Without  inquiring  in 
what  manner,  or  by  what  intervention,  this  accumula¬ 
tion  of  preffure  is  brought  about,  we  fee  clearly  that  it 
refults  from  the  equal  accelerating  force  of  gravity  act¬ 
ing  immediately  on  each  atom.  When  this  weight  is 
thus  employed  to  move  another  body  by  the  intervene 
tion  of  the  thread,  which  is  attached  to  one  point  per¬ 
haps  of  that  body,  it  puts  the  whole  into  motion,  gene¬ 
rating  a  certain  velocity  v  in  every  atom,  by  ading 
uniformly  during  the  time  Z.  We  conceive  each  atom* 
to  have-fuftained  theadionof  an  equal  accelerating  force, 

whofe  meafure  is  Without  confidering  how  this 

force  is  exerted  on  each  atom,  or  by  what  it  is  imme¬ 
diately  exerted,  or  how  it  is  diffufed  through  the  body 
from  the  point  to  which  the  weight  of  the  other  body 
is  applied  by  means  of  the  thread  ;  we  dill  confider  it 
as  the  aggregate  of  the  adion  of  gravity  on  each  atom 
of  that  other  body  Moreover,  attending  only  to  the 
motion  produced  by  it,  and  perhaps  not  knowing  the 
weight  of  the  impelling  body,  we  meafure  it,  as  a  mo- 
jyng  force,  by  confidering  it  as  the  aggregate  of  the 
Suppl.  You  I.  Part  II. 
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forces  propagated  to  each  atom  of  the  impelled  body,  Of  Accele- 

.  rating  and 

and  meafured  by  If  we  know  that  the  impelled  Retarding 
*  Forces, 

body  contains  the  number  in  of  atoms,  the  aggregate  of  nr—  ■* 

.  .  v  mv 

forces  is  m  - ,  or - . 

r  t 

But  ftnce  we  meafure  forces  by  the  quantity  of  motion 
which  they  produce,  we  mult  conceive,  that  when  the 
fame  force  is  applied  to  a  body  which  coniifts  of  n  par¬ 
ticles,  and  produces  the  velocity  u ,  by  ading  uniformly 

during  the  fame  time  /,  the  force  n  ~  is  equal  to  the 
force  m 

t 

Sir  Ifaac  Newton  found  it  abfolutely  neceffary,  in  Moving 
the  difquifitions  of  natural  philofophy,  to  keep  this  cir- force,  mo. 
cumftance  of  acceleration  clear  of  all  notions  of  quanti-tive  fofCe* 
ty  of  matter,  or  other  confiderations,  and  to  contem-  Is 
plate  the  affedions  of  motion  only.  He  therefore  con-guifhtd 

fidered  —  as  the  true  original  meafure  of  accelerating  idling0"" 

1  force, 

force,  and  m  as  an  aggregate.  Fie  therefore  calls  the 

a££regate  a  vts  matrix ,  a  moving  force ,  meafured  by  the 
quantity  of  motion  that  it  generates.  And  he  confines 

the  term  accelerating  force  to  the  quantity  ~y,  meafured 

by  the  acceleration  or  velocity  only.  It  would  be  con¬ 
venient,  therefore,  alfo  to  confine  the  fymbol  f  to 

m  ~,  and  to  retain  the  fymbol  a  for  exprefling  the  acce¬ 
lerating  force  — • 

This  appellation  of  motive  force  is  perfedly  juft  and 
fimple;  for  we  may  conceive  it  as  the  fame  with  the 
accelerating  force  which  produces  the  velocity  m  times  v 
in  one  particle,  by  ading  on  it  uniformly  during  the 
time  Z.  This  motion  of  one  particle  having  the  velo¬ 
city  m  v ,  is  the  fame  with  that  of  m  particles  having 
each  the  velocity 'v. 

If  therefore  a  motive  force  /  ad  on  a  body  con- 
fifting  of  m  particles,  the  accelerating  force  a  is 

m  t  * 

Therefore  the  three  laft  propofitions  concerning  the 
fimilar,  the  uniform,  or  the  momentary  adions  of  mo- 
ving  forces,  when  expreffed  in  the  molt  general  terms, 
are, 

J_ 

m  Z'* 


v 


v  •  f  •  f s 

V  —  or  V  V  zz  J — . 

m  m 


m  s 

7* 


Of  Deflecting  Forces. 


nr 


When  we  obferve  the  diredion  of  a  body  to  change,  Defle&icg 
we  unavoidably  infer  the  agency  of  a  force  which  ads^orc€i* 
in  a  diredion  that  doe3  not  coincide  with  that  of  the 
body’s  motion  ;  and  we  may  diftinguifti  this  circum- 
ftance  by  calling  it  a  deflecting  force.  We  have 
already  fhewn  how  to  eftimate  and  meafure  this  de- 
fieding  force,  by  confidering  it  as  competent  to  the 
3  Y  pro- 
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Of  Deflec 
ting  ;r  rce 


Alteration 
of  deflec¬ 
tion*  are 
continual, 
and  pro 
tluce  curvi- 
lineal  mo¬ 
tions. 


produXion  of  that  motion  which,  when  compounded 
'with  the  former  motion,  will  produce  the  new  motion 
(n°44.)  Now,  as  all  changes  of  motion  are  really 
compofitions  of  motions  or  forces,  it  is  evident  that  we 
fhall  explain  the  aXion  of  defleXing  forces  when  we 
ftiew  this  compofition 

We  may  almofl  venture  to  fay  a  priori ,  that  all  de¬ 
flexions  mull  be  continual,  or  exhibit  curvilineal  mo¬ 
tions  :  for  as  no  finite  velocity,  or  change  of  velocity, 
can  be  produced  in  an  in  ft  ant  by  the  aXion  of  an  ac- 
•  celerating  force,  no  polygonal  or  angular  defleXion  can 
be  produced  ;  becaufe  this  is  the  compofition  of  a  finite 
velocity  produced  in  an  inftant.  DefleXive  motions  are 
all  produced  by  the  compofition  of  the  former  motion, 
having  a  finite  velocity,  with  a  tranfverfe  motion  conti¬ 
nually  accelerated  from  a  ftate  of  reft.  Of  this  we  can 
form  a  very  diftinX  notion,  by  taking  the  Gmpleft  cafe 
of  fuch  accelerated  motion,  namely,  an  uniformly  acce- 


lerated  motion* 

DetcrmPa  ^et  a  k°dy  mov^ng  in  the  direXion  AC  (fig.  20.) 

tionTf  the" Wlt^  any  conflant  velocity,  and  when  it  comes  to  A, 

path,  let  ft  be  expofed  to  the  aXion  of  an  accelerating  force, 
aXing  uniformly  in  any  other  direXion  AE.  This 
alone  would  caufe  the  body  to  defcribe  AE  with  a  uni¬ 
formly  accelerated  motion,  fo  that  the  fpaces  AD,  AE 
would  be  as  the  fquares  of  the  times  in  which  they  are 
defcribed.  Therefore,  if  AB  be  the  fpace  which  it 
would  have  defcribed  uniformly  in  the  time  that  it  de- 
fcribes  AD  by  the  aXion  of  the  accelerating  force,  and 
AC  the  fpace  which  it  would  have  defcribed  uniformly 
while  it  defcribes  AE  by  the  aXion  of  the  accelerating 
force — nothing  more  is  wanted  for  afcertaining  the 
real  motion  of  the  body  but  to  compound  the  uniform 
motion  in  the  direXion  AC  with  the  uniformly  accele¬ 
rated  motion  in  the  direXion  AE.  AD  is  to  AE  as 
the  fquare  of  the  time  of  defcribing  AD  to  the  fquare 
of  the  time  of  defcribing  AE  j  that  is,  as  the  fquare 
of  the  time  of  defcribing  AB  to  the  fquare  of  the  time 
of  defcribing  AC  t  that  is,  as  A  B2  to  A  C2  (by  reafon 
of  the  uniform  motion  in  AC).  -This  compofition  is 
performed  by  taking  the  fimultaneous  points  B,  D, 
and  the  fimultaneous  points  C,  E,  and  completing  the 
parallelograms  ABFD,  ACGE.  The  body  will  be 
found  in  the  points  F  and  G  in  the  inftants  in  which 
it  would  have  been  found  at  B  and  C  by  the  uniform 
motion,  or  in  D  and  E  by  the  accelerated  motion.  In 
the  fame  manner  may  be  found  as  many  points  of  the 
real  path  as  we  pleafe.  It  is  plain  that  thefe  points 
will  be  in  a  line  AFG,  fo  related  to  AE  that  AD  : 
AE  =  DF2  :  EG2  ;  or  fo  related  to  the  original  mo¬ 
tion  AC,  that  AB"-  :  AC2  =  BF  :  CG;  See.  This 
line  is  therefore  a  parabola,  of  which  AE  is  a  diameter, 
DF  and  EG  are  ordinates,  and  which  touches  AC  in 


A. 


And  rf  the  Having  thus  afeertained  the  path  of  the  body,  we 
motion  in  can  alfo  afeertain  the  motion  in  that  path ;  that  is,  the 
this  path,  velocity  in  any  point  of  it.  We  know,  that  the  velo¬ 
city  in  the  point  G  is  to  the  velocity  of  the  uniform 
motion  in  the  direXion  AC  as  the  tangent  TG  is  to 
the  ordinate  EG  ;  becaufe  this  is  the  ultimate  ratio  of 
the  momentary  increment  of  the  arch  AFG  to  the  mo¬ 
mentary  increment  of  the  ordinate  EG.  Thus  is  the 
velocity  in  every  point  of  the  curve  determined.  We 
have  taken  it  for  granted,  that  the  line  of  projeXion 
touches  the  path,  and  that  the  direXion  in  every  point 


m  i  c  s. 

is  that  of  the  tangent,  To  fuppofe  that  the  curve,  in  OfDefV 
any  portion  of  it,  coincides  with  the  tangent,  is  to  fnp.thigFoiffl 

pofe  that  the  body  is  not  defleXed  ;  that  is,  is  not  ac-  - 

ted  on  by  a  tranlverfe  accelerating  force  :  And  to  fup- 
pofe  that  the  tangent  makes  a  finite  angle  with  any 
part  of  the  path,  is  to  fuppofe  that  the  defleXion  is  not 
continual,  but  by  ftarts — both  of  which  are  contrary  to 
the  conditions  of  the  cafe.  No  ftraight  line  can  be 
drawn  between  the  direXion  of  the  body  and  the  fuc- 
ceeding  portion  of  the  path,  otherwife  we  muft  again 
fuppofe,  that  the  defleXion  is  fubfultory,  and  the  mo¬ 
tion  angular. 

But  while  the  inveftigatton  is  fo  eafy  when  the  direc- 
tion  and  intenfity  of  the  defleXing  force  in  every  point 
of  the  curve  are  known,  the  inveftigation  of  the  deflec¬ 
ting  force  from  the  obferved  motion  is  by  no  means 
eafy.  The  obferved  curvilineal  motion  always  arifes 
from  a  compofition  of  a  uniform  motion  in  the  tangent 
with  fome  tranfverfe  motion.  But  the  fame  curvilineal 
motion  may  be  produced  by  compounding  the  uniform 
motion  in  the  tangent  with  an  infinity  of  tranfverfe  mo¬ 
tions  ;  and  the  law  of  aXion  will  be  different  in  thefe 
tranfverfe  motions  according  as  their  direXions  differ* 

We  muft  learn,  not  only  the  intenfity  of  the  defleXing 
force,  and  the  law  of  its  variation,  but  alfo  its  direXion 
iu  every  point  of  the  curve.  It  is  not  eafy  to  find  ge¬ 
neral  rules  for  difeovering  the  direXion  of  the  tranfverfe 
force  ;  mod  commonly  this  is  indicated  by  extrinfic  cir- 
cumftances.  The  defleXing  force  is  frequently  obfer¬ 
ved  to  refide  in,  or  to  accompany  fome  other  body.  It 
may  be  prefumed,  therefore,  that  it  aXs  in  the  direc¬ 
tion  of  the  line  drawn  to  or  from  that  body  ;  yet  even 
this  is  uncertain.  The  molt  general  rule  for  this  invef¬ 
tigation  is  to  obferve  the  place  of  the  body  at  feveral 
intervals  of  time  before  and  after  its  paffing  through  the 
point  of  the  curve,  where  we  are  interefted  to  find  its 
precife  direXion.  We  then  draw  lines,  joining  thofe 
places  with  the  places  of  the  tangent  where  the  body 
would  have  been  by  the  uniform  motion  only.  We  fliall 
perhaps  obferve  thefe  lines  of  junXion  keep  in  parallel 
pofitions  :  we  may  be  affured,  that  the  direXion  of  the 
tranfverfe  force  is  the  fame  with  that  of  any  of  thefe 
lines.  This  is  the  cafe  in  the  example  juft  now  given 
of  a  parabolic  motion.  But  when  thefe  lines  change 
portion,  they  will  change  it  gradually  ;  and  their  pofi- 
tion  in  the  point  of  contaX  is  that  to  which  their  poli- 
tions  on  both  lides  of  it  gradually  approximate. 

But  all  this  is  deftitute  of  the  precifion  requifite  in 
philofophical  difeuftion.  We  are  indebted  to  Sir  Ifaac 
Newton  for  a  theorem  which  afcertains  the  direXion  of 
the  tranfverfe  force  with  all  exaXnefs,  in  the  cafes  in 
which  we  molt  of  all  wifli  to  attain  mathematical  accu¬ 
racy,  and  which  not  only  opened  the  accefs  to  thofe 
difeoveries  which  have  immortalifed  his  name,  but  alfo 
pointed  out  to  him  the  path  he  was  to  follow,  and  even 
marked  his  firft  fteps.  It  therefore  merits  a  very  par¬ 
ticular  treatment.  | 

If  a  body  defcribes  a  curve  line  ABC,  DEF  (fig. Newtek 
2i.)  lying  in  one  plane  ;  and  if  there  be  a  point  S  fokndamer 
fituated  in  this  plane  that  the  line  joining  it  with  the £al  t!?eo,c 
body  defcribes  areas  A  SB,  ASC,  ASD,  &c.  proper-  ^ion  of 
tional  to  the  times  in  which  the  body  defcribes  the  ar-defleding 
ches  AB,  AC,  AD,  &c.  the  force  which  defleXs  the^orce* 
body  from  reXilineal  motion  is  continually  direXed  to 
the  fixed  point  S. 


Let 


D 


Deflcc-  Let  us  firfl  fuppofe  th*t  the  boJy  defcribes  the  po- 
'f  b’oon  ABCDKF,  Sc  c.  formed  of  the  chords  AB,  BC, 
CD,  DE,  EF,  <$tc.  of  this  curve:  and  (for  greater 
fimplicitv  of  argument)  let  us  confider  areas  defcribed 
in  equal  iucceffive  times  ;  that  is,  let  us  fuppofe  that 
the  mangles  ASB,  BSC,  CSD,  &c.  are  equal,  and  de- 

.  fcnbed  ln  equal  times.  Make  B  r  =:  AB,  and  draw 
c  S. 

Had  the  motion  AB  fuffered  no  change  in  the  point 

f-Kp  twi/t-ir  J  1 _  j  r  •*  i  i  ; 


j’eas 
:  times 
!  icafc 


—  CO 
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their  bafes  AB,  EF  are  inverfely  as  their  altitudes  S  r,  Of  Dtfiec- 
S /.  But  thefe  bafes,  being  defcribed  in  equal  times,  tin£  l  orC:  *• 
are  as  the  velocities  ;  and  they  ultimately  coincide  with 
the  tangents  at  A  and  E. 

Cor.  2.  If  B. «  and  F  be  drawn  perpendicular  to 
SA  and  SE,  we  have  SaXB*  =:  SE  X  F  ,,  and 
S  A  :  SE  =  I  (  :  B  :  For  S  A  X  B  «  is  double  of  the 
triangle  BSA,  and  SE  X  F *  is  double  of  die  equal 
triangle  SFE. 


it? 


itral 


B,  the  body  would  have  defcribed  B  c  in  the  equal  mo 
ment  fucceeding  the  firft  :  but  it  defcribes  BC.  The 
■Body  has  therefore  been  defledted  by  an  external  force; 
and  BC  is  the  diagonal  of  a  parallelogram  (n°4j.  46.), 
of  which  B  c  is  one  fide,  and  c  C  is  another.  The  de¬ 
ling  force  will  be  difcovercd,  both  in  refpeft  of  di- 
reAion  and  intenfity,  by  completing  the  parallelogram 
B  c  C  i.  B  b  is  the  fpace  which  the  deflecting  force 
would  have  caufed  the  body  to  defcribe  in  the  time 
that  it  defcribes  Bt  or  BC.  Becaufe  B  r  is  equal  to 
BA,  the  triangles  BSr,  BSA  are  equal.  But  (by  the 
nature  of  the  motion)  BSA  is  equal  to  BSC.  There¬ 
fore  the  triangles  BSC  and  BS  c  are  equal.  They  are 
alfo  on  the  fame  bafe  BS  ;  therefore  they  lie  between 
the  fame  parallels,  and  Cc  is  parallel  to  SB.  But  c  C 
is  parallel  to  B  b.  .Therefore  B  b  coincides  with  BS, 
and  the  deflecting  force  at  B  is  directed  toward  S. 
By  the  fame  argument,  the  defleding  force  at  the 
angles  D,  E,  F,  &c.  is  directed  to  S. 

Now,  let  the  tides  of  the  polygon  be  diminithed,  and 
their  number  increafed  without  end.  The  demonftra- 
tion  remains  the  fame  ;  and  continues,  when  the  polygon 
finally  coalefces  with  the  curve,  and  the  defledtion  is 
continual. 

When  areas  are  defcribed  proportional  to  the  times, 
equal  areas  are  defcribed  in  equal  times  ;  and  therefore 
the  defle&ion  is  always  dire&ed  to  S.  Q^E.  D. 

1  he  point  S  may,  with  great  propriety  of  language, 
be  called  the  Centre  of  Deflection,  or  the  Cen¬ 
tre  of  Forces  ;  and  forces  which  are  thus  continual¬ 
ly  dire&ed  to  one  fixed  point,  may  be  diftinguifhed 
from  other  defie&mg  forces  by  the  name  Central 
Forces. 

The  line  joining  the  centre  of  forces  with  the  body, 
and  which  may  be  conceived  as  a  ftiffline,  carrying  the 
;  us  vec- body  round,  is  ufually  named  the  Radius  Vector. 

.  The  converfe  of  this  proposition,  viz.  that  if  the  de- 

f  ra]f<>r-fle<^ing  forces  be  always  dire&ed  to  S,  the  motion  is 
^  roduce  performed  in  one  plane,  in  which  S  is  fituated,  and 
M  pro-  areas  are  defcribed  proportional  to  the  times — is  eafily 
It  i)meSt0d.emonftrated  V  reverfing  the  fteps  of  this  demonftra- 
tion.  The  motion  will  be  in  the  plane  of  the  lines  SB 
and  B  c;  becaufe  the  diagonal  BC  of  the  parallelogram 
of  forces  is  in  the  plane  of  the  Tides.  Areas  are  de¬ 
fcribed  proportional  to  the  times  ;  for  C  c  being  pa- 
lallel  to  SB,  the  triangles  SCB  and  S  c  B  are  equal ; 
and  therefore  SCB  and  SAB  are  equal,  See .  See. 

16  Cor.  -1 .  When  a  body  defcribes  areas  round  S  pro- 
idy  as^0It*°na^  t0  tfoies’  or  whcn  it  is  continually  dellec- 
eipen. ted  toward  S,  or  s&ed  on  by  a  tranfverfe  force  dire&ed 
to  S,  the  velocities  in  the  different  points  A  and  E  of 
the  cuive  are  inverfely  proportional  to  the  perpendicu- 
ars  S  r  and  S  /,  drawn  from  the  centre  of  forces  to  the 
tangents  in  thofe  points  ;  that  is,  to  the  perpendiculars 
rom  the  centre  on  the  momentary  dire&ions  of  the 
motion  :  Fo*  fince  the  triangles  ASB,  ESF  are  equal. 


re  of 
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Cor.  3.  The  angular  velocity  roundS,  that  is,  the  A 
magnitude  of  the.  angle  defcribed  in  equal  times  by  the  loci!)  is  in." 
radius  vector,  is  inverfely  proportional  to  the  fquare  of  •’erlely  as 
the  diftance  from  S,  For  when  the  arches  A B,  £pthefquirc 
are  diminithed  continually,  the  perpendiculars  B  *  and 
r  £  will  ultimately  coincide  with  arches  defcribed  round  the  centre 
S  with  the  raoii  SB  and  SF.  Now  the  magnitude  of&  forces, 
an  angle  is  proportional  to  the  length  of  the  arch  which 
meafures  it  direftly,  and  to  the  'radius  of  the  arch  in¬ 
verfely.  In  any  circle,  an  arch  of  two  inches  long  mea¬ 
fures  twice  as  many  degrees  as  an  arch  one  inch  long ; 
and  an  arch  an  inch  long  contains  twice  as  many  de¬ 
grees  of  a  circle  whofe  radius  is  twice  as  ffiort.  There¬ 
fore,  ultimately,  the  angle  ASB  is  to  the  angle  ESF 
as  B  a  to  F  „  and  as  SF  to  SB  jointly  ;  that  is,  as  B  « 

X  SF  to  F  <  X  SB.  But  B  *  :  F «  =  SE  :  SA  (Cor. 

2.).  Therefore  ASB  :  ESF  =  SE  X  SF  :  SB  X  SA. 

—  ultimately  SE1 ;  SB2. 

This  corollary  gives  us  an  oftenfible  mark,  in  many 
very  important  cafes,  of  the  aaionof  a  defleaing  force 
being  always  direaed  to  a  fixed  point.  We  are  often 
able  to  meafure  the  angular  motion  when  we  cannot 
meafure  the  real  velocities. 

Having  thus  difcovered  the  chief  circumftances  which  Iritima'e 
enable  us  to  afeertain  the  direaion  of  the  defleaing connection 
force,  we  proceed  to  inveftigate  the  quantity  of  this  de  of  7‘‘amxs 
fleaive  determination  in  the  different  points  of  a  cutvi- htner  geo 
lineal  motion.  This  is  a  more  difficult  tafk.  The  mo-  metry. 
meritary  effea  of  the  defleaing  force  is  a  fmall  devia¬ 
tion  from  the  tangent ;  and  this  deviation  is  made  with 
an  accelerated  motion.  The  law  of  this  acceleration 
regulates  the  curvature  of  the  path,  and  is  to  be  deter¬ 
mined  by  it.  We  may  be  allowed  to  obferve  by  the 
way,  that  it  appears  clearly  from  the  form  in  which 
Newton  has  prefented  all  his  dynamical  theorems,  that 
we  arc  indebted  to  thefe  problems  for  the  immenfe  im- 
provement  which  he  has  made  in  geometry  by  his  in¬ 
vention  of  fluxions.  The  purpofes  he  had  in  view  fug. 
gefted  to  his  penetrating  mind  the  means  for  attaining 
them  ;  and  the  connection  between  dynamics  and  geo¬ 
metry  13  fo  intimate,  that  the  fame  theorems  are  in  a 
manner  common  to  both.  This  is  particularly  the  cafe 
in  all  that  relates  to  curvature.  Or  ffiall  we  fay  that  the 
geometry  of  Dr  Barrow  fuggefted  the  dynamical  theo¬ 
rems  to  Newton  ?  We  have  feen  how  the  curvature  of  a 
parabola  is  produced  by  a  force  acting  uniformly,  t  he 
momentary  aftion  of  all  finite  forces  may  be  confidered 
as  uniform  ;  and  therefore  the  curvature  will  be  that  of 
fome  portion  of  fome  parabola;  but  it  will  be  difficult 
to  determine  the  precife  degree  without  fome  faither 
help  We  are  beft  acquainted  with  the  properties  of  ' 
the  circle,  and  will  have  the  cleared  notions  of  the  cur. 
vature  of  other  curves  by  comparing  them  with  ci’cles. 

I  he  curvature  of  a  circular  arch  of  given  length  is  Meafure  of 
fo  much  greater  as  its  radius  is  ffiorter  ;  for  it  wilt  con-  curvature, 
tain  lo  many  more  degrees  in  the  fame  length  ;  and 

'5  *r  2  therefore 
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Of  Deflec-  therefore  the  change  of  direction  of  Its  extremities  is  fo 
ting  Forces  mnc]l  greater.  Curvatures  may  always  be  meafured 
t^e  length  of  the  arch  diredly  and  the  radius  in- 
TI9  verfely. 

Evolution  Suppofe  a  thread  made  fad  at  one  end  of  a  material 
and  involu- CLirve* ABCD  (fig.  22.)  and  applied  to  it  in  its  whole 
^  length.  'Faking  hold  of  its  extremity  D,  unfold  it  gra¬ 
dually  from  the  curve  DCBA  ;  the  extremity  D  will 
defcribe  another  curve  D  c  b  a.  This  geometrical  ope¬ 
ration  is  called  the  Evolution  of  curves,  and  D  c  ba 
is  called  the  Evolute  of  DCBA,  which  is  called  the 
Involute  ofD^fl.  Perhaps  this  denomination  has 
been  given  from  the  genefis  of  the  area  or  furface  con¬ 
tained  by  the  two  lines,  which  is  folded  up  and  unfold- 
cd  fomewhat  like  a  fan.  When  the  defcribing  point  is 
in  b ,  the  thread  b  B  is,  undoubtedly,  the  momentary 
radius  of  a  circle  e  bf,  whofe  centre  is  B.  the  point  of 
the  involute  which  it  is  juft  going  to  quit. .  The  mo¬ 
mentary  motion  of  b  is  the  fame,  whether  it  is  defcri¬ 
bing  an  arch  of  the  evolnte  palling  through  b ,  or  an 
arch  of  a  circle  round  the  centre  B.  The  fame  lme 
b  /,  perpendicular  to  the  thread  b  B,  touches  the  circle 
ebf  and  the  curve  D  b  a  in  the  point  b.  This  circle 
e  bf  muft  lie  within  the  curve  D  ba  on  the  fide  of  b  B 
toward  a  ;  becaufe  on  this  fide  the  momentary  radius  is 
continually  increafmg.  For  fimilar  reafons,  the  circle 
e  b  f  lies  without  the  curve  on  the  other  fide  of  b  B. 
Therefore  the  circle  ebf  both  touches  and  cut3  the 
curve  D  b  a  in  the  point  b.  Moreover,  becaufe  every 
portion  of  the  curve  between  b  and  D  is  defcribed  with 
xadii  that  are  fhorter  than  b  B,  it  muft  be  more  incur- 
vated  than  any  portion  of  the  circle  ebf  For  fimilai* 
reafons,  every  portion  of  the  curve  between  b  and  a 
muft  be  lefs  incurvated  than  this  circle  ;  therefore  the 
circle  has  that  precife  degree  of  curvature  that  belongs 
to  the  curve  in  the  point  b  ;  it  is  therefore  called  the 
Equicurve  Circle,  or  the  Circle  of  Curvature, 
and  B  is  called  the  centre,  and  B  b  the  Radius  of 
Curvature.  It  is  eafy  to  perceive  that  no  circle  can 
be  defcribed  which  {hall  touch  the  curve  in  b,  and  come 
between  it  and  the  circle  ebf;  for  its  centre  muft  be 
in  fome  point  i  of  the  radius  b  B.  If  i  b  be  lefs  than 
B  b ,  it  muft  fall  within  the  curve  on  both  fides  of  b, 
and  if  lb  is  greater  than  B  b ,  the  circle  muft  fall  with- 
out  the  curve  on  both  fides  of  B  b.  The  circle  ebj 
lies  clofer  to  the  curve,  has  clofer  contact  with  it,  than 
any  other,  and  has  therefore  got  the  whimfical  name 
of  Osculating  Circle  ;  and  this  fort  of  contad  was 
called  Osculation. 

This  view  of  the  genefis  of  curve  lines  is  of  particu¬ 
lar  ufe  in  dynamical  difcuffions.  It  exhibits  to  the  eye 
the  perfed  famenefs  of  the  momentary  motion,  and 
therefore  of  the  momentary  defledion,  in  the  curve  and 
in  the  equicurve  circle,  and  leaves  the  nund  without  a 
doubt  but  that  the  forces  which  produce  the  one  will 
produce  the  other.  A  great  variety  of  curves  may  be 
defcribed  in  this  way.  If  perpendiculars  be  drawn  to 
the  curve  D  b  a  in  every  point,  they  will  interfed  each 
other,  each  its  immediate  neighbour,  in  the  circum¬ 
ference  of  the  curve  DBA  :  and  geometry  teaches  us 
how  to  find  the  curve  DBA  which  (hall  produce  the 
curve  D  b  a  by  evolution  (fee  Evolution  and  Invo¬ 
lution,  Supplement .). 

It  is  a  matter  worthy  of  remark,  that  the  path  of  a 
body  that  is  defleded  from  redilineal  motion  by  a  jf- 
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nlte  force,  varying  according  to  any  law  whatever,  may  Of  Dcfi 
always  be  defcribed  by  evolution.  This  includes  al-tlu£ 
mod  every  cafe  of  the  adion  of  dtfteding  forces  ;  none  r 
being  excepted  but  when,  by  the  oppolite  adion  of 
different  forces,  the  body  is  in  equilibrio  in  one  fingle 
point  of  its  path. 

Our  talk  is  now  brought  within  a  very  narrow  com- 
pafs,  namely,  to  meafure  the  defledion  in  the  arch  of  a 
circle. 

Had  the  motion  reprefented  in  fig.  21.  been  poly¬ 
gonal,  it  is  plain  that  the  defleding  force  in  the  point 
B  is  to  that  in  the  point  E  as  the  diagonal  B  b  of  the 
parallelogram  ABC  b  to  the  diagonal  E  l  of  the  pa¬ 
rallelogram  D E ¥  l ;  therefore'  let  ABCZY  be  a  circle 
palling  through  the  points  A,  B,  and  C,  and  let  the 
radius  vedor  BS  cut  the  circumference  in  Z  ;  draw 
AZ>  CZ,  and  the  diagonal  AC,  which  neceffarily  bi- 
feds  and  is  bifeded  by  the  diagonal  B  b.  The  tri¬ 
angles  b  BC  and  CBZ  are  fimilar  ;  for  the  angle  C  b  Il¬ 
l's  equal  to  the  alternate  angle  AB  b  or  ABZ,  which  is 
equal  to  the  ACZ,  ftanding  on  the  fame  chord  AZ. 

And  the  angle  CB  b ,  or  CBZ,  is  equal  to  C  AZ,  ftand¬ 
ing  on  the  fame  chord  CZ  ;  therefore  the  remaining 
angle  ^CB  is  equal  to  the  remaining  angle  AZC  ; 
therefore  Z  \  is  to  AC  as  BC  to  B  b,  and  B  b 

ACxBC .  1M  _ DFxEF. 

In  like  manner  E/  — 
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Now  let  the  points  A  and  C  continually  approach, 
and  ultimately  coalefce  with  B  ;  it  is  evident  that  the 
circle  ABCZY  is  ultimately  the  equicurve  or  coinci¬ 
ding  circle  at  the  point  B,  and  that  AS  ultimately  coa- 
lefces  with,  and  is  equal  to,  BS,  and  that  ACXBC 
is  ultimately  2BC2;  therefore  ultimately  B  b  :  E  /  zz 
BC2  EF2 


zBC*  2EF2 


BZ  E  5s  ’ 

Now  BC  and  EF 
are  as  the  velocities  : 
the  velocities  which 


4-BZ  4E  ~ 

being  defcribed  in  equal  times,  Meaful 
B  b  and  Ei  are  the  meafures  ofdefledlj 
the  defiedive  forces  at  B  and  E^orce8' 
would  generate  in  the  time  that  the  body  deferibes 
BC  or  EF,  and  are  therefore  the  meafures  of  thofe  for¬ 
ces.  ’They  are  as  the  f qua  res  of  the  velocities  directly, 
and  inverfely  as  thofe  chords  of  the  equicurve  circles  which 
have  the  direction  p  of  the  defection. 

Obferve,  that  B  b  or  E  i  is  the  third  proportional  to 
half  of  the  chord  and  the  arch  defcribed  ;  for  B  b  :  BC 
BZ 

=  Bc:-r 

It  is  evident,  that  as  the  arches  AB,  BC,  conti¬ 
nually  diminifh,  AC  is  ultimately  parallel  to  the  tan¬ 
gent  B  r,  and  BO  is  equal  totheadual  defledion  from 
the  tangent.  The  triangles  BOC  and  AOZ  are  fimi- 
OC2  .  BC2 

lar,  and  BO  =  or  ultimately  =r  We  may 

meafure  the  forces  by  the  adual  defledions,  becaufe 
they  are  the  halves  of  the  meafuies  of  the  generated 
velocities  ;  and  we  may  fay  that  r 

The  aftual  momentary  deflexion  from  the  tangent  is  a  ^eaf 
third  proportional  to  the  deflcQive  chord  of  the  equU  defied 
curve  circle  and  the  arch  defcribed  during  the  moment . 
Either  of  thefe  meafures  may  be  taken,  but  we  muftCauti 
take  care  not  to  confound  them.  The  firft  is  the 
moft  proper,  becaufe  the  change  produced  on  the  body 
(which  is  the  immediate  effed  and  meafure  of  the  force) 
i$  the  determination,  left  inherent  in  it,  to  move  with 
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Deflec-  a  certain  velocity.  This  is  the  meafure  alfo  which  we 
{  Forces,  obtain  by  means  of  the  differential  or  fluxionisry  cal- 


culus  ;  but  the  other  meafure  mull  be  obtained  when 
our  immediate  obje&  is  to  mark  the  a£lual  path  of  the 
body.  What  is  now  delivered  coincides  with  what 
was  more  briefly  ftated  in  Astronomy,  SuppL  n°  16. 
and  is  repeated  in  this  place,  becaufe  the  Heps  of  this 
demonltration,  which  is  Newton’s,  fo  naturally  termi¬ 
nate  in  the  equicurve  circle,  and  give  at  once  the  im¬ 
mediate  meafure  of  the  defledling  force  :  at  the  fame 
time  the  reader  mull  perceive  that  this  meafure  does 
not  depend  on  the  force  being  always  directed  to  one 
centre;  it  is  enough  that  the  two  Tides  of  the  polygon, 
in  immediate  fuccefflon,  are  described  in  tqual  times. 
This  is  neceffary  in  order  that  ABC£  may  be  a  paral¬ 
lelogram,  and  that  the  diagonals  AC  and  B  b  may  mu¬ 
tually  bifedl  each  other. 

Thus  have  we  obtained  a  meafure  of  defle&tng  force, 
and,  in  the  moil  important  cafes,  a  method  of  difeover- 
ing  its  dtre&ion.  It  only  remains  to  point  out  the  re¬ 
lation  between  the  intenfity  of  the  force,  the  curvature 
of  the  path,  and  the  velocity  of  the  motion.  Thefe 
three  circumflances  have  a  neceffary  connexion  ;  for 
we  fee  that  the  intenfity  is  expreffed  by  certain  values 

,  .  Arch  1 

of  the  other  two  in  the  formula  f  ==?  7^'^  or  f 

2  BC  2  rni  ,  n  .  \  . 

I  lie  deflective  velocity  B  b  is  acquired  in 

the  body  deferibes  BC  ;  therefore  the 


-  BZ 
the  time  that 

dcfle&ive  velocity  is  to  the  velocity  in  the ’curve  as  B  b 
to  BC.  The  velocity  B  h  is  acquired  by  an  accelera- 
BO  ;  for  while,  by  progreffive  mo- 
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Let  one  body  be  impelled  from  A  (Ag.  23.)  toward  Of  Deflec- 
C  along  the  llraight  line  AVDEC,  and  let  another  be  *in£_F°rces. 
deflefted  along  the  curve  line  VI K  i.  About  the  centre  ' 

C  deferibe  concentric  arches  ID,  KE,  very  near  to 
each  other,  and  cutting  the  curve  in  I  and  K,  and  the 
line  AC  in  D  and  E  ;  draw  IC,  cutting  KE  in  N, 
and  draw  NT  perpendicular  to  the  arch  IK  of  the 
curve,  and  complete  the  parallelogram  ITNO.  Let 
the  bodies  be  fippofed  to  have  equal  velocities  at  I  and 
at  D.  ^ 

Then,  becaufe  the  centripetal  forces  are  fuppofed  to 
be  the  tame  for  both  bodies  when  they  are  at  equal 
Balances,  the  accelerating  forces  at  D  and  I  may  be 
reprefented  by  the  equal  lines  DE  and  IN  ;  but  the 
foice  IN  is  not  wholly  employed  in  accelerating  the 
body  along  the  arch  IK,  but,  acting  tranfverfely,  it  ia 
partly  employed  in  incurvating  the  path.  It  is  equi¬ 
valent  to  the  two  forces  10  and  IT,  of  which  only  IT 
accelerates  the  body.  Now  IKN  is  a  right  angled  tri¬ 
angle,  as  is  alfo  the  triangle  INT;  and  they  are^imilar; 
therefore  IN  :  IT  =  IK  :  IN,  or  DE  :  IT  =  IK  :  DE  ; 
that  is,  the  force  which  accelerates  the  body  along  DE 
is  to  the  force  which  accelerates  the  body  along  IK  as 
the  fpaee  IK  is  to  the  fpace  DE  ;  therefore  (n°  86.) 
the  increment  ot  the  Iquarc  ot  the  velocity  acquired 
along  DE  is  equal  to  the  increment  of  the  fquare  of 
the  velocity- acquired  along  IK.  But  the  velocities  at 
D  and  1  were  equal,  and  confequently  their  fquares 
were  equal;  and  thefe  having  received  equal  increments, 
therefore  the  fquares  of  the  velocities  at  E  and  K  are 
equal,  and  the  velocities  themfelves  are  equal.  And  fince 
this  is  the  cafe  in  all  the  correfponding  points  of  die¬ 


ted  motion  alon^j  jju  ;  iui  wnne,  uy  progrciuve  mo-  .  ~  -  j/uiuld  wi  me 

tion,  the  body  deferibes  BC,  it  deflects  from  the  tan-  .  e  an^  ^ie  curve  VI K,  the  velocities  at  all  equal 

gent  through  a  fpaee  equal  to  the  half  of  B  b ,  becaufe  diftances  from  C  will  be  equal 
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the  momentary  action  of  the  deflecting  force  may  be 
confidered  as  uniform.  The  progreffive  velocity  BC 
may  be  generated  by  the  fame  force,  uniformly  acting 
through  a  fpace  greater  than  BC  ;  call  this  fpaee  x. 
The  [paces  along  which  a  body  mud  be  uniformly  im¬ 
pelled  in  order  to  acquire  different  velocities,  are  as  the 
fquares  of  thofe  velocities  ;  therefore  B  h*  :  BC  2  r= 
B  0  :  x  ;  but  B  b  :  BC  =  BC  :  i  BZ  ;  therefore  B  b  2  : 
BC  2  =  B  b  :  i  BZ,  and  B  b  :  i  BZ  =  B  0  :  *,  and 
B  b  :  B  0  zr  £  BZ  :  *  ;  but  B  0  is  f  of  B  b  ;  therefore 
x  is  d  of  BZ  ;  that  is, 

The  velocity  in  any  point  of  a  curvilineal  path ,  is  that 
which  the  deflecting  forces  in  that  point  would  generate  in 
the  body  by  impelling  it  uniformly  along  one  fourth  part  of 
the  deflective  chord  of  the  equicurve  circle.  If  the  velo¬ 
city  increafe,  the  chord  of  the  equicurve  circle  mult 
inereafe  ;  that  is,  the  path  becomes  lefs  incurvated.  If 
the  force  be  increafed,  the  curvature  will  alfo  increafe, 
for  the  chord  of  curvature  will  be  lefs. 

There  is  another  general  obfervation  to  be  made  on 
the  velocity  of  a  curvilineal  motion, 
fills  us  in  our  inveftigations. 

If  a  body  deferibes  a  curve  by  the  a  Cl  ion  of  a  force 
always  directed  to  a  fixed  pointy  and  varying  according  to 
I v]  1  dire 61  any  proportion  whatever  of  the  diflances  from  that  point , 
rf  oach  to  and  if  another  body ,  aCled  on  by  the  fame  centripetal 
entre.  force ,  move  toward  the  centre  in  a  jlraight  line ,  and  if 
in  any  one  cafe  of  equal  diflances  from  the  centre  of  force 
the  two  bodies  have  equal  velocities ,  they  will  have  equal 
velocities  in  every  other  cafe  of  equal  diflances  from  the 
centre . 


Ijnpari- 
ffjof  orbi- 
I  notion 


It  is  evident  that  the  conclufion  will  be  the  fame,  if 
the  bodies,  inftead  of  being  accelerated  by  approaching 
the  centre  in  the  llraight  line  AC,  and  in  the  curve 
V1K,  are  moving  in  the  oppofite  directions  from  E  to 
A,  or  from  I  to  V,  and  are  therefore  retarded  by  the 
centripetal  force. 

Cor .  Hence  it  follows,  that  if  a  body  be  projedled  Retarded 
from  any  point,  fueh  as  V,  of  the  curve,  in  a  line  tend-  curvilineal 
ing  llraight  from  the  centre,  with  the  velocity  which  it  motIon  al- 
had  in  that  point  of  the  curve,  it  would  go  to  a  di  fiance  Hr  pan  Fed 
VA,  fueh,  that  if  it  were  impelled  along  AV  by  the  cen-  by  recefa 
tripeta!  force,  it  would  acquire  its  former  velocity  in  the  from  the 
point  V  ;  alfo  in  any  point  between  V  and  A  it  will C 
have  the  fame  velocity  in  its  recefs  from  the  centre  that 
it  has  there  in  its  approach  to  the  centre. 

1  he  line  BLFG,  whofe  ordinates  are  as  the  intenfi- 
ties  of  the  centripetal  force  in  A,  V,  D,  E,  or  in  A, 

V,  L  K,  may  be  called  the  scale  or  exponent  of 
force  ;  the  areas  bounded  by  the  ordinates  AB,  VL, 

DF,  EG,  See.  drawn  from  any  two  points  of  the  axis, 
which  greatly  af-  are  as  the  fquares  of  the  velocity  acquired  by  accelera¬ 
tion  along  the  intercepted  part  of  the  axis,  or  in  any 


,  centre. 


curvilineal  path,  while  the  body  approaches  the  centre, 
or  which  are  loft  while  the  body  retires  from  it.  When 
we  can  compute  thefe  areas  we  obtain  the  velocities 
(fee  nw  102.). 

We  are  now  in  a  condition  to  folve  the  chief  pro¬ 
blem  in  the  fcience  of  dynamics,  to  which  the  whole  of 
it  is,  in  a  great  meafure,  fubfervient.  The  problem  is 
this, 

Let  a  body  be  projefted  with  a  known  velocity  from 
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a  given  point  and  In  a  given  dire&ion,  and  let  it  be  un¬ 
der  the  Influence  of  a  mechanical  force,  vvhofe  dlre&ion, 
intenfity,  and  variation,  are  all  known  :  it  is  required  to 
determine  its  path,  and  its  motion  in  this  path,  for  any 
given  time  ? 

This  problem  is  fufceptible  of  three  diflindf  claffes  of 
conditions,  which  require  different  inveftigation. 

1 .  The  force  may  a&  in  one  conftant  direction  ;  that 
Is,  in  parallel  lines. 

2.  The  force  may  be  always  dire&ed  to  a  fixed 
point. 

3.  It^rnay  be  dire&ed  to  a  point  which  is  continually 
changing  it  place. 

1.  When  the  force  adls  in  parallel  lines,  the  problem 
is  folved  by  compounding  the  rediilineal  accelerated 
motion  which  the  force  would  produce  in  its  own  direc¬ 
tion  with  the  uniform  motion  which  the  proje&icn  a- 
lone  would  have  produced.  The  motion  muff  be  enr- 
vilineal,  when  the  accelerating  force  is  tranfverfe,  in 
any  degree  whatever,  to  the  proje&ile  motion  ;  and  the 
curvilineal  path  muft  be  concave  on  that  fide  to  which 
the  defle&ing  force  tends  ;  for  the  force  is  fuppofed  to 
a£t  inceffantly.  The  place  of  the  body  will  be  had  for 
any  time,  by  finding  where  the  body  would  have  been 
at  the  end  of  that  time  by  each  force  adling  alone,  and 
by  completing  the  parallelogram.  Thus,  fuppofe  a  bo¬ 
dy  proje&ed  along  AB  (fig.  20.)  while  it  is  continual¬ 
ly  a&ed  on  by  a  force  whofe  direction  is  AD.  Let  D 
and  B  be  the  places  where  the  body  would  be  at  the 
end  of  a  given  time.  Then  the  body  will,  at  the  end 
of  that  time,  be  in  F,  the  oppofite  angle  of  the  paral¬ 
lelogram  ABFD.  But  it  has  not  deferibed  the  diago¬ 
nal  AF,‘  becaufe  its  motion  has  been  curvilineal,  as  we 
fhall  find  by  determining  its  place  at  other  inftants  of 
this  time. 

The  velocity  in  any  point  F  is  found  by  firft  deter¬ 
mining  the  velocity  at  D,  and  making  DT  to  DF  as 
the  velocity  at  D  to  the  velocity  at  B  (that  is,  the  ve¬ 
locity  of  projedlion,  becaufe  the  motion  along  AB  is 
uniform).  Then  draw  f  F.  Then  AB  is  to  TF  as 
the  conftant  velocity  of  proje&ion  to  the  velocity  at  F. 
We  have  feen  already  (n°  1 1 2 — 1 19.)  that  TF  is  a  tan¬ 
gent  to  the  curve  in  F.  Hence  we  may  determine  the 
velocity  at  F  in  another  way.  Having  determined  the 
form  of  the  path  in  the  way  already  deferibed,  by  find¬ 
ing  its  different  points,  draw  the  tangent  F  d>  cutting  the 
line  DA  in  d.  Then  the/ velocity  at  A  is  to  that  at  F 
as  AB  to  d F.  Hence  alfo  we  fee,  that  the  velocities 
in  every  point  of  the  curve  are  proportional  to  the  por¬ 
tion  of  the  tangents  at  thofe  points  which  are  intercept¬ 
ed  between  any  two  lines  parallel  to  AD. 

Either  of  thefe  methods  for  afeertaining  the  velocity, 
in  this  cafe  of  parallel  defledlions,  will  in  general  be 
eafier  than  the  general  method  in  nQ  I2i.by  the  equi- 
curve  circle. 

It  was  thus  that  Galileo  difeovered  the  parabolic  mo¬ 
tion  of  heavy  bodies. 

■  2.  We  mult  confider  the  motions  of  bodies  affe&ed 

by  centripetal  or  centrifugal  forces,  always  tending  to 
one  fixed  point.  This  is  the  celebrated  inverfe problem 
• f  centripetal  forces ,  and  is  the  42  d  propofition  of  the 
ftrft  book  of  Newton’s  Principia .  We  (hall  give  the 
fplution  after  the  manner  of  its  illuflrious  author ;  be¬ 
caufe  it  is  elementary,  in  the  pureft  fenfe  of  the  word, 
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keeping  in  view  the  two  leading  circiim fiances,  and 
theft'  only,  namely,  the  motion  of  approach  and  recefs 
from  the  centre,  and  the  motion  of  revolution.  By 
this  judicious  procefs,  it  becomes  a  pattern  by  which 
more  refined,  and,  in  fome  refpe&s,  better  folutions 
fhould  be  modelled.  At  the  fame  time  we  fhall  fupply 
fome  fteps  of  the  inveftigation  which  his  elegant  concife- 
nefs  has  made  him  omit. 

Let  a  body,  which  tends  to  C  (fig.  24.)  with  a  force 
proportional  to  the  ordinates  of  the  exponent  BLFG, 
having  the  axis  CA,  be  projedled  from  V  in  the  direc¬ 
tion  VQ^,  with  the  velocity  which  the  centripetal  force 
would  generate  in  it  by  accelerating  it  along  AV,  It 
is  required  to  determine  the  path  or  orbit  VI KI  of  the 
body,  and  its  place  I  in  this  orbit,  at  the  end  of  the  af- 
figned  time  T  ? 

Suppofe  the  thing  done,  and  that  I  is  the  place  of 
the  body.  About  the  centre  C,  with  the  diftances  CV 
and  Cl,  deferibe  the  circles  YV  and  ID.  Draw  CIX 
to  the  circumference,  and  draw  the  ordinate  DF  of  the 
exponent  of  forces,  producing  it  toward  x,  and  produce 
the  ordinate  VL  toward  a.  Let  V  /  be  the  diftance  to 
which  the  bod)  would  go  along  the  tangent  VQJn 
the  time  T,  and  join  t  C.  Let  this  be  fuppofed  done 
for  every  point  of  the  curve.  Letafi  and  a  xy  be 
two  curves  fo  relate  to  the  curve  VIK,  that  the  ordi¬ 
nate  DF  cuts  off  an  area  V  a  iD  equal  to  the  orbital 
fedlor  VC  I,  and  an  area  V  ax  D  equal  to  the  circular 
fedor  VCX. 

Then,  becaufe  the  velocity  of  proje&ion  is  given, 
the  diftance  V  t  is  known,  and  the  area  of  the  triangle 
VC/.  But  this  is  equal  to  the  area  VCT,  by  the  laws 
of  central  forces  (n  1  15.),  Therefore  the  area  V  a  i  D 
is  given.  Alfo,  becaufe  the  area  VC  I  increafes  in  the 
proportion  of  the  time,  the  area  V  a  i  D  increafes  at  the 
fame  rate.  Therefore,  having  thefe  fubfidiary  curves 
a  iky  ax y,  the  problem  is  folved  as  follows; 

Draw  an  ordinate  D  /,  cutting  off  an  area  V  a  i  D 
proportional  to  the  time,  and  deferibe  a  circle  DIR. 
Then  draw  a  line  CX,  cutting  off  a  fe&or  VCX,  equal 
to  the  area  VuxD  cut  off  by  the  ordinate  D  i  x.  Thi3 
line  will  cut  the  circle  DR  in  the  point  I,  which  is  the 
point  of  the  orbit  that  was  demanded. 

But  the  chief  difficulty  of  the  problem  confifts  in  the 
defeription  of  the  two  fubfidiary  curves  a  i  k  and  a  x  y9 
into  which  the  lines  VIK  and  VXY  are  transformed. 
We  attain  this  conftrudtion  by  refolving  the  motion  in 
the  arch  of  the  orbit  into  two  motions,  one  of  which 
is  in  the  direction  of  the  tranfverfe  force,  or  of  the  ra¬ 
dius  vetftor,  and  the  other  is  in  the  direction  of  revolu¬ 
tion,  or  perpendicular  to  the  radius. 

Let  V  k  and  I K  be  two  very  fmall  arches  deferibed 
in  equal  moments,  and  therefore  ultimately  in  the  ratio 
of  the  velocities  in  V  and  I  (n°  73.).  Deferibe  the 
circle  KE,  cutting  IC  in  N.  Draw  KC  and  k  C,  and 
k  n  perpendicular  to  VC. 

The  element  ICK  of  the  orbit  is  =  or 
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to  i  IC  X  KN.  This  is  equal  to  the  element  D  i k  E 
of  the  area  V  a  i  D,  or  to  D  /  X  DE,  or  to  D  i  X  IN. 
Therefore  IN  :  KN  =.  \  IC  :  D  i9  or  2  IN-:  KN  ==: 

IC;D;,andU,=~-|^- 

Now  let  A  If  g  h  be  the  exponent  of  the  velocities, 

that 


Of  Deh 

ting  to  I 


it! 


D  Y  N  A 

that  is  (n°  86  ),  let  V  /*  be  to  D/*  as  ABLV  to 
^^ABFD,  or  V/:  D/=  v'ABLV  =  V ABFD.  Make 
V  v  and  I  i  in  the  tangents  refpeftively  equal  to  V  / 
and  D  f.  Draw  v  u  and  i  o  perpendicular  to  VC  and 
IC,  and  v  m  perpendicular  to  LV  produced.  Let 
m  r  2  be  an  equilateral  hyperbola,  having  VC,  ZC,  for 
its  aftymptotes,  and  cutting  FD  produced  in  r.  Then 
the  ordinates  V  m,  D  r,  are  inverfely  proportional  to 
CV,  CD,  or  V  m  :  D  r  =r  CD  :  CV,  =  Cl  :  CV.  But 
becaufe  the  momentary  fedors  VC  k  and  ICK  are  equal,, 
i  n  :  KN  =  Cl  :  CV.  Therefore, 

V«i:Dr  =  <»!  KN 
but  Vv:  Vm=  Vb:  kn 
and  I  /  (or  Dy")  :  V  v  —  IK  :  V  h 
therefore  I  i ;  D  r  =  I K  :  KN 
but  I  i :  io  —  IK  :  KN,  by  fim.  triang. 

Therefore  D  r  =  t  o,  and  io:Vm  =  VC  :  GI. 

Alfo,  by  fimilarity  of  triangles,  I  o :  io  =  IN  •  KN 
and  2  I  0:10=  a  IN:  KN.  ’  ’ 

Now  it  was  (hewn,  that  in  order  that  the  fpace 
D  /  ^  E  may  be  equal  to  the  fpace  ICK,  we  muft  have 
2  IN:  KN  =  IC  :  Di¬ 
or  2  I  0  :  io  =  IC  :  D  i 
but  /o:Vm  =  VC:IC 
therefore  2  I  o  :  V  m  =r  VC  :  D  t 

,  _  .  VCxVm 

and  D  /  — 


M  I  C  S.  m 

gument,  and  that  the  final  values  of  D  t  and  D  x  might  Of  Defiec- 
be  eafier  conceived.  In  whatever  way  the  velocity  is  Forces.* 
acquired,  it  will  fHU  be  true,  that  when  in  any  point  V  v  """  J 
we  make  V  /to  V  «  as  the  momentary  increment  V  k 
of  the  arch  is  to  the  perpendicular  k  n  on  the  radius  vec¬ 
tor,  we  fhall  have  in  every  other  point,  fuch  as  f,  the 
line  Df  to  the  line  Dr  as  the  increment  IK  of  the 
arch  to  KN.  And  in  the  final  equation  D  f  will  {till 
be  expreffed  by  V  a  b  —fp*. 

Cor.  i.  The  angle  which  the  path  of  the  proje&ile  is*— 
makes  with  the  radius  ve&or  is  determined  by  this  fo- 
lution ;  for  I /is  to  to  as  radius  to  the  fine  of  this 

angle  ;  which  fine  is  therefore  tz?  — - - - 

xVab~fi* 

Cor.  2.  When  the  magnitude  ~  is  equal  to* 
r  y  path  is  perpendicular  to  the  radius  vec- 


2l0  * 

.  Having  obtained  D  /,  we  eafily  get  D  *  ;  for  the  ul¬ 
timate  ratio  of  ICK  to  XCY  is  that  of  IC2  to  VC2. 
Therefore  make 

IC2 :  VC2  =r  D  / :  D*. 

Thus  are  the  points  of  the  two  fubfidiary  curves 
at  k ,  ci  xy ,  determined. 

The  re&angle  VC  X  V  m  is  a  conftant  magnitude  ; 
and  is  given,  becaufe  VC  is  given,  and  V  m  is  the  given 
velocity  V  /,  diminifhed  in  the  ratio  of  radius  to  the  fine 
of  the  given  angle  CVQ^ 

*^ut 4^ie  l^ne  2  I  o  is  of  variable  magnitude,  but  it  is 
alfo  given,  by  means  of  known  quantities.  I  o2  is 

“  H2  —  i  o2>  =  Dy*2  —  Dr2,  and  I  o  zz  V^D/2  —  Dr2. 
Moreover,  D /’  =  ABFD,  and  D  r«  _  V°2  x  V  ml 


Therefore  2  I 


0  =  2  J  * 


_ IC2 

VC’XV^ 
IC2 


«  1>  t-T*.  V  <W  A  V  m 

ABFD - - ,  ex. 

prefTed  In  known  quantities,  becaufe  ABFD  is  known 
irom  the  nature  of  the  centripetal  force. 

Let  the  indeterminate  diftance  CI  or  CD  be  —  x, 
and  let  the  ordinate  DF,  exporting  the  force,  be j.  Let 
VC  be  a,  and  V  m  be  c,  and  let  a  A  be  a  redlangle  equal 
to  the  whole  area  of  the  exponent  of  force  lying  be¬ 
tween  the  ordinate  AB  and  the  ordinate  CZ,  fo  that 

ab  jy  x  may  reprefent  the  indeterminate  area 
ABFD. 

We  have  D  /  —  a  c 


and  D  x  — 


,y  ab~J}'x  —  ~ 

a 3  c 

x'J  al—fyx—~' 


IIemark.  .  We  have  hitherto  fuppofed  that  the  ve- 
ocity  of  projedlion  is  acquired  by  acceleration  along 
A  V.  But  this  was  merely  for  greater  fimplicity  of  at- 


**  ab  f  y  x>  —  r““*  “  io  rne  racuus  vec-  tlj 

tor,  andthe  body  is  a  tone  of  the  apftdes  of  its  orbit,  and^^' 
begins  to  recede  from  the  centre  after  having  approach-  ’  ' 

ed  to  it,  or  begins  to  approach  after  having  receded. 

Cor.  3.  The  curvature  of  the  orbit  VIK  is  alfo  de-  x./28 
termmed  in  every  point ;  for  the  curvature  of  any  lineture  ”^' 
is  inverfely  as  the  radius  of  the  equicurve  circle,  and 
this  is  to  the  chord  which  partes  through  C  as  radius  to 
the  line  of  the  angle  CI  t.  Becaufe  the  velocity  in  ar.y  i 
point  I  is  =  a/ABFD,  and  is  equal  to  what  the  centri-  ‘ 
petal  force  at  I  would  produce,  by  impelling  the  body 
along  3  th  of  the  defleftive  chord  of  the  equicurve  circle  • 

ABFD  * 

we  hare  this  chord  =  4  .  Or  we  obtain  it  by 

taking  a  third  pioportional  to  the  momentary  defle&ion 
and  the  momentary  arch  of  the  curve,  or  by  other  pro-  - 
celles  of  the  higher  geometry,  all  proceeding  on  the 
quantities  furmlhed  in  this  inveftigation. 

Such  is  the  folution  of  this  celebrated  problem  given  NeJtonths* 
by  on*  Iiaac  Newton,  who  may  juflly  be  called’the  Mentor, 
ventor  of  the  fcience  of  which  it  is  the  chief  refult,  as 
well  as  of  the  geometry,  by  help  of  which  it  is  pro - 
iecuted.  For  we  cannot  give  this  glory  to  Galileo  ;  . 
for  hls  rtmple  problem  of  the  motion  of  bodies  affeaed 
by  uniform  and  parallel  gravity,  however  juft  and  ele- 

S  K  r  Utc0^mr)'  be>,  was  P«nliar ;  and  the  fame 
muff  be  faid  of  Mr  Huyghens’s  dodrine  of  centrifugal 
orces.  Belides,  thefe  theorems  had  been  inveftigated 
by  Newton  feveral  years  before,  fuj  mathef,  facem  pre- 
firenu  ^  corollaries  which  he  could  not  pafs  unnoticed,* 
from  fos  general  method.  This  is  proved  by  letters  - 
from  Huyghens.  Newton’s  inveftigation  is  extremely,  . 

u  elegantly,  concife,  and  is  one  of  the  belt  exertions 
of  Ins  fugacious  mind. 

Whether  we  confider  jhis  problem  as  a  niece  of  merer!-,/30  f 
mathematical  fpeculat, on,  or  attend  to  its  confequencesTf Z  °f 
which  include  the  whole  of  the  celeftia!  motions  in  aifolenf!  * 

their  extent  and  complication,  we  mull  allow  it  to  be 
nghly  mterefting,  and  likely  to  engage  much  attention 
in  the  penod  of  ardent  inquiry  which  clofed  the  laft 
century  Accordingly,  it  was  no  fooner  known,  by 
the  publication  of  the  Mathematical  Principles  of  Na- 

l686’  than  k  occupied  the  talents 
o  the  moft  eminent  mathematicians  ;  and  many  folu- 
tions  were  pubhfhed,  forne  of  which  differ  confiderably 
from  Newton  s  ;  fome  3re  more  expeditious,  and  better 
f-ttcc.  -or  computation.  Of  thefe,  the  moft  remarkable 

for 
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of  Deflce- for  originality  and  ingenuity  are  thofe- of  de  Moivre, 
tir.gForcei.Herniann>  Xvelll,  and  Stewart.  The  laft  differs  molt 


a  c 


from  the  methods  purfued  by  others.  M'Laurin’s  pro- 
pofuions  on  this  fubjeft,  and  in  that  part  of  his  fluxions 
which  treats  of  curvature,  are  highly  valuable,  clalhng 
the  chief  affections  of  curvilineal  motions  geometrical- 
ly,  as  they  are  fuggefted  by  the  fluxionary  method  ; 
and  then  (hewing,  in  a  very  inftru&ive  manner,  the  ecu- 
nedtion  between  tiiefe  mathematical  affe&ions  of  motion 
and  the  powers  of  nature  which  produce  them.  This 
part  of  his  excellent  work  is  a  fine  example  of  the  real 
nature  of  all  inquiries  in  dynamics ;  (hewing  that  it  cir- 
fers  from  geometry  little  .more  than  in  the  language,  in 
which  the  word  force  is  fubftituted  for  acceleration ,  re¬ 
tardation, ,  or  defteBion.  We  recommend  the  careful  per- 
ufa!  of  thefe  propofitions  to  all  who  wifli  to  have  c.ear 
conceptions  of  the  fubjed.  Dr  John  Keill  and  Dr 
Hovfelcy  (bifliop  of  Rochcfter)  have  given  particular 
treatifes  on  the  motions  of  bodies  deflected  by  centripe¬ 
tal  forces  inverfely  proportional  to  the  cubes  or  the  dij- 
tances  ;  induced  by  the  lingular  motions  which  refult 
from  this  law  of  adion,  and  the  multitude  of  beautiful 
propofitions  which  they  fugged  to  the  mathematician. 
Newton,  indeed,  firii  perceived  both  of  thefe  peculiari¬ 
ties,  and  has  begun  this  branch  of  the  general  problem. 
He  firft  demondrated  the  defeription  of  the  logarithmic 
and  hyperbolic  fpirals,  and  indicated  a  variety  of  cun- 
ous  recurring  elliptical  fpirals,  which  would  be  defen- 
bed  by  means  of  this  force,  and  (hewing  that  they  are 
all  fufceptiblc  of  accurate  quadrature.  Several  of  thefe 
authors  affed  to  confider  their  folu lions  as  more  per- 
fed  than  Newton’s,  and  as  more  immediately  indica¬ 
ting  lhe  remarkable  properties  of  fuch  motions  ;  and  alio 
affed  to  have  deduced  them  from  different  and  original 
principles.  But  we  cannot  help  faying,  that  their  claims 
to  fuperiority  are  very  ill  founded  ;  there  is  not  a  prin¬ 
ciple  made  ufe  of  in  their  folutions  which  was  not 
pointed  out  by  Newton,  and  employed  by  him.  The 
appearance  of  originality  arifes  from  their  having  taken 
a  more  particular  concern  in  fome  general  property  of 
curvilineal  motions  ;  fuch  as  the  curvatuie,  the  centri¬ 
fugal  force,  &c.  and  the  making  that  the  leading  ftep  of 
their  procefs.  But  Newton’s  is  ftiil  the  beft  ;  becaufe  it 
is  fir  idly  elementary,  aiming  at  the  two  leading  cir- 
cumftances,  the  motion  to  or  from  the  centre,  and  the 
motion  of  revolution  round  that  centre.  lo  thefe^tv\o 
purpofes  he  adapted  his  two  fubtidiary  curves.  This 
procedure  became  Newton,  paiery  et  rerum  inventot , 
who  was  teaching  the  world,  and  who  might  fay, 


to  two  fundions ;  namely 
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which  lad  is 


X  CX* 


plainly  the  fame  with  Newton’s  \fjfZTz’* 


becaufe  Newton’s  -^is  the  fame  with  “,  and  Newton’s 


A? a/ ABFD  —  Z*  is  the  fame  with  x 


f  « 


C,  winch  Bernoulli  has  changed  (apparently  to  hide 


.V  _  . 

the  borrowing)  into  a  b  x4  J 


p  x*  x  —  a2 


Avia  Pieridutn  peragro  locay  nuUhts  ante 
Trita  pede - * 


Singular  js  it  not  furpnTing,  that  25  years  after  the  publica- 
TohnBer-  tion  of  Newton’s  Principia,  a  mathematician  on  the 
noulli.  continent  (hould  publifh  a  folution  in  the  Me  mo  ires  of 
the  French  academy,  and  boaft  that  he  had  g1  yen  the 
firft  demonffration  of  it  ?  Yet  John  Bernoulli .  did  this 
Is  it  not  more  remarkable  that  this  (hould 


be  precifely  the  folution  given  by  Newton,  beginning 
fiom  the  fame  theorem,  the  40th  I.  Pnn.  following 
Newton  in  every  ftep,  and  ufing  the  fame  fubhdiavy 
lines  ?  Yet  fo  it  is.  Bernoulli  actually  t  educes  the  whole 


This  publication  of  Bernoulli  is  perhaps  the  moff  impu- 
der.t  piece  of  literary  robbery,  for  theft  is  too  mild  a  term, 
that  has  ever  apoeared;  and  is  the  moredeferving  of  fevere 
reprehenfion,  becaufe  it  is  full  of  reflections  on  the  Ample 
anti  fupvemely  elegant  method  of  Newton.  It  is  hard¬ 
ly  conceivable  that  a  perfon  of  Bernoulli's  confummate 
mathematical  knowledge  was  fo  much  blinded  by  the 
mechanical  procedure  of  the  fymbolical  calculus  (which 
indeed  is  rarely  accompanied  by  any  ideas  of  the  fub- 
jeft  in  hand)  as  not  to  perceive  the  perfeft  famenefs  of 
his  folution.  No  ;  he  (hews,  from  time  to  time,  that 
the  ohyftcal  ideas  of  motion  and  force  were  prefent  to 
his  mind ;  for  he  affects  to  {hew,  that  all  Newton’s 
brightett  difeoveries,  fuch  as  the  proportionality  of  the 
areas  and  times,  &c.  flow  as  corollaries  from  his  proce- 

dure.  .  ... 

Bernoulli’s  chief  boaft  in  this  differtation  is,  that  now 
philofophers  may  be  affined  that  the  planets  will  always 
defer  ibe  conic  feftions  ;  a  truth  of  which  they  had  not 
as  yet  received  any  proof  1  becaufe,  fays  he,  Newton  s 
argument  for  it  in  the  corollary  of  the  13th  propofition 
is  inconclufive.andbecaufehe  had  not  beenable  to  accom¬ 
modate  his  demonffration  of  the  41ft  andxzd  propofition 
to  the  particular  cafe  of  the  planetary  gravitation.  1  wo 
affertions  that  border  on  infolence.  Newton’s  demon- 
ft ration  in  the  corollary  of  the  1 3th  propofition  is  juft, 
founded  on  the  principle  on  which  the  very  demonff  ration 
of  the  42d,  adopted  by  Bernoulli,  proceeds,  and  without 
which  that  demonffration  is  of  no  force;  namely,  that  a 
bodv,  in  given  circumftances  of  fituation,  velocity,  direc¬ 
tion',  and  centripetal  force,  can  deferibe  no  other  figure 
than  what  it  really  dt  feribes.  Newton  did  not  accommo- 
date  the  demonffration  of  the  42a  propofition  to  the 
planetary  motions,  becaufe  he  had  already  demonftrated 
the  nature  of  their  orbits ;  but  mentions  the  cafe  of  a  force 
proportional  to  the  reciprocal  of  the  cubes  of  the  dis¬ 
tance  ;  not  as  a  deduction  from  the  4*d,  but  becaufe  it 
was  not  a  deduction  from  it,  and  admitted  a  very  An¬ 
gular  and  beautiful  inveffigation  by  methods  totally  and 
tffentially  different. 

Bernoulli  allb  fays,  that  Newton’s  folution  does  not 
give  us  the  notion  of  a  continuous  path,  as  his  own  does, 
but  only  informs  us  how  to  afeertain  points  of  this  path. 
This  is  the  boldeft  of  all  his  affertions.  Bernoulli  ufes 
the  differential  calculus.  It  is  the  ejentialc hara&er  of 
this  calculus  that  it  exhibits,  and  can  exhibit,  nothing  _ 

but 
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i  elnfior,  but  detached  points.  This  Is  undeniable.  And  this  has 
<*  n™*  beenobjeded  to  Newton’s  firft  propofition.  But  New¬ 
ton’s  fiuxionaiy.  geometry,  of  which  the  calculus  exhibits 
only  elements  (being  the  fame  with  the  differential), 
fuppofes  the  continuity  of  all  magnitudes  ;  and  when 
aoplied  to  dynamics,  is  no  fubftitutiqii  whatever,  but 
the  ipfa  corpora .  This  geometry  offered  itfelf'  to  the 
mind  of  Newton,  the  accomplished  and  darling  fcholar 
of  Barrow,  v/hofe  geometry  flafhed  on  Newton’s  mind 
as  the  torch  which  was  to  (hew  him  the  Heps  of  this 
yet  untrodden  path. 

We  truft  that  our  readers  will  not  be  difpleafed  with 
our  repeated  endeavours  to  defend  our  great  philofo- 
pher  from  the  injurious  attacks  that  have  been  made 
on  him.  During  his  own  iliudrious  life,  while  he  was 
diffufmg  light  and  knowledge  around  him,  and  never 
contended  for  fame,  happy  in  being  the  inftrudor  of 
mankind,  he  was  injured  by. thole  who  envied  his  repu¬ 
tation,  while  they  derived  their  chief  honours  from  be¬ 
ing  his  bed  commentators.  Now,  lince  he  has  left  this 
world,  he  has  been  more  grofsly  injured  by  thofe  who 
avail  themfelves  of  that  very  reputation  ;  and  who,  by 
crude  and  contemptible  inferences  from  his  dodrine  of 
elaftic  undulations,  and  grofs  mifreprefentations  of  his 
notions  of  an  ethcrial  fluid,  have  pretended  to  fupport 
I  *  a  fyftern  of  materiahfm  ;  and  thus  have  fet  Newton  at 
the  head  of  the  atheiffical  fed,  which  he  held  in  abhor¬ 
rence  For  our  part,  we  always  think  with  pleafure  on 
the  wonderful  energy  of  that  great  mind  ;  becaufe  it 
gives  us  a  fort  take  of  thefe  pleaftires  that  await  the 
wife  and  good,  when  the  forrows  flowing  from  the  in¬ 
firmities,  the  vices,  and  the  arrogant  vanity  of  man  aie 
pall; 

JJtque  in  hoc  inf  did  campoy 

Ubi  Indus  regnat ,  et  pa*vor , 

Mortal} bus  prorfus  non  abjit  folatium . 

Hujus  enim  feripta  evolvas , 

Mentsmque  t ant  a  rum  rerum  capacem 
Corpori  caduco  fupcrjlitem  ere  das* 

Is  h» 

ufion.  ^  cannot  be  expeded  that,  in  the  narrow  limits  pre- 
feribed  to  a  work  like  ours,  we  can  proceed  to  confider 
the  various  departments  of  this  celebrated  problem. 
We  are  only  giving  the  outlines  of  the  general  dodrines 
of  dynamics  ;  and  we  have  bedowed  more  time  on  thofe 
which  are  purely  elementary  than  fome  readers  may 
think  they  deferve.  We  were  anxious  to  give  juft< con¬ 
ceptions  of  the  fundamental  principles  of  dynamics;  be¬ 
caufe  we  know  that  nothing  elfe  can  intitle  it  to  the 
name  of  a  demondrative  feience,  and  becaufe  we  fee 
much  indidindlnefs  and  uncertainty,  and  a  general  vague- 
nefs  or  want  of  precifion,  in  feveral  elementary  works 
which  are  put  into  the  hands  of  perfons  entering  on  the 
dudy.  This  leads  to  errors  of  more  confequence  than 
a  perfon  is  apt  to  think  ;  becaufe  they  affed  our  lead¬ 
ing  thoughts  of  mechanifm  itfelf,  and  our  notions  of 
^  the  intimate  nature  of  the  vifible  univerfe. 

^  ns  for  ^ut  we  muft  conclude  the  article  with  this  great 
Fjons.  problem.  Many  very  general  dodrines  of  dynamics  re¬ 
main  untouched  ;  all,  namely,  that  relate  to  the  rotative 
motion  of  rigid  bodies,  and  all  that  relate  to  the  mutual 
adtion  of  bodies  on  each  other  in  the  way  of  impulfe. 

The  rotative  motions,  with  the  doctrine  of  mechanic 
momenta,  have  been  confidered  at  large  in  the  article 
Rotation  of  the  EncycL  Britan,  ;  and  we  propofe  to 
offer  fome  important  confiderations  on  the  fame  fubjed 
Buppl.  Vol.  I.  Part  II. 
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in  our  fupplement  to  the  articles  Machine  and  Ms-  Conclufioh. 
chanics.  In  the  article  Impulsion  will  be  confidered  ~~~ 
fuch  dodtrines  as  are  truly  general,  and  independent  of 
the  fpecific  differences  of  the  bodies.  Dynamics  pro¬ 
files  to  involve  no  notions  but  thofe  of  force,  and  its 
marks  and  meafures. 

Notwitli (landing  thefe  great  omifilons,  we  muft  ob- 
ferve  that  no  new  principle  remains  to  be  confidered. 

We  have  given  all  that  are  neceffary ;  and  there  is  no 
queftion  that  occurs  in  the  cafes  omitted,  which  cannot 
be  completely  anfwered  by  means  of  the  propofitions 
already  eftablifhed.  We  have  taught  how  *to  difeover 
the  exiftence  and  agency  of  a  mechanical  force,  to  mea¬ 
sure  and  charaderife  it,  and  then  to  date  what  will  be 
its  various  effects,  according  to  the  circumftances  of 
the  cafe. 

Proceeding  by  thefe  principles,  men  have  difeovered  un*J*rai 
an  univerfa!  fad,  that  every  action  of  one  body  on  ano-  reZthnis  a 
ther  is  accompanied  by  an  equal  reaction  of  that  o-  law  of  the 
ther  on  the  firft,  in  the  oppotite  direction  ;  that  is,  to  r,v'tenal 
exprefs  it  in  the  language  of  dynamics,  “  all  the  pheno-worU* 
mena  which  make  us  infer  that  the  body  A  poffeffes  a 
force  by  which  it  changes  the  motion  of  the  body  B, 

(hew,  at  the  fame  time,  that  B  poffeffes  a  force  by 
which  it  makes  an  equal  and  oppofite  alteration  in  the 
motionof  A.”  This,  however,  is  not  a  dodlrine  of  ab- 
ftradl  dynamics :  it  does  not  flow  from  our  idea  of 
force ;  therefore  it  was  not  included  in  our  lift  of  the 
Daws  of  Motion.  It  is  a  part  of  the  mechanical 
hi  dory  of  nature,  juft  as  the  law  of  univerfal  gravitation 
is  ;  and  it  might  be  called  the  law  of  Universal  Re- 
action.  Sir  Ifaac  Newton  has,  in  our  humble  appre- 
henfion,  deviated  from  his  accuftomed  logical  accuracy, 
when  he  admits,  as  a  third  axiom  or  law  of  motion, 
that  readtion  is  always  equal  and  contrary  to  adlion.  It 
is  a  phyfical  law,  in  as  far  as  it  is  obferved  to  obtain 
through  the  whole  extent  of  the  folar  fydem.  But  New¬ 
ton  himfelf  did  not,  in  the  fubfequent  part  of  his  noble 
woik,  treat  it  as  a  logical  axiom;  that  is,  as  a  law  of  hu¬ 
man  thought  with  refpedl  to  motion  :  for  he  labours 
with  much  folicitude,  and  with  equal  fagacity,  to  prove, 
by  fad  and  obfervaliony  that  it  really  obtains  through 
the  whole  extent  of  the  folar  fyftem  ;  and  it  is  in  this 
difeovery  that  his  chief  claim  to  unequalled  penetration 
and  difeernment  appears. 

Availing  ourfelves  of  this  fad,  we,  with  very  little 
trouble,  Hate  all  the  laws  of  impuMion.  The  body  A,  explained 
Tor  example,  moving  to  the  weftward  at  the  rate  of  ^ u « 
eight  feet  per  minute,  overtakes  the  double  body  B, 
moving  at  the  rate  of  four  feet  per  minute.  What  muft 
be  the  confequence  of  their  mutual  impenetrability, 
and  of  the  equality  and  contrariety  of  adtion  and  re¬ 
adtion  ?  Their  motions  muft  be  fuch  that  both  fuftain 
equal  and  oppofite  changes.  They  muft  give,  in  fame 
way  or  other,  this  indication  of  poffefling  .equal  and  op¬ 
pofite  forces  This  will  be  the  cafe  if,  when  the  chan¬ 
ges  are  completed,  A  and  B  move  on  in  contact  at  the 
rate  of  four  feet  per  minute  :  for  here  A  has  produced 
in  each  half  of  B  a  change  of  motion  two  ;  and  there¬ 
fore  a  totality  of  change  equal  to  four.  This  is  the 
effedt,  the  mark,  the  meafure,  of  the  impulfive  force  of 
A  ;  for  it  is  the  whole  impuljion,  B  has  produced  in 
A  a  change  of  motion  four,  equal  to  th'e  former,  and 
in  the  oppofite  dirdion.  This  is  the  effed,  mark,  and 
meafure,  of  the  repulftve  force  of  A  ;  for  it  is  the  whole 
repulfion .  And -this  is  all  that  we  obferve  in  the  colli- 
3  Z  t  fion 
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Cfcnchftion  fon  of  two  lumps  of  clay  ;  and  the  observation  Is  one 
V“~~  cf  the  fads  on  which  the  reality  of  the  phyfical  law  of 
equal  adion  and  readion  is  founded  :  and  we  can  make 
no  farther  inference  from  this  fad. 

But  the  event  might  have  been  very  different.  A 
and  B  may  be  two  magnets  floating  on  corks  on  wa¬ 
ter,  with  their  north  poles  fronting  each  other.  We 
know,  by  other  means,  that  they  really  poffefs  forces 
by  which  they  equally  repel  each  other.  The  dyna¬ 
mical  principles  already  eftablifhed  tell  us  alfo  what 
mu  ft  happen  in  this  cafe.  That  both  conditions  of 
equal  readion  and  fenfible  rupulfion  may  be  fulfilled, 
A  muft  come  to  reft,  and  B  muff  move  forward  at  the 
rate  of  four  feet  per  minute.  The  fame  thing  muft  hap¬ 
pen  in  the  meeting  of  perfectly  elafbc  bodies,  fuch  as 
billiard  balls.  If  elail ’cities  are  known  to  be  impeded 
in  any  degree,  our  dynamical  principles  will  ftill  ftate 
the  effect  of  their  collition,  in  conformity  to  the  law  of 
equal  readion 

In  like  manner,  all  the  motions  of  rotation  are  ex¬ 
plained  or  predided  by  means  of  the  fame  principles  of 
dynamics  applied  to  the  force  of  cohefion.  This  is  con- 
fidered  as  a  moving  force,  becaufe,  when  the  attradion 
of  a  magnet  ads  on  a  bit  of  ii  oil  attached  to  one  end 
of  a  long  lath  floating  on  water,  the  whole  lath  is  mo¬ 
ved,  although  the  magnet  does  not  ad  on  it  at  all  : 
fume  other  force  ads  on  it ;  it  is  its  cohefion  ;  which 
is  therefore  a  moving  force,  and  the  fubjed  of  dynami¬ 
cal  difeuffion. 

And  thus  it  appears  that  thefe  fubjeds  do  not  come 
neceffarily,  nor,  perhaps,  with  fcientific.  propriety,  un¬ 
der  the  category  of  dynamics,  but  are  parts  of  the  me¬ 
chanical  hiftory  of  nature.  Yet,  did  a  work  like  ours 
give  room  in  this  place,  the  ftudy  of  mechanical  na¬ 
ture  might  be  coiifiderably  improved,  by  giving  a  fyftem 
of  fuch  general  dodrines  as  involve  no  other  notions 
but  thofe  of  force  and  its  meafures,  and  the  hypothefis 
of  equal  readion.  Some  very  general,  nay  univerfal, 
confequences  of  this  combination  might  be  eftablifhed, 
which  would  greatly  allift  the  mechanician  in  the  folu- 
tion  of  difficult  and  complicated  problems.  Such  is  the 
propofition,  that  the  mutual  aftions  of  bodies  depend  on 
their  relative  motions  only ,  and  require  no  knowledge  of 
their  real  motions.  This  principle  Amplifies  in  a  won¬ 
derful  manner  the  moil  difficult  and  the  moft  frequent 
cafes  of  adion  which  nature  prefents  to  our  view  ;  but 
at  the  fame  time  gives  a  fevere  blow  to  human  vanity, 
by  forcing  us  to  acknowledge  that  we  know  nothing 
of  the  real  motion  of  any  thing  in  the  univerfe,  and 
never  {hall  know  any  thing  of  it,  till  our  intelledual  con- 
ftitution,  or  our  opportunities  of  obfervation,  are  com¬ 
pletely  changed. 

Mr  D’Alembert  has  made  this  principle  ftill  more 
ferviceable  for  extricating  ourfelves  from  the  immenfe 
complication  of  adions  that  occurs  in  all  the  fpontane- 
ems  phenomena  of  nature,  by  prefenting  it  to  us  in  a 
different  form,  which  more  diftindly  expr^ffes  what 
may  be  called  the  elements  of  the  adions  of  bodies  on 
each  other.  His  propofition  is  as  follows  ( fee  his  Dy - 
namique,  page  73.): 

“  In  whatever  manner  a  number  of  bodies  change 
bert’s  gene- t^ejr  motions,  if  we  fuppofe  that  the  motion  which 
raiprii.ri-  each  would  have  in- the  following  moment,  if  it 

were  perfedly  free,  is  decompofed  into  two  others,  one 
of  which  is  the  motion  which  it  really  takes  in  confe- 
quencc  of  their  mutual  adions,  the  other  will  be  fuch, 
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that  if  each  body  were  impreffed  by  this  force  aIoneConcli(J 
(that  is,  by  the  force  which  would  produce  this  motion)  - 
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the  whole  fyftem  of  bodies  would  be  in  equilibrio. 

This  is  almoft  felf-evidcnt ;  for  if  thefe  iecond  confti- 
tuent  forces  be  not  fuch  as  would  put  the  fyftem  in 
equilibrio,  the  other  conftituent  motions  could  not  be 
thofe  which  the  bodies  really  take  by  the  mutual  adion, 
but  would  be  changed  by  the  firft. 

For  example,  let  there  be  three  bodies  P,  R,  and 
let  the  forces  A,  B,  C,  ad  on  them,  fuch  as  would  give 
them  the  velocities  />,  y,  r ,  in  any  diredions  what¬ 
ever,  producing  the  momenta,  01  quantities  of  motion, 
PXA  Q Xy,  RXr,  which  we  may  call  A,  B,  C,  be¬ 
caufe  they  are  the  proper  meafures  of  the  moving 
force.  Let  us  moreover  fuppofe,  that,  by  ftriking  each 
ether,  or  by  being  any  how  conneded  with  each  other, 
they  cannot  take  thefe  motions  A,  B,  and  C,  but 
really  take  the  motions  a ,  b ,  and  c.  It  is  plain  that  we 
may  conceive  the  motion  A  impreffed  on  the  body  P, 
to  be  compofed  of  the  motion  a>  which  it  really  takes, 
and  of  another  motion  *.  In  like  manner,  B  may  be  t 
refolved  into  b ,  which  it  takes,  and  another  ft ;  and  C 
into  c  and  x.  The  motions  will  be  the  fame?  whether* 
we  ad  on  P  with  the  force  A,  or  with  the  two  forces 
a  and  K  ;  whether  we  ad  on  Q^with  the  force  B,  or 
with  b  and  (i ;  and  on  R  with  the  force  C,  or  with  c 
and  x.  Now  by  the  fuppofition,  the  bodies  adually 
take  the  motions  ay  b ,  and  c  ;  therefore  the  motions  *, 
ft,  and  x,  muft  be  fuch  as  will  not  derange  the  motions 
a ,  b9  and  c  ;  that  is  to  fay,  that  if  the  bodies  had  only 
the  motions  a,  ft,  and  x,  impreffed  on  them,  they  would 
deftroy  each  other,  and  the  iyftem  would  remain  at  reft. 

Mr  D'Alembert  has  applied  this  propofition  with 
great  addrefs  and  fuccefs  to  the  very  difficult  queftions 
that  occur  in  the  motions  and  adions  of  fiuids,  and 
many  other  moft  difficult  problems,  fuch  as  the  prccef- 
fion  of  the  equinoxes,  &c.  The  caufe  of  its  utility  is, 
that  in  moft  cafes  it  is  not  difficult  to  find  what  forces 
will  put  a  fyftem  in  equilibrio;  and,  combining  thefe 
with  the  known  extraneous  forces  whofe  effeds  we  are 
interefted  to  difeover,  we  obtain  the  motions  which 
really  follow  the  mutual  adion  of  the  bodies. 

This  is  not,  properly  fpe?king,  a  principle  :  it  is  a 
form  in  which  a  general  fad  may  be  conceived.  In 
the  fame  way  the  celebrated  mathematician  De  la 
Grange  obferved,  that  a  fyftem  of  bodies,  ading  on 
each  other  in  any  way,  is  in  equilibrio,  if  there  be 
impreffed  on  its  parts  forces  in  the  inveife  proportion 
of  the  velocities  which  each  body  takes  in  confequence 
of  their  adion  or  connedion;  and  he  expreffes  this  uni¬ 
verfal  fad  by  a  very  Ample  formula  ;  and,  calling  this 
alfo  a  principle,  he  folves  every  queftion  with  eafe  and 
neatnefs,  by  reducing  it  to  the  inveftigation  of  thofe 
velocities.  In  this  way  he  has  written  a  complete  fyf¬ 
tem  of  dynamics,  to  which  he  gives  the  title  of  Mecha - 
nique  Analytique ,  full  of  the  moft  ingenious  and  elegant 
folutions  of  very  interefting  and  difficult  problems ;  and 
all  this  without  drawing  a  line  or  figure,  but  aceom- 
pliffiing  the  whole  by  algebraic  operations. 

But  this  is  not  teaching  mechanical  philofophy  ;  it  is 
merely  employing  the  reader  in  algebraic  operations, 
each  of  which  he  peifedly  underftands  in  its  quality  of 
an  algebraic  or  arithmetical  operation,  and  where  he 
may  have  the  fullelt  convidion  of  the  juftnefs  of  his 
procedure.  But  all  this  may  be  (and,  in  the  hands  of 
an  expert  algebraift,  it  generally  is,)  without  any  no¬ 
tions* 
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ncSufiofl.  lions,  diftinft  or  indiftlnCl,  of  the  things,  or  the  pro- 
-v —  ceOTes  of  reafoning  that  ave  reprefented  by  the  fymbols 
made  life  of.  It  is  precifely  like  the  occupation  of  a 
banker’s  clerk  when  he  carries  his  eye  up  and  down  the 
columns  of  pounds  {killings  and  pence,  calculates  the 
compound  intereft,  reverfionary  values,  &c. 
a(jv3n-  It  were  well  if  this  were  all,  although  it  greatly  di* 
:es of  the  minifhes  the  pleafure  which  an  accomplifhed  mathema- 
rho'ieal  tjciaT1  might  receive  ;  but  tliio  total  abfence  of  ideas  ex* 
poles  even  the  moft  eminent  analyft  to  frequent  rifles  of 
paralogifm  and  phyfical  abfurdrty.  Euler,  who  was 
perhaps  the  moft  expert  algebraift  of  this  century,  ma¬ 
king  life  of  the  Newtonian  theorem  for  afeertaining  the 
motion  of  a  body  impelled  along  a  ftraight  line  AC 
(fig.  24.)  by  a  centripetal  force,  by  comparing  it  with 
.the  motion  in  an  ellipfe,  of  which  the  fhorter  axis  was 
diminifned  till  it  vanifhed  altogether,  expreffes  his  fur- 
prife  at  finding,  that  when  he  computes  the  place  of 
the  body  for  a  time  fubfequent  to  that  of  its  arrival 
at  G,  the  body  is  back  again,  and  in  fome  place  be¬ 
tween  C  and  A;  in  fiiort,  that  the  body  comes  back 
.again  to  A,  and  plays  backwaid  and  forward.  He 
fays,  that  this  is  fomewhat  wonderful,  and  feems  incon- 
fiftent  with  found  reafon  :  “  fed  analyji  magis  jiden- 
dum.”  It  muft  be  fo.  And  he  goes  on  to  another  pro¬ 
blem. 

In  like  manner  Mr  Maupertnis,  an  accomplifhed 
man,  and  good  philofopher  and  geometer,  finding  the 
fymbol  MVS,  or  the  quantity  of  matter,  multiplied  by 
the  velocity  and  by  the  diftance  run  over  during  the 
a&ion,  always  prefent  itfelf  to  him  as  a  mathematical 
minimum  in  the  a&ions  of  bodies  on  each  other  ;  he 
wasamufed  by  the  obfervation,  and  prefumed  that  there 
was  fome  reafon  for  it  in  the  nature  of  things.  Find¬ 
ing  that  it  gave  him  very  neat  folutions  of  many  ele¬ 
mentary  problems  in  dynamics,  he  thought  of  trying 
whether  it  would  affift  him  in  accounting  for  the  con* 
ilant  ratio  of  the  fines  of  incidence  and  refra&ion  ;  lie 
found  that  it  gave  an  immediate  and  very  neat  folution. 
This  problem,  had,  before  his  time,  occupied  the  minds 
of  Des  Cartes  and  Fcrrr.at.  Each  of  thefe  gentlemen 
folved  the  problem  by  faying,  that  the  light  did  not 
take  the  JhorteJl  way  from  a  point  in  the  air  to  a  point 
under  water,  but  the  eafitjl  way,  in  conformity  with  the 
acknowledged  economy  of  nature  and  confummate  wif- 
dom  of  its'adorable  Author.  But  how  was  this  the 
eafieft  way,  the  courfe  that  economifed  the  labour  of 
nature  ?  One  of  thefe  gentlemen  proved  it  to  be  fo,  if 
light  move  fafter  in  air  than  in  water  ;  the  other  pro¬ 
ved  it  to  be  fo,  if  light  move  fafter  in  water  than  in  air> 
jloth  could  not  be  right.  Manpertuis  was  convinced 
that  he  had  difeovered  what  it  was  that  nature  was  fo 
chary  of,  and  grudged  to  wafte  --it  was  MVS  !  There¬ 
fore  MVS  can  mean  nothing  but  labour;  nothing  but 
natural  exertion,  mechanical  a&ion  ;  therefore  MVS 
is  the  proper  meafure  of  a&ion.  He  kept  this  great 
difeovery  a  profound  fiecret  ;  and,  being  Prefident  of 
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DYNANOMETER,  an  inilrument  for  afeertaining 
the  relative  mufcular  ftrength  of  men  and  other  animals. 
That  it  would  be  defirable  to  know  our  relative  ftrengths 
at  the  different  periods  of  life,  and  in  different  ftates  of 
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the  Royal  Academy  of  Berlin,  he  propofed  for  the  Conclufiotu 
annual  prize  queftion,  “  Are  the  laws  of  motion  necef* 
fiary  or  contingent  truths  r”  He  could  not  compete  for 
the  prize,  by  the  laws  of  the  academy  ;  but  before  the 
time  of  decifion,  he  publifiied  at  Paris  his  dijfcrtation  oji 
the  principle  of  the  leajl  aSion ;  in  which  he  pointed  out 
the  fingular  fa£l  of  MVS  being  always  a  minimum;  and 
therefore,  in  fa&,  the  ohjeCl  of  nature’s  economical  care. 

He  folved  a  number  of  problems  by  making  the  mini¬ 
mum  ftate  of  a  condition  of  the  problems  ;  and, 
m 

to  crown  the  whole,  (hewed  that  the  laws  of  motion 
which  obtain  in  the  univerfe  could  not  be  but  what 
they  arc,  becaufe  this  economy  was  worthy  of  infinite 
wifdom  ;  and  therefore  any  other  laws  were  impoffible. 

The  refutation  of  Manpertuis  was  already  eftablifhed 
as  a  good  mathematician  and  a  worthy  and  amiable 
man,  and  he  was  a  favourite  of  Frederic.  The  princi¬ 
ple  of  lead  a&ion  became  a  mode  ;  and  it  drew  atten¬ 
tion  for  fome  time,  till  it  went  out  of  fafhion.  It  is 
no  mechanical  principle,  but  a  neceflary  mathematical 
truth,  as  any  perfon  muft  fee  who  recolledls  that  v  is  the 
fame  with  s,  and  that  f  is  the  fame  with  mv. 

To  avoid  fuch  paralog  fms  and  fuch  whims,  we  are  Great  ad 
convinced  that  it  is  prudent  to  deviate  as  little  as  pof-  vantages  of 
fible  in  our  difeuffions  from  the  geometrical  method. 

This  has  furely  the  advantage  of  keeping  the  real  fuh-  thud. 
je£l  of  difeuflion  clofe  in  view;  for  motion  includes  the 
notion  of  lines,  with  all  their  qualities  of  magnitude 
and  pofition.  It  is  needlefs  to  take  a  reprefentative 
when  the  original  itfelf  is  in  our  hands,  and  affords  a 
much  more  comprehend ble  ohjeCl  than  one  of  its  ab- 
ftrad  qualities,  mere  magnitude.  Let  any  perfon  can¬ 
didly  compare  the  lunar  theory  by  Mayer  or  Euler 
with  that  by  its  illuftrious  inventor  Sir  Ifaac  Newton, 
and  fay  which  of  the  two  is  moft  luminous  and  moft 
plcafing  to  the  mind.  No  perfon  will  deny  that  thefe 
later  performances  are  incomparably  more  adapted  to 
all  pra&ical  purpofes,  and  lead  to  corrections  which  it 
would  be  extremely  difficult  and  tedious  to  inveftigate 
geometrically;  but  it  muft  be  acknowledged,  at  the 
fame  time,  that  till  this  he  done ,  we  have  no  idea  what¬ 
ever  of  the  deviation  of  the  track  which  this  correction 
afeertains  from  the  path  which  the  moon  would  follow, 
independent  of  the  difturbance  expreffed  by  the  cor¬ 
rection.  In  like  manner,  Dan.  Bernoulli,  by  mixing  as 
much  as  poffible  the  linear  method  with  the  algebraic, 
in  his  differtations  on  mufical  chords,  made  the  beauti¬ 
ful  difeovery  of  the  fecondary  trochoids,  and  demonl 
ftrated  the  co-exiftcnce  of  the  harmonic  founds  in  a  full 
mufical  note.  Let  the  accomplifhed  mathematician  pu(h 
forward  our  knowledge  of  dynamics  by  the  employment 
of  the  fymbolical  analyfis  ;  but  let  him  be  followed  as 
clofe  as  poffible  by  the  geometer,  that  we  may  not  be 
robbed  of  ideas,  and  that  the  ftudent  may  have  light  to 
direCt  his  fteps.  But, — manum  e  tabula . 
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health,  will  hardly  be  denied;  and  there  can  be  no 
doubt  but  that  it  would  be  highly  ufeful  to  have  a 
portable  inilrument  by  which  we  could  afeertain  the 
relative  ftrength  of  horfes  or  oxen  intended  for  the 
3  ^  2  plough 
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Dynano-  plough  or  the  waggon.  Such  an  inftrument  was  invent- 
me<ter^  ed,  many  years  ago,  by  Graham,  and  improved  by  De- 
faguliers  ;  but  being  conftrufted  of  wooden  work  it  was 
too  bulky  to  be  portable,  and  therefore  it  was  limited 
in  its  life. 

M.  Leroy  of  the  Academy  of  Sciences  at  Paris  con- 
flru&ed  a  much  more  convenient  Dynanometer  than 
Graham’s,  confiding  of  a  metal  tube,  ten  or  twelve 
inches  in  length,  placed  vertically  on  a  foot  like  that  of 
a  candleftick,  and  containing  in  the  iniide  a  fpiral 
fpring,  having  above  it  a  graduated  fhank  terminating 
in  a  globe.  This  fhank,  together  with  the  fpring,  funk 
into  the  tube  in  proportion  to  the  weight  a&ing  upon 
it,  and  thus  pointed  in  degrees  the  (Length  of  the  per¬ 
son  who  preffed  on  the  ball  with  his  hand. 

This  was  a  very  fimple  conftru&ion,  and,  we  think, 
a  good  one  ;  but  it  did  not  fetiffy  Buffon  and  Gueneau. 
Thefe  two  philofophers  wiffied  not  merely  to  afeertain 
the  mufcular  force  of  a  finger  or  a  hand,  but  to  efti- 
mate  that  of  each  limb  feparately,  and  of  all  the  parts 
of  the  body.  They  therefore  employed  M.  Regnier 
to  contrive  a  new  dynanometer  ;  and  the  account  which 
*  Journal  he  gives  *  of  his  attempts  to  fulfil  their  wifhes  is  calcu- 
del'Ecclc  lated  to  enhance  the  difficulty  of  the  enferprize.  The 
inftrument,  however,  which  he  conftru&ed  is  not  fiich 
as  appears. to  us  to  have  required  any  uncommon  {kill 
in  mechanics,  or  any  very  great  itretch  of  thought.  It 
confifts  chiefly  of  2n  elliptical  fpring  twelve  inches  in 
length,  rather  narrow,  and  covered  with  leather  that  it 
may  not  hurt  the  fingers  when  cOmpreffed  by  the  hands. 
This  fpring  is  compofed  of  the  beft  fteel  well  welded 
and  tempered,  and  afterwards  fubje&ed  to  a  (Longer 
effort  than  is  likely  to  be  ever  applied  to  it  either  hy¬ 
men  or  animals,  that  it  may  not  lofe  any  of  its  elafti- 
city  by  ufc. 

The  effeds  of  this  machine  are  eafily  explained.  If 
a  perfon  comprefles  the  fpring  with  his  hands,  or  draws 
it  out  lengthwife  by  pulling  the  two  extremities  in  con- 
trary  directions,  the  fides  of  the  fpring  approach  to¬ 
wards  each  other ;  and  it  has  an  apparatus  (we  do  not 
think  a  very  fimple  one)  appended  to  it,  confiding  of 
an  index  and  femicircular  plate,  by  which  the  degree 
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of  approach,  and  confequently  of  effort,  employed,  1$ 
afeertained  with  great  accuracy.  The  author  gives  a 
tedious  defeription  of  other  appendages,  by  means  of 
which  liorfes  or  oxen  may  be  employed  to  comprefs 
the  fpring.  Hut  as  any  mechanic  may  devife  means  for 
this  puroofe,  we  do  not  think  it  worth  while  to  tran¬ 
scribe  that  defeription.  The  Engliih  reader  will  find  a 
full  account  of  the  whole  apparatus  in  the  4th  number 
of  the  very  valuable  mifcellany  entitled  The  Philofophi- 
cal  Magazine..  The  principle  of  the  contrivance  con- 
fiits  in  the  elliptical  fpring,  of  which  we  confefs  our- 
felves  unable  to  perceive  the  fuperiority  to  the  fpiral 
fpring  of  M.  Leroy,  though  the  author  fees  it  very 
clearly.  1 

DYSENTERY  (See  Mfdicine-/«i/«c,  Entycl. ). 
Tor  the  cure  of  this  difeafe  we  have  the  following  fimple 
prefeription  by  Dr  Perkins  and  Dr  B.  Lynde  Oliver, 
of  the  State  of  Malfachufetts  in  North  America. 

Satuiate  any  quantity  of  the  bell  vinegar  with  com¬ 
mon  marine  fait ;  to  one  large  table-fpoonf.il  of  this  fo- 
lution  add  four  times  the  quantity  of  boiling  water; 
let  the  patient  take  of  this  preparation,  as  hot&as  it  can 
be  f wallowed,  one  fpoonful  once  in  half  a  minute  until 
the  whole  is  drank  :  this  for  an  adult.  The  quantity 
may  be  varied  according  to  the  age,  fize,  and  conftitu- 
tion  of  the  patient.  If  neceffary,  repeat  thedofe  once  in 
fix  or  eight  hours.  Confiderable  evacuations  I  conceive 
(fays  Dr  Parkins)  to  be  not  only  unneceffary,  but  injuri¬ 
ous,  as  they  ferve  to  debilitate  and  prolong  the  difeafe.  A 
tea  of  plantain,  or  feme  other  cooling,  fimple  drink,  may 
be  ufeful ;  and  if  a  thirft  for  cyder  be  difeovered,  it  may 
be  gratified.  Carefully  avoid  keeping  this  preparation 
in  veffels  partaking  of  the  qualities  of  lead  or  copper, 
as  the  poifon  produced  by  that  means  may  prove' dan- 
gerous. 

.  T^e  fuccefs  of  the  remedy  depends  much  on  prepa- 
nng  and  giving  the  dofe  as  above  dii-eded.  -The  fim- 
pherty  of  this  treatment  renders  it  the  more  valuable,  as 
all  perfons  have  it  in  their  power  to  avail  themfelves  of 
its  ule. 

Dr  Perkins  fays,  that  he  has  found  it  ufeful  in  agues, 
diarrhoeas,  and  the  yellow  fever. 
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*  1r^’ in  chemiftry*  See  Chemistry-/^  in 

i  this  Supplement.  * 

^  3^ronomy  anci  geography*  See  Ency- 

Earth,  in  ancient  philofophy,  one  of  the  elements, 
the  luDitance  of  which  this  globe  is  compofed.  To  af- 
ceuain  the  denfity  of  that  fubftance  many  experiments 
have  been  made ;  but  perhaps  none  more  ingenious  than 
thofe  of  Mr  Cavendifti,  which  are  detailed  at  full  length 
m  Part  II.  of  the  Tranfa£ions  of  the  Roval  Society 
of  London  for  1798.  They-  were  projeded  by  the 
late  Rev.  John  Michell,  F.  R.  S.  but  he  did  not  live  to 
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carry  then  into  elfefi.  After  his  death  the  apparatus 
came  to  the  Rev.  F.  J.  H.  Wollafton,  Jackfonian  Pro- 
tellor  at  Cambridge,  who  transferred  them  to  Mr  Ca- 
vendiift.  The  apparatus  contrived  for  making  fenfible 
the  attraction  of  frr.all  quantities  of  matter,  and  which 
has  been  improved  by  Mr  Cavendifh,  is  very  fimple  :  it 
confifts  of  a  wooden  arm  6Teet  long,  fufpended  by  the 
middle  in  an  horizontal  pofition  by  a  flender  wire  40 
inches  long ;  to  each  extremity  is  hung  a  leaden  ball 
about  two  inches  in  diameter  ;  and  the  whole  is  inclofed 
in  a  wooden  cafe  to  defend  it  from  the  wind. 

As  no  more  force  is  required  to  turn  this  balance  on 

its 
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rth.  its  centre  than  is  necefiary  to  twift  the  (lender  fufpend- 
-v —  ing  wire,  the  f mailed  degree  of  attraction  of  a  leaden 
weight  or  weights,  a  few  (eight)  inches  in  diameter, 
brought  near  to  the  (mall  fufpended  ball  or  balls  of  the 
balance,  will  be  fufficient  to  move  it  fenfibly  afide. 

To  determine  from  hence  the  denfity  of  the  earth, 
all  that  is  necefiary  is,  to  ascertain  what  force  is  requi¬ 
red  to  draw  the  arm  afide  through  a  given  fpace,  and 
then  to  have  recourfe  to  calculation. 

To  prevent  an^  difturbance  from  currents  that  might 
be  produced  within  the  box  that  contained  the  balance, 
by  even  the  difference  of  temperature  that  might  be  oc¬ 
cafioned  by  heat  being  communicated  by  the  bodies  of 
the  experimenters  to  one  fide  of  it  more  than  another, 
it  was  lupported  in  the  middle  of  a  clofe  room  ;  the 
operators,  from  adjoining  apartments,  viewed  the  ope¬ 
ration  through  holes  in  the  wall  by  means  of  telefcopes  ; 
and  the  apparatus  had  a  ffrong  light  thrown  upon  its 
two  ends  (an  opening  being  left  at  each  end  of  the  box 
for  the  purpofe)  by  means  of  two  lamps,  alfo  in  the  ad¬ 
joining  apartments,  the  rays  from  which  were  likewiie 
made  to  pafs  through  the  holes  formed  in  the  wall. 

The  two  large  balls  were  fufpended  from  a  beam 
near  the  cieling,  which  could  be  moved  in  an  hori¬ 
zontal  direction,  by  means  of  a  firing  and  pulley,  fo 
as  to  be  brought  near  toThe  fmall  balls  of  the  balance, 
or  made  to  recede  again,  without  requiring  any  perfon 
to  be  in  the  room. 

From  this  defcription  it  will  be  eafily  feen,  that  on 
the  two  large  balls  being  brought  near  to  the  two  imall 
ones,  but  on  oppohte  Tides  of  each,  that  their  forces 
may  not  connteraCl  each  other — the  fmall  fufpending 
wire  of  the  balance  muff  be  twilled  by  the  movements 
of  the  arms,  occafioned  by  attraction,  whicV  carries  the 
fmall  towards  the  large  balls ;  and  that  the  wire,  endea¬ 
vouring  to  untw.ift  itielf,  will  again  in  its  turn  carry  the 
fmall  balls  away  from  the  large  ones.  Vibrations  are 
thus  occafioned,  which  would  continue  a  long  time  be¬ 
fore  the  fmall  balls  would  fettle  between  the  firff  point 
of  reff  and  the  large  balls  :  but  it  is  not  necefiary  to 
wait  for  this  ;  an  ivory  fcale  at  each  end  of  the  balance 
enables  the  experimenters,  by  means  of  their  telefcopes, 
to  fee  the  two  extreme  divisions  to  which  the  fmall  balls 
move  in  their  vibrations,  and  thus  to  determine  the 
middle  point.  The  time  necefiary  for  each  vibration  is 
alfo  noticed. 

A  full  account  of  thefe  experiments,  and  of  the  cal¬ 
culations  founded  on  them,  would  be  little  interefting 
to  the  great  majority  of  our  readers.  We  {hall  there¬ 
fore  only  mention  the  refult.  By  a  mean  of  the  expe¬ 
riments  the  density  of  the  earth  comes  out  5*48  times 
greater  than  that  of  water. 

By  the  experiments  made  by  Dr  Mafkelyne  on  the 
attraction  of  the  hill  Schehallien,  the  denlity  of  the 
earth  was  computed  to  be  only  4-f-  times  that  of  water. 
The  difference  of  refult,  therefore,  is  almoft  one-lifth, 
which  no  doubt  muff  leffen  our  confidence  in  either  fet 
of  experiments,  or  in  the  principle  on  which  they  were 
devifed. 

EARTH-Worm  (fee  Lumbricus,  Encycl.)  is  an  ani¬ 
mal  which  occafions  fuch  deftrudtion  in  gardens,  by 
gnawing  the  tender  roots  of  fhrubs  and  plants,  that  va¬ 
rious  methods  have  been  propofed  for  remedying  this 
evil.  One  of  the  lateft,  and  that  which  promifes  to 
prove  the  moil  fuccefsful,  is  given  by  M.  Socoloff  in 
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the  fifth  volume  of  the  New  Tranfadions  of  the  Impe- 
rial  Academy  of  Sciences  at  Peterfburgh.  As  the  de¬ 
ft  ruCtive  power  of  quicklime,  heightened  by  a  fixed  al¬ 
kali,  which  corrodes  or  diffolves  all  the  tender  parts  of 
animals,  has  been  long  known,  it  occurred  to  our  au¬ 
thor  that  this  mixture  would  be  the  heft  means  for  ac- 
complrfhing  the  ohjedt  which  he  had  in  view.  He 
therefoie  took  three  parts  of  quick-lime,  newly  made, 
and  two  parts  of  a  faturated  folution  of  fixed  alkali  in 
water,  and  thence  obtained  a  fomewhat  milky  liquor 
fufficiently  cauftic,  highly  hoftile  and  poifonous  to  earth¬ 
worms  and  other  fmall  animals ;  for  as  foon  as  it  touch¬ 
ed  any  part  of  their  bodies,  it  occafioned  in  them  vio¬ 
lent  fymptoms  of  great  uneahnefs.  If  tins  liquor  be 
poured  into  thofe  holts  in  which  the  earth-worms  refide 
under  ground,  they  immediately  throw  themfelves  out 
as  if  driven  by  fome  force  ;  and,  after  various  contor- 
fions,  either  languifh  or  die.  If  the  leaves  of  plants  or 
fuiit-tiees,  frequented  by  the  voracious  caterpillars, 
vvhicli  are  fo  definitive  to  them,  be  lprinkled  over  with 
this  liquor,  thefe  infe&s  fuddenly  contract  their  bodies 
and  drop  to  the  ground.  For  though  Nature  has  de¬ 
fended  them  toleraoly  well  by  their  hairy  fkins  from 
any  thing  that  might  injure  their  delicate  bodies,  yet  as 
foon  as  they  touch  with  their  feet  or  mouths  leaves 
which  have  been  moiftened  by  this  liquor,  they  become 
as  if  it  were  fiupified,  inftantly  contrad  themfelves,  and 
fall  down. 

With  regard  to  plants  or  corn,  thefe  fuftain  no  inju¬ 
ry  from  the  liquor,  becaufe  it  has  no  power  over  the 
productions  of  the  vegetable  kingdom,  as  our  author 
has  fully  learned  from  experience  ;  or  if  any  hurt  is  to 
be  fufpe&ed,  ail  the  danger  will  be  removed  by  the  firfl 
fhower  that  fails.  This  liquor  may  be  procured  in  a- 
bundance  in  every  place  where  lime  is  burnt.  If  the 
lime  be  frefh,  one  part  of  it  infufed  into  about  feventy 
parts  of  common  water  will  produce  real  lime  water. 
The  want  of' the  fixed 'alkali  may  be  fupplied  by  boil¬ 
ing  wood  afhes  in  water,  and  thickening  the  ley  by 
evaporation. 

This  liquor  might  be  employed  alfo  to  kill  bugs  and 
other  domcilic  infeds  ;  but  on  account  of  its  ffror.cr 
lixivious  fmell,  M.  Socoloff  thinks  it  could  not  be  ufed 
with  fafety  in  houfes  that  are  inhabited.  Nothing, 
however,  more  fpeedily  or  more  effeaually  deftroys 
bugs,  as  our  author  fays  he  has  repeatedly  experienced, 
than  the  oily  pickle  that  remains  in  calks  in  which  fak¬ 
ed  herrings  have  been  packed. 

TAU  de  Luce,  a  fragrant  alkaline  liquor  which 
was  foine  years  ago  in  great  repute,  efpecially  among 
trie  fan  iex,  and  of  which  the  leading  perfection  is,  that 
it  fhall  pofftfs  and  retain  a  milky  opacity. 

Mr  Nicolfon,  in  the  fecond  number  of  his  valuable 
journal,  tells  us,  that  being  informed  by  a  philofophicai 
friend,  that  the  ufual  recipes  for  making  this  compound 
(fee  Chemistry,  Encycl.  n°  1037.)  do  not  fucceed, 
and  that  the  ufe  of  maltic  in  it  has  hitherto  been  kept 
a  fecret,  he  macie  the  following  trials  to  procure  a  good 
eau  de  luce. 

One  dram  of  the  rectified  oil  of  amber  was  diffolved 
in  four  ounces  of  the  ftrongefl  ardent  fpirit  of  the 
fhops;  its  fpecific  gravity  being  .840  at  60  degrees  of 
Fahrenheit.  A  portion  of  the  clear  fpirit.  was  poured 
upon  a  larger  quantity  of  fine  powdered  maflic  than  it 
was  judged  could  be  taken  up.  This  was  occafionally 

agitated 


Earth, 

»au  de  luce* 
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de  luce  agitated  without  heat ;  by  which  means  the  gum  refui  minulion  of  this  obliquity  at  50  feconds.  From  a  new  Ecliptic  j 

11  .  was  for  the.  moft  part,  gradually  diffolved.  One  part  of  examination,  however,  of  anrisnt  obfervatlons,  he  has  Edyftor  9 

-Ecliptic^  t^e  oily  fohition  was  poured  into  a  phial,  and  to  this  fince  found  reafon  to  eftimate  it  at  only  36  feconds  ; 

~  V  was  added  one  part  of  the  folution  of  maftic.  No  opa-  but  whether  this  be  petfe&ly  accurate,  is  very  doubtful. 

city  or  other  change  appeared.  Four  parts  of  ftrong  The  mean  obliquity  was  determined  for  the  ift  of  Ja- 

cauftic  volatile  alkali  were  then  poured  in,  and  imme-  nuary  1793,  with  circular  mftruments,  by  Mtchain  at 

diately  fhaken.  The -fluid  was  of  a  denfe  opake  white  Barcelona,  and  Piaz&i  at  Palermo,  to  be  230  27'  5^.3. 
colour,  affording  a  flight  ruddy  tinge  when  the  light  Yet  the  obfervation  of  the  fummer  folftice  of  1796,  by 
was  fee n  through  a  thin  portion  of  it.  In  a  fccond  Mechain  and  Le  Francais,  gave  i  1  feconds  more  ;  which 
mixture,  four  parts  of  the  alkali  were  added  to  one  of  was  juftly  confidered  as  a  perplexing  circumftance.  But, 
the  fohition  of  maftic  ;  it  appeared  of  a  lefs  denfe  and  as  one  of  the  ableft  of  our  literary  journalifts  obferves, 
more  yellowkh  white  than  the  former  mixture.  More  might  not  this  difference  arife  from  the  uncertainty  of 
of  the  gum  refmous  folution  was  then  poured  in;  but  it  our  tables  of  refra&ion,  as  affe&ed  by  the  hygrofcopic 
Rill  appeared  lefs  opake  than  that  mixture.  Tt  was  variations  of  the  atmofphere  ? 

ruddy  by  tranfmitted  light.  The  laft  experiment  was  Ecliptic  Bounds ,  or  Limits,  are  the  greatefl  diftances 
repeated  with  the  oily  folution  inflead  of  that  of  maftic.  from  the  nodes  at  which  the  fun  or  moon  can  be  eclip- 
The  white  was  much  lefs  denfe  than  either  of  the  fore-  fed,  namely,  near  18  degrees  for  the  fun,  and  12  de¬ 
fying  compounds,  and  the  requilite  opacity  was  not  grees  for  the  moon. 

Siven  by  augmenting  the  dofe  of  the  oily  folution.  No  EDYSTONE  Rocks,  fo  remarkable  for  the  light- 
ruddinels  nor  Dther  remarkable  appearance  was  feen  by  houfe  built  on  them,  obtained  their  name  from  the 
tranfmitted  light.  Thefe  mixtures  were  left  at  repofe  great  variety  of  contrary  fets  of  the  tide  or  current  in 
for  two  days  ;  no  feparation  appeared  in  either  of  the  their  vicinity.  They  are  fituated  pearly  S  S.  W.  from 
compounds  containing  maftic;  the  compound  confift-  the  middle  of. Plymouth  Sound,  according  to  the  true 
ing  of  the  oily  folution  and  alkali  became  paler  by  the  meridian.  The  diftance  from  the  port  of  Plymouth  is 
Reparation  of  a  cream  at  the  top.  nearly  14  miles,  and  from  the  promontory  called  Ram - 

It  appears,  therefore,  that  the  firft  of  thefe  three  head  about  10  miles.  They  are  almoft  in  the  line,  but  smeluA 
mixtures,  fubjedl  to  variation  of  the  quantity  of  its  in-  fomewhat  within  it,  which  joins  the  Start  and  the  Li  -  Account  M 
gredients,  and  the  odorant  additions  which,  may  be  zard  points  ;  and  as  they  lie  nearly  in  the  direction  of tyfim 
made,  is  a  good  eau  de  luce.  veffels  coafting  up  and  down  the  channel,  they  were^r^*  f  j 

lira  fuhiequent  number  of  the'fame  Journal,  we  have  neceffarily,  before  the'  eftabliftiment  of  a  Right  houfe, 
the  following  recipe  by  one  of  the  author’s  correfpon-  very  dangerous,  and  often  fatal  to  fhips  under  fuch 
dents,  who  had  often  proved  its  value  by  experience,  circumftances.  Their  fituation,  likewife,  with  regard 
<£  Di^eft  ten  or  twelve  grains  of  thewhiteft  pieces  of  ma-  to  the  Bay  of  Bifcay  and  Atlantic  ocean,  is  fuch,  that 
flic,  fele&ed  for  this  purpofe  and  powdered,  in  two  ounces  they  lie  open  to  the  fwells  of  the  Bay  and  ocean  from 
of  alcohol;  and,  when  nearly  diffolved,  add  twenty  grains  all  the  fouth-weftern  points  of  the  compafs  :  which 
of  elemi  (See  Amyris,  Eticycl).  When  both  the  refins  (wells  are  generally  allowed  by  mariners  to  be  very 
are  diffolved, .add  ten  or  fifteen  drops  of  re&ified  oil  of  great  and  heavy  in  thofe  feas,  and  particularly  in  the 
amber,  and  fifteen,  or  twenty  of  effence  of  bergamot :  Bay  of  Bifcay.  It  is  to  be  obferved,  that  the  found- 
ffiake  the  whole  well  together,  and  let  the  fasces  fubfide.  ipgs  of  the  fea  from  the  fouth  weftward  toward  the  E- 
The  folution  will  be  of  a  pale  amber  colour.  It  is  to  dyitone  are  from  80  fathoms  to  40,  and  everywhere  till 
be  added  in  very  fmall  portions  to  the  beft  aqua  ammo,  you  come  near  the  Edyftone  the  fea  is  full  30  fathoms 
niae  purse,  until  it  affumes  a  milky  whitenefs,  (baking  in  depth  ;  To  that  all  the  heavy  Teas  from  the  fouth- 
the  phial  well  after  each  addition,  as  dire&ed  by  Mac-  weft  come  nncontroulcd  upon  the  Edyftone  rocks,  and 
quer.  The  flrength  and  caufticity  of  the  ammoniac  break  on  them  with  the  utmoft  fury, 
are  of  moft  effential  confequence.  If,  upon  the  addi-  The  force  and  height  of  thefe  Teas  is  increafed  by 
tion  of  the  firft  drop  or  two  of  the  tindlure,  a  denfe  the  circumftance  of  the  rocks  ftretching  acrofs  the 
opake  coagulated  precipitate  is  formed,  not  much  un-  Channel,  in  a  north  and  fouth  direction,  to  the  length 
like  that  which  appears  on  dropping  a  fohition  of  fil-  of  above  ico  fathoms,  and  by  their  lying  in  a  doping 
yer  into  water  (lightly  impregnated  with  common  fait,  manner  toward  the  fouth-weft  quarter.  This  Jiving  of 
*  ft  is  too  ftrong,  and  muft  be  diluted  with  alcohol.  A  the  rocks,  as  it  is  technically  called,  does  not  ceafe  at 

confiderable  proportion  of  the  tin&ure,  perhaps  one  to  low  water,  but  ftill  goes  on  progreffively  ;  fo  that,  at 

four,  ought  to  be  requifite  to  give  the  liquor  the  pro-  50  fathoms  weftward,  there  are  12  fathoms  water  ;  nor 

per  degree  of  opacity.”  do  they  terminate  altogether  at  the  diftance  of  a  mile. 

EAVES'Board,  or  Eavss-Lath,  a  thick  feather-  From  this  conhguration  it  happens,  that  the  feas  are 
^dged  board,  ufually  nailed  round  the  eaves  of  a  houfe  fwelled  to  fuch  a  degree  in  ftorms  and  hard  gales  of  wind, 
for  the  lowermoft  tiles,  flatc,  or  fhingles,  to  reft  upon.  as  to  break  on  the  rocks  with  the  utmoft  violence. 

ECLIPSAREON,  an  inftrumeqt  invented  by  Mr  The  effedl  of  this  flope  is  likewife  fenlibly  felt  in  mo- 
Fern-ufon  for  (hewing  the  phenomena  of  eclipfes  ;  as  derate,  and  even  in  calm  weather  ;  for  the  libration  of 

their  time,  quantity,  duration,  progrefs,  &c.  the  water,  caufed  in  the  Bay  of  Bifcay  in  hard  gales  -at 

ECLIPTIC.  See  Encycl.  both  under  Ecliptic  fouth-weft,  continues  in  thofe  deep  waters  for  many 
and  in  Astronomy  -Index*  It  was  obferved  in  As-  days,  though  fucceeded  by  .a  calm  ;  inibmiich,  that 
tronomV,  Encycl  407.  that  the  obliquity  of  the  when  the  fea  is  to  all  appearance  fmooth  and  even,  and 
ecliptic  has  been  found  gradually  to  decreafe.  This  its  furface  unruffled  by  the  flighted  bretze,  yet  thofe  li- 
was  obferved,  among  others,  by  La  Lande ,  who,  in  the  brations  ftill  continuing,  which  are  called  the  ground- 
.third  edition  of  his  ailronomy,  reckoned  the  fecular  di-  /well,  and  meeting  the  Hope  of  the  rocks,  the  fea  breaks 

upon 
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)  flon c.  upon  them  in  a  frightful  manner,  fo  as  not  only  to  ob- 
u  ftrutft  any  work  being  done  on  the  rock,  but  even  the 
landing  upon  it,  when,  figuratively  fpeaking,  you  might 
go  to  fea  in  a  walnut  fhell.  A  circumftance  which  ftill 
farther  increafes  the  difficulty  of  working  on  the  rock 
is,  there  being  a  fudden  drop  of  the  furface  of  the  rock, 
forming  a  (tep  of  about  four  and  a  half,  or  five  feet 
high ;  fo  that  the  feas,  which  in  moderate  weather 
come  fwelling  to  this  part,  meet  fo  fudden  a  check  that 
they  frequently  fly  to  the  height  of  30  or  40  feet. 

Notwithftanding  thefe  difficulties,  it  is  not  furprifing 
that  the  dangers  to  which  navigators  were  expofed  by 
the  Edyftone  rocks  fhould  make  a  commercial  nation 
defirous  of  having  a  light-houfe  on  them.  The  won¬ 
der  is,  that  any  one  fhould  be  found  hardy  enough  to 
undertake  the  building.  Such  a  man  was  firft  found 
in  the  peifon  of  Henry  Witijlanley  of  Littlebury  in  Ef- 
fex,  Gent,  who,  in  the  year  1696,  was  furnifhed  by 
the  mafter,  wardens,  and  affiflants,  of  the  Trinity-houfe 
of  Deptford  Strondj  with  the  neceflary  powers  to  carry 
the  defjgn  into  execution. 

Mr  Winftanley  had  diftinguifhed  himfelf  in  a  certain 
branch  of  mechanics,  the  tendency  of  which  is  to  raife 
wonder  and  furprife.  He  had  at  his  houfe  at  Eittle- 
bury  a  fet  of  contrivances,  fuch  as  the  following  :  Be¬ 
ing  taken  into  one  particular  room  of  his  houfe,  and 
there  obferving  an  old  flipper  carelefsly  lying  on  the 
floor ;  if,  as  was  natural,  you  gave  it  a  kick  with  your 
foot,  up  ftarted  a  ghoji  before  you.  If  you  fat  down  in 
a  certain  chair,  a  couple  of  arms  would  immediately 
clafp  you  in,  fo  as  to  render  it  impoffible  to  difentangle 
yourfelf  till  your  attendant  fet  yon  at  liberty.  And  if 
you  fat  down  in  a  ceitain  arbour  by  the  fide  of  a  canal, 
you  were  forthwith  fent  out  afloat  to  the  middle  of  the 
canal,  from  whence  it  was  impoffibie  for  you  to  efcape 
till  the  manager  returned  you  to  your  former  place. — 
Whether  thofe  things  were  (hewn  to  flrangers  at  his 
houfe  for  money,  or  weie  done  by  way  of  amufement  to 
thofe  that  came  to  vifit  the  place,  is  uncertain,  as  Mr 
Winftanley  is  faid  to  have  been  a  man  of  fome  proper¬ 
ty  ;  but  it  is  at  leaft  certain,  that  he  eftabliihed  a 
place  cf  public  exhibition  at  Hyde  Park  corner,  called 
Wmjlanhy* s  'water-work s ,  which  were  fhewn  at  dated 
times  at  one  (hilling  each  peifon.  The  particulars  of 
thofe  water-works  aie  not  now  known  ;  but,  accord¬ 
ing  to  the  tafte  of  the  times,  we  mud  naturally  fuppoie 
a  great  variety  of  jets  cVeau ,  &c. 

Thefe  particulars  are  at  prtfent  of  no  other  impor¬ 
tance  than  that  they  ferve  to  give  a  fketch  of  the  ta¬ 
lents  and  turn  of  mind  of  the  original  undertaker,  ard 
to  account  for  the  whimfical  kind  of  buildings  which  he 
ereded  on  the  Edyftone  ;  from  the  defign  of  which,  it 
feems  as  if  it  were  not  fufficient  for  his  enterprifuig  ge¬ 
nius  to  ere&  a  building  011  the  fpot,  where,  of  all  others, 
it  was  lead  likely  to  ftand  unhurt  ;  but  that  he  would 
alfo  give  it  an  elevation,  in  appearance  the  moil  liable 
to  fubjedt  it  to  damage  from  the  violence  of  the  wind 
and  waves. 

This  ingenious  man  entered  upon  his  great  underta¬ 
king  in  1696,  and  completed  it  in  fomething  more  than 
four  years.  The  fird  dimmer  was  occupied  with  ma 
king  12  holes  in  the  rock,  and  in  fattening  T2  great 
irons,  which  were  to  hokiithe  work  that  was  afteiward 
to  be  done.  The  next  fummer  was  fpent  in  making  a 
folid  body,  or  round  pillar,  12  feet  high  and  14  feet  in 


diameter.  In  the  third  year,  the  aforefaid  pillar  or  Edyflonr 
work  was  make  good  at'the  foundation,  from  the  rock, 
to  16  feet  in  diameter;  and  all  the  work  was  raifedy 
which,  to  the  vane,  was  80  feet  high.  Being  all  finilh- 
ed,  with  the  lantern,  and  all  the  rooms  that  were  in  ft; 
we  “ventured  (fays  Mr  Winftanley)  to  lodge  there 
foon  after  midfummei,  for  the  greater  difpatch  of  this 
work  :  but  the  firft  night  the  weather  came  bad,  and 
fo  continued,  that  it  was  eleven  days  before  any  boats 
could  come  near  us  again;  and  not  being  acquainted 
with  the  height  of  the  feas  rifing,  we  were  almoft  all 
the  time  drowned  with  wet,  and  our  provifions  in  as 
bad  a  condition,  though  we  worked  night  and  day,  as 
much  as  poffible,  to  make  (belter  for  ourfelves.” 

Mr  Winftanley,  however,  fucceeded  in  fetting  up  the 
light  on  the  14th  of  November  in  that  year  (1698)  ; 
but  he  was  detained  till  within  three  days  of  Chriftmas 
before  he  could  return  to  fhore,  being  almoft  at  the  laft; 
extremity  for  want  of  provifions. 

In  the  fourth  year,  obferving.  the  effefts  that  the  fea 
produced  on  the  houfe,  burying  the  lantern  at  times, 
although  more  than  60  feet  high,  Mr  Winftanley  en- 
compafted  the  aforefaid  building  early  in  the  fpring 
with  a  new  work  of  four  feet  thicknefs  from  the  foun¬ 
dation,  making  all  folid  for  near  20  feet  high  ;  and  ta¬ 
king  down  the  upper  part  of  the  firft  building,  and  en¬ 
larging  every  part  in  its  proportion,  he  raifed  it  40  feet 
higher  than  it  was  at  firft :  Yet,  he  obferves,  “  the  fea, 
in  times  of  ftorms,  flies  in  appearance  one  hundred  feet 
above  the  vane ,  and  at  times  doth  cover  half  the  fide  of 
the  houfe  and  the  lantern  as  if  it  were  under  water.” 

No  material  occurrences  concerning  this  building 
happened  till  November  1703,  when  the  fabric,  needing 
fome  repairs,  Mr  Winftanley  went  down  to  Plymouth 
to  fuperintend  the  work.  And  “  we  mult  not  wonder 
(fays  Mr  Smeaton),  if,  from  the  preceding  accounts  of 
the  violence  of  the  feas,  and  the  ftnufture  of  the  light- 
houfe,  the  common  fenfe  of  the  public  led  them  to  fup- 
pofe  this  building  would  not  be  of  long  duration.  The 
follow  ing  is  an  anecdote  which  I  received  to  the  fame 
effect  from  fo  many  perfons  that  I  can  have  no  doubt 
of  the  truth  of  it  :  Mr  Winftanley  being  among  his 
friends  previous  to  his  going  off  with  his  woikmen  on 
account  of  thefe  reparations,  the  danger  being  intima¬ 
ted  to  him*  and  that  one  day  or  other  the  light-houfe 
would  certainly  be  oveifet ;  he  replied,  “  He  was  fo 
very  well  affiired  of  the  flrcngth  of  his  building,  he 
(hould  only  wifh  to  be  there  irr  the  greateft  ftorm  that 
ever  blew  under  the  face  of  the  heavens,  that  he  might 
fee  what  effect  it  would  have  on  the  ftru&uve  ” — It 
happened  that  Mr  Winftanley  Was  but  too  amply  gra¬ 
tified  in  this  wifh  ;  for  while  he  was  there  with  his 
workmen  and  light-keepers,  that  dreadful  dorm  began, 
which  raged  inoft  violently  on  the  26th  of  November 
1  703,  in  the  night ;  and  of  all  the  accounts  of  the  kind 
which  hiftory  (urniflies  us  with,  we  have  r.one  that  has 
exceeded  this  in  Great  Britain,  or  was  more  injurious 
or  extenfive  in  its  devaluation.  The  next  morning,  No¬ 
vember  27th,  when  the  violence  of  the  ftorm  was  fo 
much  abated  that  it  could  be  feen  whether  the  light- 
houfe  had  fufFued  by  it,  nothing  appeared  (landing, 
but,  upon  a  nearer  infpebtion,  fome  of  the  large  irons 
by  which  the  work  was  fixed  upon  the  rock  ;  nor  were 
any  of  the  people,  or  any  of  the  materials  of  the  build¬ 
ing,  ever  found  afterwards,  fave  only  part  of  an  iron 

chain., 
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E^yftone  ch&ift,  which  had  got  To  fad  jambed  Into  a  chink  of 
L— -y— '  the  rock,  that  it  could  never  afterwards  be  difengaged 
till  it  was  cut  out  in  the  year  1756.” 

Thus  perifhed  Mr  j  Winftanley,  together  with  h\s 
building  :  but  fo  great  was  the  utility  of  that  building 
while  it  dood,  that  the  public  could  not  fail  to  be  de- 
firous  of  having  another  in  its  place.  Accordingly,  in 
1  706,  an  a&  of  parliament  of  the  4th  of  Queen  Anne 
was  paflfed,  for  the  better  enabling  the  mader,  See.  of 
the  Trinity  houfe  of  Deptford- drond  to  rebuild  the 
fame.  By  this  ad,  the  duties  payable  by  fhippfng  pad 
fing  the  Iight-houfe  were  veded  in  the  corporation  of 
the:  Trinity* houfe,  who  were  empowered  to  grant  a 
leafe  to  fuch  undertaker  or  undertakers  as  they  fftould 
approve.  In  confequence,  they  agreed  with  a  Captam 
hovel  or  Lavet  for  a  term  of  99  years,  commencing 
from  the  day  on  which  a  light  fhould  be  exhibited,  and 
continuing  fo  long  as  that  exhibition  fhould  lad  during 
the  faid  term.  On  this  foundation  Captain  Lovet  en¬ 
gaged  Mr  John  Rudyerd  to  be  his  engineer  or  archi¬ 
tect  and  furveyor. 

It  does  not  appear  that  Mr  Rudyerd  was  bred  to 
any  mechanical  bufmefs  or  fcientific  profeffion,  being  at 
that  time  a  filk  mercer  on  Ludgate*hill;  nor  is  it  known 
that,  in  any  other  indance,  he  had  didingnifhed  himfelf  by 
any  mechanical  performance  before  or  after.  His  want 
of  perfonal  experience,  however,  was  in  a  degree  abid¬ 
ed  by  Mr  vSmith  and  Mr  Norcutt,  both  ihipwrights  in 
the  king's  yard  at  Woolwich. 

It  is  not,  as  Mr  Smeaton  obferves,  very  material  in 
what  way  this  gentleman  became  qualified  for  the  exe¬ 
cution  of  his  work  ;  it  is  fufficient  that  he  direded  the 
performance  in  a  mafferly  manner,  and  fo  as  perfectly 
to  anfvver  the  end  for  which  it  was  intended.  I*Ie  faw 
the  errors  in  the  former  building,  and  avoided  them  ; 
indead  of  a  polygon  he  chofe  a  circle  for  the  outline  of 
his  building,  and  carried  up  the  elevation  iri  that  form. 
His  principal  aim  appears  to  have  been  ufe  and  fimph - 
city  ;  and  indeed,  in  a  building  fo  fituated,  the  former 
could  hardly  be  acquired  in  its  full  extent  without  the 
latter.  He  feems  to  have  adopted  ideas  the  very  re- 
verfe  of  his  predeceffor  ;  for  all  the  unwieldy  ornaments 
at  top,  the  open  gallery,  the  proje&ing  cranes,  and  o- 
ther  contrivances,  more  for  ornament  and  pleafure  than 
ufe,  Mr  Rudyerd  laid  totally  afide.  He  faw,  that  how 
beautiful  foever  ornaments  might  be  in  themfelves,  yet 
when  they  are  improperly  applied  and  out  of  place,  by 
a  fie  (fling  to  {hew  a  tade,  they  betray  ignorance  of  its 
fird  principle,  judgment  ;  for  whatever  deviates  from  pro¬ 
priety  is  erroneous,  and  at  bed  infipid. 

It  is  impoflible  for  us  to, give  an  accurate  account  of 
the  condrudion  of  Mr  Rudyerd’s  Iight-houfe.  We 
•can  only  fay,  in  general  terms,  that  it  was  altogether 
built  of  wood  ;  for  the  courfes  of  moordonc,  which  Mr 
Riujyerd,  adverting  to  the  maxim,  that  weight  is  bed 
redded  by  weighty  introduced  into  the  folid  part  of  his 
building,  mud  be  confidered  as  being  of  the  nature  of 
ballad  ;  the  weight  of  thefe  amounted  to  above  270 
tons.  The  main  column  of  the  building  confided  of 
one  fimple  figure,  being  an  elegant  frudum  of  a  cone, 
-unbroken  by  any  projeding  ornament,  or  any  thing  on 
which  the  violence  of  the  dorms  could  lay  hold  ;  mea¬ 
suring,  exclufively  of  its  doping  foundation,  22  feet  and 
eight  inches  on  its  larged  circular  bafe  ;  61  feet  high 
above  that  circular  bafe;  and  14  feet  and  three  inches  in 


diameter  at  the  top  :  fo  that  the  circular  bafe  was  fome- 
what  greater  than  one  third  of  the  total  height,  and 
the  diameter  at  the  top  was  lefs  than  two-thirds  of  the 
bafe  at  the  greateft  circle.  On  the  flat  roof  of  this 
main  column,  as  a  platform,  Mr  Rudyerd  fixed  his  lan¬ 
tern,  which  was  an  odagon  of  ten  feet  and  fix  inches 
diameter  externally.  The  mean  height  of  the  window- 
frames  of  the  lantern  above  the  balcony  floor  vvas’near- 
ly  nine  fe£t ;  fo  that  the  elevation  of  the  centre  of  the 
light  above  the  liighed  fide  of  the  bafe  was  70^  feet ; 
that  13,  lower  than  the  centre  of  Mr  Windanley’s  fe- 
cond  lantern  by  feven  feet,  but  higher  than  that  of  his 
fird  by  24  feet.  The  width  of  Mr  Rudyerd’s  lantern 
was,  however,  nearly  the  fame  as  that  of  Mr  Winftanley’s 
fecond  :  but  indead  of  the  towering  ornaments  of  iron¬ 
work,  and  a  vane  that  rofe  above  the  top  of  the  cupo¬ 
la  no  lefs  than  21  feet,  Mr  Rudyerd  judicioufly  con¬ 
tented  himfelf  with  finifhing  his  building  with  a  round 
ball  of  two  feet  and  three  inches  diameter,  which  termi¬ 
nated  at  three  feet  above  the  top  of  his  cupola.  The 
whole  height  of  Mr  Rudyerd’s  Iight-houfe,  fiom  the 
lowed  fide  to  the  top  of  the  ball,  was  92  feet,  On  a  bafe 
of  23  feet  f*nd  four  inches,  taken  at  a  medium  between 
the  higheft  and  lowed  part  of  the  rock  that  it  covered. 
The  whole  building  was  completed  in  the  year  1709, 
three  years  from  its  commencement. 

This  great  work,  after  having  braved  the  elements 
for  forty-fix  years,  was  burnt  to  the  ground  in  1755. 
On  the  2d  of  December  of  that  year,  when  the  light- 
keeper,  then  on  the  watch,  went,  about  two  o’clock  in 
the  morning,  into  the  lantern,  to  fnufF  the  candles  ac¬ 
cording  to  cudom,  he  found  it  in  a  fmoke  ;  and  in  fpite 
of  all  that  he  and  his  companions  could  do,  the  whole 
edifice  was  on  fire  in  the  compafs  of  little  more  than 
eight  hours,  and  in  a  few  days  was  burnt  tb  its  founda¬ 
tion.  The  three  light-men  were  with  much  difficulty 
got  on  fliore,  when  one  of  them  immediately  ran  off, 
and  has  never  fince  been  heard  of.  Another,  who  had 
been  dreadfully  burned  by  melted  lead,  of  which,  ac¬ 
cording  to  his  own  account,  he  had  fwallowed  a  quan¬ 
tity,  lingered  in  agony  for  twelve  days,  and  then  expi¬ 
red.  His  ftomach  being  opened,  there  was  found  in  it 
a  folid  piece  of  lead  of  a  flat  oval  form,  which  weighed 
feven  ounces  and  five  drachms ;  and  thus  was  verified 
an  affertion  which,  to  the  furgeon  aud  others  who  at¬ 
tended  him,  appeared  altogether  incredible,  viz.  that 
any  human  being  could  live  after  receiving  melted  lead 
into  the  ftomach. 

On  the  deflrudion  of  Mr  Rudye^d’s  light  houfe,  Mr 
Smeaton  (fee  Smeaton  in  this  Supplement)  was  re¬ 
commended  by  Lord  Macclesfield,  then  prefident  of  the 
Royal  Society,  as  the  fitteft  perfon  in  England  to  build 
another.  It  was  with  fome  difficulty7  that  he  was  able 
to  perfnade  the  proprietors  that  a  (lone  building,  pro¬ 
perly  conftruAed,  would  in  all  refpe&s  be  preferable  to 
one  of  wood ;  but  havingiit  laft  convinced  them,  he  turn¬ 
ed  his  thoughts  to  the  fhape  which  was  moil  fuitable  to 
a  building  fo  critically  fituated.  RefltAing  on  the  itruc- 
ture  of  the  foimer  buildings,  it  feemed  a  material  im¬ 
provement  to  procure,  if  poffible,  an  enlargement  of  the 
bafe,  without  increafing  the  fize  of  the  weifl,  or  that 
part  of  the  building  which  is  between  the  top  of  the 
rock  ^nd  the  top  of  the  folid  work.  Hence  he  thought 
a  greater  degree  of  ftrength  and  iliffnefs  would  be  gain- 
ed,  accompanied  with  lefs  refiftance  to  the  acting 

power 
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■ft /lone,  power*  On  this  occafion,  the  natural  figure  of  the 
Jy—  waift  or  bole  of  a  large  fpreading  oak  occurred  to  Mr 
Smeaton. 

“  Let  us  (fays  he)  confider  its  particular  figure. — 
Conneded  with  its  roots,  which  lie  hid  below  ground, 
it  rifes  from  the  furface  with  a  large  fwelling  bafe, 
which  at  the  height  of  one  diameter  is  generally  redu¬ 
ced  by  an  elegant  curve,  concave  to  the  eye,  to  a  dia¬ 
meter  lefs  by  at  leaft  one  third,  and  fometimes  to  half 
its  original  bafe.  From  thence,  its  taper  'diminifhing 
more  flowly,  its  fides  by  degrees  come  into  a  perpendi¬ 
cular,  and  for  fome  height  form  a  cylinder.  After 
that,  a  preparation  of  more  circumference  becomes  ne- 
ceffary,  for  the  ftrong  infertion  and  eflabliftiment  of  the 
principal  boughs,  which  produces  a  fwelling  of  its  dia¬ 
meter. — Now  we  can  hardly  doubt  but  that  every  fec- 
tion  of  the  tree  is  nearly  of  an  equal  llrength  in  pro¬ 
portion  to  what  it  has  to  refill ;  and  were  we  to  lop  off 
its  principal  boughs,  and  expofe  it  in  that  Hate  to  a  ra¬ 
p'd  current  of  water,  we  fhould  find  it  as  capable  of 
refilling  the  a&ion  of  the  heavier  fluid,  when  diverted 
of  the  greater  part  of  its  clothing,  as  it  was  that  of 
the  lighter,  when  all  its  fpreading  orrtaments  were  ex- 
pofed  to  the  fury  of  the  wind  :  and  hence  we  may  derive 
an  idea  of  what  the  proper  fhape  of  a  column  of  the 
greateft  liability  ought  to  be,  to  refill  the  a&ion  of  ex¬ 
ternal  violence,  when  the  quantity  of  matter  is  given 
of  which  it  is  to  be  compoftd.” 

The  next  thing  to  be  conlidered  was,  how  the  blocks 
of  1!  one  could  be  bonded  to  the  rock,  and  to  one  ano¬ 
ther,  in  fo  firm  a  manner  as  that  not  only  the  whole 
together,  but  every  individual  piece,  when  connected 
with  what  preceded,  fhonld  be  proof  againrt  the  greateft 
viol  nee  of  the  fea.  For  this  purpofe,  crampihg  was 
tlit  firrt  idea,  but  was  rejected  on  account  of  the  great 
quantity  of  iron  which  was  ne^effary,  and  from  the 
tre  uble  and  lofs  of  time  which  would  attend  that  ope¬ 
ra;  ion.  In  its  place  was  fubftituted  the  method  of 
d<  vetailing.  From  fome  fpecimens  which  Mr  Smeaton 
hrd  feen  in  Belidor’s  defeription  of  the  ftone  floor  of 
tl  e  great  flutce  at  Cherburgh,  (where  the  tails  of  the 
upright  headers  are  cut  into  dovetails  for  their  infertion 
into  the  mals  of  rough  mafonry  below,)  he  was  led  to 
think,  that  if  the  blocks  themfelves  were,  both  infide 
and  outftde,  formed  into  large  dovetails,  they  might  be 
managed  fo  as  to  lock  one  another  together,  being  pri¬ 
marily  engrafted  into  the  rock  ;  and  in  the  round  or 
entire  courfes  above  the  top  of  the  rock,  they  might  all 
proceed  from,  and  be  locked  to,  one  large  centre  lione. 
Thefe  particulars  being  digefted  in  his  own  mind,  he 
explained  his  defign  by  the  help  of  drawings  ;  with 
which,  after  mature  deliberation,  die  proprietors  weie 
perfedlly  fatisfied ;  and  declared,  that  the  fcheme  was 
not  only  in  itfelf  practicable,  but,  as  appeared  to  them, 
the  only  means  of  doing  the  bufinefs  effectually. 

During  this  time  Mr ’Smeaton  had  never  vifited  the 
rock  on  which  he  was  to  be  employed  :  he  therefore  re- 
folved  to  go  to  Plymouth  early  in  the  fpring  of  17 56, 
that  he  might  lofe  no  opportunity  of  viewing  it.  At 
Plymouth  he  met  Mr  jofias  JefTop,  to  whom  he  was 
referred  for  information  and  afiiftance,  and  who  after- 

I  wards  proved  of  great  fervice  :  he  was  not  only  an  ap¬ 
proved  workman  in  his  branch  as  a  fhipwright,  but  a 
competent  draughtfman  and  an  excellent  modeller ;  ‘  in 
which  laft  (faye  the  author)  he  was  accurate  to  a  great 
vjuppl*  Vol.-I.  Part  II. 


degree :  he  therefore  appeared  to  be  a  very  fit  perfon  Edyrtone. 
to  overlook  the  exa£t  execution  of  a  defign  given.’  ljl 

Mr  JefTop,  like  others,  expreffed  his  doubts  that  a  ftone 
building  could  (land  on  the  Edyrtone :  but  they  were 
removed  by  the  propofed  mode  of  its  conftru&ion.— 

As  Mr  Smeaton  was  impatient  to  go  to  the  rock,  he 
feized  the  firft  opportunity  that  Teemed  to  promife  any 
chance  of  landing  on  it.  On  the  2d  of  April  he  got 
within  a  ftone’s  throw  of  it,  but  could  not  land  :  on 
the  5  tli  he  was  more  fortunate  ;  he  now  landed,  and 
ftaid  on  the  rock  for  two  hours  and  a  half.  This  time 
was  employed  in  taking  a  general  view  of  the  whole. 

No  remains  of  the  houfek.could  be  perceived  either  on 
the  rock,  or  about  it,  except  the  greateft  part  of  the 
iron  branches  that  had  been  fixed  by  Mr  Rudyerd  ; 
and  fome  of  the  moorftones  were  difeerned  lying  in  the 
bottom  of  the  gut.  Such  traces  were  alfo  obferved 
of  the  fituation  of  the  irons  fixed  by  Mr  Winftanley, 
as  to  render  it  no  very  difficult  tafk  to  make  out  his 
plan,  and  the  petition  of  the  edifice  :  whence  it  ap¬ 
peared  very  probable,  that  Mr  Winrtanley’s  building 
was  overfet  altogether,  and  that  it  had  torn  up  a  por¬ 
tion  of  the  rock  itfelf,  as  far  as  the  irons  had  been  faft- 
ened  in  it.  With  regard  to  the  fteps,  which  were  faid 
to  have  been  cut  in  the  rock  by  Mr  Rudyerd,  the  tra¬ 
ces  of  only  five  were  remaining  ;  thefe  were  faintly  cut, 
and  without  much  regularity.  It  was  next  tried  in 
what  degree  the  rock  was  workable  ;  and  Mr  Smeaton 
had  the  fatisfadiion  of  finding  every  thing  fucceed  to 
his  wifhes. 

Having  thus  determined  that  there  was  no  impradli- 
cability  in  fixing  a  ftone  building,  it  became  of  the 
greateft  importance  to  feenre  a  more  fafe  and  certain 
landing  on  the  rock  ;  as  it  would  frequently  happen, 
while  the  veflels  were  lying  off  the  rock,  waiting  for  a 
favourable  time  to  enter  the  gut,  that  tides  might 
change,  ground  fwells  come  on,  winds  fiiift,  and  ftorms 
arife,  which  would  of  courfe  make  it  defnable  to  re¬ 
turn  to  Plymouth,  if  poffible,  though  the  purpofe 
of  the  voyage  was  unperformed.  In  addition  to  this, 
when  veffels  had  got  with  fome  facility  into  the  gut, 
they  frequently  could  not  get  out  again  without  ex¬ 
treme  danger :  for  as  the  larger  fort  had  not  room  to 
turn  in  it,  they  were  in  reality  obliged  to  go  out  ftein 
forward  ;  the  Sugar-loaf  rock  being  fp  critically  placed, 
with  (hallow  water  on  both  fides  of  it,  that  it  prohibits 
a  thorough  p adage.  It  was  true,  indeed,  that  by  the 
(kill  and  expertnefs  of  thofe  feamen  who  had  frequently 
attended  the  fervice  of  the  Edy  ftone,  not  only  row  boats, 
but  the  attendant  veffels,  after  having  delivered  their 
cargoes,  had  been  parried  quite  through,  at  the  top  of 
an  high  tide,  with  a  fair  wind  and  fmooth  water :  but 
this  was  not  an  experiment  to  be  commonly  repeated. 

The  two  voyages  which  Mr  Smeaton  had  made  were 
in  a  fmall  failing  veffel  of  about  ten  or  twelve  tons  bur¬ 
then,  which  was  built  for  the  fervice,  and  called  the 
Edyftone  Boat.  It  occurred  to  him,  that  while  the 
light  houfe  was  ftanding,  if  the  boat  had  been  ftaved  on 
the  rocks  while  lying  in  the  gut,  there  was  a  polfibility 
of  the  men  being  faved  by  getting  into  the  houfe,  as 
the  light-keepers  would  have  been  ready  to  throw  out 
a  rope  to  their  afiiftance  :  but  that  if  any  accident  of 
the  kind  were  to  happen  now  that  the  houfe  was  down, 
and  no  prote&ion  nor  (belter  to  be  had,  there  was  little 
chance  of  their  efcape  ; — and  thefe  confiderations  being 
4  A  likeljr 
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Edyftone.  likely  to  cad  a  damp  on  every  exertion  to  land,  he  de- 
termined  to  go  out  no  more  without  another  failing 
boat  to  attend. 

The  weather  being  unfavourable  for  vifiting  the  rock, 
all  exertions  were  ufed  to  forward  the  work  on  (bore  ; 
and,  firft,  a  work  yard  was  chofen  in  a  field  adjacent  to 
Mill  Bay,  about  a  mile  well  from  Plymouth.  The 
next  object  was  to  procure  moor-ftone,  or  granite  ;  and 
with  this  view  the  author  vifited  Hingftone  Downs, 
and  obfervcd  the  manner  of  working  the  {tone,  which 
is  curious  He  next  went  to  Lanlivery,  near  Fowey 
harbour,  from  which  place  the  ftonework  for  the  late 
light- liouft  had  been  fnrniftied 

During  this  time  he  had  made  five  voyages  to  the 
rock  with  little  fuccefs:  the  event  of  the  laft  had  itrong- 
ly  pointed  out,  that  the  much  greater  tonnage  of  the 
.  done  which  muft  be  neceffary  to  be  carried  out  and 
fixed,  in  cafe  of  a  {lone  building,  than  was  requifite  in 
the  compofitions  of  his  predeceffors,  would  make  the 
uncertainty  and  delay  which  they  had  deferibed  as  be¬ 
ing  attendant  on  their  voyages,  in  order  to  fix  their 
work,  bear  far  heavier  on  the  fcheme  ;  and  would  thus 
occafion  the  whole  time  of  the  performance  to  be 
lengthened.  It  appeared,  therefore,  that  had  a  veflel  been 
fixed  within  a  quarter  of  a  mile,  or  fome  fuch  competent 
diftance  from  the  rocks,  and  which  fhould  be  capable 
of  lodging  the  workmen,  all  their  tools  and  loofe  ma¬ 
terials,  the  feveral  pieces  of  wrought  (lone  only  except¬ 
ed,  that  then  the  workmen  might,  by  means  of  fmall 
row-boats  or  yawls,  have  effe&ed  a  landing  both  of  them- 
felves  and  of  their  materials,  and  have  been  at  work  on 
the  rock  during  the  greateft  part  of  thofe  days  which 
otherwife,  as  voyagers,  they  would  have  loft  in  fruitlefs 
endeavours  to  get  to  the  place  of  a&ion.  Agreeably 
to  this  opinion,  it  was  propofed  to  build  a  ftrong  and 
very  well  found  floop  of  about  fifty  tons,  with  iron 
chains  for  mooring  her  on  the  rocky  ground  near  the 
Edyftone.  A  veflel  was  in  fa£t  afterward  moored  in 
this  fituation:  but  it  was  one  not  built  for  the  fervice, 
but  originally  intended  to  have  been  ftationed  as  a 
temporary-  floating  light  during  the  rebuilding  of  the 
light- houfe. 

Mr  Smeaton  now  made  a  fixth  voyage  to  the  rock, 
on  which  he  employed  himfelf  for  nineteen  hours  in  ta¬ 
king  fuch  dimenfions  as  would  enable  him  to  make  an 
accurate  model  of  its  furface.  He  likewife  attempted 
a  feventh  voyage :  but  being  unable  to  reach  the  Edy¬ 
ftone,  he  bore  away  for  Falmouth,  in  order  to  examine 
the  moor-ftone  works  at  Conftantine  in  that  neighbour¬ 
hood.  From  the  difficulties  which  occurred  here,  as 
well  as  at  other  places,  he  was  convinced  that  a  fuffi- 
cient  quantity  of  moor-ftone  could  not  be  readily  and 
expeditioufly  procured,  in  order  to  complete  the  whole 
building ;  and  that  he  muft  therefore  confine  the  moor- 
ftone  to  the  outfide,  a3  being  more  durable,  and  con¬ 
tent  himfelf  with  the  ufe  of  Portland,  or  fome  other 
free-working  ftone,  for  the  infide  work.  In  confe- 
quence,  after  making  three  more  voyages  to  the  rock, 
and  completing  all  the  obfervations  which  he  was  de- 
firous  of  taking  there,  he  vifited  the  ifle  of  Portland  in 
his  return  to  London,  and  made  the  neceflary  agreements 
for  carrying  on  his  work. 

On  his  arrival  in  London,  Mr  Smeaton  again  met 
the  proprietors,  from  whom  he  experienced  the  greateft 
liberality  and  confidence ;  they  declared,  that  as  he  was 


now  apprized  of  what  was  to  be  done,  they  left  both  Edyftone 
the  time  and  the  means  of  its  accomplifhment  to  him.  — 

‘  On  this  occafion  (he  obferves),  I  found  myfelf  to¬ 
tally  unfettered ;  and  perhaps  no  refolution  of  the  pro¬ 
prietors  ever  more  conduced  to  the  ultimate  fuccefs  of 
the  work  than  this,  which  fet  me  fo  much  at  liberty. 

Had  they  been  of  the  fame  temper  and  difpofition  of 
by  far  the  greateft  part  of  thofe  who  have  employed 
me,  both  before  and  fince,  their  language  would  have 
been,  Get  on,  Get  on,  for  God’s  fake,  get  on  !  the 
public  is  in  expectation  ;  get  us  fomething  fpeedily  to 
{hew,  by  which  we  may  gain  credit  with  the  public  !  — 

This,  however,  was  not  their  tone,  which  I  looked  upon 
as  a  happy  earneft  from  the  proprietors  in  the  outret.* 

During  his  ftay  in  London,  he  refolved,  as  an  abfo- 
hitely  neceflary  preliminary  ftep,  to  form  models  of  the 
rock,  both  in  its  prefent  (late  and  as  cut  to  the  intend¬ 
ed  fhape  for  receiving  the  building.  Connected  with 
the  laft  was  a  model  of  the  building  itfelf,  {hewing  di- 
ftindly  how  the  work  was  to  be  adapted  to  each  fepa- 
rate  ftep  in  the  afeent  of  the  rock,  and  particularly  ex¬ 
hibiting  the  conftru&ion  of  the  firft  entire  courfe  after 
rifing  to  the  level  of  the  upper  furface  of  the  rock  :  to 
this  a  folid  being  fitted,  the  model  {hewed  the  external 
form  of  the  whole  building,  including  the  lantern  ; 
while,  by  a  feClion  on  paper,  the  whole  infide  work  was 
reprefented.  Thefe  models,  as  well,  indeed,  as  mod 
of  the  material  parts  of  the  bufinefs,  were  the  entire 
work  of  Mr  Smeaton’s  own  hands.  After  exhibiting 
thefe  to  the  Lords  of  the  Admiralty,  who  exprefied 
their  warmeft  approbation,  he  returned  to  Plymouth  on 
the  23d  of  July  17 56. 

On  his  arrival  at  Plymouth,  he  found  that  Mr  Jeflop 
had  completely  fitted  up,  for  prefent  fervice,  the  floop, 
which  had  before  been  ufed  as  an  attendant ;  as  well  as 
the  Edyftone  boat,  and  a  large  yawl,  with  fails  and 
oars.  Another  feaman  was  now  taken  into  the  fervice, 
which  made  the  number  of  the  crew  fix.  The  Nep¬ 
tune  Bufs,  which  had  been  built  for  the  purpofe  of  ex¬ 
hibiting  a  temporary  light,  but  which  was  afterward 
moored  near  to  the  rock,  was  arrived  :  but  as  her  defli- 
nation  was  not  known,  all  orders  for  mooring-chains 
were  fufpended,  and  Mr  Smeaton  was  obliged  to  con¬ 
tent  himfelf  with  preparing  cables  in  the  beft  manner 
that  he  could  for  mooring  the  floop  in  that  fituation. 

As  the  weather  was  unfavourable,  he  had  but  one  op¬ 
portunity  of  vifiting  the  rock  ;  he  therefore  applied  vi- 
goroufly  to  prepare  every  thing  on  {hore.  The  firft 
bufinefs  was  to  eftablifh  the  working  companies,  which 
were  to  confift  of  two  complete  fets  of  hands,  to  relieve 
each  other  by  turns ;  fo  that,  whenever  winds  and  tides 
would  permit,  the  work  might  be  purfued  by  day  and 
night.  In  his  diflribution  and  management  of  thefe 
people  he  appears  to  have  a  died  with  great  judgment. 

He  made  choice  of,  and  agreed  with,  Mr  Thomas 
Richardfon,  a  mafter  mafon  of  Plymouth,  to  adt  as 
foreman  of  one  of  the  companies  ;  and  alfo  with  Wil¬ 
liam  Hill,  who  had  been  fome  time  foreman  to  another 
mafter  mafon  of  the  fame  place,  to  adt  a8  the  other 
foreman.  He  likewife  entered  three  mafons,  and  nine 
tinners  (Cornifh  miners),  as  a  company,  to  go  out  with 
Mr  Richardfon  to  take  the  firft  turn,  or  week,  com¬ 
mencing  from  Saturday  the  31ft  of  July.  Mr  Jeflop 
was  appointed  general  afiiftant.  The  wages  of  the 
foremen,  while  at  fea,  were  to  be  5  s.  per  day  certain  ; 

and 
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;  'ftone  and  for  every  hour  fpent  on  the  rock,  the  farther  pre- 
N  “  muim  of  is.- —  but  when  employed  in  the  work-yard  or 
otherwife  on  ftiore,  their  wages  were  to  be  3  s.  6d.  per 
day.  The  wages  of  the  mafons  were  to  be  2s  6d  per 
clay  certain  at  fea,  witli  a  premium  of  9d.  per  hour; 
and  the  tinners  were  to  have  zb.  per  day  certain  at  fca, 
and  8d.  per  hour.  In  the  work-yard,  or  at  ftiore,  the 
mafons  were  to  have  2od.  and  the  tinners  i8d.  per  day, 
and  to  be  paid  for  over-time  when  required  to  work  ; 
— and  that  the  feamen  might  not  want  inducement  to 
do  their  utmolt  in  landing  the  workmen  at  the  Edy- 
ilone  as  early  as  pofiible  at  every  opportunity,  and  in 
fupplying  them  with  what  was  neceffary  for  keeping 
them  at  work,  over  and  above  their  weekly  wages, 
which  were  fettled  at  8  s.  per  week,  they  were  all  to 
receive  a  premium  for  every  landing  on  the  rock  ;  the 
matter  feamen  having  2s.  6d.  and  the  ordinary  men  2s. 
to  make  their  advantage  equivalent  to  that  of  the  other 
workmen,  in  whatever  fervice  the  feamen,  who  were 
conftantly  on  duty,  were  employed.  Mr  Jeffop,  as  ge¬ 
neral  afliftant,  was  to  have  10s.  6d.  per  day  at  fea,  and 
58.  per  day  on  land;  and  every  one  was  to  fupply  him- 
ielf  witli  viChials. —  Mr  Smeaton  likewife  agreed  for 
half  an  acre  of  ground  on  the  'weft  fide  of  Mill-bay  for 
a  work-yard,  as  before  mentioned,  which  he  marked 
out,  and  ordered  to  be  fenced  with  boards.  At  this 
time  arrived  Mr  John  Harrifon,  who  was  to  adt  as 
clerk  to  the  Edyllone  works,  with  whom  a  plan  was 
digefted  for  keeping  the  accounts  and  correfpondence  ; 
and  for  the  diftinCl  noting  of  fo  great  a  variety  of  ar¬ 
ticles,  it  was  found  expedient  to  open  fourteen  different 
books. 

Matters  being  thus  fettled  on  fhore,  and  the  weather 
having  become  more  promifing,  Mr  Richardfon  and  his 
company  embarked  in  the  (loop,  with  her  ground 
tackle  on  board,  attended  by  the  author  and  Mr  Jeffop, 
and  having  alfo  the  yawl  properly  manned.  Having 
landed  on  the  rock,  Mr  Smeaton  proceeded  to  fix  the 
centre,  and  to  lay  down  the  lines  of  the  intended  work 
on  its  furfacc  ;  and  being  followed  by  Mr  Richardfon, 
he,  with  fharp  picks,  left  indelible  traces  of  thofe  lines, 
fo  as  that  the  workmen  might  proceed  on  them  when 
ever  they  fhould  be  able  to  land.  The  roughnefs  of 
the  fea,  however,  foon  rendered  it  advifable  to  return 
to  the  Hoop  ;  and  from  the  fame  caufe  it  was  thought 
unfafe  to  attempt  to  moor  her  that  evening.  On  the 
next  day,  the  wind  continued  to  blow  very  frefh  :  but 
on  the  following  they  were  able  to  moor  the  floop  ; 
and  every  one  being  anxious  to  make  a  beginning,  the 
whole  company  landed  on  the  rock,  and  immediately 
began  the  work,  which  was  purfned  for  about  four 
hours,  when  they  were  driven  off  by  the  fea.  On  the 
following  day,  all  hands  landed  before  fun-rife,  and 
worked,  during  that  tide,  for  fix  hours  ;  and  in  the  af¬ 
ternoon’s  tide  they  again  landed,  and  continued  the 
work,  by  the  help  of  links,  till  ten  o’clock  at  night. 
They  purfued  this  courfe  for  fome  time  with  very  little 
interruption,  working,  at  an  average,  for  about  five 
hours  in  each  tide. 

The  weather  had  now  been  fair  from  Auguft  27th 
to  the  14th  of  September;  and  in  this  fpace  they  had 
worked  for  177  hours  on  the  rock.  During  this  in¬ 
terval,  alfo,  Mr  Jeffop  had  prevented  a  Weft  Indiaman 
homeward  bound,  and  a  man  of  war’s  tender,  from  dri 
virig  on  the  rocks,  to  which  they  were  approaching, 


though  they  themfelves  were  not  aware  of  it.  On  the  Edyftonc* 
1 6th,  the  work  on  the  rock  was  in  the  following  litua-  n,f 

tion  ;  The  loweft  new  ftep  (the  moil  difficult  to  work, 
becaufe  the  loweft,),  with  its  dovetails,  was  quite  com¬ 
pleted. — The  fecond  ftep  was  rough  bedded,  and  all  its 
dovetails  fcapelled  out.— -The  third  ftep  (being  the 
loweft  in  Mr  Rudyerd’s  work)  was  fmooth  bedded,  and 
all  the  dovetails  roughed  out.— The  fourth  was  in  the 
like  (late. — The  fifth  was  rough  bedded,  and  its  dove¬ 
tails  were  fcapelled  out ;  and  the  fixth  was  fmooth  bed¬ 
ded,  and  all  the  dovetails  roughed  out. — Laftly,  the  top 
of  the  rock,  the  greateft  part  of  the  bulk  whereof  had 
been  previoufly  taken  down  as  low  as  it  could  be  done 
with  propriety,  was  now  to  be  reduced  to  a  level  with 
the  upper  furface  of  the  fixtli  ftep  ;  the  top  of  that  ftep 
being  neceffarily  to  form  a  patt  of  the  bed  for  the 
feventh  or  firft  regular  courfe  :  fo  that  what  now  re¬ 
mained,  was  to  bring  the  top  of  the  rock  to  a  regular 
floor  by  picks ;  and  from  what  now  appeared  (as  all 
the  upper  parts  that  had  been  damaged  by  the  fire  were 
cut  off)  the  new  building  was  likely  to  reft  on  a  balls 
even  more  folid  than  the  former  lightlioufes  had  done. 

The  equinoftial  winds  that  were  now  reigning,  af¬ 
forded  little  profpedl  of  doing  much  more  work  on  die 
rock  for  this  feafon :  for  though  a  more  moderate  in¬ 
terval  of  weather  might  be  expe&ed,  yet  that  mutt  be 
employed  in  weighing  the  Bufs’s  moorings.  To  pre¬ 
vent  the  neceffity  of  this,  however,  it  was  an  objeft  of 
conli deration,  whether  they  could  not  difpenfe  with 
that  operation,  and  thereby  have  a  little  more  time  for 
work  on  the  rock.  Mr  Smeaton’s  contrivance  for  this 
purpofe  was  admirable  ;  but  it  was  rendered  vain  by 
the  bad  failing  of  the  bufs.  After  overcoming  many 
difficulties,  the  bufs  with  Mr  Smeaton  on  board  was 
driven  at  a  great  rate  towards  the  bay  of  Bifcay,  in  dan¬ 
ger  every  hour  of  being  fwallowed  up  by  the  waves,  or 
dafhed  in  pieces  on  the  rocks  of  Sciily.  At  laft,on  Friday 
morning  the  26th  of  November,  they  reached  Ply¬ 
mouth  Sound,  and  relinquiftied  all  thoughts  of  return¬ 
ing  to  their  work  on  the  rock  that  feafon. 

The  winter  therefore  of  1756,  and  the  following 
fpring,  were  employed  in  preparing  materials  for  the 
outwork :  the  mafonry  particularly  required  great  at¬ 
tention.  It  was  a  defirable  object  to  ufe  large  and 
heavy  pieces  of  ftone  in  the  building  ;  yet  their  fize 
muft  neceffarily  be  limited  by  the  practicability  of  land¬ 
ing  them  with  fafety.  Now  fmall  veffels  only  could 
deliver  their  cargoes  alongfide  of  this  hazardous  rock  ; 
and  thefe  could  not  deliver  very  large  (tones,  becaufe 
the  fudden  riling  and  falling  of  the  veffels  in  the  gut 
amounted  frequently  to  the  difference  of  three  or  four 
feet,  even  in  moderate  weather ;  fo  that  in  cafe  after  a 
ftone  was  raifed.from  the  floor  of  the  veffel,  her  gun¬ 
wale  fhould  take  a  fwing,  fo  as  to  hitch  under  the 
ftone,  one  of  a  very  large  magnitude  muft,  on  the  vif- 
fel’s  riling,  infallibly  fink  her.  From  this  confideration, 
it  was  determined  that  fuch  ftones  fhould  be  ufed  as 
did  not  much  exceed  a  ton  weight ;  though  occafion- 
ally  particular  pieces  might  amount  to  two  tons.  That 
they  might  attain  a  certainty  in  putting  the  work  to¬ 
gether  on  the  rock,  the  ftones  ef  each  courfe  were  tried 
together  in  their  real  fituation  with  refpedl  to  each 
other ;  and  they  were  fo  exactly  marked,  that  every 
ftone,  after  the  courfe  was  taken  afunder,  could  be  re¬ 
placed  in  the  identical  pofition  in  which  it  lay  on  the 
4  A  2  platform* 
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platform,  within  the  fortieth  part  of  an  inch  : — nor  was 
this  judged  fufficient  ;  for  every  courfe  was  not  only 
tried  fingly  together  on  the  platform  and  marked,  but 
the  courfe  above  it  was  put  on  it,  and  marked  in  the 
fame  way ;  fo  that  every  two  contiguous  courfes  might 
fit  each  other  on  the  outfide,  and  prevent  an  irregulari¬ 
ty  in  the  outline.  This  degree  of  accuracy  might  feem 
fuperfluous:  but  as  the  nature  of  the  building  required 
the  workmen  to  be  in  a  condition  to  refift  a  ftorm  at 
every  ftep,  it  became  neceffary  to  fix  the  centre  (tone 
firft,  as  being  leaft  expofed  to  the  ftroke  of  the  fea  ; 
and  in  order  to  have  fure  means  of  attaching  all  the 
reft  to  this,  and  to  one  another,  it  was  indifpenfable 
that  the  whole  of  vthe  two  courfes  fhould  be  tried  to¬ 
gether;  in  order  that,  if  any  defeV  appeared  at  the 
outfide,  by  an  accumulation  of  errors  fiom  the  centre, 
it  might  be  re&ified  on  the  platform. 

Another  circumftance,  *to  which  Mr  Smeaton  was 
particularly  attentive,  and  concerning  which  his  remarks 
are  very  valuable,  was  .to  afeertain  the  moft  proper  com- 
pofition  for  water  cements.  In  making  mortar  for 
buildings  expofed  to  water,  tarras  had  been  moft 
dleemed  :  but  ftill  there  were  objections  to  its  ufe.  Mr 
Smeaton  was  therefore  induced  to  try  the  terra  pii*- 
%olana ,  found  in  Italy,  as  a  fubftitute  for  tarras .  For¬ 
tunately  there  was  a  quantity  of  it  in  the  hands  of  a 
merchant  at  Plymouth,  which  had  been  imported  as  a 
venture  from  Civita  Vecchia,  when  Weftminfter-bridge 
was  building ;  and  which  he  expeCled  to  have  fold  for 
that  work  to  a  good  advantage,  but  failed  in  his  fpe- 
culation  ;  for  having  found  that  tarras  anfvvered  their 
purpoTe,  neither  commiflioners,  engineers,  nor  contrac¬ 
tors,  would  trouble  themfelves  to  make  a  trial  of  the 
ether  material.  This  was  found  in  every  refpeCl  equal 
to  tarras ,  as  far  as  concerned  the  hardening  of  water- 
mortar,  if  not  preferable  to  it ;  and  if  made  into  a  mor¬ 
tar  with  lime  produced  from  a  ft  one  found  at  Aber- 
thaw,  on  the  coaft  of  Glamorgan  (hire,  it  exceeded,  in 
hardnefs,  any  of  the  compofitions  commonly  ufed  in  dry 
work  ;  and  in  wet  and  dry,  or  wholly  wet,  was  far  fu- 
perior  to  any  which  Mr  Smeaton  had  feen,  infomuch, 
that  he  did  not  doubt  its  making  a  cement  that  would 
equal  the  beft  merchantable  Portland  ftor.e  in  folidity 
and  durability. 

Thefe  preliminary  arrangements  being  fettled,  they 
proceeded,  on  the  3d  of  June  T757,  to  carry  out  the 
Neptune  bufs,  and  to  begin  the  work.  After  getting 
up  the  moorings  (a  work  of  no  fmall  difficulty  and  fome 
danger),  and  after  fixing  the  fender-piles,  the  (hears, 
windlafs,  &c.  the  firft  ftone  was  landed,  got  to  its  place, 
and  fixed,  on  Sunday  the  1  2th  of  June ;  and  on  the 
next  day  the  firft  courfe  was  completed.  On  the  14th, 
the  fecond  courfe  was  begun  :  but,  in  confequence  of  a 
frefh  gale,  the  workmen  were  obliged  to  quit  the  rock, 
after  fecuring  every  thing  as  well  as  poffible.  Such  was 
the  violence  of  the  gale,  tliat  it  was  impracticable  for 
the  boats  to  get  out  of  the  gut,  otherwife  than  by  paf- 
fmg  the  Sugar-loaf  rock,  in  which  they  providentially 
fucceeded.  On  the  18th,  they  were  again  as  fuddenly 
driven  from  their  work,  and  feverai  pieces  of  ftone  were 
wafhed  away  by  the  violence  of  the  fea.  In  the  night 
of  the  6th  of  July,  the  watch  on  the  deck  of  the  bufs 
efpied  a  fail  on  the  rocks,  and  one  of  the  yawls  was 
fent  to  her  relief,  which  brought  back  the  whole  crew, 
feverai  of  whom  were  in  their  fhirts,  and  in  great  diftrefs. 


It  was  a  fnow  of  about  1 30  tons  burthen,  which  was  Etyfton 
returning  in  ballaft'from  Dartmouth;  but  not  knowing v** 
exaVly  where  they  were,  they  had  miftaken  the  rocks 
for  fo  many  fifhing -boats,  till  it  was  too  late  to  clear 
them  ;  and  on  the  veffeFs  ftriking,  fhe  filled  fo  qu  ckly, 
that  the  boat  floated  on  deck  before  they  cou’d  get 
into  jt. 

During  this  time,  the  building  w^ent  on,  though  its 
progrefs  was  retarded  by  various  interruptions  and  ac¬ 
cidents  ;  till,  at  the  latter  end  of  Auguft,  when  the 
feventh  courfe  was  nearly  finifhed,  a  violent  ftorm  arofe, 
which  carried  away  the  (hears  and  triangles,  together 
with  two  of  the  large  ft  ftones  which  had  been  left  chain¬ 
ed  011  the  rock!  yet  notwithfianding  thefe  and  various 
other  difficulties,  the  ninth  courfe  was  completed  by  the 
end  of  September. 

<e  Being  now  arrived  at  the  eve  of  October  (fays  Mr 
Smeaton),  I  maturely  confidered  our  fituation  ;  and 
finding  that  we  had  been  18  days  in  completing  the 
laft  courfe,  whereas  the  former  one  was  begun  and  fi- 
niftied  in  five,  though  the  weather,  both  on  fhore  and 
above  head,  had  remained  to  all  appearance  much  the 
fame  ;  I  from  thence  concluded  it  to  be  very  probable, 
we  might  not  get  another  courfe  completed  in  the  com* 
pafs  of  the  month  of  OCtober  :  So  that  when  I  reliev¬ 
ed  on  the  many  difafteis  that  we  had  fuffered  laft  year 
by  continuing  out  to  the  month  of  November,  and  how 
little  work  we  in  reality  did  after  this  time,  it  appear¬ 
ed  to  me  very  problematical  whether  we  might  be  able, 
with  every  poffible  exertion,  to  get  another  courfe  fi¬ 
nifhed  this  feafon  ;  and  confidering  how  very  ineligible 
it  was  to  have  a  courfe  lie  open  during  the  winter  in 
this  ftage  of  the  work,  and  that  we  had  now  got  three 
complete  courfes  eftablifhed  above  the  top  of  the  rock, 
the  fum  of  whofe  height  was  four  feet  fix  inches  ;  and 
that  we  could  not  leave  the  work  in  a  more  defen- 
fible  ftate,  whether  as  relative 'to  the  natural  violence 
of  the  fea,  or  the  poffibility  of  external  injuries  — 
from  thefe  confiderations,  it  appeared  to  me  highly  pro¬ 
per  to  put  a  period  to  the  outwork  of  the  prefent  fea- 
fon” 

At  the  commencement  of  the  following  year,  1758,. 

'  the  weather  proved  very  tempeftuous  till  March  ;  and 
on  vifitingthe  rock,  they  difeovered  that  the  great  buoy 
on  the  moorings  had  been  carried  away;  nor  were  the 
mooring  chains,  though  fought  with  the  greateft  peife- 
verance,  recovered  till  the  middle  of  May.  In  confe¬ 
quence  of  this  delay,  and  from  other  accidents,  the  I 
tenth  courfe  of  the  building  was  not  completed  till  the 
5th  of  July.  From  this  time,  the  progrefs  was  with¬ 
out  any  very  material  interruption;  fo  that  on  the  ?6tb 
of  September  the  25th  courfe,  being  the  firft  of  the  fu- 
perftruClure,  was  finifhed.  The  work  was  now  fo  far 
advanced,  that  Mr  Smeaton  made  a  propofal  to  the 
Trinity  Board  and  to  the  proprietors,  of  exhibiting  a 
light  during  the  enfuing  winter ;  and  for  this  purpofe 
he  continued  his  operations  longer  than  he  otherwife 
would  have  done,  in  order  to  complete  the  firft  room, 
and  make  it  habitable  ;  but  foul  weather  coming  on, 
he  was  obliged  to  quit  the  rock,  and  returned  to  Ply¬ 
mouth.  A  ftorm  enfued  ;  and,  on  the  next  morning, 
looking  out  with  his  telefcope,  he  could  difeern  the 
houfe  with  the  fea  breaking  over  it,  but  nothing  of  the 
bufs.  On  the  following  day,  the  air  being  more  clear, 
he  had  a  diflinV  view  of  the  building ;  but  the  bufs 
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j  (lone,  was  really  gone.  This  was  a  day  of  double  regret,  as 

t  vm~mJ  it  likewife  brought  a  negative  on  his  propofal  for  exhi¬ 
biting  a  light  from  the  houfe  during  the  winter.  The 
bufs  had  run  into  Dartmouth  harbour;  fhe  was  brought 
home;  and  the  work  on  the  rock  being  fecured  againft 
the  winter,  the  operations  of  the  third  feafon  were 
clofed. 

During  the  early  part  of  1759,  Mr  Smeaton  was 
employed  in  London  in  forming  and  making  out  th£ 
necefiary  defigns  for  the  iron  rails  of  the  balcony,  the 
call  iron,  the  wrought  iron,  and  the  copper  works  for 
the  lantern,  together  with  the  plate  glafs  wo»k.  It  was 
not  till  the  2  2d  of  June  that  he  arrived  at  Plymouth. 
As  the  moorings  had  been  again  loft,  new  chains 
were  provided,  and  the  bufs  was  once  more  fixed  in 
her  fituation.  On  the  3  th  of  July  he  landed  on  the 
rock,  and  found  every  thing  perfectly  found  and  firm, 
without  the  leaft  perceptible  alteration,  excepting  that 
the  cement,  ufed  in  the  firft  year,  now  in  appearance 
approached  the  hardnefs  of  the  moorftone  ;  and  that 
ufed  in  the  laft  year  had  the  full  hardnefs  of  Portland  ; 
but  on  hauling  up  the  ftones  for  the  next  circle  from 
the  ftore-room,  where  they  had  been  depofited,  he  had 
the  mortification  to  find  only  feven  in  (lead  of  eight. 
It  was' imagined  that  a  body  of  falling  water,  making 
its  way  through  the  open  ribs  of  the  centre,  had  wafh- 
ed  this  ftone  out  of  the  ftore-rOom  door,  though  it 
weighed  between  four  and  five  hundred  weight. 

The  progrefs  of  the  work,  however,  was  now  fnch, 
that  a  whole  room,  with  its  vaulted  cover,  was  built 
complete  in  feven  days. 

On  the  17th  of  Anguft  the  main  column  wa3  com¬ 
pleted. 

On  the  27th  Mr  Richardfon  and  his  company  left 
the  Edyftone,  and  gave  an  account  that  they  had  lived 
in  it  fmee  the  23d,  having  found  it  much  more  warm 
than  the  bufs’s  hold  and  cabin. 

They  had  now  finiftied  every  thing  belonging  to  the 
mafonry.  Thp  work  of  the  cupola  was  going  on  brifk- 
ly  in  the  yard  at  Mill-bay,  though  it  was  retarded  by 
the  fncceftive  illnefTes  of  the  two  principal  copperfmiths. 
However,  by  the  exertions  of  Mr  Smeaton,  who  was 
himfelf  ready  to  work  at  every  bufinefs,  all  matters 
were  put  in  fuch  forwardnefs,  that  by  the  8th  of  Sep¬ 
tember  there  was  nothing  to  prevent  the  frame  of  the 
lantern  from  being  fixed  in  its  place  but  bad  weather. 
It  was  not  till  the  15th  that  the  weather  permitted  the 
boats  to  deliver  their  cargoes.  The  16th  was  remark¬ 
ably  fine  ;  fo  that  by  the  evening  the  whole  frame  of 
the  lantern  was  ferewed  together,  and  fixed  in  its  place. 
On  the  17th,  which  was  alfo .exceedingly  fine,  the  cu¬ 
pola  was  brought  out,  and  the  fhears  and  tackle  were 
fet  up  for  hoifting  it. 

“■This  (fays  Mr  Smeaton)  perhaps  may  be  account¬ 
ed  one  of  the  mod  difficult  and  hazardous  operations  of 
the  whole  undertaking ;  not  fo  much  on  account  of 
its  weight,  being  only  about  1 1  cwt.  a3  on  account  of 
the  great  height  to  which  it  was  to  be  hoifted  clear  of 
the  building,  and  fo  as,  if  poftible,  to  avoid  fuch  blows 
as  might  bruife  it.  It  was  alfo  required  to  be  hoifted 
a  confiderable  height  above  the  balcony  floor  ;  which, 
though  the  largeft  bafe  that  we  had  for  the  fhears  to 
ftand  on,  was  yet  but  14  feet  within  the  rails,  and  there¬ 
fore  narrow  in  proportion  to  their  height.  About 
noon  the  whole  of  our  tackle  was  in  readinefs  y  and  in 
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the  afternoon  the  Weflon  (boat)  was  brought  into  the  Edjftcne. 
gut,  and  in  lefs  than  half  an  hour  her  troublefome  car-  "  '  jl 
go  was  placed  on  the  top  of  the  lantern  without  the 
leaft  damage.  During  the  whole  of  this  operation  it 
ple?fed  God  that  not  a  breath  of  wind  difeompofed  the 
furface  of  the  water,  and  there  was  the  leaft  {well  about 
the  rocks  I  had  obferved  during  the  feafon. 

“Tuefday,  September  1 8th,  in  the  morning,  I  had 
the  fatisfa^ftion  to  perceive  the  Edyftone  boat,  on  board 
of  which  I  expe&ed  the  ball  to  be  ;  and  which  be¬ 
ing  double  gilt,  I  had  ordered  the  carriage  of  it  to 
be  carefully  attended  to.  The  wind  and  tide  were 
both  unfavourable  to  the  vefrel’s  getting  foon  near  us; 
therefore,  being  defirous  to  get  the  ball  ferewed  on 
before  the  {hears  and  tackle  were  taken  down,  one 
of  the  yawls  was  difpatched  to  bring  it  away.  This 
being  done,  and  the  ball  fixed,  the  fhears  and  tackle 
were  taken  down,  which  took  up  nearly  as  much  time 
as  was  employed  in  fetting  them  up  ;  that  is,  near  12 
hours  each,  in  the  whole,  to  do  the  work  of  an  hour. — I 
mult  obferve,  that  by  choice  I  ferewed  on  the  ball  w‘th 
mine  own  hands,  that  in  cafe  any  of  the  ferews  had  not 
held  quite  tight  and  firm,  the  circumftance  might  not 
have  been  flipped  over  without  my  knowledge  ;  being 
well  aware,  that  even  this  part  would  at  times  corne  to 
a  confiderable  ftrefs  of  wind  and  fea,  and  which  could 
not  be  replaced  without  fome  difficulty  m  cafe  any¬ 
thing  fhould  fail.  —  It  may  not  be  amlfs  to  intimate  to 
thofe  who  m2y  in  future  have  to  perform  the  fame  ope¬ 
ration,  that  the  fcaffold  on  which  this  was  done  con¬ 
fided  of  four  boards  only,  well  nailed  together,  at  fuch 
diftances  as  to  permit  it  to  be  lifted  over  the  ball  when 
done  with.  It  refted  on  the  cupola,  encompafling  its 
neck  ;  and  Roger  Cornthwaite,  one  of  the  mafons, 
placed  himfelf  on  the  oppofite  fide  upon  it,  to  baLnce 
me  while  I  moved  round  to  fix  the  ferews.” 

Refpe&ing  the  difpofition  of  the  internal  part  of  the 
edifice,  Mr  Smeaton  fixed  the  beds  in  the  uppermoft 
room,  and  the  fire-place,  which  conftituted  the  kitchen,, 
in  the  room  below  it ;  whereas,  in  the  late  honfe,  the 
upper  room  was  the  kitchen,  and  the  beds  were  placed 
in  one  of  the  rooms  below  ;  the  confequence  of  which 
was,  that  the  beds  and  bedding  were  generally  in  a  very 
damp  and  difagreeable  ftate.  The  prefent  difpofition. 
has  perfectly  anfwered  the  end  propofed,  as  nothing 
can  be  more  completely  dry  than  the  two  habitable 
rooms. 

On  the  1  ft  of  October,  every  thing  being  finifhed* 
and  the  chandeliers  hung,  there  was  nothing  to  hinder 
a  trial  by  lighting  the  candles  in  the  day  time.  Ac¬ 
cordingly  24  candles  were  put  into  their  proper  places, 
and  were  continued  burning  for  three  hours,  during 
which  time  it  blew  a  hard  gale  ;  and  a  fire  being  kept 
at  the  fame  time  in  the  kitchen,  they  both  operated 
without  any  interference  ;  not  any  degree  of  fmoke  ap¬ 
pearing  in  the  lantern  nor  in  any  of  the  rooms  ;  and 
by  opening  the  vent  holes,  which  had  been  made  in  the 
bottom  of  the  lantern  for  occafional  ufe,  it  could  be 
kept  quite  cool ;  whereas,  in  the  late  light-houfe,  it 
ufed  to  be  fo  hot,  efpecially  in  the  fummer,  as  to  give 
much  trouble  by  the  running  of  the  candles. 

All  being  thus  in  readinefs,  and  a  condu&or,  in  cafe 
of  lightning,  being  adapted  to  the  building,  notice  was 
given  to  the  Trinity-houfe  that  the  light  would  be  ex¬ 
hibited  on  the  1 6th  of  Oftober  17 59#  The  feafon  of 
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■r2Myfl©ne.  the  year  being  now  advanced  to  that  which  was  always 
W~V““  very  precarious,  the  Neptune  bufs  was  unmoored,  and 
-on  the  9th  of  October  fhe  came  to  an  anchor  in  Ply¬ 
mouth  harbour. — 4<  And  thus  (fays  Mr  Smeaton),  af- 
'  ter  innumerable  difficulties  and  dangers,  was  a  happy 
period  put  to  this  undertaking,  without  the  lofs  of  life 
-  or  limb  to  any  one  concerned  in  it,  or  accident,  by 
which  the  work  could  be  faid  to  be  materially  retarded.” 

With  regard  to  fubfequent  occurrences,  it  is  truly 
obferved,  that  the  belt  account  is,  that,  after  a  trial  of 
40  years,  -which  have  elapfed  fince  the  finifhing  of  the 
building,  it  Hill  remains  in  its  original  good  condition. 
A  few  particulars  are  however  interefting.  On  the  19th 
of  O&ober  Mr  Smeaton,  with  Mr  Jeffop,  &c.  vifhed 
the  hotife,  and,  landing,  found  all  well.  Henry  Ed¬ 
wards,  one  of  the  light  keepers,  gave  an  account  that 
they  lighted  the  houfe  as  they  were  dire&ed,.and  found 
the  lights  to  burn  fteadily,  notwithftanding  it  blew  very 
hard  ;  that  they  had  the  greatefl  Teas  on  the  days  im¬ 
mediately  preceding  the  lighting ;  and  that  then  the 
waves  bioke  up  fo  high,  that  had  they  not  been  thrown 
off  by  the  cove  courfe,  they  would  have  endangered 
breaking  the  glafs  in  the  lantern  :  that  when  the  feas 
broke  the  higheft,  they  had  experienced  a  fenfible  mo¬ 
tion  ;  but  that,  as  it  was  barely  perceptible,  it  had  oc- 
cafioned  them  neither  fear  nor  furprize. 

During  his  flay  at  Plymouth,  in  the  times  of  flormy 
weather*  Mr  Smeaton  took  feveral  opportunities  of 
viewing  the  light-houfe  with  his  telefcope  from  the 
'Hoa  ;  and  alfo  from  thegariifon,  both  which  places 
-were  fufficiently  elevated  to  fee  the  bafe  of  the  building, 
and  the  whole  of  the  rock  at  low  water  in  clear  wea¬ 
ther ;  and  though  he  had  many  occafions  of  viewing 
the  unfiniffie^  building  wrhen  buried  in  the  waves  in  a 
•ftoim  at' fouth-weft  ;  yet  having  never  before  had  a 
view  of  it  under  this  circumftance  in  its  finifhed  date, 
he  was^aflomfhed  to  find  that  the  account  given  by  Mr 
VWmftahley  did  not  appear  to  be  at  all  exaggerated. 
sA  t  intervals  of  a  minute,  and  fometimes  of  two  or  three, 

<  when  a  combination  happened  to  produce  one  over¬ 
grown  wave,  it  would  ftrike  the  rock  and  the  building 
conjointly,  and  fly  up  in  a  white  column,  enwrapping  it 
like  a  fheet,  rifing  at  lead  to  double  the  height  of  the 
houfe,  and  totally  intercepting  it  from  the  fight  ;  and 
this  appearance  being  momentary,  both  as  to  its  rifing 
and  falling,  he  was  enabled  to  judge  of  the  comparative 
height  very  nearly  by  the  comparative  fpaces,  alternate¬ 
ly  occupied  by  the  houfe  and  by  the  column  of  water 
iu  the  held  of  the  telefcope. 

The  year  1759  concluded  with  fome  very  flormy  wea¬ 
ther ;  and  in  January  1  760,  Mr  Jeffop  vifited  the  houfe, 
but  could  not  land.  He  got  a  letter,  however,  from 
Henry  Edwards,  acquainting  him  that  therehad  been 
fuch  very  bad  weather  that  the  fea  frequently  ran  over 
the  houfe  ;  fo  that  for  1 2  days  together  they  could  not 
open  the  door  of  the  lantern  nor  any  other.  He  faid, 
“  the  houfe  did  fhake  as  if  a  man  had  been  up  in  a 
great  tree.  The  old  men  were  almoft  frighted  out  of 
their  lives,  wifhing  they  had  never  feen  the  place,  and 
curling  thofe  that  firfl  perfuaded  them  to  go  there. 
The  fear  feized  them  in  the  back  ;  but  rubbing  them 
with  oil  of  turpentine  gave  them  relief. ”  He  farther 
-mentioned,  that  on  the  5th  of  December,  at  night,  they 
had  a  very  great  florm  ;  fo  that  the  ladder,  which  was 
*JaShcd  below  the-entry  door,  broke  loofe,  and  was  wafhed 


away,  Alfo,  on  the  1 3th,  there  was  fq  violent  a  florm  of  Edyftcr 
wind  that  he  thought  the  houfe  would  overfet ;  and  at  I!  * 
midnight  the  fea  broke  one  pane  of  glafs  in  the  lantern.  E^am!l 
They  had  a  very  melancholy  time  of  it,  having  alfo  had 
a  great  deal  of  thunder  and  lightning. — “  The  florms 
(obferves  Mr  Smeaton)  which  the  building  has  now 
fuflained  without  material  damage,  convince  us,  and 
every  one,  of  the  {lability  of  the  Hone  light  houfe,  ex¬ 
cept  thofe  (who  were  not  a  few)  who  had  taken  a  no¬ 
tion  that  nothing  but  wood  could  refill  the  fea  upon 
the  Edyfione  rocks  ;  who  faid,  that  though  they  allow¬ 
ed  it  was  built  very  ftrong,  yet  if  fuch  a  ftorm  as  had 
deflroyed  Wjnftanley’s  light-houfe  was  again  to  hap¬ 
pen,  they  doubted  not  but  it  mull  ffiare  the  fame  fate. 

The  year  1762  was  ulhered  in  with  ilormy  weather, 
and  indeed  produced  a  tempeft  of  the  firft  magnitude.; 
the  rage  of  which  was  fo  great,  that  one  of  thofe  who 
had  been  ufed  to  predict  its  downfal  was  heard  to  fay. 

If  the  EdyHone  light-houfe  is  Handing  nows  it  wall 
Hand  till  the  day  of  judgment.  And,  in  reality,  from 
this  time,  its  exiHence  has  been  fo  entirely  laid  out  of 
mens  minds,  that  whatever  Horms  have  happened  fince, 
no  inquiry  has  ever  been  made  concerning  it.” 

For  the  length  of  this  detail  we  cannot  bring  our- 
felves  to  make  any  apology.  If  there  be  a  few  of  our 
readers  to  whom  it  may  appear  tedious,  we  are  per¬ 
fuaded  that  there  are  many  more  to  whom  it  will  be 
in  a  high  degree  interefting  ;  while  fuch  of  them  as  are 
engineers  will  derive  inftru&ion  even  from  this  very  a- 
bridged  hiHory  of  the  Edyilone  light-houfe. 

EFFECTION.  denotes  the  geometrical  conftru&ion 
of  a  propofition.  The  term  is  alfo  ufed  in  reference  to 
problems  and  pra&ices,  which,  when  they  are  deduciblc 
from,  or  founded  upon,  fome  general  proportions,  are 
called  the  geometrical  ejfeftion  of  them. 

EGLANTINE  (Fabre  de),  was  born  at  Chalons 
in  Champagne..  He  was  early  educated,  by  the  care 
of  his  parents,  in  polite  literature  and  natural  philofophy. 

From  his  youth  he  felt  an  invincible  inclination  to  couit 
the  mufes;  and  in  the  year  1786  he  publifhed,  in  a 
French  periodical  work,  intitled  Les  Etrennes  du  Par - 
najfey  a  little  poem  called  Chalons  far  Marne ,  in  which 
he  drew  a  very  charming  pi£urc  of  the  moral  pleafures 
that  were  to  be  found  in  that  place  and  its  neighbour¬ 
hood.  This  piece,  however,  was  then  confidered  as  a 
juvenile  compofition,  and  fell  very  ffiort  of  that  high  de¬ 
gree  of  celebrity  which  the  author  afterwards  attained 
to.  In  the  years  1789  and  1790  he  publifhed  two 
well-known  comedies,  Le  Philinte ,  and  L' Intrigue  Epif- 
tolaire.  Befides  his  talents  for  writing  comedies,  he 
felt,  like  Moliere,  an  inclination  to  perform  parts  or* 
the  Hage.  He  accordingly  adled  his  own  plays  in  the 
theatres  of  Lyons  and  Nimes. 

Being,  like  the  greater  part  of  French  wits  and  phi- 
lofophers,  an  avowed  enemy  to  religion  and  civil  fubor- 
dination,  he  was  thought  to  have  fufficient  merit  to  be 
removed  from  the  office  of  fabricating  comedies  to  that 
of  fabricating  conftitutions.  Accordingly,  in  1792,  he 
was  chofen  (we  believe  by  the  influence  of  the  Giron- 
dinc  fa&ion)  a  deputy  to  the  National  Convention.  In 
that  affembly,  during  the  winter  and  the  fpring  of 
1793,  he  adled  a  part  certainly  not  very  commendable, 
though  everyway  worthy  of  the  pupil  of  the  economifh. 

At  that  period  the  Girondine  party  was  the  moft 
powerful;  and  it  was  very  generally  reported  amo  ’g 
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ntine,  the  bell  informed  people  at  Paris,  that  Fabre  contribu-  as  fufficient  to 
ted,  together  with  Danton  and  Robefpierre,  to  the  fa¬ 
mous  maflacre  of  the  31ft  of  May,  when  the  Girondine 
faction  was  overthrown  by  a  popular  infurre&ion.  What 
gives  the  appearance  of  authenticity  to  this  report  is, 
that  Fabre  himfelf  fome  days  afterwards  obferved  to  a 
friend,  that  the  domineering  fpirit  of  the  Girondines, 
who  had  engrafted  all  power  and  office,  had  induced 
him  and  his  colleagues,  in  order  to  fhake  off  the  yoke, 
to  throw  themfelves  into  the  hands  of  the  Sanfculoterie ; 
that  he  could  not  help,  however,  foreboding  dangerous 
consequences  from  that  day,  31ft  of  May,  as  the  fame 
mob  which  they  had  taught  to  defpife  the  legiflature 
might,  at  the  inftigation  of  another  fadlion,  overthrow 
him  in  his  turn.  i  hus  Fabre  appeared  to  have  a  pre¬ 
sentiment  of  his  own  future  deftiny. 

On  the  overthrow  of  the  Girondine  party,  and  the 
eftablifhment  in  power  of  the  Sanfculoterie,  Fabre  be¬ 
gan  to  a&  a  confiderable  part.  He  was  appointed 
member  of  the.  Committee  of  Public  Inflrudion  ;  in 
which  ftation,  in  the  month  of  Auguft  1793,  be  gave 
his  vote  for  fuppreffing  ail  academies  and  literary  cor¬ 
porations  which,  from  their  privileges  and  ariftocratic 
fpirit,  were  confidered  as  unfriendly  to  a  truly  republi- 
can  government.  In  O&ober  1793,  he  fubmitted  to 
the  National  Convention  the  plan  of  a  new  calendar, 
which  was  afterwards  adopted. 

The  reader  who  will  take  the  trouble  to  turn  to  the 
article  Revolution,  n°  1 84,  Encycl  may  fee  that  ca¬ 
lendar,  and  be  able  to  judge  for  himfelf  whether  it  e- 
yinces  the  childifhnefs  or  the  fcience  of  its  author.  A 
journalift  of  our  own  indeed,  who  feerm  to  admire  every 
thing  that  is  new  and  odd,  fays,  that  the  accuracy  and 
regularity  with  which  it  was  executed,  evinced  an  uncom¬ 
mon  degree  of  knowledge  in  mathematics  and  natural 
philofophy,  and  failed  not  to  refled  on  its  author  great 
reputation  1  Indeed!  Had  the  Sanfculotes  To  foon 
forgotten  their  “  guides,  philofophers,  and  friends  ” 

D’Alembert,  and  Condorcet,  as  to  confider  this  exploit 
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place  its  author  in  the  temple  of  fame  Eglantine 
among  the  fons  of  fcience  i1  Our  journal^,  however, 


admits,  that  it  gave  birth  to  a  pleafant  pamphlet,  intit-  E  e<Sbonil 
led  Lc  Legiflateur  a  la  Mode;  in  which  it  was  demon - 
ftrated,  that  the  31ft  chapter  of  the  travels  of  Anachar- 
ns,  by  the  Abbe  Barthelemy,  where  the  defcription  of 
the  ancient  Greek  calendar  is  introduced,  had  furnish¬ 
ed  no  inconfiderable  part  of  the  plan  of  the  new  Fabrine 
calendar. 

The  Sanfculoterie  had  now  become  too  powerful 
to  be  tolerated  any  longer.  In  the  winter  of  1794, 
that  faction  was  divided  into  two  parts,  the  Jacobins 
and  the  Cordeliers ,  or,  in  other  words,  the  Rob  ef pier- 
rijls  and  the  Dantonifls,  Fabre  was  of  the  faction  of 
Danton,  and  was  confined  with  Danton’s  adherents 
in  the  pnfon  of  the  Luxemburg.  From  that  prifon  he 
wrote  a  number  of  letters,  which  were  afterwards  print- 
ed..  Thefe  letters  are  highly  extolled  as  beautiful  de¬ 
scriptions  of  fenfibility  and  talents  in  diilrefs.  After  a 
month’s  lmpriforiment,  Fabre  was,  with  many  others* 
executed  in  the  place  de  la  Revolution ,  in  April  1794,  in 
the  33th  year  of  his  age.  His  fentence,  we  believe, 
was  unjuft ;  but  death  he  had  more  than  merited. 

ELASTICITY.  In  addition  to  the  article  in  the 
Encyclopedia,  fee,  in  this  Supplement,  the  view  ofBos- 
covich’s  theory  of  natural  philofophy,  n°  26. 

ELECTIONS,  or  Choice,  fignify  the  feveral  dif¬ 
ferent  ways  of  taking  any  number  of  things  propofed. 
either  feparately,  or  as  combined  in  pairs,  in  threes,  in 
fours,  &c.  ;  not  as  to  the  order,  but  only  as  to  the 
number  and  variety  of  them.  Thus,  of  the  things  b3 
cy  d,  e,  &c.  the  eledion3  of 

one  thing  are  (a,)  1  =  21 _ 

two  things  are  (a,  &,  ah J  3  =  2*  — -  1, 
three  thingsare  (a,  b,  c,  ab,  ac,  be,  ale,)  7  -  23  —  r, 

&c. ;  and  of  any  number  n,  all  the  ele&ions  are  2r-  —  j  ; 
that  is,  one  lefs  than  the  power  of  2  whofe  exponent  is 
”>  ^e  number  of  Angle  things  to  be  chofen,  either  fe¬ 
parately  or  in  combination. 


electricity. 


VU”E  cannot  but  be  fomewhat  furprifed  that,  among 
y  the  many  attempts  which  have  been  made  by 
the  philofophers  of  Britain  to  explain  the  wonderful 
phenomena  which  are  clafTed  under  this  name,  no  au¬ 
thor  of  eminence,  befides  the  Hon.  Mr  Cavendiih  and 
Lord  Mahon,  have  availed  themfelves  of  their  fufeepti- 
bilfty  of  mathematical  difeuffion  ;  and  our  wonder  is 
the  greater,  becaufe  it  was  by  a  mathematical  view  of 
the  iubjed,  in  the  phenomena  of  attradion  and  repul- 
fton,  that  the  celebrated  philofopher  Franklin  was  led 
to  the  only  knowledge  of  eledricity  that  deferves  the 
name  of  fcience  ;  for  we  had  fcarcely  any  leading  fads, 
by  which  we  could  clafs  the  phenomena,  till  he  pub¬ 
lished  his  theory  of  pojitive  and  negative,  or  plus  and 
minus,  elearicity.  .This  is  founded  entirely  on  the  phe¬ 
nomena  of  attraaion  and  repulfion.  Thefe  ftirniffi  11s 
with  all  the  indications  of  the  prefence  of  the  mighty 
agent,  and  the  marks  of  its  kind,  and  the  meafures  of 
its  force.  Mechanical  force  accompanies  every  other 
appearance  ;  and  this  accompany  ment  is  regulated  in  a 
determinate  manner.  Many  of  the  effede  of  elearicity 


are  ftriaiy  mechanical,  producing  local  motion  in  the 
fame  manner  as  magnetifm  or  gravitation  produce  it. 
One  fhould  have  expeaed  that  the  countrymen  of 
Newton,  prompted  by  his  fuccefs  and  his  fame,  would 
take  to  this  mode  of  examination,  and  would  have  en¬ 
deavoured  to  deduce,  from  the  laws  obferved  in  the  ac- 
tmn  of  this  motive  force,  an  explanation  of  other  won. 
dertul  phenomena,  which  are  irreparably  conneacd  with 
thole  of  attraaion  and  repulfion. 

But  this  has  not  been  the  cafe,  if  vve  except  the  la¬ 
bours  of  the  two  philofophers  above  mentioned,  and  a 
lew  very  obvious  pofitions  which  mull  occur  to  all  the 
inventors  and  improvers  of  eledrometers,  batteries,  and 
other  things  of  meafurable  nature. 

This  view  has,  however,  been  taken  of  the  fubjed 
by  a  philofopher  of  unqueftioned  merit,  Mr  ^Epinua 
of  the  Imperial  Academy  of  St  Peterfburgh.  This 
gentleman,  ftruck  with  the  refemblance  of  the  eledri. 
cal  properties  of  the  tourmalin  to  the  properties  of  a 
magnet,  which  have  always  been  confidered  as  the  fub- 
jed  of  mathematical  difeuffion,  fortunately  remarked  a 

wonderful 
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wondeiful  ilmilanty  in  the  whole  feries  of  eledrical  and 
magnetical  attractions  and  repulfions,  and  fet  himfelf 
ferioufiy  to  the  claflification  of  them.  Having  done 
this  with  great  fuccefb,  and  having  maturely  refle&ed 
on  Dr  Franklin's  happy  thought  of  pi  us  and  minus  elec- 
trieity,  and  his  confequent  theory  of  the  Leyden  phial, 
he  at  laft  hit  on  a  mode  of  conceiving  the  whole  fubje& 
of  magnetifm  and  eledricity,  that  bids  fair  for  leading 
us  to  a  full  explanation  of  all  the  phenomena  ;  in  as^far, 
at  leaf!,  as  it  enables  us  to  elafs  them  with  precifion, 
and  to  predid  what  will  be  the  refult  of  any  propofed 
treatment.  He  candidly  gives  it  the  modeft  name  of 
a  hypothecs. 

This  was  pnbliflied  at  St  Peterfburg  in  1759,  under 
the  title  of  Theoria  Elefiritatis  et  Magnetifmi ,  and  is  un¬ 
questionably  one  of  the  moil  ingenious  and  brilliant 
performances  of  this  century.  It  is  indeed  moil  fiir- 
prifing  that  it  is  fo  little  known  in  this  country.  This, 
we  imagine,  has  been  chiefly  owing  to  the  very  flight 
and  almoft.  unintelligible  account  which  Dr  Prieflley 
has  given  of  it  in  his  hiilory  of  eledrigity  ;  a  work 
which  profeffes  to  comprehend  every  thing  that  has 
been  done  by  the  phdofophers  of  Europe  and  America 
for  the  advancement  of  this  part  of  natural  fcience,  and 
which  indeed  contains  a  great  deal  of  inflrudive  infor¬ 
mation,  and,  at  the  fame  time,  fo  many  loofe  conjec¬ 
tures  and  infignificant  observations,  that  the  reader  (e_- 
fpecially  if  acquainted  with  the  Dodor’a  charader  as 
an  unwearied  bookmaker)  reasonably  believes  that  he 
has  let  nothing  flip  that  was  worthy  of  notice.  We 
do  not  pretend  to  account  for  the  manner  in  which 
Dr  Prieilley  has  mentioned  this  work,  fo  much,  and  fo 
defervedly  celebrated  on  the  continent.  We  cannot 
think  that  he  has  read  it  fo  as  to  comprehend  it,  and 
imagine,  that  feeing  fo  much  algebraic  notation  in  every 
page,  and  being  at  that  time  a  novice  in  mathemati¬ 
cal  learning,  he  contented  himfelf  with  a  few  fcattered 
paragraphs  which  were  free  of  thofe  embarraflments  ; 
and  thus  could  only  get  a  very  imperfed  notion  of  the 
fyflem.  The  Hon.  Mr  Cavendifh  has  done  it  more 
juflice  in  the  6 ill  volume  of  the  Pliilofophical  Tranf- 
adions,  and  confiders  his  own  moil  excellent  differta- 
tion  only  as  an  extenfion  and  more  accurate  application 
of  JEpinus’s  Theory.  That  we  have  not  an  account 
of  this  expofition  of  the  Franklinian  theory  of  eledii- 
city  in  our  language,  is  a  material  want  in  Britiih  lite¬ 
rature  ;  and  we  truil,  therefore,  that  our  readers  will  be 
highly  pleafed  with  having  the  ingenious  difeoveries  of 
the  great  American  philofopher  put  into  a  form  io 
nearly  approaching  to  a  fyitem  of  demonftrative  fcience. 

We  propofe,  therefore,  in  this  place,  to  give  fuch  a 
brief  account  of  jEpinus’s  theory  of  eledricky,  as  will 
enable  the  reader  to  reduce  to  a  very  fimple  and  eafily 
remembered  law  all  the  phenomena  of  eledricity  which 
have  any  clofe  dependence  on  the  mechanical  effe&s  of 
this  powerful  agent  of  nature  ;  referring  for  a  demon- 
flration  of  what  is  purely  mathematical  to  Sir  Ifaac 
Newton’s  Principia,  and  the  Diflertation  by  Mr  Ca 
vendifh  already  mentioned,  except  in  fuch  important 
articles  as  we  think  ourfelves  able  to  prefent  in  a  new, 
and,  we  hope,  a  more  familiar  form.  We  do  not  mean, 
in  this  place,  to  give  a  fyflem  of  philofophical  eledri- 
city,  nor  even  to  narrate  and  explain  the  more  remark¬ 
able  phenomena.  Of  thefe  we  have  already  given  a 
vafl  coUedion  in  the  article  Electricity,  EncycL 
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We  confine  ourfelves  to  the  phenomena  which  may  be 
called  mechanical ,  producing  meafurable  motion  as  their 
immediate  effed  j  and  thus  giving  us  a  principle  for  the 
mathematical  examination  of  the  caufe  of  eledrical  phe¬ 
nomena.  We  fhall  con fider  the  reader  as  acquainted 
with  the  other  phyfical  effeds  of  electricity,  and  (hall 
frequently  refer  to  them  for  proofs. 

Moreover,  as  our  intention  i3  merely  to  give  a  fy- 
nopticai  view  of  this  elaborate  and  copious  performance 
of  Mr  iEpinus,  hoping  that  it  will  excite  our  country¬ 
men  to  a  careful  perufal  of  fo  valuable  a  work,  we  fhall 
omit  moflof  the  algebfaic  inveftigations  contained  in  it, 
and  prefent  the  conclufion8  in  a  more  familiar,  and  not 
lefs  convincing,  form.  At  the  fame  time  we  will  infert 
the  valuable  additions  made  by  Mr  Cavendifh,  and  ma¬ 
ny  important  particulars  not  noticed  by  either  of  thofe 
gentlemen. 

Hypothesis  of  JEpinus. 

The  phenomena  of  elediicity  are  produced  by  a  Hypothec 
fluid  of  peculiar  nature,  and  therefore  called  the  elec¬ 
tric  fluid,  having  the  following  properties: 

1.  Its  particles  repel  each  other,  with  a  force  decrea*  % 
fing  as  the  di fiances  iucreafe. 

2.  Its  particles  attrad  the  particles  of  fome  ingre-  ^ 

dient  in  all  other  bodies,  with  a  force  decreallng,  ac¬ 
cording  to  the  fame  law,  with  an  increafe  of  diftance  ; 
and  this  attradiori  is  mutual. 

The  eledric  fluid  is  difperfed  in  the  pores  of  other  *  ^ 
bodies,  and  moves  with  various  degrees  of  facility 
through  the  pores  of  different  kinds  of  matter.  In 
thofe  bodies  which  we  call  non -electrics,  fuch  as  water 
or  metals,  it  moves  without  any  perceivable  obflrudion; 
but  in  glafs,  rofins,  and  all  bodies  called  electrics ,  it 
moves  with  very  great  difficulty,  or  is  altogether  im- 
moveable. 

4.  The  phenomena  of  eledricity  are  of  two  kinds  ;  $ 

l.  Such  as  arife  from  the  adual  motion  of  the  fluid 
from  a  body  containing  more  into  one  containing  lefs 
of  it.  2.  Such  as  do  not  immediately  arife  from  this 
transference,  but  are  inftances  of  its  attraction  and  re- 
pulfion. 

Thefe  things  being  fuppofed,  certain  confequences 
necefTarily  refult  from  them,  which  ought  to  be  analo¬ 
gous  to  the  obferved  phenomena  of  eledricity,  if  this 
hypothefis  be  complete,  or  fome  farther  modification  of 
the  aflumed  properties  is  neccffary,  in  order  to  make 
the  analogy  perfed. 

Suppote  the  body  A  (fig.  1.)  to  contain  a  certain  6 
quantity  of  fluid.  Its  particles  adjoining  to  the  fur-  Phte 
face,  fuch  as  I\  are  attraded  by  the  particles  of  com- xxl  '  I 
mon  matter  in  the  body,  but  repelled  by  the  other  par¬ 
ticles  of  the  fluid.  The  totality  of  the  attradive  forces 
ading  on  P  may  be  equal  to  the  totality  of  the  repul- 
live  forces,  or  may  be  unequal.  If  thefe  two  fums  are 
equal,  P  is  in  equilibrio,  and  has  no  tendency  to  change 
its  place.  But  there  may  be  fuch  a  quantity  of  fluid 
in  the  body,  that  the  repulfions  of  the  fluid  exceed 
the  attradions  of  the  common  matter.  In  this  cafe,  P 
has  a  tendency  to  quit  the  body,  or  there  is  an  expul- 
live  force  ading  on  it,  and  it  'will  quit  the  body  if 
it  be  moveable.  Becaufe  the  fame  mull  be  admitted 
in  refped  of  every  other  particle  of  moveable  fluid, 
it  is  plain  that  there  will  be  an  efflux,  till  the  attrac¬ 
tion  of  tie  common  matter  for  the  particles  of  fluid  ia 
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equal  to  the  repulfion  of  the  remaining  fluid.  On  the 
other  hand,  if  the  primitive  repulfion  of  the  fluid  ail¬ 
ing  on  the  particle  P  be  lefs  than  the  attractions  of  the 
common  matter,  there  will  be  the  fame,  or  at  leafl  a  fi- 
milar,  fuperiority  of  attra&ion  aCling  on  the  fluid  re¬ 
ading  in  the  circumambient  bodies  ;  and  there  will  be 
an  influx  from  all  hands,  till  an  equilibrium  be  reftored. 
il  Hence  it  follows,  that  there  may  always  be  afilgned 
ty,  to  any  body  fuch  a  quantity  of  fluid  that  there  fhall  be 
'cal  no  tendency  either  to  efflux  or  influx.  But  if  the  quan¬ 
tity  be  increafed,  and  nothing  prevent  the  motion,  the 

,7,dvtT  ■"£  *?  ‘r om,;  r*  *  p,oF'r 

tity  be  dimimfhed,  there  will  be  an  influx  of  the  fur-  ^  -i-ja--  -l  -  -  -  -  aeauce  all  M.aI 

rounding  fluid,  if  not  prevented  by  fome  external  force. 

,  ^  his  may  be  called  the  body’s  natural  quantity  ; 

becaufe  the  body,  when  left  to  itfelf,  will  always  be  re¬ 
duced  to  this  flate. 

If  two  bodies,  A  and  B,  contain  each  its  natural 
quantity,  they  will  not  exert  any  fenfible  a&ion  on  each 
other  :  for,  becaufe  the  fluid  contained  in  B  is  united 
by  attra&ion  to  the  common  matter,  and  is  alfo  repel¬ 
led  by  the  fluid  in  A,  it  neceffarily  follows,  that  the 
whole  body  B  is  repelled  by  the  fluid  in  A.  But,  on 
the  other  hand,  the  matter  in  A  attrads  the  fluid  in 
B,  and  confequently  attra&s  the  whole  body  B  :  Simi¬ 
lar  aClion  is  exerted  by  B  on  A.  Thefe  contrary  for¬ 
ces  are  either  equal,  and  deflroy  each  other,  or  unequal, 
and  one  of  them  prevails.  This  equality  or  inequality 
evidently  depends  on  the  quantity  of  fluid  contained  in 
one  or  both  of  the  bodies  (n°  7.).  Now  it  is  known 
that  bodies  left  entirely  to  themfelves  neither  attrad: 
nor  repel  ;  and  it  follows  from  the  hypothetical  pro¬ 
perties  of  the  fluid,  that  if  there  be  either  a  redundan¬ 
cy  or  deficiency  of  fluid,  there  will  be  an  efflux  or 
influx,  till  the  attradions  and  repulfions  balance  each 
other.  Therefore  the  internal  flate  of  two  bodies 
which  neither  attrad  nor  repel  each  other,  is  that 
where  each  contains  its  natural  quantity  of  eledric 
fluid. 

In  order,  therefore,  to  conceive  diflindly  the  flate 
of  a  body  containing  its  natural  quantity,  and  to  have 
a  diflind  notion  of  this  natural  quantity,  we  miifl  fup- 
pofe  that  the  quantity  of  fluid  competent  to  a  particle 
of  matter  in  A  repels  the  fluid  competent  to  a  particle 
of  matter  in  B,  juft  as  much  as  it  attrads  that  particle  of 
matter  ;  and  alfo,  that  the  fluid  belonging  to  a  particle 
of  matter  in  A,  repels  the  fluid  belonging  to  a  particle 
of  matter  in  B,  juft  as  much  as  the  particle  of  matter 
m  A  attrads  it.  Thus  the  whole  fluid  in  the  one  re¬ 
pels  the  whole  fluid  in  the  other  as  much  as  it  attrads 
the  whole  matter. 

Since  this  muft  be  conceived  of  every  particle  of 
common  matter  in  a  body,  we  muft  admit,  that  when  a  the  force 
body  is  in  its  natural  flate,  the  quantity  of  eledric  fluid  rp,  .  .lT~  , 

111  l\  1S  proportional  to  the  quantity  of  matter,  every  13  Wl11  PcrhaPs  be  as  diflindly  conceived  by  recol- 

particle  being  united  with  an  equal  quantity  of  fluid.  j.e6lln^:  that  as  ™uch  of  the  fluid  as  was  neceftary  for 
This,  however,  does  not  neceffarily  require  that  diffe-  laturat,on-  tW  ,Q  ^  ^  ‘  4  ~ 

nmt  kinds  of  matter,  in  their  natural  or  faturated  flate, 
fhall  contain  the  fame  proportion  of  fluid.  It  is  fuffi- 
cient  that  each  contains  fuch  a  quantity,  uniformly  diftri- 
buted  among  its  particles,  that  its  repulfion  for  the 
fluid  in  another  body  is  equal  to  its  attradion  for  the 
common  matter  in  it.  It  is,  however,  more  probable, 

*or  realons  to  be  given  afterwards,  that  the  quantity  of 
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eledric  fluid  attached,  or  competent,  to  a  particle  of  all 
kinds  of  matter  is  the  fame. 

We  fhall  now  confider  more  particularly  the  imme¬ 
diate  refill ts  of  this  hypothefis,  in  the  moft  fimple  cafes, 
from  which  we  may  derive  fome  elementary  propor¬ 
tions.  r 

Since  our  hypothefis  is  accommodated  to  the  fad,  Eledric 
that  bodies  in  their  natural  flate,  having  their  natural phenomena 
quantity  of  define  fluid,  are  altogether  ihadive  on  each’^™ 
other,  by  making  this  natural  quantity  fuch,  that  its  or  deficient 
mutual  repulfion  exactly  balances  its  attraflion  for  thec>"  hi  fluid, 
common  matter— it  follows,  that  we  muft  deduce  all 
the  electric  phenomena  from  a  redundancy  or  deficiency  "*l 
of  eledtnc  fluid.  This  accordingly  is  the  Franklinian 
doctrine.  The  redundant  date  of  a  body  is  called  by 
-Ur  franklin  positive  or  plus  electricity,  and  the 
deficient  ftate  is  called  negative  or  minus  electri. 

CITY. 

A  body  may  contain  more  than  its  natural  quantity, 
or  lefs,  in  every  part,  or  it  may  be  redundant  in  one 
place  and  deficient  in  another.  Thefe  different  condi¬ 
tions  will  exhibit  different  appearances,  which  muft  be 
confidered  firft  of  all. 

Let  the  body  A  (fig.  i.)  be  fuppofed  in  its  natural  an-Ir  . 
flate  throughout,  which  we  fhall  generally  exprefs  by  tt>f redu°n 
laying  that  it  is  saturated;  and  let  us  exprefs  the  dam  fluid 
quantity  of  fluid  required  for  its  faturation  by  the  fvm- <,r  nii*ttert 
.  1  Qc  Let  P  be  a  fuperficial  particle  of  the  fluid.  Tthow  com* 
is  attradled  by  the  common  matter  of  the  body  (which  !'Uted' 
we  fhall  in  future  call  Amply  the  matter J,  and  it  is  repel, 
led  equally  by  the  fluid.  Let  us  call  the  attraftion 
and  the  repulfion  r.  Then  the  force  with  which  the 
fuperficial  particle  is  attraded  by  the  body,  muft  be 
—  a  —  r,  and  a  —  r  muft  be  =  o,  becaufe  a  =  r.  Let 
the  quantity  /of  fluid  be  added  to  the  body,  and  uni¬ 
formly  diftributed  through  its  fubflance.  Then,  be¬ 
caufe  we  muft  admit  that  the  afiion  is  in  proportion 
to  the  quantity  of  ailing  fluid,  and  this  is  now  Q_+  f 

we  have  Qj  C^+/=  r  :  ;  and  therefore 

ipelled  by  the  whole  fluid  with  the  force  Qf/Xrr 

0/  ,  fr  ,  f  r  ^ 


is  ret 


or 


common  matter  in 
with  a  force  =  a, 

_  / 


or  r  + 


q^.  But  it  is  attraded  by  the 

the  fame  manner  as  before,  that  is, 
Therefore  the  whole  adion  on  P  is 


f  r 

adion  on  P  is  =  — ; 

JjL 

SL 


j  1 

But  a  —  r  =r  o.  Therefore  the  whole 


that  is,  P  is  repelled  with 


0  -  -  —  01  was  iiecenary  ior 

laturation,  that  is,  the  quantity  Q_,  puts  the  particle  P 
in  equihbrio  ;  and  therefore  we  need  only  confider  the 
attion  of  the  redundant  fluid  /  To  find  the  repulfive 

force  of  this,  fay  Q:/  =  r  :  “q  and  prefix  the  fign 

—  ;  becaufe  we  are  to  confider  attrafiions  as  pofitive, 
and  repulfions  as  negative,  quantities. 

Unlefs,  therefore,  the  particle  P  be  withheld  by  fomeo- 
4  B  ther 
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States  of  a 
body  cau- 
fing  efflux 
or  influx. 


ther  force,  it  will  quit  the  body,  being  expelled  by  a  force 

J _  A  ««  oirort r  fvir\p»*fir *!>1  rvnrtiVlf*  i*g  in  n  fimilar 


13‘ 


^  And  as  every  Superficial  particle  is  in  a 

Situation,  we  fee  that  there  will  be  an  efflux  from  an 
overcharged  body,  till  all  the  redundant  fluid  has  quit¬ 
ted  it.  This  efflux  will  indeed  gradually  diminish  as 

the  expelling  force  Q-^diminiffles ;  that  is,  as  /  dimi- 

nifhes,  but  will  never  ceafe  till /be  reduced  to  nothing. 
But  if  there  be  either  an  external  force  ading  on  the 
Superficial  fluid  in  the  oppofite  diredion,  or  fome  inter¬ 
nal  obftrudion  to  its  motion,  the  efflux  will  flop  when 
the  remaining  expelling  force  is  juft  in  equilibrio  with 
this  external  fbrce,  or  this  obftrudion. 

On  the  other  hand,  if  the  body  contains  lefs  than  its 
natural  quantity  of  fluid,  there  will  be  an  influx  from 
without ;  for  if  there  be  a  deficiency  of  fluid  —  /,  the 

O  -  yx  t 

particle  P  will  be  repelled  with  the  force  - ’ 

—  r  — It  is  attraded  with  the  force  a  ;  and  there- 

^  fr  fr 

fore  the  whole  adion  is  a  —  r  +  q-,  =  +  Qj[be- 

eaufe  a  —  r  =  o) ;  that  is,  P  is  attraded  with  the  force 

-f 

QJ  Fluid  will  therefore  enter  from  all  quarters,  as 

long  as  there  is  any  deficiency  of  the  quantity  necef- 
fary  for  faturation,  unlefs  it  be  oppofed  by  Some  external 
force,  or  hindered  by  fome  internal  obftrudion. 

When  there  is  a  deficiency  of  fluid,  there  is  a  redun¬ 
dancy  of  matter,  Such  that  its  attradion  fbr  external 
fluid  is  equal  to  the  repulfion  of  a  quantity  /  of  fluid. 
This  confirms  the  affumption  in  n°  10,  that  the  adion 
of  a  body  on  the  eledric  fluid  depends  entirely  on  the  re - 
dundant  fluid ,  or  the  redundant  matter  of  the  body. 

The  efflux  or  influx  may  be  prevented,  either  by  fur- 
H'  W hocies roun(j*ng  tjie  Vvith  fubftances,  through  the  pores 

are  neo-  ^  which  the  fluid  cannot  move  at  all,  or  by  the  body 
itfelf  being  of  this  conftitution.  And  thus  we  fee,  that 
the  very  circumftance  of  being  impervious  to  the  fluid, 
or  completely  permeable,  renders  the  body  capable  or 
incapable  of  permanently  exhibiting  eledrical  pheno¬ 
mena,  if  furrounded  by  permeable  bodies.  This  cir¬ 
cumftance  alone,  therefore,  is  fufficient  to  conftitute  the 
difference  between  eledrics  per  fe ,  and  non  electrics. — 
Here,  then,  is  a  numerous  clafs  of  phenomena,  which 
receive  an  explanation  by  this  hypothetical  conftitution 
of  the  eledric  fluid.  All  eledrics  per  fe  are  bodies  fit 
for  confining  eledricity  in  bodies  which  are  rendered 
capable  (by  whatever  means)  of  producing  eledrical 
phenomena  ;  and  no  condudor,  or  fubftance  which  al¬ 
lows  the  eledricity  to  pafs  through  it,  can  be  made 
eledric  by  any  of  the  means  which  produce  that  effed 
in  inful  at  or  s.  And  it  is  well  known,  that  the  eledricity 
of  eledrics  is  vaftly  more  durable  than  that  of  non  elec¬ 
trics  in  fimilar  fituations.  It  is  true,  indeed,  that  an 
eledric,  which  has  been  excited  fo  as  to  exhibit  eledric 
phenomena  with  great  vivacity,  lofes  this  power  very 
quickly  if  plunged  into  water,  or  any  other  conduding 
body.  But  this  is  owing  to  the  redundancy  or  defi¬ 
ciency  being  quite  fuperficial,  fo  that  the  parts  which 
are  difpofed  to  give  out  or  to  take  in  the  fluid  are  in 
immediate  contad  with  the  conduding  matter.  That 


the  redundancy  or  deficiency  is  fuperficial,  follows  from 
this  hypothefis  ;  for  when  the  furface  is  overcharged 
by  the  means  employed  for  exciting,  the  impermeabili¬ 
ty  of  the  eledric  per  fe  prevents  this  redundant  fluid 
from  penetrating  to  any  depth  ;  and  when  the  furface 
has  been  rendered  deficient  in  fluid,  the  fame  impermea¬ 
bility  prevents  the  fluid  from  expanding  from  the  inte¬ 
rior  parts,  fo  as  to  contribute  to  the  replenishing  the 
fuperficial  ftratum  with  fluid.  If,  indeed,  we  could  fall 
on  any  way  of  overcharging  the  interior  parts  of  a  glaf3 
ball,  or  of  abftrading  the  natural  quantity  from  them,  it 
is  highly  probable,  that  it  would  continue  to  attrad  or 
repel  even  after  it  had  been  plunged  in  water.  Although 
the  furrounding  water  would  inftantly  take  off  the  fluid 
redundant  contained  in  the  very  furface,  the  repulfion 
of  the  fluid  in  the  internal  parts  would  flill  be  fenfible  r 
nay,  if  a  very  fmall  permeability  be  fuppofed,  the  body 
would  again  become  overcharged  at  the  furface;  juft  as 
we  fee,  that  when  we  plunge  a  red  hot  ball  of  iron  into 
water,  and  take  it  out  again  immediately,  it  is  black  on 
the  furface,  and  may  be  touched  with  the  finger ;  but 
in  half  a  minute  after,  it  again  becomes  red  hot.  Per¬ 
haps  this  may  be  accomplifhed  with  a  globe  of  fealing 
wax,  which  is  permeable  while  liquid,  by  eledrifying  it 
in  a  particular  way  while  in  that  ftate,  and  allowing  it 
to  freeze.  But  the  reader  is  not  far  enough  advanced 
in  the  hypothefis  to  underftand  the  proeefs  which  muft 
be  followed.  He  cannot  but  recoiled,  however,  many 
examples  in  coated  glafs,  & c.  where  the  eledricity  is 
mod  pertinacioufly  retained  by  a  furface  in  very  clofe 
contad  with  condudors. 

Let  us  now  fuppofe  a  body  N  S  (fig.  2.),  contain- Confec 
ing  in  the  half  NA  a  quantity  f  of  redundant  fluid,ces  °f l! 


and  in  the  half  AS  let  there  be  a  deficiency  g  of  fluid  ;^!.aWe 


ibutid 


14 


are  ideo 
ek&rics  or 
r.  on- elec¬ 
trics. 


that  is,  let  there  be  a  quantity  of  matter  unfaturated,flu^#I 
and  fuch  as  will  attrad  fluid  as  much  as  the  quantity  £tio  i  0 
of  fluid  would  repel  it.  Let  the  fluid  neceffary  fortheterral 
faturation  of  each  half  of  NS  be  Qj  as  before.  Let 
the  attradion  of  the  whole  matter  of  NA  for  a  par¬ 
ticle  of  fluid  at  N  be  a ;  and  let  r  be  the  repulfion 
exerted  on  the  Came  particle  N  by  the  whole  uni¬ 
formly  diftributed  fluid  in  NA  and  let  r  be  the  repul¬ 
fion  exerted  by  the  fame  quantity  of  fluid  in  the  re¬ 
mote  part  S  A.  Then  the  force  with  which  the  par¬ 
ticle  N  or  S  is  attraded  by  the  merely  faturated  body 
NS  muft  be  =  a  —  r  —  r .  This  is  evidently  no¬ 
thing,  if  the  body  be  in  its  natural  ftate.  But  as  NA 


contains  the  redundant  fluid /,  and  SA  is  deficient  by 


the  quantity  g,  the  whole  adion  muft  be  a 


— 


X  /. 


But  becaufe  a  —  r  —  r 


o+/><r 

=  0,  the 


adion  becomes  = 


g ,J  —fr 


or  becaufe  r  is  greater 


than/,  the  particle  N  is  repelled  with  the  force' 
In  like  manner,  the  particle  S  is  attraded 


fr—gr>m 


with  the 


force 


Q_ 


In  the  mean  time,  a  particle  C,  fituated  at  the  mid.- 2. 
die,  muft  be  in  equilibrio,  if  the  body  be  in  its  natural^ 
ftate,  being  equally  attraded,  and  alfo  equally  repelled,  ai 
on  both  fides.  But  as  we  fuppofe  that  NA  13  overchar¬ 
ged 
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ged  with  tlie  quantity  /,  C  mult  be  repelled  in  the  di- 

ft*  t 

red!ion  CS  with  the  force  And  if  we  alfo  fuppofe 
that  AS  is  deficient  by  the  quantity  g,  C  is  attracted  in 
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the  diredlion  CS  with  a  force 


0. 


Therefore*  on  the 


1  ill  be 
a  >rmly 
t  ifed, 

1  fcob- 
{  5ted. 


1 18 

2  re  of 
t  )bftruc> 

i 


whole,  it  is  urged  in  the  direction  CS  with  the  force 

fr  +  Sr  f+g'X'r. 

’  or 

Hence  we  learn,  that  as  long  as  there  is  any  redun¬ 
dancy  in  AN,  and  deficiency  in  AS,  there  is  a  tenden¬ 
cy  of  the  redundant  fluid  to  move  from  N  toward  S  ; 
and,  if  the  body  be  altogether  permeable  by  the  elec¬ 
tric  fluid,  we  cannot  have  a  permanent  ftate  till  the 
fluid  is  fimilarly  diftribnted,  and  equally  divided,  be¬ 
tween  the  two  halves  of  NS.  Therefore  a  ftate  like 
that  affumed  in  this  example  cannot  be  permanent  in 
a  condudling  body,  unlefs  an  external  force  ad!  on  it  ; 
but  it  may  fubfift  in  a  noncondud!or,  and  in  a  lefler  de¬ 
gree,  in  all  imperfedl  conductors. 

It  is  necefiarv,  in  this  place,  to  confider  a  little  the 
nature  of  that  refiftance  which  nuift  be  afligned  to  the 
motion  of  the  eleCtric  fluid  through  the  pores  of  the 
body.  If  it  refemble  the  refiftance  oppofed  by  a  per¬ 
fect  fluid,  arifing  folely  from  the  inertia  of  its  particles, 
then  there  is  no  inequality  of  force  fo  minute  but  that 
it  will  operate  a  uniform  diftribution  of  the  fluid,  or  at 
lead  a  diftribution  which  will  make  the  excefs  of  the 
mutual  attractions  and  repulfions  precifely  equal  and  op- 
pofite  to  the  external  force  which  keeps  it  in  any  ftate 
of  unequal  diftribution.  But  it  may  refemble  the  re¬ 
fiftance  to  the  defeent  of  a  parcel  of  fmall  fhot  diflemi- 
nated  among  a  quantity  of  grain,  or  the  refiftance  to 
motion  through  the  pores  of  a  plaftie  or  ductile  body, 
fuch  as  clay  of  lead.  Here,  in  order  that  a  particle 
may  change  its  place,  it  mult  overcome  the  tenacity  of 
the  adjoining  particles  of  the  body.  Therefore,  when 
an  unequal  diftribution  has  been  produced  by  an  exter¬ 
nal  force,  the  removal  or  alteration  of  that  force  will 
not  be  followed  by  an  equable  diftribution  of  the  fluid. 
In  every  part  there  will  remain  fuch  an  inequality  of 
diftribution,  that  the  want  of  equilibrium  between  the 
eleClric  attractions  or  repulfions  is  balanced  by  the  tena¬ 
city  of  the  parts. 

We  learn  farther  from  the  foregoing  propofuions,  that 
a  particle  at  N  is  lefs  repelled  than  if  the  part  AS  were 
overcharged  as  AN  is  :  for  in  that  cafe,  it  would  be  ex¬ 
pelled  by  a  force  which  is  much  greater 

than *  And,  in  like  manner,  the  particle  S 

is  attraCled  with  lefs  force  than  it  would  be  if  NA  were 
equally  undercharged  with  SA. 

The  condition  of  the  body  now  deferibed  may  be 
changed  by  different  methods.  The  redundant  fluid 
in  AN  may  flow  into  AS,  where  it  is  deficient,  till  the 
whole  be  uniformly  diftributed  ;  or  fluid  may  efcape 
from  AN,  and  fluid  may  enter  into  AS,  till  the  body 
be  in  its  natural  ftate.  The  firft  method  will  be  fo 
much  the  flower  as  the  body  is  lefs  permeable,  or  more 
remarkably  eletlric  per  fe  ;  and  the  fecor.d  method  will 
be  flower  than  if  the  whole  body  were  overcharged  or 
undercharged. 

What  we  have  been  now  faying  of  a  body  NS  that 


is  overcharged  at  one  end,  and  undercharged  at  the 
other,  and  capable  of  retaining  this  ftate,  is  applicable, 
in  every  particular,  to  two  conducting  bodies  NA  and 
SA',  having  a  non-conduCiing  body  Z  interpofed  be¬ 
tween  them,  as  in  fig.  3.  All  the  formulas,  or  exprel- 
fions  of  the  forces  which  tend  to  expel  or  to  draw  in  fluid, 
are  the  fame  as  before.  Perhaps  this  is  the  belt  way  of 
forming  to  ourfelves  a  diftindt  notion  of  the  body  that 
is  redundant  in  fluid  at  one  end,  and  deficient  at  the 
other.  And  we  perceive,  that  the  ftate  of  the  two  bo¬ 
dies,  feparated  by  the  eledlric  Z,  will  be  more  perma¬ 
nent  when  one  is  overcharged*  and  the  other  under¬ 
charged,  than  if  both  are  either  over  or  undercharged. 

It  mull  be  remarked,  that  the  quantities  f  and^  were  \  i)ociy 
taken  at  random.  They  may  be  fo  taken,  that  the  may  be  in- 
force  with  which  the  fluid  tends  to  efcape  at  N,  or  toa^lve-  or 
enter  at  S,  may  be  nothing,  or  may  even  be  changed  . 

to  their  oppofite.  Thus,  in  order  that  there  may  be  Redundant 
no  tendency  to  efcape  from  N*  we  have  only  to  fuppofc  or  deficient. 

g  rt  f  r  =  o,  or g  :f  zz  r  :  r',  and  g  =  y.  In  this 

cafe,  the  particle  at  N  is  as  much  attra&ed  by  the  re¬ 
dundant  matter  in  SA  as  it  is  repelled  by  the  redun¬ 
dant  fluid  in  NA. 

When  the  extremity  N  is  rendered  inadlive  in  this 
manner,  the  condition  of  the  other  extremity  S  is  con*  Coni£,on5 
fiderably  changed.  To  difeover  this  condition,  put  foTth^ 

S  •  •  g  — —  /*  yr 

77  in  place  of^  in  the  formula- — q~- — ,  which  expref- 

fes  the  attraction  for  a  particle  at  S,  and  we  obtain 
/X  r2  —  r ' 2 

Or 

On  the  other  hand,  we  may  have  the  redundancy 
and  deficiency  fo  balanced,  that  there  fhall  be  no  ten¬ 
dency  to  influx  at  S.  For  this  purpofe,  we  muft  make 

frf 

g  —  J —  When  this  obtains  at  S,  the  adtion  at  N 

f  f r 

will  be  had  by  putting  — 


*4* 


ia  place  of  g  in  the  formula 
for 


the 


fL=I± and  this  will  give  us 

Q_  S  Qj; 

force  repelling  a  particle  at  N. 

When  the  tendency  to  efflux  or  influx  is  induced  in 
this  manner,  by  a  due  proportion  of  the  redundancy  and 
deficiency  of  ele&iic  fluid,  the  part  of  the  body  where 
this  obtains  is  by  no  means  in  its  natural  ftate,  and  may 
contain  either  more  or  lefs  than  its  natural  quantity. 
But  it  neither  acts  like  an  overcharged  nor  like  an  un¬ 
dercharged  body,  and  may  therefore  be  called  neu¬ 
tral.  Ihe  reader  who  is  converfant  with  eleftrical 
experiments,  will  recoiled!  numberlefs  inftances  of  this, 
and  will  alfo  recoiled!  that  they  are  important  ones. 
Such,  for  example,  is  the  cafe  with  the  plates  and  co¬ 
vers  of  the  eledtrophorus.  Thefe  circumitances,  there¬ 
fore,  claim  particular  attention. 

As  the  quantities/ and  g  may  be  fo  cliofen,  that  the 
apparatus  lhall  be  neutral ,  -either  at  S  or  at  N  ;  they  may 
like  wife  be  fo,  that  either  end  fhall  exhibit  either  the 
appearance  of  redundancy  or  deficiency.  Thus,  in  Head  of 
neutrality  at  N,  we  may  have  repulliou,  as  at  the-  firft, 

by  making  g  lefs  in  any  degree  than  If,  on  the 

contrary,  g  be  greater  than/i,  the  extremity  N,  tho* 

overcharged,  will  attrad!  fluid.  In  like  manner,  if  g 
4  B  2  U 
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be  kfs  than  — ,  the  extremity  S,  although  underchar¬ 
ged,  will  repel  fluid.— We  may  make  the  following  ge- 
^  neral  remarks. 

Both  ends  l-  Both  extremities  N  and  S  cannot  be  neutral  at 
cannot  be  the  fame  time  :  for  fince  the  neutrality  arifes  from  the 
reutral  at  increafed  quantity  of  redundancy  or  deficiency  at  the 
other  extremity,  fo  as  to  compenfate  for  its  greater  di¬ 
stance,  the  activity  of  that  extremity  mult  be  propor- 
tionably  greater  on  the  fluid  adjoining  to  its  furface, 
whether  externally  or  internally.  When  an  overcharged 
extremity  is  rendered  neutral,  the  other  extremity  at¬ 
tracts  fluid  more  flrongly  ;  and  when  a  deficient  extre¬ 
mity  is  rendered  neutral,  the  other  repels  fluid  more 
ftrongly.  All  thefe  elementary  corollaries  will  be  fully 
verified  afterwards,  and  give  clear  explanations  of  the 
moft  curious  phenomena. 

2.  We  have  been  fuppofing,  that  the  redundant  fluid 
is  uniformly  fpread,  and  that  the  body  is  divided  into 
equal  portions ;  but  this  was  merely  to  Amplify  the 
procedure  and  the  formulae.  The  reader  mult  fee,  that 
the  general  conclufions  are  not  affeCted  by  this,  and 
that  fimilar  formulae  will  be  obtained,  whatever  is  the 
difpofition  of  the  fluid.  We  cannot  tell  in  what  man¬ 
ner  the  redundant  fluid  is  difpofed,  even  in  a  body  of 
the  fimpleft  form,  till  we  know  what  is  the  variation  of 
its-  attraction  and  repulfion  by  a  change  of  diftance ;  and 
even  when  this  has  been  difeovered,  we  find  it  difficult 
in  moft  cafes,  and  impoffible  in  many,  to  afeertain  the 
mode  of  distribution.  We  fhall  learn  it  in  fome  im¬ 
portant  cafes,  by  means  of  various  phenomena  judiciouff 
ly  feleCted. 

S3.  A  body  may  be  confidered  in  many  divifions,  in  fome 
of  which  the  fluid  is  redundant,  and  in  others  deficient. 
We  may  exprefs  the  repulfion  of  the  whole  of  this  body 
in  the  fame  way  as  wc  exprefs  that  of  a  body  confidered 
in  two  divifions,  ufing  the  letters /,  g,  h ,  &c.  to  exprefs 
the  quantities  of  redundant  or  deficient  fluid  in  each 
portion,  while  Qjxpreffes  the  quantity  neceffary  for  fa- 
turating  each  of  them  ;  and  the  repulfion  at  different 
di fiances  may  be  expreffed  by  r,  r\  r ",  r"\  &c.  as 
they  are  more  and  more  remote  *f  and  we  may  ex¬ 
prefs  their  adion  as  attractive  or  repulfive  by  prefix¬ 
ing  the  fign  +  or  — .  Thus  the  attraction  may  be 
ifr  —  gr'+hr'—  i /'*) 

’  & 

Senffble  ac-  .  Havin&  obtained  the  expreffions  of  the  Invlfible  ac- 
tions  of  tl0ns  of  electrified  bodies  on  the  fluid  within  them,  or 
cledncal  furrounding  them,  let  us  now  confider  their  fenfible  ac- 
bodies.  tions  on  other  bodies,  producing  motion,  or  tendencies 
to  motion. 

Here  it  is  obvious,  that  the  mechanical  phenomena 
exhibited  are  what  may  be  called  remote  effects  of  the 
aCting  forces.  The  immediate  effeCts,  or  the  mutual 
aCtions  of  the  particles,  art  not  obferved,  but  hypothe¬ 
tically  inferred.  The  tangible  matter  of  the  body  ia 
put  in  motion,  in  confequcnce  of  its  connection  with 
the  fluid  refiding  in  the  body,  which  fluid  is  the  only 
fubjeCt  of  the  adion  of  the  other  body. 

In  confidenng  thefe  phenomena,  wc  fhall  content 
ourfelves  with  a  more  general  view  of  the  aCtions  which 
take  place  between  the  fluid  or  tangible  matter  of  the 
one  body,  and  the  fluid  or  matter  of  the  other,  fo  as  to 
gain  our  purpofe  by  more  fimp  Ie  formulae  than  thofe  hi¬ 
therto  employed.  They  were  premifed,  however,  be- 
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caufe  we  mujl  have  recourfe  to  them  on  many  very  ini* 
portant  particular  occafions. 

Let  there  be  two  bodies,  A  and  B,  in  their  natural  3* 
flate.  Let  the  tangible  matter  in  A  be  called  M,  and  °  * 
let  the  fluid  neceffary  for  its  faturation  be  called  F,  and 
let  m  and  /  be  the  tangible  matter  and  the  fluid  in  B.  * 

Let  the  mutual  aCrion  between  a  Angle  particle  of  fluid 
and  the  matter  neceffary  for  its  faturation  be  expreffed 
by  the  indeterminate  Symbol  z,  becaufe  it  varies  by  a 
change  of  diftance* 

The  aCtions  are  mutual  and  equal.  Therefore  when 
the  motion  of  B  by  the  aClion  of  A  is  determined,  the 
motion  of  A  is  alfo  afeertained.  We  fhall  therefore  on¬ 
ly  confider  how  A  is  affeCled.  1.  Every  particle  of. 
fluid  in  A  tends  toward  every  particle  of  matter  in  B 
with  the  force  s.  The  whole  tendency  of  A  toward 
B  may  therefore  be  expreffed  by  a,  multiplied  by  the 
produCt  of  F  and  m.  2.  Every  particle  of  fluid  in  A 
is  repelled  by  every  particle  of  fluid  in  B,  with  the  fame 
force  z.  3.  Ev<*ry  particle  of  matter  in  A  is  attracted5 
by  every  particle  of  fluid  in  B,  with,  the  fame  force.. 

We  may  exprefs  this  more  purely  and  briefly  thus  ; 

1.  F  tends  toward  m  with  the  force  4-  ¥  mz 

2.  F  tends  from  /with  the  force  —  F/ » 

3.  M  tends  toward f  with  the  force  +  M fz 

Therefore  the  fenfible  tendency  of  A  to  or  from  B  will* 
be  zr  si  X  F  m  +  My  —  I4  f  But,  by  the  hypothefis, 
the  attraction  of  a  particle  of  the  fluid  in  A  for  a  par¬ 
ticle  of  the  matter  in  B,  is  equal  to  its  repulfion  for  the 
particle  or  parcel  of  the  fluid  attached  or  competent  to 
that  particle  of  matter.  'Therefore  the  attraction  F  m  z 
is  balanced  by  the  repulfion  F f  %.  Therefore  there  re¬ 
mains  the  attraction  of  the  matter  in  A.  for  the  fluid  in 
B  unbalanced,  and  the  body  A  will  tend  toward  the 
body  B  with  the  force  M f  z,  or  B  attracts  A  with  the 
force  M  fz.  A  muft  therefore  move  toward  B  And, 
by  the  3d  law  of  motion,  B  muft  move  toward  A  with 
equal  force.  ^ 

But  the  faCt  is,  that  no  tendency  of  any  kind  is  ob-Complei< 
ferved  between  bodies  in  their  natural  ftate.  The  hy-u^thehy 
pothefis,  therefore,  is  not  complete.  If  wc  abide  by  it,  ^^s.°  j 
as  far  as  it  is  already  expreffed,  we  rnuft  farther  luppofe, 
that  there  is  fome  repulfive  force  exerted  between  the 
bodies  to  balance  the  attraction  of  M  for  f  MriEpi- 
nus,  therefore,  fuppofes,  that  every  particle  of  tangible 
matter  repels  another  particle  as  much  as  it  attrads  the 
fluid  neceffary  for  its  faturation.  The  whole  aCtion  of 
B  on  A  will  now  be  =r*  X  F  m  —  F /—  M  m  +  M /. 

Fmz  is  balanced  by  F /*,  and  Mmz  by  M fz,  and 
no  excels  remains  on  either  fide. 

-dipinus  acknowledges,  that  this  circumftance  appear-  objedion! 
ed  to  lnmfelf  to  be  hardly  admiflible;  it  feeming  incomanfwered* 
ceivable,  that  a  particle  in  A  fhall  repel  a  particle  in  B, 
or  tend  from  it,  eleCtricaliy,  while  it  attraCts  it,  or  tends 
toward  it,  by  planetary  gravitation.  We  cannot  con¬ 
ceive  this ;  but  more  attentive  confideration  (hewed 
him,  that  there  is  nothing  in  it  contrary  to  the  obferved 
analogy  of  natural  operations.  We  muft  acknowledge, 
that  we  fee  innumerable  inftances  of  inherent  forces  of 
attraction  and  repulfion  ;  and  nothing  hinders  us  from 
referring  this  lately  difeovered  power  to  the  clafs  of  pri¬ 
mitive  and  fundamental  powers  of  nature.  Nor  is  there 
any  difficulty  in  reconciling  this  repulfion  with  univer- 
fal  gravitation ;  for  while  bodies  are  in  their  natural 

ftate, 
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$ate,  the  elc&ric  attra£Uons  and  repulfions  precisely  ba¬ 
lance  each  other,  and  there  is  nothing  to  diflurb  the 
phenomena  of  planetary  gravitation  ;  and  when  bodies 
are  not  in  their  natural  ek&rical  flate,  it  is  a  fa&  that 
their  gravitation  is  difhirbed.  Although  we  cannot 
conceive  a  body  to  have  a  tendency  to  another  body, 
and  at  the  fame  time  a  tendency  from  it,  when  we  de¬ 
rive  our  notion  of  thefe  tendencies  entirely  from  our 
own  confcioufnefs  of  effort,  endeavour,  conatus ,  riifus  ac - 
cedendi  feu  recedendi,  nothing  is  more  certain  than  that 
bodies  exhibit  at  once  the  appearances  which  we  endea¬ 
vour  to  exprefs  by  thefe  words  We  can  bring  the 
north  poles  of  two  magnets  near  each  other,  in  which 
cafe  they  recede  from  each  other  ;  and  if  this  be  pre¬ 
vented  by  fome  obftacle,  they  prefs  on  this  obftack,  and 
feem  to  endeavour  to  feparate.  If,  while  they  are  in 
this  date,  we  ele&rify  one  of  them,  we  find  that  they 
will  now  approach  each  other  ;  and  we  have  a  diftind 
proof  that  both  tendencies  are  in  adlual  exertion  by  va¬ 
rying  their  diflances,  fo  that  one  or  other  force  may 
prevail  ;  or  by  placing  a  third  body,  which  fhall  be  af- 
feded  by  the  one  but  not  by  the  other,  &c.  We  do 
not  underhand,  nor  can  conceive  in  the  leaft,  how  ei¬ 
ther  force,  or  how  gravity,  refides  iri  a  body  ;  but  the 
effeds  are  oaft  contradi&ion.  It  muft  be  granted, 
therefore,  that  this  additional  circumftance  ofAipinus’s 
hypothefis  has  nothing  in  it  that  is  repugnant 'to  the 
obferved  phenomena  of  nature. 

N.  B.  It  is  not  neceffary  to  fuppofe  (although  Mr 
iEpinus  does  fuppofe  it),  that  every  atom  of  tangible 
matter  repels  every  other  atom.  It  will  equally  explain 
all  the  phenomena,  if  we  fuppofe  that  every  particle 
contain^  ail  atom  or  ingredient  having  this  property, 
ard  that  it  is  this  atom  alone  which  attracts  the  parti¬ 
cles  of  elearical  fluid.  The  material  atoms  having 
this  property,  and  their  correfponding  atoms  of  fluid, 
may  be  very  few  in  comparifon  with  the  number  of 
atoms  which  compofe  the  tangible  matter.  Their  mu¬ 
tual  fpecihc  adion  being  very  great  in  comparifon  with 
the  attradion  of  gravitation  (as  we  certainly  obferve  in 
the  adtion  of  light),  all  the  phenomena  of  ekaricity 
will  be  produced  without  any  fenfible  effea  on  the  phe¬ 
nomena  of  gravitation,  even  although  neither  the  ekaric 
fluid  nor  its  ally,  this  ingredient  of  tangible  matter, 
fhould  not  gravitate.  But  this  fuppofmon  is  by  no 
means  neceffary. 

t  Since  we  call  that  the  natural  elearical  date  of  bo¬ 
dies  in  which  they  do  not  afka  each  other,  and  the 
hypothetical  powers  of  the  fluid  are  accommodated  to 
thi3  condition,  we  may  confider  any  body  that  has 
more  than  its  natural  quantity  as  confifling  of  a  quan¬ 
tity  of  matter  faturated  with  fluid,  and  a  quantity  of 
redundant  fluid  fuperadded;  and  an  undercharged  body 
may  be  confidered  as  confiding  of  a  quantity  of  matter 
fuperadded.  The  faturated  matter  of  thefe  two  bodies 
will  be  totally  ina&ive  on  another  body  in  its  natural 
date,  and  will  neither  attradl  nor  repel  it,  nor  be  at¬ 
tracted  nor  repelled  by  it  ;  therefore  the  adtion  of  the 
overcharged  body  will  depend  entirely  on  the  redundant 
fluid  ;  and  tha£  of  the  undercharged  body  will  depend 
entirely  on  the  redundant  matter  ;  therefore  we  need 
only  confider  them  as  confifling  of  this  redundant  fluid 
or  matter,  agreeably  to  what  was  faid  in  more  vague 
terms  in  n°  1  o.  and  13.  This  will  free  us  from  the 
complicated  formulas  which  would  otherwife  be  necef¬ 
fary  for  exprefling  all  the  adtions  of  the  fluid  and  tan- 
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gible  matter  of  two  bodies  on  each  other.  The  refill ts 
will  be  fufficiently  particular  for  dillinguifhing  the  fen* 
fible  aftion  of  bodies  in  the  chief  general  cafes  ;  but  in 
fome  particular  and  important  cafes,  it  is  abfolutely  ne~ 
cefiary  to  employ  every  term. 

1.  Suppofe  two  bodies  A  and  B,  containing  the  GenJfll 
quantities  F'  and/'  of  redundant  fluid,  it  is  plain  thatyrcSSon 
their  mutual  aiffion  is  expreffed  by  F  X  f  -f*  z,  and  that  (fymbofi- 
it  is  a repulsion  ;  for  ft  nee  every  particle  of  redundant01^  ^le 
fluid  in  A  repels  every  particle  of  redundant  fluid  in  B™,,.3  c" 
uuth  the  force  z  ;  and  !:nce  F'  and  /'  are  the  numbers 

of  fuch  particles  in  each,  the  whole  repulfion  mult  be 
txp refled  by  the  produA  of  thefe  numbers. 

2.  In  like  manner,  two  bodies  A  and  B,  containing 
the  redundant  matter  M'  and  to',  will  repel  each  other 
with  the  force  M'  to'  z. 

3.  And  two  bodies  A  and  B,  one  of  which  A  con¬ 
tains  the  redundant  fluid  F,  and  the  other  B  contains 
the  redundant  matter  to',  will  attract  each  other  with 
the  force  F  to'  z. 

4-  It  follows  from  thefe  premifes,  that  if  either  of  36. 
the  bodies  be  in  its  natural  Hate,  they  will  neither  at- 
.  traft  nor  repel  each  other  ;  for,  in  fuch  a  cafe,  one  of 
the  faftors  i' ',  or  /  ,  or  M',  or  to',  which  is  neceffary 
for  making  a  produA,  is  wanting.  This  may  be  per¬ 
ceived  independent  of  the  mathematical  formula  ;  for  if 
A  contain  redundant  fluid,  and  B  be  in  its  natural 
itate,  every  particle  of  the  redundant  fluid  in  A  is  as 
much  repelled  by  the  natural  fluid  in  B  as  it  is  attraAed 
by  the  tangible  matter. 

The  three  firil  propofitiens  agree  perfedly  with  the  37 
known  phenomena  of  dedricity  ;  for  bodies  repel  SeeT’K" 
each  other,  whether  both  are  pofnively  or  both  areP 
negatively  eledriHed,  and  bodies  always  attrad  each 
other  when  the  one  is  pofitivdy  and  the  other  negative¬ 
ly  deduced.  But  the  fourth  cafe  feems  very  lncon- 
hitent  with  the  molt  familiar  phenomena.  Dr  Frank- 
hnand  all  his  followers  affert,  on  the  contrary,  that 
eledrifted  bodies,  whether  pofitive  or  negative,  always 
attrad,  and  are  attraAed,  by  all  bodies  which  are  in 
their  natural  ftate  of  dedricity.  But  it  will  be  clearly 
fhewn  prefently,  that  they  are  miftaken,  a„d  that 
rranklin  s  theory  neceffarily  fuppofes  the  truth  of  the 
fourth  propofition,  otherwife  two  bodies  in  their  na¬ 
tural  (fate  could  not  be  neutral  or  inadive,  as  any  one 
may  perceive  on  a  very  flight  examination  by  the 
Franklmian  principles.  It  will  prefently  appear,  with 
the  fulled  evidence  ;  and,  in  the  mean  time,  we  proceed 
to  explain  the  adion  of  bodies  which  are  overehaiged 
in  fome  part,  and  undercharged  in  another. 

Let  the  body  B  (fig.  4.)  be  overcharged  in  the  part  3s 
b>  «,  and  undercharged  in  the  part  Br,  and  let  A  andA<aiono^ 
w  be  the  redundant  fluid  and  common  matter  in  thofe*-'’01’?'.''3" 

danlfl  T  7^  br  ov£rch,ar§ed.  and  contain  the  redun- fluid  uni 
dant  fluid  F  ;  let  z  and  z'  expreis  the  intenfity  of  ac-cluillly  dif- 
tion  correlpond.ng  with  the  diftances  of  A  from  thepoled- 
overcharged  and  undercharged  parts  of  B  ;  the  part 
B»  repels  A  with  the  force  F/' z,  while  the  part  Br 
attrafts  it  with  the  force  F'to’z  :  A  will  therefore  be 
attracted  or  repelled  by  B,  according  as  F  m  z'  is 
greater  or  lefs  than  F ;  that  is,  according  as  to'  x 
is  greater  or  lefs  than/' z.  This,  again,  depends  on 
the  proportion  of/'  to  to',  and  on  the  proportion  of 
n  to  z’’  ^  he  firft  depends  on  many  external  circum- 
itances,  which  may  occafion  a  greater  or  lefs  redundan¬ 
cy  or  deficiency  of  elearical  fluid  j  the  fecond  de. 

pend* 
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pends  entirely  on  the  law  of  eledric  attradion  and  re- 
pullion,  or  the  change  produced  in  its  intenfity  by  a 
.change  of  diftance.  As  we  are,  at  prefent,  only  aim¬ 
ing  at  very  general  notions,  it  is  enough  to  recoiled!, 
that  all  the  eledric  phenomena,  and  indeed  the  general 
analogy  of  nature,  concur  in  fheWing  that  the  intenfity 
of  both  forces  (attraction  and  repulfion)  decreafes  by 
an  increafe  of  diftance  ;  and  to  combine  this  with  that 
circumftance  of  the  hypothecs  which  ftates  the  repul- 
fton  to  be  equal  to  the  attradion  at  the  fame  diftance  ; 
therefore  both  forces  vary  by  the  fame  law,  and  we  have 
z  always  greater  than  2'.  The  vifible  adiom  of  13  on 
A  (which,  by  the  3d  law  of  motion,  is  accompanied  by 
a  fimilar  adion  of  A  on  B)  may  be  various,  even  with 
one  pofition  of  B,  and  will  be  changed  by  changing  this 
pofition. 

1.  We  may  Cuppofe  that  B  'contains,  on  Ihe  whole, 
its  natural  quantity,  but  that  part  of  it  is  abftraded 
from  B  s ,  and  is  crowded  into  B  ti.  This  is  a  very 
common  cafe,  as  we  fhall  fee  prefently,  and  it  will  be 
exprefled  in  our  formula  by  making/' =  V.  In  this 
cafe,  therefore,  we  have  F  '/'  2  greater  than  F'  vi  2, 
becaufe  2  is  greater  than  2'.  A  will  therefore  be  re¬ 
pelled  by  B,  and  will  repel  it ;  and  the  repullion  will  be 

F'/'  — 

It  is  evident,'  that  if  A  be  placed  on  the  other  fide 
of  B,  the  appearances  'will  be  reverfed,  and  the  bodies 
each  other  with  the  force 
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will  attrad  each  other  with  the  force  T'/'  X  2  —  2'. 

•  It  is  alfo  plain,  that  if  A  be  as  much  undercharged 
as  we  have  fuppofed  it  overcharged,  all  the  appearances 
will  be  reverfed  ;  if  on  the  undercharged  fide  of  B,  it 
will  be  repelled;  and  if  on  the  overcharged  fide  of  B,  it 
will  be  attraded. 

2.  'If  the  redundancy  and  deficiency  ‘in  the  two  por- 
-tions  of  B*  be  inverfely  proportional  to  the  forces,  fo 
that  F' :  m  =  2' :  2,  we  fhall  have  /'■»  =  m  2',  and  mr 

f  2 
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to  an  overcharged  body,  the  ether  end  ftiongly  attracts 
it  ;  and  when  the  undercharged  end  is  rendered  neutral 
to  the  fame  body,  the  overcharged  end  ftrongly  repels  it. 

Similar  appearances  are  exhibited  when  A  is  under¬ 
charged. 

Thefe  cafes  are  of  frequent  occurrence,  and  are  im¬ 
portant,  as  will  appear  afterwards. 

It  is  eafy  now  to  lee  what  changes  will  be  made  on 
the  action  of  13  on  A,  byclianging  the  proportion  of 

f  % 

f>  and  m\  If  m  be  made  greater  than  A  will  be 

attraded  m  the  fituation  where  it  was  formerly  neutral; 
and  if  m  be  madedefs,  A  will  be  repelled,  &c.  &c. 

Therefore,  when  we  obferve  B  to  be  neutral,  or  at¬ 
tractive,  or  repuilive,  we  muft  conclude  that  m  is  equal 

to*~7,  or  greater  or  lefs  than  it,  See . 

We  have  been  thus  minute,  that  the  reader  may  per¬ 
ceive  the  agreement  between  this  adion  on  a  body  con¬ 
taining  redundant  fluid,  and  the  adion  on  the  fuperft- 
cial  fluid  formeily  confidered  in  11 0  21,  22,  23,  24. 
When  thefe  things  are  attended  to,  we  fhall  explain, 
with  great  cafe,  all  the  curious  phenomena  of  the  elec- 
trophorus.  .  ^ 

There  is  another  circumftance  to  be  attended  to  here,  Neum 
which  will  alfo  explain  fome  eledrical  appearances  that  genera* j 
feem  very  puzzling.  We  limited  the  inactivity  of 

This  in-  *  eci 


- — -•  In  this  cafe  thefe  two  aCtions  balance  each 


to 


tance.  ». 


If 


a  certain  precife  diftance  of  the  body  A 
#  /  2 

aCtivity  required  that  m  fhould  be  rr  ^  - 

brought  nearer,  both  2  and  2’  are  increased.  If  they 
are  both  increafed  in  the  fame  proportion,  the  value  of 


A  y  portal/ 
A  be  forma'  j  , 


will  be  the  fame  as  before,  and  the  body  A  will  nei. 


-other,  and  A  is  neither  attracted  nor  repelled  when  at 
this  precife  diftance  from  the  overcharged  fide  of  B. 
B  may  be  faid  to  be  neutral  with  refpeCt  to  A,  al¬ 
though  A  and  the  adjoining  fide  of  B  are  both  over¬ 
charged. 

p  r  But  if  A  be  placed  at  the  fame  diftance  on  the  other 

cral aToiie  fide  of  B,  the  effeCt  will  be  very  different:  For  be- 
end  are  /  2  ,  .  , 

more  a&ivecanfe  7  ,  and  m  2  is  now  changed  into  m  2,  and 

at  the  a 

f  z  into  f  z',  we  "have  the  aft  ion  on  A  =  F  X 


(7 

is  ftiongly 


and  m'  may  be  fo  proportioned, 
that  when  A,  containing  redundant  fluid,  is  placed  near 
the  undercharged  end  of  j.B,  it  fhall  neither  be  attract¬ 
ed  nor  repelled,  B  becoming  neutral  with  regard  to  A 
at  that  precife  diftance.  For  this  purpofe  m'  muft  be 
/V 

~  J — .  And  if  A  be  now  placed  at  the  fame  diftance 


on  the  other  fide  of  B,  it  will  be  repelled  with  the  force 


Thus,  when  the  overcharged  end  is  rendered  neutral 


ther  be  attracted  nor  repelled  at  this  new  diftance. 

But  if  2  increafe  fafter  than  2',  we  fhall  have /  2  great¬ 
er  than  )ri  2',  and  A  will  be  repelled  ;  and  if  2  increafes 
more  flowly  than  2',  A  will  be  attracted  by  bringing 
it  nearer.  The  contrary  effeCts  will  be  obferved  if  A 
be  removed  farther  from  the  overcharged  end  of  B. 
This  explains  many  curious  phenomena;  and  thofe  phe¬ 
nomena  become  inflrudive,  becaufe  they  enable  us  to 
difeover  the  law  of  eleCtric  aClion,  by  fhewing  us  the 
manner  in  which  it  dimir.ifhcs  by  a  change  of  diftance. 
Electricians  cannot  but  recoiled  many  inftances,  in 
which  the  motion  of  the  eledrorneter  appeared  very  ca¬ 
pricious.  The  general  fad  is,  that  when  an  overchar¬ 
ged  pith  ball  is  fo  fituated  near  the  overcharged  fide  of 
the  eltdrophorus  as  to  be  neutral,  it  is  repelled  when 
brought  nearer,  but  attraded  when  removed  to  a  great¬ 
er  diftance.  This  (hews  that  2  increafes  fafter  than  2' 
when  A  is  brought  nearer  to  B.  Now,  fince  the  bo¬ 
dies  may  be  again  rendered  neutral  at  a  greater'diftance 
than  before,  and  the  fame  appearances  are  ftill  obferved,  it 
follows,  that  the  law  of  adion  is  fuch,  that  every  dimi¬ 
nution  of  diftance  caufes  2  to  increafe  fafter  than  2'. 

We  fhall  find  tiiis  to  be  valuable  information. 

Let  us,  in  the  laft  place,  inquire  into  the  fenfible  ef-A&< 
fed  on  A  when  it  alfo  is  partly  overcharged  and  part  whe«| 
ly  undercharged.  This  is  a  much  more  complicated1  ^ 
cafe,  and  is  fufceptible  of  great  variety  of  external  ap-^Jfd 
pearances,  according  to  the  degrees  of  redundancy  and^tfj 
deficiency,  and  according  to  the  kind  of  eledricity  (po- 
fttive  Or  negative)  of  the  ends  which  front  each  other. 

Firft, 


Firft,  then,  let  the  overcharged  end  of  A  (fig.  5.) 
front  the  undercharged  end  of  B,  they  being  overchar¬ 
ged  in  N  and  n ,  but  undercharged  m  S  and  s,  -  Let  F 
and  /be  the  quantity  of  fluid  natural  to  each  ;  and  let 
F'  and  f  be  the  redundancy  in  N  and  n ,  and  M'  and  mr 
the  deficiency  in  S  and  j-.  Moreover,  let  Z  and  Z'  re- 
prefent  the  intenfity  of  a&ions  of  a  particle  in  N  on  a 
particle  in  n  and  s  ;  and  let  z  and  zl  reprefent  the  ac¬ 
tions  of  a  particle  in  8  on  a  particle  in  n  and  in  s  ;  or, 
in  other  words,  let  Z,  Z',  z,  z',  reprefent  the  intenfity 
of  acftion  between  particle  and  particle,  correfponding 
to  the  diftances  N  s,  N  nf  S  s,  S  n. 

Proceeding  in  the  fame  manner  as  in  the  former  ex¬ 
amples,  we  eafily  fee,  that  the  acftion  of  B  on  A  is  = 
F'  m‘  Z  —  F' /'  2!  —  M’m'z+M'  f  z> 


ELECTRICITY. 

fhall  prcfently  get  full  proof  that  this  is  the  eafe  here  ; 
but  we  premife  this  general  view  of  the  fubjedt,  that 
we  may  avoid  the  more  tedious*  but  more  philofophical, 
procefs  of  deducing  the  nature  of  the  curve  from  the 
phenomena  now  under  confideration. 
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the  attrac¬ 
tions  are  confidered  as  pofitive  quantities,  having  the 
fign  +  prefixed  to  them,  and  the  repulfions  are  nega¬ 
tive,  having  the  fign  — . 

This  acftion  will  be  either  attra&ive  or  repnlfive,  ac¬ 
cording  as  the  fum  of  the  firft  and  laft  terms  of  the  nu¬ 
merator  exceeds  or  falls  fhort  of  the  fum  of  the  fecond 
and  third  :  And  the  value  of  each  term  will  be  greater 
or  lefs,  according  to  the  quantity  of  redundant  fluid  and 
matter,  and  alfo  according  to  the  intenfity  of  the  elec¬ 
tric  action.  It  would  requite  feveral  pages  to  ftate  all 
thofe  poffible  varieties.  We  fhall  therefore  content 
ourfelves  at  prefent  with  Hating  the  fimpleft  cafe  ;  be- 
caufe  a  clear  conception’  of  this  will  enable  the  reader 
to  form  a  pretty  diftinft  notion  of  the  other  poffible 
cafes  ;  and  alfo,  becaufe  this  cafe  is  very  frequent,  and 
is  the  moft  lifeful  for  the  explanation  of  phenomena. 

We  fhall  fuppofe,  that  the  redundant  part  of  each 
body  is  juft  as  much  overcharged  as  the  deficient  part 
is  undercharged;  fo  that  F'  =  M',  and  /  =  m.  I11  this 
Yf  (Z  —  Z'  —  z  +  z') 


cafe,  the  formula  becomes 


Hi  1  re- 
pr  ta- 
tw  the 

mi  a 

h  by 
0  *tes  t. 
:e 


f  / 


Here  we  fee  that  the  fenfible  or  external  efte£l  on 
A  depends  entirely  on  the  law  of  ele&ric  acftion,  or  the 
variation  of  its  intenfity  by  a  change  of  diftance.  If 
the  fum  of  Z  and  %’  exceed  the  fum  of  Z'  and  z,  A 
,  will  be  attracted  ;  but  if  Z  +  z'  be  lefs  than  Z'  -f.  z , 
A  will  be  repelled.  This  circumftance  fuggefts  to  11s  a 
veiy  perfpicuons  method  of  exprefting  thele  actions  be¬ 
tween  particle  and  particle,  fo  that  the  imagination 
fhall  have  a  ready  conception  of  the  circumftance  which 
determines  the  external  complicated  effeft  of  this  inter¬ 
nal  adlion.  This  will  be  obtained  by  meafuring  off 
from  a  fixed  point  of  a  ftraight  line  portions  refpeCtive- 
ly  equal  to  the  diftances  N.r,  N «,  S s,  and  Src,  between 
the  points  of  the  two  bodies  A  and  B,  where  we  fup¬ 
pofe  the  forces  of  the  redundant  fluid  and  redundant 
matter  to  be  concentrated,  and  erecl  ordinates  having 
the  proportion  of  thofe  forces.  If  the  law  of  adlion  be 
known,  even  though  very  imperfectly,  we  fhall  fee, 
with  one  glance,  of  which  kind  the  movements  or  ten¬ 
dencies  of  the  bodies  will  be.  Thus,  in  fig.  5.  draw¬ 
ing  the  line  C  z,  take  C  p  ”  N  /,  C  y  =  N  «,  C  r  =:  S  s, 
and  C  t  =  S  n,  and  erect  the  ordinates  II />,  Q R  r, 
and  T  t.  If  the  electric  action  be  like  all  the  other 
attractions  and  repulfions  which  we  are  familiarly  ac¬ 
quainted  with,  decreafing  with  an  increafe  of  diftance, 
and  decreafing  more  flowly  as  the  diftances  are  greater, 
thefe  ordinates  will  be  bounded  by  a  curve  PQRTZ, 
which  has  its  convexity  turned  toward  the  axis.  We 


This  conftruction  evidently  makes  the  pair  of  ordi-  General 
nates  F />,  Qy,  equiditlant  with  the  pair  R  r,  T  ^c^a<^er 
Alfo,  P/>,  II  r,  and  Q  y,  T /,  are  equidiftant  pairs.  It  of  ele&ric^ 
is  no  lefs  clear,  that  the  fum  of  P p  and  T  t,  exceedsforce. 
the  fum  of  Q  y  and  R  r.  For  if  C  z  be  bifected  in  Vr 
and  V  v  be  drawn  perpendicular  to  it,  cutting  the 
ftraight  lines  PT  and  Qdt  in  x  and  then  x  v  is 
the  half  fum  of  P  p  and  P  ty  and  y  v  is  the  half  fum 
of  Q  y  and  R  r.  Moreover,  if  Q  m  and  P  n  are 
drawn  parallel  to  the  bafe,  we  fee  that  P  m  exceeds 
R  r;  and,  in  general,  that  if  any  pair  of  equidiftant  or¬ 
dinates  are  brought  nearer  to  C,  their  difference  increa- 
fes,  and  vice  verfa.  Alfo,  if  two  pairs  of  equidiftant 
ordinates  be  brought  nearer  to  C,  each  pair  by  the 
fame  quantity,  the  difference  of  the  neareft  pair  will  in¬ 
creafe  more  than  the  difference  of  the  more  remote 
pair.  And  this  will  hold  true,  although  the  firft  of  the 
remote  pair  fhould  Hand  between  the  two  ordinates  of 
the  firft  pair.  If  the  reader  will  take  the  trouble  of 
confidering  thefe  fimple  confequences  with  a  little  at¬ 
tention,  he  will  have  a  notion  of  all  the  effects  that  are 
to  be  expected  in  the  mutual  actions  of  the  two  bodies, 
fnfficiently  precife  for  our  prefent  purpofe.  We  fhall 
give  a  much  more  accurate  account  of  thefe  mathema¬ 
tical  truths  in  treating  the  article  Magnetism,  where 
precifion  is  abfolutely  necefiary,  and  where  it  will  be 
attended  with  the  greateft  fuccefs  in  the  explanation  of 
phenomena. 

Now  let  us  apply  this  to  our  prefent  purpofe.  Firft  j 
then,  When  the  overcharged  end  of  A  is  turned  to¬ 
ward  the  undercharged  end  of  B,  A  muft  be  attracted  ; 
for  P  p  +  T  /  is  greater  than  Q^y  +  R  r. 

Secondly  y  This  attraction  muft  increafe  by  bringing 
the  bodies  nearer  ;  for  this  will  increafe  the  difference 
between  P  m  and  R  n . 

Thirdly ,  The  attraction  will  increafe  by  increafing 
the  length  either  of  A  or  of  B  (the  diftance  Ns  re¬ 
maining  the  fame)  ;  for  by  increafing  the  length  of  A, 
which  is  reprefented  by  pr  or  qt,  Rr  is  more  diminifh- 
ed  than  T  Ms.  In  like  manner,  by  increafing  B,  whofe 
length  is  reprefented  by  pqorrt ,  we  diminifh  Qy 
more  than  T  t. 

On  the  other  hand,  if  the  overcharged  end  of  B  frontUfe  of  thit-  • 
the  overcharged  end  of  A,  their  mutual  action  will  bep^ore  of 
F'  />  ( —  Id p  ft-  Q  y  +  R  r  —  T  t),  the  forceG‘ 

f /  "  ■ ; 

and'  A  will  be  repelled,  and  the  repulfion  will  increafe 
or  diminifh,  by  change  of  diftance  or  magnitude,  pre-  . 
cifely  in  the  fame  manner  that  the  attractions  did.  It 
is  hardly  neceflary  to  obferve,  that  all  thefe  confe¬ 
quences  will  refill t  equally  from,  bringing  an  apparatus  . 
fimilar  to  that  reprefented  in  fig.. 3.  near  to  another  of 
the  fame  kind  ;  and  that  they  will  be  various  according  . 

to  the  pofition  and  the  redundancy  or  deficiency  of  the  Curious 
two  parts  of  each  apparatus.  phenomena. 

If  the  body  B  of  fig.  5,  is  not  at  liberty  tb  approach ^h,ch 
toward  A,  nor  to  recede  from  it,  and  can  only  turn 
round  its  centre  B,  it  will  arrange  itfelf  in  a  certain  the  h>p  >- 
determinate  pofition  with  refpedl  to  that  of  A.  For  thefts,  >t- 
example,  it  the  centre  B  (fig*  7*)  be  placed  in  the  Iine^cni^^ir^ 

2  paffingmaS,etlf,n- 
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puffing  through  S  and  N  of  the  body  A,  B  will  arrange 
itfelf  in  the  fame  flraight  line  :  for  if  we  forcibly  give 
it  another  pofition,  fuch  as  ;Br,  N  will  attra£l  s  and 
repel  n,  and  thefe  a&ions  will  concur  in  putting  B  into 
the  pofition  s  B  ri.  S,  however,  will  repel  s  and  at- 
tra£t  n  ;  and  thefe  forces  tend  to  give  the  contrary  po- 
iition.  But  S  being  more  remote  than  N,  the  former 
forces  will  prevail,  and  B  will  take  the  pofition  s'  B  ri. 

If  the  centre  B  be  placed  fomewhere  on  the  line 
AD,  drawn  through  a  certain  point  of  the  body  NAS 
(which  will  be  determined  afterwards),  at  right  angles 
to  NAS,  the  body  B  will  aim  me  the  pofition  ri  B  s\ 
parallel. to  NAS,  but  fubcontrary.  For  if  we  forcibly 
give  it  any  other  pofition  n  B  j,  ft  is  plain  that  N  re¬ 
pels  n  and  attrafts  j,  while  S  attracts  n  and  repels  s. 
Thefe  four  forces  evidently  combine  to  turn  the  body 
round  its  centre,  and  cannot  balance  each  other  till  B 
affume  the  pofition  ri  B  j',  where  n!  is  next  to  S,  and 


s'  is  next  to  N. 

Form  of  If  the  centre  of  B  have  any  other  fituation,  fuch  as 
the  eledlricg^  L0gy  will  arrange  itfelf  in  forne  fuch  pofition 
-meridian.  ^  s\  Jt  may  be  demonftrated,  that  if  B  be  infi¬ 
nitely  fmall,  fo  that  the  adtion  of  the  end  of  A  on  each 
of  its  extremities  may  be  confidered  as  equal,  B  will 
arrange  itfelf  in  the  tangent  BT  of  a  curve  NBS, 
fuch  that  if  we  draw  NB',  SB,  and  from  any  point  T 
of  the  tangent  draw  TE  parallel  to  BN,  and  TF  pa¬ 
rallel  to  B;S,  we  {hall  have  BE  to  BF,  as  the  force  of 
S  to  the  force  of  N.  This  arrangement  of  B  will  be 
it  ill  more  remarkable  and  diftindt  if  N  be  an  over¬ 
charged  fphere,  and  S  an  undercharged  one,  and  both 
be  infulated.  We  mufl  leave  it  to  the  reader’s  reflec¬ 
tion  to  fee  the  changes  which  will  arife  from  the  ine¬ 
quality  of  the  redundancy  and  deficiency  in  A  or 
B,  or  both,  and  proceed  to  confider  the  confequences 
of  the  mobility  of  the  electric  fluid.  Thefe  will  remove 
all  the  difficulty  and  paradox  that  appears  in  fome  of 

51  the  foregoing  propofitioiis. 

Confe-  Eet  t])e  body  A  (fig.  4.)  contain  redundant  fluid, 

(ftmdamcn- anc^  ^et  B  lts  natura^  ftate»  but  let  the  fluid  in  A 

tal)  of  the  be  fixed,  and  that  in  B  perfe&ly  moveable  ;  it  is  evident 
mobility  of  that  the  redundant  fluid  in  A  will  repel  the  moveable 
the  fluid  m  fluid  B,  toward  its  remote  extremity  n9  and  leave  it 
bodies.^50  undercharged  in  j.  The  fluid  will  be  rarefied  in  s, 
and  conftipated  in  n .  We  need  only  confider  the  mu¬ 
tual  adtions  of  the  redundant  fluid  and  redundant  mat¬ 
ter.  It  is  plain  that  things  are  now  in  the  fituation 
deferibed  in*n°  15.  :  A  muff  be  attra&ed  by  B,  becaufe 
f  =  m',  and  a  is  greater  than  a'.  The  attra&ive 
force  is  F'/ '  X  (s — ri). 

Bodies  con-  Thus  we  fee  that  the  hypothefis  is  accommodated  to 
taining  the  the  phenomena  in  the  cafe  in  which  it  appeared  to  differ 
natural  f0  w|j€ly  from  if.  Had  the  fluid  been  immoveable, 
the  natural1  t^ie  mutual  adtions  would  have  fo  balanced  each  other 
Pate,  at-  that  no  external  effedls  would  have  appeared.  But 
tradt  and  now  the  greater  vicinity  of  the  redundant  matter  pre- 
ecTb^elec^ va^s>  ^  *s  attradled  by  B,  and,  the  adtions  being  all 
trifled  bo-"  mutua^  B  is  attradled  by  A,  and  approaches  it. 
dies,  We  have  fuppofed  that  the  fluid  in  A  is  immoveable; 

5 2  but  this  was  for  the  fake  of  greater  fimplicity.  Sup- 

the^ftat^of  movea^^e*  I  hen,  as  foon  as  the  uniform  diftri- 

thofe  bo~  bution  of  the  fluid  in  B  is  changed,  and  B  becomes  un¬ 
dies,  which  dercharged  at  s9  and  overcharged  at  n,  there  are  forces 
increafes  adling  on  the  fluid  in  A,  and  tending  to  change  its 
attraction.  ftate  Qf  diftribution.  The  redundant  matter  in  S  at- 


R  I  C  I  T  Y, 

tradts  the  redundant  fluid  in  A  more  than  the  more  re. 
mote  redundant  fluid  in  n  repels  it,  becaufe  ri  is  lefs 
than  This  tends  to  conftipate  the  redundant  fluid 
of  A  in  the  nearer  parts,  and  render  N  more  redun¬ 
dant,  and  S  lefs  redundant  in  fluid  than  before.  It  is 
plain,  that  this  mufl  increase  their  mutual  adtion,  with¬ 
out  changing  its  nature.  It  can  be  ftrictly  demon  ft  ra¬ 
ted,  that  however  fniall  the  redundancy  in  A  may  be, 
it  can  never  be  rendered  deficient  in  its  remote  extre¬ 
mity  by  the  adtion  of  the  unequally  drfpofed  fluid  in  B, 
if  the  fluid  in  B  be  no  more  nor  lefs  than  its  natural 
quantity.  It  is  alfo  plain,  that  this  change  in  the  dif- 
pofition  of  the  fluid  in  A  mnft  increafe  the  flmilar 
change  in  B.  It  will  be  Hill  more  larefied  in  j,  and 
condenfed  in  ?:  j  and  this  will  go  on  in  both  till  all 
is  in  equilibrio.  When  things  are  In  this  Hate,  a  par¬ 
ticle  of  fluid  in  B  is  in  equilibrio  by  the  combined  ac¬ 
tion  of  feveral  forces.  i  he  particle  B  is  propelled  to¬ 
ward  n  by  llie  action  of  the  ledundant  luid  in  A.  But 
it  is  urged  toward  S  by  the  repulfion  of  the  redundant 
fluid  on  the  flde  of  n,  and  alfo  by  the  attraction  of  the 
redundant  matter  on  the  fide  of  s  ;  and  the  repulfion  of 
the  redundant  fluid  in  A  mufl  be  conceived  as  balan¬ 
cing  the  united  adlion  of  thofe  two  forces  refiding  in  B. 

Hence  we  may  conclude,  that  the  denfityof  the  fluid  General 
in  B  will  increafe  gradually  from  s  to  n.  It  will  be  ex-°  tionol 
tremely  difficult  to  obtain  any  more  precife  idea  of  its ^rce 
denfity  in  the  different  parts  of  B,  even  although  we ^iX; 
knew  the  law  of  adtion  between  fingle  particles  fluid  ins 

This  muff  depend  very  much  on  the  form  and  dimen- body, 
fions  of  B;  for  any  individual  particle  fuftains  the  fenfible 
adtion  of  all  the  redundant  fluid  and  redundant  matter  in 
it,  lince  we  fuppofe  it  affedted  by  the  more  remote  fluid  in 
A.  All  that  we  can  fay  of  it  in  general  is,  that  the  denfity 
in  the  vicinity  of s  is  lefs  than  the  natural  denfity;  but  in 
the  vicinity  of  n  it  is  greater  ;  and  therefore  there  mufl 
be  fome  point  between  s  and  n  where  the  fluid  will  have 
its  natural  denfity.  This  point  may  be  called  a  neu-N^ 
tral  point.  We  do  not  mean  by  this  that  a  particle 
of  fuperficial  fluid  will  neither  be  attra&ed  nor  repelled 
in  this  place.  This  will  not  always  be  the  cafe  (al¬ 
though  it  will  never  be  greatly  otherwife)  ;  nor  will  the 
variation  of  the  denfity  in  the  different  parts  of  B  be 
proportional  to  the  force  of  A  on  thofe  parts.  Some 
eminent  naturalifls  have  been  of  this  opinion  ;  and,  ha¬ 
ving  made  experiments  in  which  it  appeared  to  be  other- 
wife,  they  have  rejected  the  whole  theory.  Blit  a  little 
refledtion  will  convince  the  mathematician,  that  thefum 
of  the  internal  forces  which  tend  to  urge  a  particle  of 
fluid  from  its  place,  and  which  are  balanced  by  the  ac¬ 
tion  of  A,  are  not  proportional  to  the  variations  of  den¬ 
fity,  although  they  increafe  and  decreafe  together.  We 
fhall  take  the  proper  opportunity  of  explaining  thofe 
experiments ;  and  will  alfo  confider  fome  fimple,  but 
important  cafes,  where  we  think  the  law  of  diftribution 
of  the  fluid  afeertained  with  tolerable  precifion. 

If  we  fuppofe,  on  the  other  hand,  that  A  is  under¬ 
charged,  the  redundant  matter  in  A  will  attradl  the 
moveable  fluid  in  B,  and  will  abftradt  it  from  the  re¬ 
mote  extremity,  and  crowd  it  into  the  adjacent  extre¬ 
mity.  Moreover,  the  fluid  now  becoming  redundant 
in  the  nearer  extremity  of  B,  will  adt  more  ffrongly  on 
the  moveable  fluid  in  A  than  the  more  remote  redundant 
matter  of  B  ;  and  thus  fluid  will  be  propelled  toward 
the  remote  fide  of  A,  which  will  become  now  under- 
1  charged 
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charged  In  Its  nearer  fide,  and  lefs  undercharged  In  Its 
remote  fide  than  if  B  were  taken  away.  This  mult  in- 
creafe  the  inequability  of  diflribution  of  the  fluid  in  B, 
and  both  will  be  put  farther  from  their  natural  (late; 
but  A  will  never  become  overcharged  in  its  remote  ex¬ 
tremity. 

Things  being  in  this  flate,  it  is  plain  that  A  and  B 
will  mutually  attraft  each  other  in  the  fame  manner, 
and  with  the  fame  force,  as  when  A  was  as  much  over- 
I J  ;4  charged  as  it  is  now  undercharged. 

I  ric  at-  Thus,  then,  we  fee  how  the  attraaion  obtains,  whe- 
;  A  be  over  or  undercharged,  A  fa  ft  which  Dr 

J  to\he  Franklin  gquM  never  explain  to  his  own  fatisfa&ion  ; 
n  jna-  nor  will  it  ever  be  explained  confidently  with  the  ac- 
ti(  >lthe  knowledged  principles  and  obferved  laws  of  mechanics 
by  anY  perfon  who  employs,  eiaftic  atmofpheres  for  this 
purpofe.  It  is  indeed  a  fufficient  objection  to  the  em¬ 
ployment  of  fuch  ele&ric  or  other  atmofpheres,  that 
the  fame  extent  of  attraaion  and  repulfion  between  the 
particles  of  the  atmofphere  is  neceflary,  as  is  employed 
here  between  the  particles  of  the  fluid  refiding  in  the 
body;  and  therefore  they  ceafe  to  give  any  explanation, 
even  although  their  fuppofed  aaions  were  legitimately 
deduced  from  their  conditution.  This  is  by  no  means 
the  cafe.  Let  any  perfon  examine  ferioufly  the  modus 
operand i  of  the  elearic  atmofpheres  employed  by  Lord 
Mahon  (the  only  perfon  who  has  written  mathema¬ 
tically  on  the  fubjea),  and  he  will  fee,  that  the  whole 
is  nothing  but  figurative  language,  without  any  di- 
flina  perception  of  what  is  meant  by  thefe  atmoL 
pheres,  as  diftind  from  the  fluid  moveable  in  the  con- 
duaing  bodies,  or  any  perception  how  the  unequal  den- 
fity  of  thefe  atmofpheres  protrudes  the  fluid  along  the 
condudlor.  Belides,  it  is  well  known  that  a  conduaing 
wire  becomes  pofitive  at  one  end,  and  negative  at  the 
other,  by  the  mere  vicinity  of  an  overcharged  or  under¬ 
charged  body,  and  this  in  an  inftant,  although  it  be 
furrounded  with  fealing  wax,  or  other  nonconduaors,  to 
any  thicknefs  :  in  this  cafe  there  can  he  no  atmofpheres 
to  operate  on  the  included  fluid.  To  this  we  may  add 
Dr  Franklin’s  judicious  experiment  of  whirling  an  elec¬ 
trified  ball  many  times  round  his  head,  with  great  ra¬ 
pidity,  by  means  of  a  filk  line,  without  any  fenfible  di- 
minution  of  its  clearicity.  It  is  not  conceivable  that 
an  eledric  atmofphere  could  remain  attached  to  the 
ball  ;  nor  could  it  be  infiaiitaneoufly  formed  round  the 
ball,  in  every  point  of  its  motion,  fo  as  to  be  operative 
the  moment  he  flopped  it  and  tried  it ;  for  this  would 
have  exhaufted  or  greatly  diminifhed  the  clearicity  of 
the  ball;  whereas  that  fagacious  philofopher  affirms 
(and  any  perfon  will  find  it  true),  that  when  the  air  is 
dry,  he  did  not  obferve  the  elearicity  more  diminiflied 
than  that  of  another  ball  which  remained  all  the  while 
c  m  the  fame  place. 

^  the  overcharged  body  A  (fig.  6.)  be  brought 

i  near  the  ends  of  two  oblong  conduaors  B  and  C  in 
their  natural  flate,  and  lying  parallel  to  each  other ;  the 
fluid  will  be  propelled  toward  their  remote  ends  N,  n9 
where  it  will  be  condenfed,  while  it  will  be  rarefied  in 
the  ends  S  and  x,  adjacent  to  A.  Both  will  be  at- 
tradled  by  A,  and  will  attraa  it.  But  the  redundant 
fluid  in  NB  will  repel  the  redundant  fluid  in  n  C  ;  and 
the  redundant  matter  in  SB  will  repel  the  redundant 
matter  in  s  C.  For  this  reafon  the  bodies  B  and  C 
will  repeFeach  other,  and  will  feparate  ;  but  SB  attra&s 
Suppl.  Vol.I.  Part  II. 
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n  C,  and  NB  attradls  s  C ;  and  on  this  account  the  bo¬ 
dies  fhould  approach  :  but  the  diftancea  of  the  attra&- 
ing  parts  being  greater  than  thofe  of  the  repelling  parts, 
the  repulfions  muft  prevail,  and  the  bodies  mull  really 
feparate. 

It  is  equally  clear  that  the  very  fame  fenfibU  appear¬ 
ance  will  refult  from  bringing  an  undercharged  body 
near  the  ends  of  B  and  C,  although  the  internal  motions 
are  juft  the  oppofite  to  the  former. 

If  another  body  D,  ele6lrified  in  the  fame  way  with 
A*  be  brought  near  the  oppofite  ends  of  B  and  C,  it 
will  prevent  or  diminifh  the  internal  motions,  and  it 
fhould  therefore  prevent  or  diminifh  the  external  eff efts. 

If  another  conducing  body  be  brought  near  to  the 
end  s  of  C  that  fronts  A,  it  will  be  affedled  as  C  is, 
and  the  end  f  will  repel  s  ;  but  if  it  be  brought  near 
the  remote  end,  as  is  the^cafe  with  the  body  F,  it  will 
attiadl  this  remote  end  As  the  body  A,  containing 
more  or  lefs  than  its  natural  {hare  of  eleClric  fluid,  af- 
feds  every  other  body,  while  they  do  not  (when  out  of 
its  neighbourhood)  affed  each  other,  it  is  ufually  faid 
to  be  the  ele&rified  body,  and  the  others  are  faid  to  be 
electrified  by  it ;  and  lince  thefe  bodies,  when  perfed 
condudors,  cannot  retain  their  power  of  exhibiting  elec¬ 
trical  appearances  (fee  n<>  17.),  it  will  be  convenient  to 
diftingutlh  this  laft  eledrical  flate  by  a  particular  name. 

We  fhall  call  it  electricity  by  position,  or  indu- 
CED  electricity.  It  is  induced  bypofition  with  re¬ 
gard  to  the  permanently  eledrical  body.  , 

We  have  fuppofed,  in  thefe  laft  propofitions,  that  Corflfquen- 
the  fluid  was  perfedly  moveable  in  B,  and,  at  laft  alfo,  cesofob-i 
in  A  :  but  let  us  examine  the  confequences  of  fome  ob- 
flrudion  to  this  motion.  Without  entering  into  a  mi¬ 
nute  enquiry  on  this  head,  we  may  flate  the  obflrndion 
as  uniform,  and  fuch  that  a  certain  fmall  force  is  ne- 
ceffary  for  caufing  a  particle  of  fluid  to  get  through  be¬ 
tween  two  particles  of  the  common  matter,  juft  as  we 
conceive  to  happen  in  tenacious  bodies  of  uniform  tex¬ 
ture  (fee  n°  18.). 

It  is  evident,  that  when  an  overcharged  body  A  (fig. 

4*  or  5.)  is  brought  near  fuch  an  imperfed  condudor 
B,  the  fluid  cannot  be  fo  copioufly  propelled  to  the  re¬ 
mote  extremity  n.  We  may  conceive  the  flate  of  dif- 
tribution  by  taking  a  conftant  quantity  from  the  inten- 
fities  of  the  force  of  A  at  every  point  of  B.  This  cir- 
cumftance  alone  {hews  us,  that  there  will  not  be  fo 
unequable  a  diflribution  of  the  fluid,  and  therefore 
were  will  not  be  fuch  a  Jlrong  attraction  between  imperfed 
as  between  ferfed  condudors .  But  befides  this,  we  fee 
that  an  incomparably  longer  time  muft  elapfe  before 
things  come  to  a  flate  of  equilibrium.  Each  ‘particle 
ot  fluid  employs  time  to  overcome  the  obftacle  to  its 
motion,  and  it  cannot  advance  till  after  the  fucceed- 
mg  ones,  each  efcaping  in  its  turn,  have  again  come 
up  with  the  foremoft.  An  important  confequence  re- 
fulte  from  this.  The  neutral  point,  where  the  fluid  is 
oi  the  natural  denlity,  will  not  be  fo  far  from  the 
other  body  as  it  would  have  been  without  thefe  ob- 
(trudions ;  and  this  point  will  be  a  confiderable  while 
of  advancing  along  the  imperfed  condudor.  At  the 
firft  approach  of  the  overcharged  eledric,  the  near 
extremity  of  the  imperfed  condudor  becomes  a  little 
undercharged,  and  the  neutral  point  advances  from  the 
very  extremity  a  fmall  fray,  the  difplaced  fluid  being 
crowded  a  little  before  it,  and  giving  way  by  degrees 
4  C  a* 
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as  Its  foremoll  particles  get  pad  the  obftru&ions.  The 
motion  forward  takes  place  over  a  conftderable  extent 
at  the  very  Arft  ;  namely,  in  that  part  of  the  condudor 
where  the  propelling  power  of  the  neighbouring  eledric 
is  juft  able  to  pufh  a  particle  over  the  obftrudion.  As 
the  propulfion  goes  on,  the  neutral  point  mud  gra¬ 
dually  advance,  and  at  lad  reach  a  certain  didance,  de¬ 
termined  by  the  degree  of  the  obftrudion.  It  is  plain, 
that  the  final  accumulation  at  the  remote  end  of  the 
imperfed  condudor  will  be  lefs  than  in  a  perfed  con¬ 
dudor,  and  the  neutral  point  will  be  nearer  to  the  other 
end. 

There  is  another  remarkable  confequence  of  the  ob¬ 
ftrudion.  It  mud  always  happen  that,  at  the  beginning 
of  the  adion,  the  greated  condipation  will  not  be  to¬ 
wards  the  remote  extremity,  but  in  a  place  much  nearer 
to  the  di Curbing  c?ufe.  Beyond  this,  the  condipation 
will  diminifh.  As  time  elapfes  during  this  operation, 
this  condipated  fluid  ads  on  the  fluid  beyond  it  by  re- 
pulfion,  and  may  do  this  with  fufHcient  force  to  diB 
place  fome  of  it,  and  render  a  part  of  the  imperfed 
condudor  deficient,  with  a  fmall  condipation  beyond 
it.  This  may,  in  like  manner,  produce  a  rarefadion 
farther  on,  followed  by  another  condenfation  ;  and  this 
may  be  frequently  repeated  when  the  obflrudion  is  very 
great,  and  the  repulfion  of  the  overcharged  body  very 
great  alfo.  This  can  be  ftridly  dernondrated  in  fome  very 
Ample  c?fes,  but  the  demondration  is  very  tedious :  As 
the  refult,  however,  is  of  the  firft  importance  in  the  the¬ 
ory  of  eledricity,  and  ferves  to  explain  fome  of  the  mod 
abdrufe  phenomena,  we  wifh  the  reader  to  have  fome 
flronger  ground  of  confidence  than  the  above  bare  af 
fertion.  He  may  obferve  fimilar  effeds  of  caufes  pre- 
cifely  fimilar.  If  we  dip  the  end  of  a  flat  ruler  into 
water,  and  if,  after  allowing  the  water  to  become  per* 
fedly  ft  ill,  we  move  the  ruler  gently  along  in  a  direc¬ 
tion  perpendicular  to  the  face,  we  {hall  obferve  a  Angle 
wave  heap  up  before  the  ruler,  and  keep  before  it,  all  the 
reft  of  the  water  before  it  remaining  ft  ill :  but  if  we  do 
the  fame  thing  in  a  vefTel  of  clammy  fluid,  efpecially  if 
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the  clammy  part  is  fwimming  on  the  furface  of  a  more 
perfed  fluid,  like  a  cream,  we  fhall  obferve  a  feries  of 
fuch  waves  to  curl  up  before  the  ruler,  and  form  before 
it  in  fucceffion  ;  and  if  we  have  previoufly  fpotted  the 
furface  of  the  cream,  we  (hall  fee  that  it  is  not  the  fame 
individual  waves  that  are  pufhed  before  the  ruler,  but 
that  they  are  fuccefilvely  formed  out  of  different  parts 
of  the  furface,  and  that  the  particles  which,  at  one 
time,  form  the  fummit  of  a  wave,  are,  immediately  af¬ 
ter,  at  the  bottom,  &c.  In  like  manner,  when  a  cannon 
is  fired  in  clear  air,  at  no  great  diftance,  we  hear  a  Angle 
fnap  ;  but,  in  a  thick  fog,  we  hear  the  fnap  both  pre¬ 
ceded  and  followed  by  a  quivering  noife,  refembling 
the  rufhing  of  a  fluttering  wind,  which  lads  perhaps 
half  a  fecond.  A  flight  refledion  on  thefe  fads  will  (hew 
that  they  are  neceffary  refults  of  the  mechanical  laws  of 
fuch  obflrudion. 

The  confequence  of  this  mode  of  adion  mud  be, 
that  an  imperfed  condudor  may  have  more  .than  one 
neutral  point,  and  more  than  one  overcharged  and 
undercharged  portion,  fo  that  its  adion  on  diftant  bo¬ 
dies  may  be  extremely  various.  The  formula  of  n°  28. 
was  accommodated  to  thb  cafe,  and  will  be  found  to 
have  very  curious  refults.  Another  body  may  be  pla¬ 
ced  in  the  diredio»  of  the  axis,  and  will  be  attraded 
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at  one  diftance,  repelled  when  this  didance  is  increafed, 
and  again  attraded  when  at  a  dill  greater  diltance,  See . 

See.  ' 

Suppofe  the  obflrudion  not  to  be  confiderable  :  The 
immediate  operation  of  the  neighbouring  overcharged 
body  will  be  the  produdion  of  an  undercharged  part  in 
the  adjoining  extremity,  an  overcharged  part  beyond 
this,  an  undercharged  portion  farther  on,  &c.  In  a 
little  while  thefe  will  fhift  along  the  condudor ;  one  af¬ 
ter  another  will  difappear  at  the  farther  end,  and  the 
body  will  have  at  lad  but  one  neutral  point.  A  greater 
obftrudion  will  leave  the  body,  Anally,  with  more  than 
one  neutral  point,  and  tlieir  ultimate  number  will  be 
greater  in  proportion  as  the  obftrudion  to  the  fluid's 
motion  is  fuppofed  greater. 

Now,  let  the  overcharged  body,  the  caufe  of  this  un- [n(juce(] 
equal  diftribution,  be  removed.  We  have  feen,  n°  17.  ]e<5lriciq 
that  when  a  body  contains  its  natural  quantity  of  fluid,  tenderer 
but  unequally  didributed,  there  is  a  force  ading  on  PerMt 
every  particle,  and  tending  to  reftore  the  original  equa¬ 
ble  diftribution  ;  and  that  fuch  a  force  remains  as  long 
as  there  is  any  inequality  in  this  refped.  If,  therefore, 
there  be  no  obftrudion,  the  uniform  diftribution  will 
take  place  immediately ;  for  it  is  well  known,  that  the 
fpeed  with  which  eledricity  is  propagated  is  immenfe. 

The  elafticity,  or  the  attradive  and  repulfive  forces, 
mud  be  very  great  indeed  when  compared  with  any 
that  we  know,  except,  perhaps,  the  force  which  impels 
the  particles  of  light.  The  eledricity,  therefore,  of  a 
perfed  condudor,  that  is,  its  power  of  ading  on  other 
bodies  in  the  fame  way  that  an  original  eledric  ads  on 
them,  mud  be  quite  momentary,  and  ceafe  as  foon  as 
the  inducing  caufe  is  removed.  The  condudor  is  elec¬ 
trical  merely  in  confequence  of  its  pofition.  Hence 
the  propriety  of  our  denominations.  Nothing  material 
is  fuppofed  in  this  theory  to  be  communicated  from  the 
overcharged  body  :  Nay,  this  theory  teaches,  that  the 
feniible  eledricity  of  the  overcharged  body  is  augment¬ 
ed  in  fome  refpeds ;  for  it  becomes  moie  overcharged 
in  the  part  neared  to  the  condudor.  Indeed  it  be¬ 


comes  lefs  overcharged  on  the  other  end,  and  will  ad 
lefs  forcibly  011  that  Ade  than  if  the  condudor  were  a- 
way.  It  may  be  remarked  here  (it  ftiould  have  been 
mentioned  in  n°  55.),  that  when  F  is  prefen ted  in  the 
manner  (hewn  in  Ag.  6.  the  body  B  becomes  more 
ftror.gly  overcharged  at  the  end  remote  from  A,  and 
more  ftrongly  undercharged  at  the  end  next  to  A,  than 
when  F  is  away.  The  contrary  may  happen,  by  pre- 
fenting  a  body  in  the  manner  of  E.  We  wifh  thefe 
particulars  to  be  kept  in  mind.  In  the  mean  time,  all 
thefe  circumftances  are  neceffary  confequences  of  the 
fuppoAtion,  that  nothing  is  communicated  from  A  ta 
B  01  C.  The  eledricity  induced  on  perfed  conduc¬ 
tors  is  momentary,  requiring  the  continual  prefence  of 
a  body  that  is  elednfied  in  fome  way  or  other. 

But  the  cafe  is  quite  otherwife  in  imperfed  conduc¬ 
tors.  When  the  overcharged,  or  otherwife  eledricai 
body  A  is  removed,  the  forces  which  tend  to  reftore 
the  uniform  diftribution  of  the  fluid  immediately  ope¬ 
rate,  and  muft  reftore  it  in  part.  They  cannot,  how¬ 
ever,  do  it  completely  :  For  when  the  force  which  ur¬ 
ges  any  particle  from  an  overcharged  to  an  underchar¬ 
ged  part  is  juft  in  equilibrio  with  the  obftrudion,  it 
will  remain,  juft  as  a  number  of  grains  of  fmall  {hot  may 
lie,  uniformly  mixe  d.  with  a  mafs  of  clammy  fluid,  or, 
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as  fuch  fluids  retain  heavy  mud,  in  a  ftate  of  equable 
or  inequable  diffnfion.  If  the  refinance  arife  merely 
from  the  inertia  of  the  tangible  matter,  there  is  no  force 
fo  fmall  but  it  will  in  time  reftore  the  uniform  distribu¬ 
tion.  But  this  cannot  be  the  cafe  in  folid  bodies.  Their 
particles  exert  lateral  forces,  by  which  they  maintain 
themfelves  in  particular  fitnations  :  thefe  mult  be  over¬ 
come  by  fuperior  forces. 

We  fhould  therefore  exped,  that  imperfect  conduc¬ 
tors  will  retain  part  of  their  inequable  conftitution  ; 
and,  in  confluence  of  ibis,  their  power  of  affecting  o- 
ther  bodies  like  eledtrics  ;  that  is,  their  Electricity. 
For  we  mult  obferve  (having  neglected  to  do  it  in  the 
beginning),  that  the  term  eleftricity  is  as  often  ufed  to 
exprefs  this  power  of  producing  electrical  phenomena 
as  it  is  ufed  for  exprelling  a  fubltance  fuppofed  to  be 
the  original  caufe  of  all  thefe  appearances.  It  is  necef- 
fary  to  keep  this  diftindion  in  mind  ;  becaufe  there  are 
many  phenomena  which  clearly  indicate  the  transfe-' 
rence  of  this  caufe,  and  they  mult  not  be  confound¬ 
ed  with  others,  where  the  exhibition  of  eledric  phe¬ 
nomena  is  evidently  propagated  to  a  difiance.  We 
mult  not  always  fuppofe,  that  when  the  eledric  appear¬ 
ances  are  exhibited  in  an  inftant  at  the  far  end  of  a  wire 
4r  miles  long,  the  fame  numerical  particles  of  the  elec¬ 
tric  fluid  have  moved  over  this  fpace.  We  mult  diftin- 
guilh  thofe  cafes  where  this  mult  be  granted  from  thofe 
in  which  it  certainly  has  not  happened.  Of  thefe  there 
are  innumerable  inltances. 

perfect  ^ave  now  to  °bferve,  ^at  by  this  theory  the 

liduftors  fmgle  circumitance  of  perfect  and  imperfed  conducting 
neccfla- power  is  fufficient  for  eftablifhing  the  whole  difference 
uJio.  between  idio-eleCtrics  and  non-eledrics.  The  idio- 
L  ncs*  eleCtrics  aie  fufceptible  of  excitation  in  various  ways, 
and  retain  their  electricity  ;  and  this  may  be  done  in 
any  part  of  them  without  affecting  the  reft  in  any  re¬ 
markable  degree.  This  cannot  be  done  in  perfed  con¬ 
ductors,  plainly  becaufe  they  are  perf eft  conductors .  Any 
inequality  of  diftribution  of  the  eledric  fluid,  which  is 
all  that  is  neceffary  for  rendering  them  eleCtric,  is  im¬ 
mediately  deftroyed  by  its  uniform  diffufion.  We  can 
have  no  direCt  proof  of  their  incapability  of  excitation  ; 
but  if  they  can  be  excited,  they  cannot  fhew  it.  We 
doubt,  however,  their  excitability  ;  becaufe  the  appear¬ 
ances  in  the  excitation  of  eleCtrics  feem  to  indicate,  that 
oppoiite  Hates  of  two  bodies  are  neceffary  previous  to 
the  appearance  of  electricity.  This  isimpoflible  in  per¬ 
feCt  conductors.  By  this  theory,  therefore,  perfeCt 
conductors  are  receffarily  non- eleCtrics  ;  and  non- con¬ 
ductors  are  neceffarily  (if  excitable)  idio- eleCtrics. 

With  refpeCt  to  the  particular  phenomena  which  may 
be  expeCted  on  the  removal  of  the  original  eleCtric  ;  it 
may  juft  be  remarked,  that  the  eleCtric  appearances  of 
the  imperfeCt  coryiuCtor  will  go  off  in  the  contrary  or¬ 
der  to  that  of  their  indication.  The  accumulation  and 
deficiency  will  diminifh  gradually,  and  the  neutral  point 
or  points  will  gradually  approach  the  end  which  had 
fronted  the  original  eleCtric.  The  imperfeCt  conductor 
will  be  finally  left  with  one  or  more  neutral  points,  ac¬ 
cording  to  the  magnitude  of  the  obftruCtions,  and  the 
force  which  had  been  employed  in  its  electrification  : 
And  their  final  ftate  will  be  fo  much  the  more  inequa¬ 
ble,  and  confequcntly  they  will  retain  fo  much  the 
greater  eleCtric  powers,  as  they  aie  ltfs  perfeCt  conduc¬ 
tors. 
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The  la  ft  obfervation  which  we  fhall  make  on  this  ^  60 

head  at  prefent  is,  that  whether  eleCtrified  by  indue-  onh* 
tion,  or  by  friCtion,  or  moft  other  modes  of  excitation,  fUperhci- 
the  electrification  will  be  nearly  fuperficial  in  bodies  ally  fo. 
which  conduCt  very  imperfeCtly  ;  and  bodies  which  are 
altogether  impervious  (if  there  be  any  fuch)  muft  have 
the  accumulation  or  deficiency  altogether  at  their  furface. 

If  a  glafs  globe  be  fuch  a  body,  it  will  hardly  be  poffible 
to  eleCtrify  it  to  any  depth  ;  and  all  that  we  can  expeCt  is 
alternate  itrata  of  overcharged  and  undercharged  glafs. 

If  thefe  ftrata  are  once  formed,  they  tend  greatly  to  make 
the  body  retain  its  fuperficial  eleCtricity.  A  fuperficial 
ftratum  of  redundant  fluid,  tending,  by  the  mutual  re- 
pulfion  of  its  particles,  toefcape,  is  retained  by  the  ftra¬ 
tum  of  redundant  matter  immediately  below  it  :  And 
the  almoft  infuperable  obflrudion  prevents  the  fluid 
of  the  ftratum  beyond  this  from  coming  up  to  fupply 
the  vacancy.  If  we  can  fall  on  any  contrivance  to  pro¬ 
duce  fuch  deficient  ftrata  within  the  glafs,  we  fhall 
make  it  much  more  retentive,  and  capable  of  holding 
faft  a  much  greater  quantity.  We  have  alieady  men¬ 
tioned  fomething  of  this  in  n?  14.  and  we  recommend 
the  cafe  to  the  attentive  confideration  of  the  reader. 

Thus  have  wc  given  a  fketch  of  the  leading  dodrines^  . 
of  this  elegant  theory  of  Mr  iEpinus,  all  legitimately  lon^f^he 
deduced  from  the  circumftances  affumed  in  the  hypo  theorv  with 
thelis  concerning  the  mechanical  properties  of  that  fub-  exPcr*- 
ftance  which  he  calls  the  eleftric  fluid .  Let  us  now  feemcIlt* 
with  what  fuccefs  this  hypothefis  may  be  applied  to  ac¬ 
count  for  the  phenomena.  It  would  have  been  more 
phiiofophical  to  have  arranged  the  phenomena,  and 
from  the  comparifon  to  have  deduced  the  hypothefis. 

But  this  would  have  required  much  more  room  than 
can  be  afforded  in  a  Work  like  ours. 

WTe  prefume,  that  many  of  our  readers,  namely,  all 
fuch  as  are  already  converfant  with  eledrical  phenome¬ 
na  and  with  eledric  experiments,  have  feen,  as  we  went 
along,  the  perfed  agreement  of  the  hypothefis  with  the 
various  phenomena  of  attradion  and  repulfion,  and  all 
thofe  which  are  ufually  claffed  under  the  name  of  elec¬ 
tric  atmofpheres  :  and  we  are  confident,  that  when  they 
compare  the  confequences  that  fliould  neccffaiily  refult 
from  fuch  a  fluid  with  the  legitimate  confequences  of 
the  mechanical  adion  of  elaftic  atmofpheres,  they  will 
acknowlege  the  great  fuperiority  of  this  hypothefis  in 
point  of  fimplicity,  perfpicuity,  and  analogy  with  o- 
ther  general  operations  of  nature.  To  fuch  readers  it 
would  not  be  neceffary  to  ftate  any  farther  comparifon; 
but  there  are  many  who  have  not  yet  formed  any  dif- 
tind  fyfematic  view  of  the  appearances  called  eleftricaL 
We  do  not  know  any  way  of  giving  fuch  a  view  of 
them  as  by  means  of  this  hypothefis  and  we  may  ven¬ 
ture  to  fay,  that  it  will  enable  the  ftudent  of  Nature  to 
clafs  them  all,  with  hardly  a  fingle  exception.  After 
which,  the  hypothefis  may  be  thrown  afide  by  the  faf- 
tidious  philofopher  ;  and  the  -ufeful  claffification,  and  ge¬ 
neral  laws  of  the  eledric  phenomena,  will  remain  ready 
foundations  for  a  more  perfed  theory.  For  the  fake 
of  fuch  readers,  therefore,  we  fhall  take  a  fhort  review 
of  thofe  general  appearances  which  are  accompanied  by 
attradions  and  repulfions,  and  compare  them  with  this 
^Epinian  theory. 

We  fhall  not  at  prefent  confider  the  various  modes  of 
excitation,  although  this  theory  alfo  affords  much  in- 
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flru&ion  on  the  fubjeCt,  but  confine  ourfelves  entirely 
to  the  fads  which  are  mod  immediately  dependent  on 
it,  and  fhould  be  employed  to  fupport  or  overturn  it  ; 
and  we  fhall  fuppofe  the  reader  acquainted  with  moft 
parts  of  the  common  apparatus  ;  fuch  as  electrometers, 
infulation,  &c.  We  alfo  prefume  that  he  knows,  that 
when  a  fmall  pith- ball  has  been  eleCtrified  by  touch¬ 
ing  a  piece  of  glafs  which  has  been  excited  by  rubbing 
with  dry  flannel,  it  will  repel  another  body  fo  eleCtrifi- 
ed  ;  and  that  balls,  which  have  received  their  eleCtricity 
in  this  manner  from  fealing.wax  excited  by  the  fame 
rubber,  alfo  repel  each  other  ;  but  that  balls,  thus  elec¬ 
trified  by  glafs,  attradt  thofe  which  are  eleCtrified  by 
fealing  wax. 

The  following  fimple  apparatus  will  ferve  for  all  the 
experiments  which  are  necefiary  for  eflablifhing  the  the¬ 
ory  : 

i.  Two  (lender  glafs  rods  A  (fig.  8.),  having  a 


compari- 

fon. 


brafs  ball  B  at  the  end,  about  a  quarter  of  an  inch 
diameter,  fufpending  a  very  fmall  and  delicate  pith- ball 
electrometer  C. 

Some  electrometers  (fig.  9.),  confiding  of  two 
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pieces  of  rufh  pith,  about  four  inches  long,  nicely  fuf- 
pended,  and  hanging  parallel,  and  almofl  in  contaCt 
with  each  other.  It  is  proper  to  have  them  as  fmooth  as 
pofiible,  and  neatly  rounded  at  the  ends,  to  prevent  un- 
neceffary  diflipation. 

3.  Some  pith-ball  electrometers  (fig.  10.),  whofe 
threads  are  of  filk,  about  four  inches  long,  and  fome 
with  flaxen  threads  moiftened  with  a  folution  of  fome 
deliquefeent  fait,  that  they  may  be  always  in  a  good 
conducting  date. 

4.  Several  brafs  conductors  (fig.  1 1.),  each  fupported 
on  an  infulating  dalk  and  foot.  They  fhould  be  about 
an  inch  and  half  or  two  inches  long,  and  about  three- 
fourths  of  an  inch  in  diameter,  with  round  ends,  and 
well  polifhed,  to  prevent  all  diflipation.  The  foot  mult 
be  fo  narrow  as  to  allow  them  to  touch  each  other  at 
the  ends. 

5.  Two  balls  (fig.  12.),  one  of  glafs,  and  the  other 
of  glafs  coated  with  fealing  wax,  each  furnifhed  with 
an  infulating  handle,  the  other  end  of  which  may  be 
occafionally  duck  into  a  foot,  or  into  the  fide  of  a 
block  of  wood,  which  can  be  did  up  or  down  on  a 
wooden  pillar,  and  fixed  at  any  height.  Thefe  balls 
fhould  be  about  three  inches  in  diameter.  They  mud 
be  excited  by  rubbing  with  dry  warm  dannel. 

6.  Some  little  pieces  of  gilt  card  (fig.  13.),  about 
two  inches  long,  half  an  inch  broad,  an4  rounded  at  the 
ends,  and  made  as  fmooth  as  poflible.  Each  mud  have 
a  dimple  druck  in  the  middle  with 
point,  fo  that  it  will  traverfe  freely  like  a  mariner's 
needle  when  fet  on  a  glafs  point,  rounded  in  the  flame 
of  a  lamp.  More  artificial  needles  may  be  made  of  fome 
light  wood,  having  fmall  cork  balls  at  the  ends,  all  gilt 
and  polifhed,  and  turning,  in  like  manner,  on  glafs 
flalks :  alfo  fome  fimilar  needles  made  of  fealing  wax, 
one  end  of  eaeh  being  black,  and  the  other  red. 

The  mechanical  phenomena  of  eleCtricity  may  be  ex- 
preffed  in  a  few  Ample  propodtkms.  The  moft  general 
faCt  that  we  know,  and  from  which  all  the  red  may  be 
deduced,  is  the  following  : 

If  any  body  A  is  electrified,  by  any  means  whatever, 
and  if  another  body  B  is  brought  into  its  neighbour¬ 
hood,  the  lad  becomes  electrical  by  podtion. 
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Set  the  brafs  conductors  in  a  row,  touching  each  63 
other,  as  reprefented  in  fig.  j  1.  by  A,  B,  C  ;  and  let  a  ^ eutral 
pith-ball  eledrometer,  having  filk  threads,  be 
one  end  of  the  conductors.  Excite  one  of  th 
by  rubbing  it  with  dry  flannel.  When  this  is  brought  dered*eb 
near  the  end  of  the  conductor,  the  pith-ball  will  ap-  crlcal by i 
proach  the  other  end.  But  the  globe  mud  not  beduaion‘ 
brought  fo  near  as  to  caufe  the  pith-ball  to  ftrike  a- 
gaind  the  other  end.  On  removing  the  globe,  the 
pith-ball  will  move  off  and  hang  perpendicularly.  The 
fame  effeCt  is  produced  by  both  globes. 

Thus  the  mere  vicinity  of  the  eleCtric  renders  the 
conductor  eleCtric,  and  the  eleCtricity  ceafes  on  remo¬ 
ving  the  globe.  This  is  perfectly  conformable  to  the 
theory,  whether  we  fuppofe  the  fluid  to  be  made  re¬ 
dundant  or  deficient  at  the  remote  end  of  the  conduc¬ 
tor.  If  one  fhould  afciibe  the  approach  of  the  pith- 
ball  to  the  immediate  aCtion  of  the  globe,  it  is  fufficient 
to  obferve,  that  if  the  ball  be  fufpended  near  the  Jde  of 
the  conduClor,  it  will  approach  the  conductor,  fhewing 
that  it  is  affeCted  by  the  conductor,  and  not  by  the 
globe. 

Let  the  globe  be  held  in  the  podtion  E)  (fig,  12.),  State  of 
about  fix  inehes  from  the  conductor,  and  a  little  above  the 
line  of  its  axis.  Take  the  glafs  rod  (fig.  8.),  and  bring 
its  knob  into  contaCt  with  the  under  fide  of  the  remote  taliy, 
end  c  of  the  conductor.  The  balls  of  the  ele&rometer 
will  feparate,  fhewing  that  they  are  ekCtrified  in  the 
fame  manner,  and  repel  each  other.  Slide  the  brafs  knob 
along  the  under  fide  of  the  conductors,  quite  to  the 
The  balls  will  gradually  collapfe  as  the  knob 
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approaches  a  point  near  the  middle  of  the  conduaors, 
where  they  will  hang  parallel.  Pafling  this  point,  they 
will  again  feparate,  and  mofl  of  all  when  the  knob  is 
at  a.  In  this  dtnation  they  will  deviate  toward  the 
globe,  and  will  be  direCted  ftraight  toward  it,  if  it 
be  held  too  near,  or  in  the  direction  of  the  axis.  This 
would  difturb  the  experiment,  and  mud  be  avoided. 

7  hefe  phenomena  are  conformable  to  the  account  given 
of  the  difpofition  of  the  fluid  in  the  conductor.  The 
electrometer  may  be  conddered  as  making  a  part  of  the 
conductor ;  and  when  its  threads  hang  parallel,  it  is  in 
its  natural  ftate,  having  its  fluid  of  its  natural  denflty* 

This,  however,  cannot  be  ftriCtly  true,  according  to 
the  theory  ;  becaufe  the  balls  of  the  ekCtrometer  mud 
be  conddered  as  more  remote  from  the  eleCtric,  and 
their  eleCtrical  ftate  muft  correfpond  to  a  point  of  the 
conductor  more  remote  than  that  where  the  knob  of 
the  ekCtrometer  touches  it.  This  will  be  more  remark¬ 
ably  the  cafe  as  the  threads  are* longer.  According-, 
a  polifhed  blunt  -dy,  an  electrometer  with  very  long  threads  will  never 
collapfe.  The  place  of  the  neutral  point  cannot  be 
accurately  afeertained  in  this  way.  Lord  Mahon  ima-  Lorf  ^a‘ 
gined,  that  its  fituation  B  was  determined  (in  his  expe- 
riments  with  a  long  conductor)  to  be  fuch,  that  D  c  th^neutr; 
was  harmonically  divided  in  B  and  a  ;  and  he  dnds  this  point  not 
“to  be  agreeable  to  the  refult  of  an  eleCtric  atmofphere  warr.ante<3 
whofe  dendty  is  inverfely  proportional  to  the  fquare  of^^ 
the  diflance-  But  we  cannot  deduce  this  from  his  nar-  P 
ration  of  the  experiment.  He  gives  no  reafon  for  his 
feleCtion  of  the  point  D,  nor  tells  us  the  form  and  di- 
mendons  of  the  eleCtric  employed,  nor  takes  into  ac* 
count  the  aCtion  of  the  fluid  in  the  long  conductor.  It 
is  evident  that  no  computation  can  be  inftituted,  even 
on  his  Lordfhip’s  principles,  till  all  this  be  done.  We 
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have  always  found,  that  the  neutral  point  was  farther 
from  the  eledric,  in  proportion  as  the  conductor  was 
fmallcr,  and  when  the  eledricity  was  dronger ;  and  that 
the  differences  in  this  refped  were  fo  very  confiderable, 
that  no  dependence  could  be  had  on  this  experiment 
for  determining  the  law  of  a&ion.  It  fhould  be  fo, 
both  according  to  Lord  Mahon’s  and  Mr  ^Epinus’s 
theory..  But  to  proceed  with  onr  examination  : 

Having  touched  the  end  c  of  the  condudor  with  the 
knob  of  the  eledrometer,  bring  it  away.  The  balls 
will  continue  to  repel  each  other,  and  they  are  attrad- 
ed  by  any  body  that  is  in  its  natural  Hate.  Touch  the 
fame  end  with  the  knob  of  the  other  elearometcr,  and 
bring  it  alfo  away  ;  the  balls  of  the  two  eledrome- 
ters  will  be  found  to  repel  each  other;  but  if  one  has 
touched  the  conduaor  at  r,  and  the  other  has  touched 
it  at  tf,  the  electrometers  will  ftrongly  attrad  each  o- 
ther.  .All  this  is  quite  conformable  to  the  theory.  If 
the  fluid  has  been  comprelTed  at  <r,  and  therefore  the 
balls  of  that  elearometer  are  overcharged,  they  miift 
repel  each  other,  and  repel  any  other  body  ekarified 
in  the  fame  way.  They  mud  attraa  and  be  attraded 
by  any  natural  body.  But  the  balls  of  the  other  elec- 
tiometer  having  touched  the  conduaor  at  <7,  mud  be 
undercharged,  and  the  redundant  fluid  of  the  one  mud 
attraa  the  redundant  matter  of  the  other. 

If  the  conduaor  has  been  eledrified  by  the  vicinity 
of  excited  glafs,  the  eledrometer  which  touched  it  in 
the  remote  end  c9  will  be  repelled  by  a  piece  of  ex¬ 
cited  glafs,  .but  attraded  by  excited  fealing  wax.  The 
electrometer  which  touched  the  conduaor  in  a  will  be 
attraded  by  excited  glafs,  and  repelled  by  excited  feal¬ 
ing  wax.  The  contrary  will  be  obferved  if  the  conduc¬ 
tor  has  had  its  elearicity  induced  on  it  by  the  vicinity 
of  the  globe  covered  with  fealing  wax.  This  is  a  com¬ 
plete  proof  that  Mr  Dufuy’s  doarine  of  vitreous  and 
refinous  elearicity  is  unfounded.  Both  kinds  of  elec¬ 
tricity  are  produced  in  a  conduaing  body,  without  any 
material  communication,  by  mere  juxta  pofition  to  a 
body  poffefled  of  either  the  vitreous  or  the  refinous  elec¬ 
tricity. 

We  have  not  yet  mentioned  any  reafons  which  in¬ 
dicate  which  end  of  the  conduaor  is  elearical  by 
the  redundancy  of  elearfc  fluid,  nor  is  the  reader  pre¬ 
pared  for  feeing  their  force.  It  is  generally  believed, 
that  the  remote  end  of  a  conduaor  which  is  elearified 
by  glafs,  excited  by  rubbing  it  with  dannel  or  amalga¬ 
mated  leather,  is  elearical  by  redundancy.  No  diffe¬ 
rence  has  been  obferved  in  the  attraaions  and  repul- 
fions.  But  there  are  other  marks  of  diftinaion  which 
are  condant,  and  undoubtedly  arife  from  a  difference 
in  the  mode  of  adion  of  thofe  mechanical  forces.  If, 
while  the  excited  glafs  globe  remains  at  D,  a  glafs  mir¬ 
ror,  foiled  as  ufual  with  tin-leaf,  be  made  to  touch  the 
remote  end  of  the  conduaor,  and  flowly  drawn  tranf- 
verfely,  fo  that  the  conduaor  draws  a  line  as  it  were 
acrofs  it — this  mirror  being  laid  down  with  the  foiled 
tide  undermod,  the  dull,  which  fettles  on  it  in  the 
courfe  of  a  day  or  two,  will  be  chjedy  colleaed  along 
this  line,  fomewhat  in  the  form  of  the  fibres  of  a  feather. 
But  if  the  conduaor  was  rendered  elearical  by  the  globe 
covered  with  fealing-wax,  the  dud  will  b£  colleaed  along 
this  line  in  little  fpots  like  a  row  of  beads.  The  appear¬ 
ances  will  be  reverfed  if  the  mirror  has  been  palled  acrofs 
the  end  of  the  conduaor  which  is  neared  to  the  excited 
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eledric.  In  fhort,  in  whatever  way  the  drawing  point 
has  been  eledrified,  if  it  repel  a  ball  which  has  touched 
excited  glafs,  the  line  will  be  feathered  ;  but  if  it  at- 
trad  fuch  a  ball,  the  line  will  be  fpotted.  There  are 
many  ways  of  making  this  appearance  much  more  re¬ 
markable  (fee  Electricity,  Encycl  Sed.  viii.  0^48.) 
than  this  ;  but  we  have  mentioned  it  on  this  occalion, 
becanfe  the  circumdances  which  occafion  the  difference 
whatever  it  is,  are  the  mod  limple  podible.  Nothing 
is  communicated ;  and  therefore"  the  effed  mud  arife 
from  the  unnatural  date  of  a  fubdance  or  power  red¬ 
ding  in  the  body.  If  it  be  a  fubdance  fui generis,  the 
elearic  adion  mud  arife  from  a  different  didribution  of 
this  fubdance  ;  from  a  redundancy  and  deficiency  of  it 
in  the  different  portions  of  the  condudor.  Without 
pretending  as  yet  to  fay  which  is  redundant,  we  fhall 
fuppofe,  with  Dr  Franklin,  that  the  eledricity  of  ex¬ 
cited  glafs  is  fo  ;  and  we  fhall  ufe  the  words  redundant 
and^ pofitlve  to  diitinguifh  this  eledricity  from  the  other. 
This  is  merely  that  we  may',  on  many  occafions,  con- 
fiderably  abbreviate  language. 

The  different  eledrical  dates  of  the  different  por¬ 
tions  of  the  condudor  may  be  feen  in  another  way, 
which  is  perhaps  more  fimple  and  unexceptionable  than 
that  already  narrated.  While  the  globe  remains  at  D, 
take  the  two  extreme  pieces  A  and  C  alide  ;  or,  if  on¬ 
ly  two  pieces  have  been  ufed,  draw  the  remote  piece 
farther  away.  Now  remove  the  excited  globe.  When 
we  examine  A  feparately,  we  fhall  find  it  wholly  nega¬ 
tive,  or  undercharged,  drongly  repelling  a  ball  eledri- 
fied  by  fealing  wax,  and  attrading  a  ball  eledrified  by 
glafs.  .  The  other  piece  C  exhibits  pofitive  eledricity, 
attrading  and  repelling  what  A  repelled  and  attraded. 
If  only  three  pieces  of  the  condudor  have  been  employ¬ 
ed,  the  middle  piece  B  is  generally  politive  ;  but  this 
in  a  very  faint  degree. 

If  all  the  pieces  be  again  joined,  they  are  void  of 
eledricity.  If,  indead  of  fuch  condudors,  a  row  of 
metal  balls,  fufpended  by  filk  lines,  are  employed,  one 
of  them  may  generally  be  found  without  any  fenlible 
eledricity,  when  fcparated  from  the  red,  having  been 
the  neutral  part  of  the  row  while  united. 

Thcfe  very  fimple  fad,  fhew,  as  completely  as  can 
be  wifhed,  that  if  the  eledric  phenomena  depend  on  a 
fluid  moveable  in  the  pores  of  the  body,  the  conditu- 
tion  given  it  by  Mr  ALpinus  is  adequate  to  the  explana¬ 
tion.  We  may  now  venture  to  affert,  that  every  other 
phenomenon  of  attradion  and  repullion  will  be  found 
in  exad  conformity  with  the  legitimate  confequences  of 
this  eonditution  of  the  eledric  fluid. 
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That  nothing  is  communicated  from  the  eledric  willfn  them- 
appear  dill  more  forcibly  by  the  following  experiment;  dmSt ion  of 
Let  a  condudor  be  rendered  eledrical  in  the  way  n0wele^.ricit7 
defcribed,  and  touch  either  extremity  of  it  with  thcm>thing 
little  elediometer,  and  obferve  attentively  the  divergen- cated1Unin- 
cy  of  its  threads.  Now  approach  its  remote  extremi-  herent 
ty  with  another  conduding  body,  fuch  as  a  fingle  piece*  (  Vyers  are 
of  thofe  condudors,  it  will  be  rendered  eledrical;  asfcXcited. 
may  be  difcovered  by  a  delicate  eledrometer.  Obferve 
carefully  whether  the  eledrometer  in  contad  with  the 
fird  condudor  be  affeded  ;  —  it  will  generally  be  found 
to  fpread  its  threads  wider.  It  will  certainly  be  thus 
affeded  if  the  other  condudor  be  very  long  and  bulky, 
or  touched  by  the  hand  ;  or  if,  indead  of  this  fecond 
condudor,  we  approach  the  fird  with  the  extended 

palm 


cOT 


66 

The  forced 
difpofition 
of  fluid  is 


ELECTRI 

palm  of  the  hand.  As  the  fecond  condudor  wa3  ren¬ 
dered  electrical,  fo,  undoubtedly,  is  the  hand  alfo  :  and 
its  electrification  has  not  deprived  the  firft  conductor 
of  any  of  its  eledric  power,  but,  on  the  contrary,  has 
incieafed  it.  And  this  augmentation  of  its  power  is 
equally  fenfible  at  both  ends :  For  an  eleClrometer  at 
the  other  end  will  alfo  diverge  more  when  the  hand,  is 
brought  near  the  remote  end.  This  theory  explains 
•this  in  the  molt  fatisfaCtory  manner.  The  firft  conduc¬ 
tor  renders  the  fecond  eledric,  by  propelling  its  fluid 
to  a  greater  diftance.  The  fecond  condudor  now  ads 
on  the  fluid  that  is  moveable  in  the  firft,  and  caufes 
a  greater  accumulation  in  its  end  which  is  fartlieft  from 
the  eleCtric  ;  that  is,  renders,  it  more  eleCtric.  . 

Suppofe  that,  inftead  of  employing  an  excited  globe 
of  glafs,  we  had  made  ufe  of  a  conducting  body,  flightly 
overcharged.  Thus  if  we  employ  the  condudor  A,  over- 
affecled  by^charge<i,  to  induce  electricity  on  C ;  this  will  produce  the 
trifled  bo-"  fame-  general  effeCt  on  our  fet  of  conductors.  But  if  we 
dies.  -have  previoufly  examined  the  force  of  the  redundant  bo¬ 
dy,  by  fufpending  a  pith- ball  near  it,  and  obferving  its 
deviation  from  the  perpendicular,  we  may  fometimes  be 
Jed  to  think,  that  it  has  imparted  fomething  to  the  other 
jbody.  For  if  the  other  body  and  the  pith-ball  be  on 
oppofite  Tides  of  the  redundant  body,  the  pith- ball  will 
fall  a  little  ;  indicating  a  diminution  of  eledric  force. 
-But  this  fbould  happen  according  to  the  theory  ;  for  it 
was  fhewn,  in  n°  52.  that  the  conflipation  iri  the  re¬ 
mote  end  of  the  overcharged  body  will  be  diminifhed, 
and  along  with  this,  its  adion  on  the  pith-ball.  We 
Hhould  find  the  eleClricity  of  the  other  end,  next  the 
.condudor,  increafed,  could  we  find  an  eafy  way  of  ex¬ 
amining  it ;  but  an  eleClrometer  applied  there  will  be  too 
.much  affeCted  by  the  condudor. 

The  fame  ccnclufions  may  be  drawn  from  the  fol¬ 
lowing  fads  :  Hang  up  a  rufh-pith  eleClrometer.  Ap¬ 
proach  it  below  with  a  body  flightly  eleClrified.  The 
legs  of  the  eleClrometer  immediately  diverge,  though 
attraded  by  the  eleClrified  body.  Hold  the  hand  above 
the  eleClrometer,  and  they  will  diverge  Hill  more  ;  touch 
the  top  of  it,  and  they  fpread  yet  farther.  Hold  the 
eleClrified  body  (very  weakly  eleClrified)  above  the 
■  eleClrometer,  fo  that  its  legs  may  diverge  a  little.  Hold 
/the  hand  above  the  eleClrified  body  ;  the  legs  of  the 
-eleClrometer  will  come  nearer  each  other. 

Thefe  appearances  are  obferved  whether  the  eledric 
be  pofltive  or  negative.  We  need  not  take  up  time  in 
explaining  this  by  the  theory,  its  agreement  is  fo  ob- 
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Laftly,  on  this  head,  if,  in  place  of  a  fixed  conduc- 
needles* po-  tor,  we  ufe  one  of  the  needles  of  gilt  card,  fet  on  its 
hrity  and  pivot,  and  if  we  then  approach  it  with  another  con- 
duCling  body,  in  the  manner  reprdented  by  E  and  C 
of  fig-  6.  we  fhail  obferve  that  end  of  the  needle  to 
avoid  the  other  body  ;  but  if  we  bring  them  together, 
in  the  manner  reprefented  by  F  and  B,  they  will  at- 
traCl  each  other.  The  attraClion  will  be  greater  when 
the  body  F  is  long  ;  and  ir-fil  of  all  when  it  commu¬ 
nicates  with  the  ground.  Thefe  phenomena  are  there¬ 
fore  in  perfeCl  conformity  with  the  theory  ;  but  it  may 
.fometimes  happen  that  E  will  attrad  the  end  of  C  that 
.  is  neareft  to  A,  and  E  will  be  electrified  positively  if 
A  be  pofitive.  This  feems  inconfifient  with  the  theory  ; 
and,  accordingly,  it  has  been  adduced  by  Volta  againft 
‘.Lord  Mahon’s  account  of  the  eleCtrical  Hate  of  .a  con- 
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duCtor  in  a  fituaticn  fimilar  to  that  of  C.  But  the  thee, 
ry  of  iEpinus  (hews  the  poflibility  of  this  cafe.  When 
E  is  very  long,  or  when  it  is  held  in  the  hand,  it  is 
rendered  much  more  undercharged  than  the  adjacent 
part  of  C  ;  and  the  fluid  in  the  remoter,  but  not  much 
remoter,  part  of  C  is  ftrongly  attraded  by  the  copious 
redundant  matter  in  the  near  end  of  £,  and  is  brought 
back  again,  and  paffes  over  into  E,  in  the  way  to  be 
deferibed  immediately.  1  be  cafe  is  rare,  and  it  will 
not  happen  at  any  confiderahle  difiance  from  the  neutral 
point  of  C.  If,  indeed,  E  touch  the  near  end  of  C 
before  A  is  brought  near,  the  approach  of  A  will  caufe 
fluid  to  pafs  into  E  immediately,  and  C  will  be  left  un¬ 
dercharged  on  the  whole. 

The  reader,  who  is  at  all  converfant  with  eledrical 
experiments,  will  be  fenfible,  that  thefe  experiments  are 
delicate,  requiring  the  greatefl  drynefs  of  air,  and  every 
attention  to  prevent  the  diffipation  of  eleClricity  during 
the  performance.  'This,  by  changing  the  ftate  of  the 
condudors  and  eledrometers,  will  frequently  occafion 
irregularities.  The  eledrometers  are  moll  apt  to  change 
in  this  refpeCl,  it  being  fcarcely  poffible  to  make  them 
perfeCtly  fmooth  and  free  from  ffiarp  angles.  It  may 
therefore  happen,  that  when  the  conduClors  have  af- 
fcCled  them  for  fome  time ,  by  the  adion  of  the  diflur- 
bing  eledric,  the  removal  of  this  eledric  will  not  caufe 
the  eledrometers  to  hang  perpendicular  ;  they  will  often 
be  attraded  by  the  condudors,  and  often  Tepefied  ;  but 
the  intelligent  experimenter,  aware  of  thefe  circum- 
ftances,  will  know  what  allowances  to  make.  . 

The  theory  obtains  a  Hill  more  complete  fupportphenoD1 
from  a  comparison  with  fimilar  experiments  made  withofimpe 
imperfed  condudors.  If,  in  place  of  thd  ferics  A,  B,k^C(,n 
C,  of  metalline  condudors,  we  employ  cylinders 
glafs  or  fealing  wax,  or  even  dry  wood  or  marble,  andpn|,ent<jl 
eledrometers  with  fl lk  threads  in  place  of  the  rufh-pith  the  thee1 
electrometers,  we  fhail  find  all  the  appearances  to  be 
fuch  as  the  theory  enables  us  to  predid.  If,  for  ex¬ 
ample,  we  ule  a  Tingle  cylinder  A  of  glafs,  we  fhail 
find  that  the  neighbourhood  of  the  eledric  D  fcarcely 
induces  any  eleClricity  on  A.  The  eledro meter  will 
hardly  exhibit  the  fmallell  attradion,  and  its  motions 
will  be  almoll  entirely  fuch  as  arife  from  the  immediate 
influence  of  the  eledric  body  D.  A  cylinder  of  very 
dry  wood  will  be  more  affeded  by  the  eledric  D  ;  and 
a  circumfiance  of  theoretical  importance  is  very  diitiud- 
ly  obferved,  namely,  the. gradual  fhifting  of  the  neutral 
point.  It  will  be  found  to  advance  along  the  cylinder 
for  a  very  long  while,  when  every  circumfiance  is  very 
favourable,  the  air  very  dry,  and  the  wood  almofl  -a 
noncondudor ;  and  its  final  fituation  will  be  found 
much  nearer  to  the  eledric  than  in  the  brafs  condudor. 

Several  inftruClive  experiments  of  this  kind  may  be 
found  in  a  treatife  publifhed  in  1783  by  Dr  Thomas 
Milner  at  Maid fi one  in  Kent,  entitled,  “  Experiments 
and  Obfervations  on  Ekdricity.”  The  author  does  j| 
not.profefs  to  advance  any  new  dodrines,  but  only  to  * 
exhibit  experiments  fcientifically  arranged  for  forming 
a  fyfiem.  He  fupports  the  Fianklinian  fyftem  as  it 
was  generally  linderfiood  at  that  time ;  but  is  much 
embarraffed  for  the  explanation  ot  the  lepultion  of  ne¬ 
gative-  eledrics.  The  iEpinian  correction  of  this  the¬ 
ory  did  not  offer  iifelf  to  his  mind.  6? 

We  need  not  go  over  the  fame  ground  again  wifchflregul*  i 
imperfed  conductors.  It  is  well  known  that  i'uch  bo- ties* 
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des  are  more  weakly  attracted  and  repelled  ;  that  the 
balls  of  an  electrometer  with  linen  threads  diverge  vaft- 
ly  more  when  an  eleCtrined  body  is  held  below  it,  than 
if  the  threads  are  filken  :  that  fuch  eleCtrometers  fre¬ 
quently  exhibit  very  capricious  appearances  from  the 
flow  but  real  progrefs  of  the  eleCtricity  along  the 
threads.  Thefe  anomalies  will  be  better  underftood 
when  we  explain  the  difiipation  of  electricity  along  im- 
^  perfect  conductors. 

j.  ■  d  e-  A  very  effential  deduction  from  the  theory  is,  that 
Ei  yofthe  eleCtricity  induced  on  an  imperfeCt  conductor  mult 
'm  k2VC  ^ome  Permanency.  This  is  fully  confirmed  by 
\y  experiment.  But  the  remarkable  inftances  of  this  par- 
percent.  ticular  cannot  be  produced  till  we  be  better  acquainted 
with  the  methods  of  producing  great  accumulations  of 
fluid.  It  is  enough  to  obferve  at  prefent,  that  a* per¬ 
manent  eleCtricity  may  always  be  obferved.at  the  junc¬ 
tion  of  the  conduCfors  with  their  infulating  (talks.  The 
brafs  conductor  A  ceafe3  to  be'  eleCiric  as  foon  as  the 
excited  globe  is  removed  ;  but  the  very  top  of  the  glafs 
ftalk  on  which  it  is  fupported  will  fenfibly  affeCt  a  de¬ 
licate  eleCtrometer  for  a  long  while  after.  The  follow¬ 
ing  pretty  experiment  fhews  this  permanency  very  di- 
ftiriCtly.  Set  one  of  the  fealing-wax  needles  on  its  pivot, 
and  place  it  between  two  infulated  metal  fpheres  of 
confiderable  fize,  at  fuch  a  diftance  from  both  as  not 
to  receive  a  fpark.  EleCtrify  thefe  balls  moderately, 
one  of  them  pofitively,  and  the  other  negatively,  and 
keep  them  thus  eleCtrified  for  fome  hours  by  renewing 
their  electrification.  The  needle  quickly  arranges  it- 
felf  in  the  line  adjoining  the  two  fpheres,  juft  as  a  mag¬ 
netic  needle  will  do  when  placed  between  two  magnets 
whofe  diflimilar  poles  front  each  other.  Any  gentle 
force  will  derange  the  needle;  but  it  will  vibrate  like  a 
magnetic  needle,  and  finally  fettle  in  its  former  pofition. 
When  this  has  been  continued  fome  time,  that  end  of  the 
needle  which  pointed  to  the  pofitive  globe  will  be  found 
negative,  and  the  other  will  be  found  pofitive,  if  exa¬ 
mined  with  an  eleCtrofcope.  And  now,  if  the  two 
globes  be  removed,  this  little  needle  will  remain  ekCtri- 
cal  for  entire  days  in  dry  frofty  weather,  and  its  ends 
will  approach  any  body  that  is  brought  near  it  (taking 
care  not  to  come  too  clofe)  ;  and  the  end  which  point¬ 
ed  to  the  politive  globe  will  avoid  a  piece  of  rubbed 
fealing  wax,  but  will  approach-  a  piece  of  rubbed  gjafs  ; 
but  the  other  end  will  be  affeCted  in  the  oppofite  way* 
In  £hort,  it  proves  an  deCtric  needle  with  a  pofitive  and 
negative  pole. 

If  two  fmall  infulated  balls  are  moderately  eleCtrified* 
and  placed  about  fix  inches  afunder,  this  needle,  when 
carried  round  them,  will  arrange  itfelf  exaCtly  as  a  mag¬ 
netic  needle  does,  when  carried  round  a  magnet  of  the 
fame  length.  If  the  fame  trial  be  made  with- the  needle 
of  gilt  card,  it  will  arrange  itfelf  in  the  fame  manner 
that  a  foft  iron  needle  arranges  itfelf  near  a  magnet,  but 
either  end  will  turn  indifferently  to  either  globe. 

El  rical  If  a  thin  glafs  plate,  coated  wiih  red  fealing  wax,  be 
**  liar.s.  fet  on  the  pofitive  and  negative  globes*  and  we  fprinkle 
(from  a  confiderable  height)  a  fine  powder  of  black 
fealing  wax,  and  then  pat  the  plate  gently  with  a  glafs 
rod  fo  as-  to  agitate  it  a  little,  the  particles  of  wax  pow¬ 
der  will  gradually  arrange  themfelves  into  curve  lines, 
diverging  from  the  point  over  one  of  the  globes,  and 
converging  to  the  point  over  the  other,  precifely  like 
the  curves  formed  by  iron-filings  fprinkled  on  a  paper 


held  over  a  magnet.  Each  little  rag  of  wax  becomes 
eleCtrical  by  pofition,  acquires  two  poles,  and  the  pofi¬ 
tive  pole  of  one  attracts  the  negative  pole  of  another  ; 
and  they  adhere  in  a  certain  determinate  pofition,  near¬ 
ly  a  tangent  to  the  curve,  which  was  mentioned  in* 
n°  50,  and  indicates  the  law  of  magnetic  aCtion.  When 
in  this  (late,  if  a  hot  brick  be  held  over  the  plate  till 
the  wax  foften  a  little,  the  particles  of  black  wax  will 
adhere  to  the  red  coating,  and  give  us  a  permanent  fpe- 
cimen  of  the  aCtion. 

It  is  well  known  that  liquid  fealing  wax  is  a  con- 
duCtor.  The  writer  of  this  article  filled  a  glafs  tube 
with  powdered  fealing  wax,  and  melted  it,  and  then  ex* 
pofed  it,  in  its  melted  Rate,  to  the  influence  of  a  pofi¬ 
tive  and  a  negative  globe,  hoping  to  make  a  powerful 
and  permanent  eleCtric  needle,  which  fhould  have  t wo 
poles,  and  exhibit  a  fet  of  phenomena  refembling  thofe 
of  magnetifm.  Accordingly  he,  in  fome  meafure,  fuc* 
ceeded,  by  keeping  the  globes  continually  eleCtrified 
for  feveral  hours,  till  the  wax  was  quite  cold.  It  had 
two  diftinCt  poles,  and  preferved  this  property,  even 
though  plunged  in  water,  and  while  immerfed  in  the  wa¬ 
ter  ;  but  he  was  greatly  difappointed  as  to  the  degree 
of  its  eleCtricity.  It  juft  affeCted  a  fenfible  eleCtrometer 
at  the  diftance  of  fix  inches  from  either  pole.  It  was 
confiderably  ftronger  than  if  it  had  not  been  melted 
during  the  impregnation,  but  by  no  means  in  the  de¬ 
gree  that  he  cxpeCted.  It  retained  fome  electricity  for 
about  fix  weeks,  although  lying  negleCted  among  con¬ 
ducting  bodies.  After  its  power  feemed  quite  extinCt* 
he  was  melting  it  again  in  order  to  renew  it.  Soma 
light  fibrous  things  chanced  to  be  near  it.  While  it 
was  foftening,  it  became  very  fenfibly  eleCtrical,  caufing 
thefe  fibres  to  bend  towards  it,  and  even  to  cling  to  the 
tube.  We  (hall  fee  by  and  bye,  that  he  was  mifiaken 
in  expeCting  more  remarkable  appearances,  and  that  the 
theory,  when  properly  applied,  does  not  promife  them- 
Having  thus  eftablifhed  (as  we  think)  this  theory  on 
fnfficient  foundations  for  making  it  a  very  perfpicuous 
way  of  explaining  the  phenomena  of  induced  eleCtri- 
city,  we  proceed  to  compare  it  with  the  fecond  general  1 
faCt  in  electricity. 

Prop.  II.  When  an  infulated  body  B  Is  brought  EleCtricity- 
very  near  an  electrified  body  A,  a  fpark  is  obferved  to  by  commu. 
pafs  between  them,  accompanied  with  a  noife  ( which riicatlon 
we  (hall  call  the  deCtric  Snap)*  and  B  is  now  deCtri- 
fied.  permanently,  and  the  deCtrieity  of  A  is  dimi* 
nifhed. 

Although  this  be  one  of  the  mod  familiar  faCts  in  ■? 
ele&ricity,  it  will  be  proper  to  confider  its  attending  , 
eircumftances  in  a  way  that  connects  it  with  what  we 
have  now  learned  concerning- ,eleCtricit.y  by  pofition.  * 

Let  the  infulated  body  A  (fig.  14.)  be  *  fur  nifhed  * 
with  a  coik  ball,  hanging  by  a  iilk  thread  from  a  glafs 
ftalk  conneded  with  A  ;  let  B>  be  fitted  up  in  the  fame 
manner  ;  let  A  be  eleCtrified  weakly,  and  its  degree  of 
eleCtricity  be  eftimated  by  the  inclination  of  the  ball 
towards  A  :  fince  B  is  not  eleCtrified,  its  eleCtrometer 
will  hang  perpendicular;  but  when  it  approaches  A  . 
(keeping  the  eleCtrometers  on  the  remote  fides  of  both),  , 
its  eleCtrometer  will  approach  it,  and  the  eleCtrometer 
of  A  will. gradually  approach  the  perpendicular.  When  - 
the  bodies  are  brought  very  near,  a  fpark  is  feen  be¬ 
tween  them  ;  and,  at  that  inflant,  the  eleCtrometer 

*  B  comes- 
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B  come3  much  nearer  to  it,  and  that  of  A  drops  farther 
from  it.  If  they  be  now  feparated,  their  eledrometers 
will  retain  their  new  portions  with  very  little  change, 
and  B  will  now  manifeft  the  fame  kind  of  eledricity 
with  A. 

Such  is  the  appearance  when  A  has  been  but  weakly 
eledrified.  Bringing  B  near  A,  the  fluid  in  B  is  drawn 
to  the  remote  fide,  if  A  be  overcharged,  or  drawn  to 
the  fide  nearefl  to  A,  if  A  has  been  undercharged.  B 
ads  on  its  eledrometer  in  confequence  of  the  change 
made  in  the  difpofition  of  its  fluids  The  eledrometer 
is  attra&ed.  In  the  mean  time,  the  change  made  in 
the  difpofition  of  the  fluid  in  B  affeds  the  moveable 
fluid  in  A.  If  A  was  overcharged,  the  adjacent  iide 
of  B  becomes  undercharged,  and  its  redundant  matter, 
attrading  the  fluid  in  A,  condenfes  it  in  the  adjacent 
iide,  abftrading  part  of  the  redundant  fluid  from  that 
fide  which  is  next  to  the  pith-ball.  Then  the  joint  ac¬ 
tion  of  the  whole  redundant  fluid  in  A  on  the  pith-ball 
is  diminifhed. 

Muft  hap-  there  is  now  an  attradion  in  the  redundant  fluid 

pen  abrupt- in  A  for  the  redundant  matter  on  the  adjacent  fide  of 
B,  it  is  reafonable  to  fuppofe,  that  when  this  attrac¬ 
tion,  joined  to  the  repulfion  of  the  redundant  fluid  be¬ 
hind  it,  is  able  to  overcome  the  attradion  which  con- 
neds  it  with  the  fuperlicial  particles  of  the  matter,  it 
will  then  efeape  and  fly  into  B  :  but  this  will  not  hap¬ 
pen  gradually,  but  at  once,  as  loon  as  the  expelling 
force  has  arifen  to  a  very  confiderable  intenfity.  We 
cannot  fay  what  is  the  precife  augmentation  that  is  ne- 
ceffary  ;  but  we  can  clearly  fee,  that  however  great  the 
attradion  for  the  adjoining  particles  may  be,  while  the 
particle  is  furrounded  by  them  on  all  tides,  it  will  yield 
to  the  fmallefl  inequality  of  force,  becaufe  the  particles 
before  it  attrad  as  much  as  thofe  behind  it  ;  but  when 
it  is  juft  about  to  quit  the  laft  or  fuperflcial  particles  of  A, 
a  much  greater  force  is  now  neceffary.  It  can  be  ftridly 
demonftrated,  that  when  the  mutual  tendency  is  inveife- 
ly  as  the  fquare  of  the  diftance,  the  adion  of  a  particle 
placed  immediately  without  a  fphere  of  fuch  matter 
is  double  of  its  adion  when  fituated  in  the  very  fur- 
*  9fu£fes  face  *•  A  faltus  of  this  kind  muft  obtain  whatever  be 
lert ^  the  law  of  eledric  attradion.  We  fhall  fee  other  caufes 

S57’  Alfo  which  fhould  prevent  the  cfcape  of  redundant  fluid, 

and  alfo  its  admifiion,  till  the  impelling  force  is  encreafed 
in  a  certain  abrupt  degree.' 

72.  Thefe  obfervations  muft  fuffice  at  prefent  to  explain 
the  defultory  nature  of  this  transference,  if  there  be 
really  a  transference.  That  this  has  happened,  may  be 
confidently  inferred  from  the  bidden  diminution  of  the 
eledricity  of  A,  indicated  by  the  fudden  fall  of  its 
eledrometer  ;  but  it  is  more  exprefsly  eftablifhed,  that 
there  has  been  a  transference  by  the  change  produced 
on  B.  It  is  now  permanently  eledrified,  and  its  elec¬ 
tricity  is  of  the  fame  kind  with  that  of  A,  pofitive  or 
negative  according  as  A  is  pofitive  or  negative  And 
now  we  arc  enabled  to  explain  the  third  general  fad  in 
eledricity. 

Imparted  e  Prop.  III.  When  a  body  has  imparted  eledricity  to 
ledlricity  another,  it  conftantly  repels  it,  unlefs  that  other  has 
produces  afterwards  imparted  all  its  eledricity  to  other  bodies, 
pullion  ^  fr°m  which  theie  is  no  exception,  is  an  im¬ 

mediate  confequence  of  the  theory.  Before  the  trans¬ 
ference  fuppofed  by  it,  B  was  in  its  natural  ftate  ;  after 


the  transference,  both  bodies  contain  redundant  fluid, 
or  redundant  matter ;  therefore  they  mult  mutually 
repel. 

We  may  now  take  another  form  of  the  experiment, 
which  will  he  much  more  convincing  and  inftrudive. 

Let  A  be  eledrified  pofitively,  or  by  redundancy,  and 
let  its  eledrometer  be  attached  to  it  by  a  conduding 
ftalk,  and  have  a  flaxen  thread ;  let  this  be  the  cafe  alfo 
with  the  eledrometer  of  B ;  then  the  appearances  fliould 
happen  in  the  following  order :  When  A  is  made  to 
approach  B,  the  eledrometer  of  B  muft  gradually  rile, 
diverging  from  B  ;  becaufe  the  fluid  condenfed  on  the 
fide  remote  from  A,  and  in  the  eledrometer,  will  ad 
more  ftrongly  on  it  than  the  deferted  matter  on  the 
other  fide  of  B  ;  and  when  the  bidden  transference  is 
made,  and  B  is  wholly  overcharged,  its  eledrometer 
will  iinmedi.  ely  rife  much  higher,  and  muft  remain  at 
that  height,  nearly,  when  A  is  removed.  On  the  other 
hand,  the  eledrometer  attached  to  the  remote  fide  of 
A  muft  defeend,  by  reafon  of  the  change  made  in  the 
difpofition  of  the  fluid  in  A  by  the  induced  elcdricai 
ftate  of  B  :  and  when  a  confiderable  portion  of  the  re¬ 
dundant  fluid  in  A  paffes  into  B,  the  eledrometer  of  A 
muft  fuddenly  fink  much  lower,  and  remain  in  that  ftate 
when  B  is  removed. 

Many  circumftances  of  this  phenomenon  corroborate  Tramfer« 
our  belief  of  a  real  transference  of  matter.  The  caufeenecofa  f 
of  eledric  adion  refided  formerly  in  A  alone  ;  it  nowPecul  ar 
refides  alfo  in  B.  The  larger  that  B  is,  the  greater  is 
the  diminution  of  A’s  eledric  power,  and  the  fmaller  babie!  ^ 
is  the  power  acquired  by  B.  It  perfedly  refembles, 
in  this  refped,  the  communication  of  faltnefs,  fweet- 
nefs,  &c.  by  mixing  a  folution  of  fait  or  fugar  with 
different  quantities  of  water;  and  the  evidence  of  a 
transference  of  a  fubftance,  the  caufe  of  eledric  attrac¬ 
tions  and  repulfions,  is  at  leaft  as  cogent  as  the  evidence 
of  the  transference  of  heat,  when  we  mix  hot  water 
with  a  quantity  of  cold,  or  when  a  hot  folid  body  is 
applied  to  the  fide  of  a  cold  one.  We  alfo  fee  fo  many 
chemical  and  other  changes  produced  by  this  commu¬ 
nication  of  eledricity,  that  we  can  hardly  refufe  ad¬ 
mitting  that  fame  material  fubjlance  paffesfrom  one  body 
to  another,  and,  in  its  new  iituation,  exerts  its  attradions 
and  repulfions,  and  produces  all  their  effeds. 

We  may  deduce  the  following  corollaries  ;  all  of 
which  are  exadly  conformable  to  the  phenomena,  fer- 
ving  ftill  more  to  confirm  the  juftnefs  of  the  theory.  74 

1.  A  certain  quantity  of  what  poffeffes  thefe  powers  Degree 
of  attradion  and  repulfion  is  neceffary  for  giving  a  de-vivactF 
termined  vivacity  to  the  appearances.  Another  fpark^0^0^ 
muft  pafs  between  the  bodies,  only  if  they  be  brought  quantity 

Jlill  nearer,  and  their  eledrometers  muft  rife  and  fall  imparted, 
ftill  farther.  For  by  the  firft  transference  of  eledric  fluid 
into  B,  the  expelling  power  of  A  is  diminifhed,  and 
the  fuperior  attradion  of  the  redundant  matter  in  the 
adjacent  fide  of  B  is  alfo  counteraded  by  the  repulfion 
of  the  fluid  which  has  entered  into  it ;  therefore  no 
more  will  follow  unlefs  thefe  forces  be  encreafed,  at 
leaft  to  their  former  degree.  When  this  addition  has 
been  made  to  B,  and  this  abftradion  from  A,  their 
refpedive  eledrometers  muft  be  affeded.  All  this  is 
in  perfed  conformity  to  experience.  75  . 

2.  All  the'  phenomena  of  communicated  eledricity 

mult  be  more  remarkable  in  proportion  to  the  con- remarkable 
duding  power  of  the  bodies*  A  very  imperfed  con-  in  condtf- 
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du&or,  fiich  as  glafs  or  foaling  wax,  will  impart  or  re¬ 
ceive  fluid  only  betvyeen  the  very  neareft  parts  ;  whereas 
a  metalline  body  is  inftantly  affeded  through  its  whole 
extent.  1  his  dedudion  is  perfectly  agreeable  to  the 
whole  tram  of  eledric  experiments.  The  Anger  receives 
a  ftrong  fpark  from  a  large  metalline  electrified  body, 
vvhich  dilcharges  every  part  of  it  of  a  portion  of  its 
eledncity.  But  an  excited  globe,  which  fhews,  by  its 
action  on  a  diliant  body,  as  great  a  degree  of  eledri- 
city,  will  give  only  a  very  fmall  fpark  ;  and  it  is  found 
rot  to  be  affeded  at  any  confiderable  diftance  from  the 
point  of  its  furface  from  which  the  transference  was 
made.  The  whole  eledrieity  of  a  perfed  condudor  is 
difeharged  by  touching  it  ;  but  a  noncondntfor  will 
fuccemvely  give  fparks,  if  touched  in  many  different 
parts  ;  and  it  may  be  feen  by  a  nice  electrometer,  that 
each  contact  takes  away  the  eleCtricity  only  from  a 
very  fmall  fpace  round  it  :  and  it  is  further  highly  de¬ 
ferring  of  notice,  that  fome  time  after  a  fpark  has  been 
obtained  from  a  particular  fpot  of  the  eleCtric,  a  fecond 
fpark  may  be  obtained  from  it,  the  eleftrichy  of  the 
neighbouring  parts  having  been  gradually  diffufed 
through  it 

3.  If  an  eleftrified  conducing  body  touch  any  thing 
communicating  with  the  ground  by  per  fed  conductors, 
all  its  tleftricity  mud  disappear,  and  none  can  appear 
in  the  body  touched  by  it  ;  for  the  mafs  of  the  earth 
bears  fuch  an  uumeafurable  proportion  to  that  of  the' 
greateft  body  that  we  can  eleftrify,  that  when  the  re- 
dundancy  or  deficiency  i3  divided  between  chem,  it  mud 
be  imperceptible  in  both. 

Hence  the  neceffity  of  infulation,  as  it  is  called,  or 
the  lurrounding  by  non- conduftors  every  body  which 
we  would  have  exhibit  eleftric  appearances.  We  mud 
refer  the  reader  to  the  article  Electricity  in  the  En- 
cycl.  for  all  the  obfervations  on  this  head,  and  the  rea- 
fons  of  preference  given  to  certain  fubdances  to  be  em¬ 
ployed  for  infulating  fupports.  But  we  mud  confider, 
m  its  proper  place,  the  manner  in  which  the  eleftric 
fluid  is  difiipated  by  imperfeftly  infulating  fubdances  ; 
a  fubjed  intimately  conneded  with  the  theory. 

4.  Any  unele&rified  body  will  be  firft  attraded  by 
an  eledrifed  body,  will  touch  it,  and  will  then  be  re¬ 
pelled.  The  neutral  body  is  rendered  electrical  by  in- 
dudion.  It  is,  in  confluence  of  this,  attracted,  comes 
near  enough  to  receive  a  fpark,  or  even  touches  it,  and 
is  then  electrified  by  communication;  and,  in  confe- 
quence  of  this ,  it  is  repelled.  This  is  confirmed  by  an 
endlefs  train  of  experiments.  It  was  firfl  taken  notice 
of  (we  think)  by  Sir  Ifaac  Newton.  Otlio  Guericke, 
a  gentleman  of  Magdeburgh,  to  whom  we  owe  the  air 
pump,  mentions  many  Alliances  of  the  repulfion,  but 
did  not  obferve  that  it  was  an  univerfal  law.  Newton 
was  fo  ft  ruck  with  it  as  to  engage  in  a  confiderable 
train  of  experiments  in  the  early  part  of  his  life,  while 
meditating  on  the  power  of  gravity  ;  but  even  his  fa- 
gacious  mind  did  not  obferve  the  whole  procefs  of  na- 
tuie  in  his  experiments.  He  obferved,  that  the  light 
bodies  which  rofe  and  adhered  to  the  rubbed  plate  of 
glafs  were  foon  after  repelled  by  it ;  but  did  not  ob¬ 
ferve, that  the  fame  piece  would  again  rife  to  the  glafs 
after  it  had  touched  the  table.  This  fad  is  now  the 
oundation  of  many  experiments,  which  the  itinerant 
e  edricians  vie  with  each  other  in  rendering  very  amu- 
img.  We  may  render  them  inftrudive.  Take  away 
buppL.  Vol.  I.  Part  II. 
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the  middle  conduftor  B  (fig,  n.),  and  hang  in  its 
place  a  cork  ball  by  a  long  f,lk  thread.  As  foon  as  the 
eleftric  body  1)  13  brought  near  to  A,  the  ball  is  at- 
traded  by  its  remote  end,  comes  into  contad,  is  re¬ 
pelled  by  it,  and  attraded  by  the  adjacent  end  of  C, 
touches  it,  is  faintly  repelled  by  it,  and  again  attracted’ 

v 7t l  ’  i,a?d  the  °Ferat'on  is  repeated  feveral  times. 

When  all  has  ceafed,  remove  C,  and  alfo  the  eleftric  D. 

C  is  found  to  have  the  fiune  dedricity  with  D,  and 
A  has  the  oppolite  eledrieity.  The  procefs  is  too  ob¬ 
vious  to  need  any  detailed  application  of  the  theory. 

1  he  cork  ball  was  the  carrier  of  fluid  from  A  to  C  ‘it 
D  was  Cedric  by  redundancy,  or  from  C  to  A  if  D  was 
undercharged.  If  initead  of  removing  C  when  the  vi¬ 
brations  of  the  ball  have  ceafed,  we 'bring  D  a  little 
nearer,  they  will  be  renewed  and,  after  fome  time,  will 
again  ceafe.  The  reafon  is  plain.  The  carrier  ball 
had  brought  the  condudor  A  into  a  Hate  of  equilibri¬ 
um  with  the  adion  of  D.  But  this  adion  is  now  in- 
creafed,  and  the  effeds  are  renewed.  If  we  now  re¬ 
move  D,  the  ball  will  vibrate  between  A  and  C  with 
great  rapidity  for  a  confiderable  time  before  the  vibra¬ 
tions  come  to  an  end  ;  and  we  ftiall  find  their  number 
to  be  the  fame  as  before.  The  canfe  of  this  is  alfo 
obvious  from  the  theory.  We  may  fnpoofe  A  to  be 
negative,  and  C  politive.  One  of  them  will  attrad  the 
ball  into  con  tael,  and  will  repel  it,  having  put  it  into 
an  eledric  (late  oppofite  to  that  of  the  other  condudor. 

It  now  becomes  a  carrier  of  fluid  from  the  pofnive  to 
r  .  negative  condudor,  till  it  nearly  reftore  both  to 
their  primitive  flate  of  neutrality. 

There  is  frequently  a  feeming  capircloufnefs  in  thofe  Irre^Ll. 
attractions  and  repulfions.  A  pith  ball,  or  a  down  fea- t!es  fre‘ 
ther,  hung  by  filk,  will  cling  to  the  conduftor,  or  other- 
wife  eleCt  rifled  body,  and  will  not  fly  off  again,  at  lead 
for  a  long  while.  This  only  happens  when  thofe  bo- 
dies  are  fo  dry  as  to  be  almoll  non-condudors.  They 
acquire  a  pofittve  and  negative  pole,  like  an  iron  nail 
adhering  to  a  magnet,  and  are  not  repelled  till  they  be¬ 
come  almoft  wholly  politive  or  negative.  It  never  hap¬ 
pens  with  condufting  light  bodies.  Sq 

5.  It  fhould  follow  from  the  theory,  that  tile  eleftric  Eledlrfc  ac 
attractions  and  repulfions  will  not  be  prevented  by  the  t,on>  1'ke 
intervention  of  non-condufting  fubttances  in  their  neu- g:_avitation 
'  tral  (late.  Accordingly,  it  is  a  faft,  that  the  interpo-  der'd  by"' 
fition  of  a  thin  pane  of  glafs,  let  it  be  ever  fo  extenf.ve,  theater- 
<™?  n<?^  hinder  the  eledrometer  from  being  affeded  P°fuion  of 
A  fo,  if  ail  infubted  electric  be  covered  with  a  glafs  njn-con* 
bdl,  an  eleftrometer  on  the  outfide  will  be  affefted.  dUa°'S- 
Nay,  a  metal  ball,  covered  to  any  thicknefs  with  fealinsr 
wax,  when  eleftnfied,  will  alfeft  an  eleftrometer  in  the 
fame  way  as  when  naked.  We  cannot  fee  how  thefe 
fatts  can  be  explained  by  the  aftion  of  eleftric  atmof- 
pheres.  It  ,s  indeed  faid,  that  the  atmofphere  on  one 
tide  of  the  glafs  produces  an  atmofphere  on  the  other  • 
but  we  have  no  explanation  of  this  production.  If  the 
wterpofed  plate  be  a  non-conduftor,  how  does  the  one 
Rtmofphere  produce  the  other?  It  mufl  produce  this 
ettett  by  afting  at  a  diftance  on  the  particles  which  are 
to  form  this  atmofphere.  Of  what  ufe,  then,  is  the  ' 
atmofphere,  even  if  thofe  atmofpheres  could  effeft  the 
obferved  motions  of  the  eleftrometer  in  confidence 
with  the  laws  of  mechanics  ?  The  atmofpheres  only 
iublhtute  millions  of  attractions  or  repulfions  in  place 
oi  one.  We  mud  obferve,  however,  that  the  motions 
4°  of 
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of  the  electrometer  are  modified,  and  fometimes  greatly  the  rubbed  furfxces  will  fly  bach 
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changed,  by  the  interpofed  non  conduaing  plate  ;  but 
this  is  owing  to  the  elearicity  induced  on  the  plate. 
If  the  el.-aric  is  pofitive,  the  adjacent  furface  of  the 
plate  becomes  faintly  negative,  and  the  fide  next  the 
ekarometer  flightly  pofttive.  T-  his  afkas  the  ekaro- 
meter  even  more  than  the  more  remote  ekaric  does. 
That  this  is  the  caufe  of  the  difference  between  the 
Hate  of  the  ekarometer  when  the  plate  is  there  and 
when  it  is  removed,  will  appear  plainly  by  breathing 
gently  on  the  glafo  plate  to  damp  it,  and  give  it  a  fmall 
conduaing  power.  This  will  make  forae  change  in  the 
pofition  of  the  ekarometer.  Continue  this  more  and 
more,  till  the  plate  will  no  longer  infulate.  1  he  chan¬ 
ges  produced  on  the  ekarometer’s  pofition  will  form  a 
regular  feries,  till  it  is  feen  to  afiiime  the  very  pofition 
which  it  would  have  taken  had  the  plate  been  brafs. 
Then,  confidering  thofe  changes  in  a  contrary  order, 
and  fuDpofing  the  feries  continued  a  little  farther,  we 
(hall  always  find  that  it  leads  to  the  pofition  which  it 
would  have  taken  when  no  plate  whatever  is  interpofed. 
We  confider  this  as  an  important  f?a,  (hewing  that  the 
defifric  action  is  fimilar  to  gravitation,  and  that  there 
is  no  more  occafion  for  the  intervention  of  an  atmof- 
phere  for  explaining  the  phenomena  of  elearicity  than 

for  explaining  thofe  of  gravitation. 

6.  Since  non-tleftrics  are  conductors,  and  nnce  elec¬ 
trics  may  be  excited  by  friftion  with  a  non  eleCtric,  it  fol- 


uic  iuuucu  _ j  _  the  other,  being 

urged  both  by  the  attradion  of  the  redundant  matter 
and  the  repulfion  of  its  own  particles.  But  the  elec, 
trie,  being  electric  becaufe,  and  only  becaufe,  it  is  a 
non  conductor,  mull  retain  fome,  or  will  remain  depri¬ 
ved  of  fome,  in  a  Hratum  a  little  within  the  furface. 
The  two  plates  mull  therefore  be  left  in  oppolice  Hates, 
and  the  conducing,  or  non  electric  plate,  if  infulated 
before  fepavation,  mull  now  exhibit  eledric  adion. 

All  this  is  exactly  agreeable  to  fad.  We  alfo  know, 
that  electrics  may  be  excited  by  rubbing  on  each  other; 
and  if  of  equal  extent,  and  equally  rubbed,  they  exhi¬ 
bit  no  eledric  powers  while  joined  together  ;  but  when 
parted,  they  are  always  in  oppofite  Hates.  The  fame 
thing  happens  when  fulpluir  is  melted  in  a  metal  difh, 
or  when  Newton’s  metal  is  melted  in  a  glafs  dilh.  While 
joined,  they  are  moH  perfedly  neutral  ;  but  manifeH 
very  Hrong  oppofite  electricities  when  they  are  fepara- 
ted.  This  completely  difappears  when  they  are  joined 
again,  and  reappears  on  their  feparation,  even  after  be¬ 
ing  kept  for  months  or  years  in  favourable  circumHan- 
ces.  We  have  obferved  the  plates  of  talc,  and  other 
laminated  foffils,  exhibit  very  vivid  electricity  when  fplit 
afunder, 
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ma  >  •  ex-  i0WSj  that  if  this  non  eleffric  be  infulated,  and  ieparated 
cited  with-  from  the  eje<ctr;C)  ;t  wiH  exhibit  figns  of  eleftricity ;  bub 

'pear-  •  i  - 


out 

ing. 


'  when  they  are  together,  there  muft  not  appear  any  marks 
of  it,  however  ftrong  the  excitation  may  be.  We  do 


All  I  •  0  ii 

Attention  to  thefe  particulars  enables  us  to  confirud  Prkcipto 
machines  for  quickly  exciting  vivid  eledricity  on  theofthecon 
furface  of  bodies,  and  for  afterwards  exhibiting  it  wither1 
continued  difpatch.  The  whirling  globe,  cylinder,  orma:hiDtJ 
plate,  HrH  employed  by  Mr  Haukfbee,  for  the  folitary 
purpofe  of  examining  the  eledricity  of  the  globe,  was 
moH  ingenioufly  converted  by  Haufen,  a  German  pro- 
feffor,  into  a  rapid  colledor  and  difpenfer  of  eledri- 


of  it,  however  if.rong  the  excitation  may  l»c.  w  c  uu  ~  — - -  .  "  .  , 

not  pretend  tocomprehend  diftinflly  the  manner  in  which  city  to  other  bodies,  by  placing  an  infulated  prime 
VT  ...  .V...  - pvnfvkn.  nnerate  in  conductor  clofe  to  that  part  of  the  furface  of  the  globe 


frifition,  or  the  other  modes  of  excitation,  operate 
changing  the  connedion  between  the  particles  of  the 
fluid  and  thofe  of  the  tangible  matter ;  r.or  is  this  ex¬ 
plained  in  any  eleftric  theory  that  we  know  :  but  if 
we  are  fatisfied  with  the  evidences  which  we  have  for 
the  exiftence  of  a  fubftance,  whofe  prefence  or  abfence 
is  the  caufe  of  the  ele&ric  phenomena,  we  mnft  giant 
that  its  ufnal  conneftion  with  the  tangible  matter  of 
bodies  is  changed  in  the  aft  of  excitation,  by  friftion, 
or  by  any  other  means.  In  the  cafe  of  fnftion  pro- 
ducinv  pofitive  elearicity  on  the  furface  of  the  eleftnc, 
we  muft  fuppofe  that  the  aSt  of  friaion  caufes  one 


conductor  clofe  to  that  part  of  the  furface  of  the  globe 
which  had  been  excited  by  fridion.  Did  our  limits 
give  us  room,  we  fhould  gladly  enlarge  on  this  fubjed, 
which  is  full  of  moH  cmious  particulars,  highly  merit¬ 
ing  the  attention  of  the  philofopher.  But  it  might  ea- 
fily  occupy  a  whole  volume  ;  and  we  have  Hill  before 
us  the  moll  interelling  parts  of  the  mechanical  depart¬ 
ment  of  elearicity,  and  (hall  hardly  find  room  for  what 
is  eflentially  requisite  for  a  clear  and  ufeful  comprehen- 
fion  of  it.  We  muH,  therefore,  requeil  our  readers  to 
have  recourfe  to  the  original  authors,  who  have  confi- 
dered  the  excitation  by  fridion  minutely.  And  we 


we  muH  luppole  that  tne  aci  oi  muiun  uuc  — -  * 

bodv  to  emit  or  abforb  the  fluid  more  copioufly  than  particularly  recommend  the  very  careful  pertifal  of  Bec- 
the  other,  or  perhaps  the  one  to  emit,  and  the  other  to  caria’s  Differtations  on  it,  comparing  the  phenomena. 


abforb.  Which  ever  is  the  cafe,  the  adjoining  futfaces 
muH  be  in  oppofite  Hates,  and  the  one  muH  be  as  much 
overcharged  as  the  other  is  undercharged.  When  the 
bodies  (which  we  may  fuppofe  to  have  the  form  of 
plates)  are  joined,  and  the  one  exa&ly  covers  the  other, 
the  aflemblage  muH  be  inadive  ;  for  a  particle  of  move- 
able  fluid,  fituated  anywhere  on  the  fide  of  the  over¬ 
charged  plate,  will  be  as  much  attraded  by  the  under¬ 
charged  furface  of  the  remote  plate  as  it  is  repelled  by 
the  overcharged  furface  of  the  near  plate.  The  fur- 
faces  are  equal,  and  equally  eledric,  and  ad  on  either 
fide  with  equal  intenfity  ;  and  they  are  coincident. 
Therefore  their  adions  balance.  The  adlion.  is  expref- 


caria’s  Differtations  - , 

in  every  Hep,  with  this  theoiy  of  iEpinus.  Much  valu¬ 
able  information  is  alfo  obtained  from  Mr  Nicholfon’s 
Obfervations,  of  which  an  abfirad  is  given  in  the  ar¬ 
ticle  Electricity  Encycl.  Britan .  The  iEpinian 
theory  will  be  found  to  connect  many  things,  which, 
to  an  ordinary  reader,  mufl  appear  folitary  and  acci¬ 
dental. 


S3 


Seeing  that  this  very  Ample  hypothefis  of  -ZEpirius  Evident 
fo  perfedly  coincides  in  its  legitimate  confequences  with  of  the  nr 
all  the  general  phenomena  of  attradion  and  repulfion, 
and  not  only  with  thofe  that  are  fimple,  but  even  fuchflui(ii 
as  are  compounded  of  many  others — we  may  lifien, 
without  the  imputation  of  levity,  to  the  other  evidences 
;  Y7~v  r  1  Ar  no  .  ,  .  namriv  F'  X  which  may  be  offered  for  the  materiality  and  mobility 

and  J  JT~  o,  by  reafon  of  thJccjoal  diHances  of  of  the  caufe  of  thofe  mechanical  phenomena.  Such 
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communicating  bodies  is  always  confidcrable.  It  ap¬ 
pears  to  keep  fome  fettled  ratio  to  the  whole  eledlric 
power  of  the  body.  When  the  form  of  the  parts  where 
the  communication  takes  place,  and  other  circumftan- 
ces,  remain  the  fame,  the  transference  increafes  with 
the  fize  of  the  bodies;  and  all  the  phenomena  are  more 
vivid  in  proportion.  When  the  condndlor  is  very  large, 
the  fpark  is  very  bright,  and  the  fnap  very  loud. 

1.  This  fnap  alone  indicates  fome  material  agent.  It 
is  occafioned  by  a  foriorous  undulation  of  the  air,  or  of 
fome  elaftic  fluid,  which  fuddenly  expands,  and  as  fud- 
denly  collapfes  again.  But  fncli  is  the  rapidity  of  the 
undulation,  that  when  it  is  made  in  clofe  veffels  it  does 
not  exift  long  enough,  in  a  very  expanded  Hate,  to 
affedl  the  column  of  water,  fupported  in  a  tube  by  the 
elafticity  of ^  the  air,  for  the  purpofe  of  a  delicate  ther¬ 
mometer  or  barometer  ;  juft  as  a  mufket  ball  will  pafs 
through  a  loofe  hanging  lheet  of  paper  without  cauftng 
any  fenfible  agitation. 

2.  The  fpark  is  accompanied  by  intenfe  heat,  which 
will  kindle  inflammable  bodies,  will  melt,  explode,  and 
calcine  metals. 

3.  The  fpark  produces  fome  very  remarkable  chemi¬ 
cal  effedfs.  It  calcines  metals  even  under  water  or  oil; 
it  renders  Bolognan  phofphoru3  luminous  :  It  decom- 
pofes  water,  and  makes  new  compofitions  and  decom- 
pofitions  of  many  gaziform  fluids ;  it  affedls  vegetable 
colours  ;  it  blackens  the  calces  of  bifmuth,  lead,  tin, 
luna  cornea  ;  it  communicates  a  very  peculiar  fmell  to 
the  air  of  a  room,  which  is  diftindl  from  all  others  ;  and 
in  the  calcination  of  metals,  it  changes  remarkably  the 
fmells  with  which  this  operation  is  ufually  accompani¬ 
ed  :  it  affedls  the  tongue  with  an  acidulous  taile  ;  it 
agitates  the  nervous  fyllem. — When  we  compare  thefe 
appearances  with  fimilar  chemical  and  phyfiological  phe¬ 
nomena,  which  naturalifls  never  hefitate  in  aferibing  to 
the  adlion  of  material  fubftances,  transferable  from  one 
body,  or  one  Rate  of  combination,  to  another,  we  can 
fee  no  greater  reafon  for  hefitating  in  aferibing  the  elec¬ 
tric  phenomena  to  the  adtion  of  a  material  fubflance  ; 
which  we  may  call  a  fluid ,  on  account  of  its  connedled 
mobility,  and  the  eleftric Jluid y  on  account  of  its  diftin- 
guifhing  effedls.  W e  are  well  aware,  that  thefe  evi¬ 
dences  do  not  amount  to  demonflration  ;  and  that  it  is 
pofiible  that  the  eledlric  phenomena,  as  well  as  many 
chemical  changes,  may  refult  from  the  mere  difference 
of  arrangement,  or  pofition,  of  the  ultimate  particles  of 
bodies,  and  may  be  conAdered  as  the  refult  of  a  change 
of  modes,  and  not  of  things  But  in  the  infiances  we 
have  mentioned,  this  is  extremely  improbable. 

We  therefore  venture  to  affume  the  exigence  of  this 
fubftance,  which  philofophers  have  called  the  eleftric 
fluid,  as  a  propofition  abundantly  demonftrated  ;  and  to 
affirm,  on  the  authority  of  all  the  above-mentioned 
fadls,  that  its  mechanical  charadler  is  fuch  as  is  expref- 
fed  in  Mr  iEpmus’s  hypothecs. 

We  proceed,  therefore,  to  explain  the  moft  intereft- 
ing  phenomena  of  eledlricity  from  thefe  principles. 
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We  have  feen  that,  in  a  perfedt  condudlor,  in  its  na¬ 
tural  ftate,  the  eledlric  fluid  is  uniformly  difiributed, 
P' is  on  and  cannot  remain  in  any  other  condition.  We  are 
particularly  interefted  to  know  liovv  it  is  difiributed  in 
&n  overcharged  dr  undercharged  body,  and  how  this  is 
affedled  by  the  -circumambient  non-eondudling  air.  It 


is  evident  that  much  depends  on  this.  The  tendency 
to  efcape,  and,  particularly,  the  tendency  to  transference 
from  one  body  to  another,  miifl  be  greateffc  where  the 
fluid  is  mofl  conftipated.  We  know  that  it  tends  re¬ 
markably  to  diflipate  from  all  protuberances,  edges, 
and  long  bodies,  and  that  it  is  impoflihle  to  confine  it 
in  a  body  having  very  acute  far-projedting  points  ;  and, 
what  is  more  paradoxical,  it  is  hardly  pofiible  to  pre¬ 
vent  its  entering  into  a  body  furnifhed  with  a  fharp 
point.  The  fmallefl  refledlion  mull  fuggefl  to  our  ima¬ 
gination,  that  a  perfectly  moveable  fluid,  whofe  particles 
mutually  repel,  even  at  confiderable  diftances,  and  which 
is  confined  in  a  veffel  from  which  it  cannot  efcape, 
mull  be  compreffed  againfl  the  fides  of  the  veffel,  ai  d 
be  denfer  there  than  in  the  middle  of  the  veffel.  But 
in  what  proportion  its  denftty  will  diminifh  as  we  re¬ 
cede  from  the  walls  of  the  veffel,  muff  depend  on  the 
change  of  deCtric  repulfion  by  an  increafe  of  diftance. 

The  intenlity  varies  in  the  proportion  of  fome  fun&ion 
of  the  diftance,  and  may  be  expreffed  by  the  ordinates 
of  a  curve,  on  whofe  axis  the  diftances  are  meafured. 

But  we  are  ignorant  of  this  fundlion.  We  mul  there-  PVocefsfor 
fore  endeavour  to  difeover  it,  by  obferving  a  proper  f0-difcovering 
lution  of  phenomena.  Having  made  fome  approxima-^3  *aw* 
tion  to  this  difeovery,  fuch  as  Pnall  give  rife  to  z  pro¬ 
bable  conjecture  concerning  the  function  which  expreffes 
the  intenfity  of  eledlric  repulfion,  mathematics  will  then 
enable  us  to  fay  how  the  fluid  muft  be  difiributed  (at 
leaft  in  fome  Ample  and  inftru&ive  cafes)  in  a  perfectly 
conducting  body  furrounded  by  the  air,  and  what  will 
be  its  adlion  on  another  body.  Thus  we  {hall  obtain 
oftenfible  refults,  which  we  can  compare  with  experi¬ 
ments.  The  writer  of  this  article  made  many  experi¬ 
ments  with  this  view  above  30  years  ago,  and  flatters 
himfelf  that  he  has  not  been  unfuccefsful  in  his  at¬ 
tempts.  Thefe  were  condudted  in  the  moil  obvious  and 
Ample  manner,  fuggefted  by  the  reafon ings  of  Mr  7E- 
pinus  ;  and  it  was  with  Angular  pleafure  that,  fome 
years  after,  he  perilled  the  excellent  differtation  of  Mr 
Cavendifh  in  the  Philofophical  Tranfadiions,  vol.  6  r. 
where  he  obtained  a  much  fuller  convidlion  of  the  truth 
of  the  conclufion  which  he  had  drawn,  in  a  ruder  way, 
from  more  familiar  appearances.  Mr  Cavendifh  has,  with 
Angular  fagacity  and  addrefs,  employed  his  mathemati¬ 
cal  knowledge  in  a  way  that  opened  the  road  to  a  much 
farther  and  more  fcientiAc  profecution  of  the  difeovery, 
if  it  can  be  called  by  that  name.  After  this,  Mr  Cou¬ 
lomb,  a  dillinguifhed  member  of  the  French  academy 
of  fciences,  engaged  in  the  fame  refearch  in  a  way  ftill 
more  reAned  ;  and  fupported  his  concluAons  by  fome 
of  the  mol  valuable  experiments  that  have  been  offered 
to  the  public.  We  {hall  now  give  a  very  brief  account 
of  this  argument:  and  have  premifed  thefe  hifiorical  re¬ 
marks  ;  becaufe  the  writer,  although  he  had  eftablifhed 
the  general  conclufion,  and  had  read  an  account  of  his 
inveftigation  in  a  public  fociety  in  17 69,  in  which  it 
was  applied  to  the  mofl  remarkable  fadls  then  known 
in  eledlricity,  lias  no  claim  to  the  more  elaborate  proofs 
of  the  fame  dodlrine,  which  is  given  in  fome  of  the 
following  paragraphs.  Thefe  are  but  an  application 
of  Mr  Cavendifh’s  more  cautious  arid  general  mathema¬ 
tical  procedure,  to  the  fundtion  which  the  writer  appre¬ 
hends  to  be  fufficiently  eftablifhed  by  obfervaticn. 

The  mofl  unexceptionable  experiments  with  which 
we  can  begin,  feem  to  be  the  repulAons  obfervabie  be- 
4  D  2  tween 
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tween  two  /mail  fpheres.  Whatever  he  the  law  of  dis¬ 
tribution  of  the  particles  in  a  fphere,  the  general  aCtion 
of  its  particles  on  the  particles  of  another  fphere  will 
follow  a  law  which  will  not  differ  much  from  the  law 
of  a&ion  between  two  particles,  if  the  diameters  of  the 
fpheres  be  fmall  in  proportion  to  their  diftance  from 
each  other.  The  inveftigation  was  therefore  begun 
with  them.  But  the  fubjeCt  required  an  eleCtrometer 
fufceptible  of  eomparifon  with  others,  and  that  could 
exhibit  abfolute  meafnres.  The  one  employed  was 
made  in  the  following  manner  ;  and  we  give  it  to  the 
S5  public  as  a  valuable  philofophical  indrument. 

Compara-  Fig.  15.  reprefents  the  electrometer  in  front.  A  i3 
a  P°^ec*  ^rafs  ball,  Jth  of  an  inch  in  diameter.  It  is 
fixed  on  the  point  of  a  needle  three  inches  long,  as  (len¬ 
der  as  can  be  had  of  that  length.  The  other  end  of 
the  needle  paffes  through  a  ball  of  amber  or  glafs,  or 
other  firm  non-condu&ing  fubftance,  about  half  or 
three-fourths  of  an  inch  in  diameter  ;  but  the  end  mud 
not  reach  quite  to  the  furface,  although  the  bail  is  com¬ 
pletely  perforated.  From  this  bail  rifes  a  (lender  glafs 
rod  FEL,  three  inches  long  from  F  to  £,  where  it 
bends  at  right  angles,  and  is  continued  on  to  L,  im¬ 
mediately  over  the  centre  of  the  balljA.  At  L  is  fix¬ 
ed  a  piece  of  amber  C,  formed  into  two  parallel  cheeks, 
between  which  hangs  the  (talk  DCB  of  the  electrome¬ 
ter.  This  is  formed  by  dipping  a  ffrong  and  dry  filk 
thread,  or  fine  cord,  in  melted  fealing  wax,  aqd  hold¬ 
ing  it  perpendicular  till  it  remain  covered  with  a  thin 
coating,  and  be  fully  penetrated  by  it.  It  mud  be 
kept  extended,  that  it  may  be  very  ftraighr. ;  and  it 
mud  be  rendered  fmooth,  by  holding  it  before  a  dear 
fire.  This  dalk  is  fadened  into  a  fmall  cube  of  amber, 
perforated  on  purpofe,  and  having  fine  holes  drilled  in 
two  of  its  oppoiite  fides.  The  cheeks  of  the  piece  C 
are  wide  enough  to  allow  this  cube  to  move  freely  be¬ 
tween  them,  round  two  fine  pins,  which  are  thrudthro’ 
the  holes  in  the  cheeks,  and  reach  about  half  way  to 
the  (talk.  The  lower  part  of  the  dalk  is  about  three 
inches  long,  and  terminates  in  a  gilt  and  burnidied  cork- 
ball  (or  made  of  thin  metal),  a  quarter  of  an  inch  in 
diameter.  The  upper  part  CD  1*5  of  the  fame  length, 
and  paffes  through  (with  fome  friction)  a  fmall  cork- 
ball.  1  his  part  of  the  indrument  is  fo  proportioned, 
that  when  BE  is  perpendicular  to  the  horizon,  and 
'DCB  hangs  freely,  the  balls  B  and  A  juft  touch  each 
other.,  B»g.  16.  gives  a  fide  perfpeCtive  view  of  the 
indrument.  The  ball  F  is  fixed  on  the  end  of  the  glafs 
rod  FI,  which  paffes  perpendicularly  through  the  centre 
of  a  graduated  circle  GHO,  and  has  a  knob  handle  of 
boxwood  on  the  farther  end  I.  This  glafs  rod  turns 
didly,  but  fmoothly,  in  the  head  of  the  pillar  HK,  &c. 
and  has  an  index  NH,  which  turns  round  it.  This  in¬ 
dex  is  fet  parallel  to  the  line  LA,  drawn  through 
the  centre  of  the  fixed  ball  of  the  elearometer.  The 
circle  is  divided  into  360  degrees,  and  o  is  placed  up- 
permoft,  and  90  on  the  right  hand.  Thus  the  index 
will  point  out  the  angle  which  LA  makes  with  the 
vertical.  It  will  be  convenient  to  have  another  index, 
turning  diffiy  on  the  fame  axis,  and  extending  a  good 
way  beyond  the  circle. 

This  indrument  is  ufed  in  the  following  manner  :  A 
connection  is  made  with  the  body  whofe  eleCtricity  is 
to  be  examined,  by  flicking  the  point  of  the  connect¬ 
ing  wire  into  the  hole  at  F,  till  it  touch  the  end  of  the 
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needle  ;  or,  if  we  would  merely  eleClrify  the  balls  A 
and  B,  and  then  leave  them  infulated,  we  have  only  to 
touch  one  of  them  with  an  eleCtrified  body.  Now, 
take  hold  of  the  handle  I,  and  turn  it  to  the  right  till 
the  index  reach  90.  I11  tins  pofition,  the  line  LA  is 

horizontal,  and  fo  is  CB  ;  ai)d  the  moveable  ball  B  is 
reding  on  A,  and  is  carried  by  it.  Now  eleClrify  the 
balls,  and  gently  turn  the  handle  backwards,  bringing 
the  index  back  toward  o,  &c.  noticing  carefully  the 
two  balls.  It  will  happen  that,  in  fome  particular  po- 
fition  of  the  index,  they  wall  be  obferved  to  feparate. 
Bring  them  together  again,  and  again  caufe  them  to 
feparate,  till  the  exaCt  pofition  at  feparation  is  afeer- 
tained.  This  will  ihew  their  repulfive  force  in  eontaCt, 
or  at  the  diftance  of  tbeir  centres,  equal  to  the  fuin  of 
their  radii.  Having  determined  this  point,  turn  the  in- 
ftrument  ftill  more  toward  the  vertical  pofition.  The 
balls  will  now  feparate  more  and  more.  Let  an  afiift- 
ant  turn  the  long  index  fo  as  to  make  it  parallel  to  the 
dalk  of  the  eleCtrometer,  by  making  the  one  hide  the 
other  from  his  view.  The  mathematical  reader  will  fee 
that  this  eleCtrometer  has  the  properties  afcribed  to  it. 
It  will  give  abfolute  meafnres  :  for  by  poizing  the  dalk,, 
by  laying  fome  grains  weight  on  the  cork-ball  D,  till 
it  becomes  horizontal  and  perfectly  balanced,  and  com¬ 
puting  for  the  proportional  lengths  of  BC  and  IOC,  we 
know  exactly  the  number  of  grains  with  which  the 
balls  mutt  repel  each  other  (when  the  dalk  is  in  a  ho¬ 
rizontal  pofition),  in  order  merely  to  feparate .  Then  a 
very  fimple  computation  will  tell  us  the  grains  of  repnl- 
fiou  when  they  feparate  in  any  oblique  pofition  of  the 
(talk  ;  and  another  computation,  by  the  refolution  of 
forces,  will  (hew  us  the  repuHion  exerted  between  them 
when  AL  is  oblique,  and  BC  makes  any  given  angle 
with  it.  All  this  is  too  obvious  to  need  any  farther 
explanation.  The  reafon  for  giving  the  connexion  be¬ 
tween  A  and  C  fuch  a  circuitous  form,  was  to  avoid  all 
aClion  between  the  fixed  and  the  moveable  part  of  the 
eleCtrometer,  except  what  is  exerted  between  the  two 
balls  A  and  B.  T  he  needle  AF,  indeed,  may  aCt  a 
little,  and  might  have  been  avoided,  by  making  the  ho¬ 
rizontal  axis  B  I  to  join  with  A  :  but  as  it  was  wanted 
to  make  the  indrument  of  more  general  ufe,  and  fre¬ 
quently  to  conneCt  it  with  an  eleCtrical  machine,  a  bat¬ 
tery,  or  a  large  body,  no  mode  of  connection  offered  it- 
felf  which  would  not  have  been  more  faulty  in  this  re- 
fpeCt.  1  he  neateft  and  mod  compendious  form  would 
have  been  to  attach  the  axis  FI  to  C,  and  to  make 
CA  and  CB  ftiff  metalline  wires,  in  the  fame  manner 
as  Mr  Brookes’s  eleCtrometer  is  made.  But  as  the 
whole  of  their  lengths  would  have  acled,  this  conftruc- 
tion  would  have  been  very  improper  in  the  invediga- 
tion  of  the  law  of  eleCtric  repulfion.  As  it  now  dand% 
we  imagine  that  it  has  confiderable  advantages  over  Mr 
Brookes’s  conftruCtion ;  and  alfo  over  Mr  De  Luc’s  in¬ 
comparable  eleCtrometer,  deferibed  in  hisEffaysori  Me¬ 
teorology.  It  has  even  advantages  over  Mr  Coulomb’s 
incomparably  more  delicate  eleCtrometer,  which  is  fen- 
lible,  and  can  meafure  repulfions  which  do  not  exceed 
the  50,000  of  a  grain  ;  for  the  indrument  which  we 
have  deferibed  will  meafure  the  attractions  of  the  oppo- 
fitely  ele&rified  bodies  ;  a  thing  which  Mr  Coulomb 
could  not  do  without  a  great  circuit  of  experiments. 
For  inftead  of  making  the  ball  B  above  A,  by  inclining 
the  indrument  to  the  right  hand,  we  may  incline  it  to 
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the  left ;  and  then,  by  ele&rlfying  one  of  the  balls  po- 
fitivdy,  and  the  other  negatively,  when  at  a  great  di- 
ftance  from  each  other,  their  mutual  attraction  will 
caufe  them  to  approach  ;  CB  will  deviate  from  the  ver¬ 
tical  toward  A  ;  and  we  can  compute  the  force  by 
means  of  this  deviation. 

We  mud  remind  the  perfon  who  would  make  obfer- 
vations  with  this  inftrnment,  that  every  part  of  it  muff 
be  fecnred  againft  diftipition  as  much  as  pofiible,  by 
varmfhing  all  its  parts,  by  having  all  angles,  points,  and 
roughneiles  removed,  and  by  choofmg  a  dry  date  of 
the  air,  and  a  warm  room  ;  and,  becaufe  it  is  impoffible 
to  prevent  difilpation  altogether,  we  muft  make  a  pre¬ 
vious  courfe  of  experiments,  in  a  variety  of  circum* 
ftances,  in  order  to  determine  the  diminution  per  mi¬ 
nute  correfponding  to  the  circumftauces  of  the  experi¬ 
ments  that  are  to  be  made  with  further  views. 

We  truft  that  the  reader  will  accept  of  this  parti¬ 
cular  account  of  an  indrument  which  promiies  to  be  of 
confiderable  fervice  to  the  curious  naturalid  ;  and  we 
now  proceed  with  an  account  of  the  conclufions  which 
have  been  drawn  from  observations  made  with  it. 

Here  we  could  give  a  particular  narration  of  fome  of 
the  experiments,  and  the  computations  made  from  them; 
but  we  omit  this,  becaufe  it  is  really  unneceffary.  It 
fuffices  to  fay,  that  the  writer  has  made  many  hundreds, 
with  different  inftruments,  of  different  f: zes,  fome  of 
them  with  balls  of  an  inch  diameter,  and  radii  of  18 
inches. .  Their  coincidence  with  each  other  was  far  be¬ 
yond  his  expectation,  and  he  has  not  one  in  his  notes 
which  deviate  from  the  medium  f  of  the  whole  force, 
and  but  few  that  have  deviated  T\.  The  deviations 
were  as  frequently  in  excefs  as  in  defect.  His  cudom 
was  to  meafure  all  the  forces  by  a  linear  fcale,  and  ex- 
prefs  them  by  draight  lines  erected  as  ordinates  to  a 
bale,  on  which  he  fet  off  the  didances  from  a  fixed 
point ;  he  then  drew  the  mod  regular  curve  that  he 
could  through  the  iummits  of  thefe  ordinates.  This 
method  fhevvs,  in  the  mod  palpable  manner,  the  coin- 
L  cidenee  or  irregularity  of  the  experiments, 
ph  <?,  fhe  refult  of  the  whole  was,  that  the  mutual  repul- 
rht  dec-  don  of  two  fpheies,  electrified  pofitively  or  negatively, 
ifil  re.  was  very  neaily  ;n  t}ie  inverfe  proportion  of  the  fquares 
a  of  the  diilances  of  their  centres,  or  lather  in  a  propor¬ 
tion  fome  what  greater,  approaching  to  ~r)0(5t  No  dif¬ 
ference  was  obferved,  although  one  of  the  fpheres  was 
much  larger  than  the  other ;  and  this  circumllance 
enables  us  to  make  a  confiderable  improvement  on  the 
electrometer.  Let  the  ball  A  be  made  an  inch  in  dia¬ 
meter,  while  B  is  but  j  of  an  inch.  /This  greatly  dlmi- 
nifhes  the  proportion  of  the  irregular  actions  of  the  red: 
of  the  apparatus  to  the  whole  force,  and  alfo  diminifhes 
the  diflipation  when  the  general  intenfity  is  the  fame. 
N:r*&  When  the  experiments  were  repeated  with  balls  ha- 
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duplicate  ratio  of  the  diftance  of  their  centres,  and 
that  this  difference  between  the  obferved  attractions  and 
repulfions  is  owing  to  fome  unoerceived  caufe  in  the 
form  of  the  experiment.  *  ^ 

It  muft  be  obferved  alfo,  that  the  attractions  and  Attra<5Hons 
repulfions,  with  the  lame  denfity  and  the  fame  diilances,  an<I  repul- 
i*  ( r#-*  to  all  fenfe,  equal,  except  in  the  forementioned^1  n.s  are  c“ 
lous  experiments.  The  maLli^manVsl  : 


were, 


ti 

re  ro- 
»rt  al 

l 


ame  Vl*n^  °PP°^te  electricities,  and  which  therefore  attrac¬ 
ted  each  other,  the  refults  were  not  altogether  fo  re¬ 
gular,  and  a  few  irregularities  amounted  to  £  of  the 
whole  ;  but  thefe  anomalies  were  as  often  on  one  fide  of 
the  medium  as  on  the  other.  This  feries  of  experi¬ 
ments  gave  a  refult  which  deviated  as  little  as  the  for¬ 
mer  (or  rather  lefs)  from  the  inverfe  duplicate  ratio  of 
the  diilances ;  but  the  deviation  was  in  defect  as  the 
other  was  in  excefs. 

We  therefore  think  that  it  may  be  concluded,  that 
the  action  between  two  fpheres  is  exactly  in  the  inverfe 


anomalous  experiments.  The  mathematical  reader  will dl 
fee,  that  the  above-mentioned  irregularities  are  imper-  dances." 
Tedious  of  experiment,  and  that  the  gradations  of  this 
function  of  the  diilances  are  too  great  to  be  much  af¬ 
fected  by  fuen  (mall  anomalies.  1  he  indication  of  the 
kw  13  precife  enough  to  make  it  worth  while  to  adopt 
it,  m  the  mean  time,  as  a  hypnthifis ,  and  then  to  (elect, 
with  judgment,  fome  legitimate  conlequtnees  which  v/ill 
admit  of  an  exaft  companion  with  experiment,  on  fo 
laige  a  icale,  that  the  unavoidable  errors  of  oblervation 
(hail  bear  but  an  infignificant  proportion  to  the  whole 
quantity.  We  (hall  attempt  this  :  and  it  is  peculiarly 
fortunate,  that  this  obferved  law  of  action  between  two 
fpheres  gives  the  mod  ealy  accefs  to  the  law  of  aftiou 
between  the  particles  which  compofe  them;  for  Sir  Ifaac 
Newton  has  demonllrated  (and  it  is  one  of  his  molt  preci¬ 
ous  theorems),  that  if  the  particles  of  matter  aft  on  each 
other  with  a  force  which  varies  in  the  inverfe  duplicate 
ratio  of  the  diilances,  then  fpheres,  confuting  of  fuch 
particles,  and  of  equal  denfity  at  equal  diilances  from 
the  centre,  alio  aft  on  each  other  with  forces  varying 
in  the  fame  proportion  of  the  diltances  of  their  centres. 

He  demonlt rates  the  lame  thing  of  hollow  fpherical 
(hells.  He  demonftrates  that  they  aft  on  each  other 
with  the  fame  force  as  if  all  their  matter  were  collected 
in  their  centres.  And,  Mly,  he  demonftrates  that  if 
the  law  of  action  between  the  particles  be  different  from 
this,  the  fallible  aftionof  fpheres,  or  of  hollow  fpherical 
fhells,  will  alio  be  different  (fee  Princlpia,  I.  Prop.  74, 

&c.  a'fo  Astronomy,  Encycl.  307.). 

Therefore  we  may  conclude,  that  the  law  of  eleftiicr.  J? 
att  raft  ion  and  repulfion  is  fimilar  to  that  of  gravitation,  ,ion  Uin!"* 
and  that  each  of  thofe  forces  diminishes  in  the  fame  pro-  verfely  as 
portion  that  the  fquare  of  the  diftance  between  the  par-tfle  f4,,3re 
tides  increafe.  We  have  obtained  much  ufeful  informa-  the  dl" 
tion  from  this  dilcovery.  We  have  now  full  confirmation  aBC£’ 
of  the  proportions  concerning  the  mutual  aftion  of  two 
bodies,  each  overcharged  at  one  end  and  undercharged 
at  the  other.  Their  evidence  before  given  amounted 
only  to  a  reafonable  probability  ;  but  we  now  fee,  that 
the  curve  line,  whole  ordinates  reprefent  the  forces,  is 
really  convex  to  the  abfeiffa,  and  that  Z  4.  z  ia  always 
greater  than  Z'  -j-  z  ;  from  which  circumllance  all  the 
reft  follows  of  courfe. 

Let  us  now  enquire  into  the  manner  in  which  the  90 
redundant  fluid,  or  redundant  matter,  is  diftributed 
bodies;  the  proportion  in  which  it  fub  fills  i„  bodies  fluid  when 
communicating  with  each  other;  the  tendencies  to  r^“"<knt 
deape;  the  forces  which  produce  a  transference,  See  Sec  ordeflcienC» 

In  the  courfe  of  this  enquiry,  a  continual  reference 
Will  be  made  to  the  following  elementary  propofition : 

Let  ABD  (fig.  17.)  be  the  bafe  of  a  cone  or  pyra-,  91 
mid,  whofe  vertex  is  P,  and  axis  PC  ;  and  let  a  bd  beemnl3- 
another  feftion  of  it  by  a  plane  parallel  to  the  bafe  ;  let 
thefe  two  circles,  or  fimilar  polygons,  con  lift  of  matter 
or  fluid  of  equal  and  uniform  denfity  ;  and  let  P  be  a 
particle  of  fluid  or  matter  ;  the  attraftion  or  repulfion 
ol  this  particle  for  the  whole  matter  or  fluid  in  the  fi. 
gure  ABD  is  equal  to  its  attraftion  or  repulfion  for 

the 
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the  whole  matter  or  fluid  in  a  b  d.  For  the  attra&ion 
for  a  particle  in  ABD  is  to  the  attraction  for  a  particle 
fimilarly  placed  in  abd  as  P  c 2  to  PC2  ;  and  the  number 
of  particles  in  ABD  is  to  that  of  thofe  in  abd  as  PC2 
to  PC;  therefore  the  whole  attra&ion  for  ABD  is  to 
that  for  a  b  d  as  P  c2  X  PC2  to  PC2  X  P  c2,  or  in  the  ra¬ 
tio  of  equality. 

Cor .  i.  The  fame  will  be  true  of  the  a&ion  of  plates 
of  equal  thicknefs  and  equal  denfity  ;  or,  in  general, 
having  fuch  thicknefs  and  deufity  as  to  contain  quan¬ 
tities  of  matter  or  fluid  proportional  to  their  areas. 

2.  The  a&ion  of  all  fuch  fe&ions  made  by  parallel 
planes,'  or  by  planes  equally  inclined  to  their  axis,  are 
equal. 

3'.  The  tendency  of  a  particle  P  to  a  plane,  or  plate 
of  uniform  thicknefs  and  denfity,  and  infinitely  extend* 
ed,  or  to  a  portion  of  it  bounded  by  the  fame  pyramid, 
18  the  fame,  at  whatever  diftance  it  be  placed  from  the 
plate,  and  it  is  always  perpendicular  to  it. 

4.  This  tendency  is  proportional  to  the  denfity  and 
thicknefs  of  the  plate  or  plates  jointly. 

It  is  only  in  two  or  three  fimple  cafes  that  we  can 
propofe  to  ftate  with  precifion  what^will  be  the  difpo^ 
iition  and  aftion  of  the  ele&ric  fluid  in  bodies  ;  but  we 
fhall  feledl  thofe  that  are  moil  inftruCHve,  and  conne&ed 
with  the  molt  remarkable  and  important  phenomena. 

Let  AadD  (fig.  18.)  and  .E^H  reprefent  the 
S  feftions  of  a  part  of  two  infinitely  extended  parallel 
plates?  plates  (which  we  fhall  call  A  and  E),  confifting  of folid 
conducing  matter,  in  which  the  eleCtric  fluid  can  move 
without  anyobftruCtion,  but  from  which  it  cannot  efcape. 
When  both  Let  them  be  both  overcharged,  A  containing 

sre  over-  the  quantity  r  .of  redundant  fluid,  and  E  containing 
charged,  the  quantity  ..r,  and  let  r  be  greater,  than  s, 

,  The  fluid  will  be  difpofed  in  the  following  manner  : 

l„  There  will  be  two  ftrata,  A  a  b  B  and  h  H, 
adjoining  to  the  remote  furfaces,  in  each  of  which 
r  +  x 


with  the  force 


Thefe  make  a  force  r  which  ba¬ 


lances  the  repnlfion  r  of  the  other  plate.  No  other  dif- 
pofition  will  be  permanent ;  for  if  a  particle  be  taken 
out  from  either  ftratum  A  ablh  or  C  c  dD  into  the 
fpace  between  them,  the  repulfion  from  that  liratnm 
which  it  quitted  is  leffened,  and  the  repulfion  of  the 
oppofite  ftratum,  joined  to  that  of  the  other  plate,  will 
drive  it  back  again.  The  fame  thing  holds  with  refpeCt 
to  the  fluid  in  the  other  plate. 

Cor.  1.  If  the  two  plates  be  equally  overcharged,  all 
the  redundant  fluid  will  be  crouded  on  the  remote  fur- 
faces,  and  the.  adjacent  furfaces  will  be  in  the  natural 
ftate. 

In  the  fecond  place,  let  the  plates  be  undercharged, 
and  let  r  be  the  fluid  wanting  in  A,  and  s  the  fluid 
wanting  in  E,  and  let  s  be  greater  than  r  ;  then, 

The  ftrata  adjoining  to  A  a  and  H  h  will  be 


*  1 
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are  under  1 
charged,  1 


completely  exhaufted  of  fluid,  and  the  redundant  mat- 

r  f 

ter  in  each  will  be  fuch  as  would  be  faturated  by - . 


2.  The  ftratum  C  c  d  D  will  contain  redundant  fluid 


-,  crowded  clofe. 


3.  The  ftratum  E  ef¥  will  be  deprived  of  fluid,  and 


the  quantity  abftra&ed  is 


4.  The  fpaceb  B  b  c  C  and  F  fg  G  are  in  the  natu¬ 
ral  ftate. 

The  demonftration  is  the  fame  as  in  the  former  cafe.  ^ 
Thirdly ,  Let  A  be  overcharged,  and  E  under  char*  when 
ged,  A  containing  the  redundant  fluid  r,  and  E  want- are  in  op 
ipg  the  fluid  s  ;  and  let  r  be  greater  than  /.  Then,  r°flleftd 
1.  The  ftrata  Aab  B  and  Ggh  H  contain  the  re¬ 


dundant  fluid 


crowded  clofe. 


the  quantity -  will  be  crowded  together  as  clofe  as  2.  The  ftratum  CcdD  contains  the  quantity 


r  -f-  a 


pofiible. 

2.  Adjoining  to  the  interior  furface  (that  is,  the  fur- 
face  neareft  to  E)  of  the  plate  A,  there  will  be  a  ftra- 


r~j 

turn  CcdD,  containing  the  quantity  — —  crowded  to¬ 


crowded  clofe. 

3.  The  ftratum  Ee/F  is  exhaufted,  and  wants  the 

.  r  +  s 
quantity  — ~ — ; 


gether. 

3.  The  adjacent  fide  of  E  will  have  a  ftratum  E  e /F, 


#  ,  #  ~  u 

juft  fufficient  for  containing  the  quantity  — - —  at  its 

natural  denfity.  This  ftratum  will  be  entirely  exhaufted 
of  fluid. 

4.  The  fpaces  Ihbc  C  and  Ffg  G  will  be  in  their 
natural  ftate. 

For  a  particle  of  fluid  in  the  fpace  B^C  is  urged 

r  +  x 


4.  The  reft  is'  in  the  natural  ftate. 

Cor .  2.  If  the- redundant  fluid  in  A  be  juft  fufficient  961 
to  faturate  the  redundant  matter  in  E,  the  two  remote 
furfaces  will  be  in  their  natural  ftate,  all  the  redundant 
fluid  in  A  being  crowded  into  the  ftratum  CcdD, 
and  all  the  redundant -matter  being  in  E  efF. 

This  difpofition  will  be  the  fame,  whatever  is  the 
diftance  or  thicknefs  of  the  plates,  unlefs  the  redundant 
fluid  in  A  be  more  t)|an  can  be  contained  in  the  whole 

ch 


in  the  dire&ion  a  d  by  the  force — (n°  91,  3.), 


of  E  when  crowded  clofe.  .  9; 

When  the  two  plates  are  overcharged,  the  fluid  prf{Tut« 

'  2  and  teH 


and  in  the  direction  d  a  by  the  force  — - — ,  therefore 


preffes  their  remote  furfaces  with  the  force 


r  + J 


,  anddencyrc 


it  is,  on  the  whole,  urged  in  the  dire&ion  a  d  with  the 
force  s ,  which  will  balance  the  repulfion  of  the  redun¬ 
dant  fluid  in  the  other  plate.  A  particle  of  fluid  in 
the  fpace  TfgG  is  repelled  in  the  direction  he  by  a 

force  ^~-r  by  the  fluid  in  Ggh  Ii,  and  it  is  attradled 


4  fcape. 

would  efcape  with  that  foice  if  a  paflage  were  opened. 

It  would  enter  the  remote  furfaces  of  two  underchar¬ 
ged  plates  with  the  fame  force  ;  and,  in  either  cafe, 
it  would  run  from  the  inner  furface  of  one  to  the  ad¬ 


jacent  furface  of  the  other,  with  the  force 


:n  the  fame  dire&ion  by  the  redundant  matter  in  Ee/F, 


If  one  be  overcharged  and  the  other  undercharged, 
fluid  would  efcape  from  the  remote  furface  with  the 

force 
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force 
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and  would  run  through  a  canal  between 


I  T  Y. 

it  is  not  affe&ed  by  what 
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them  with  the  force  s 

4  ‘  #  _ 

They  repel  or  attrad  each  other  with  the  force  r-j-jS 
according  as  they  are  both  over  or  undercharged,  or  as 
one  is  overcharged  and  the  other  undercharged. 

This  example  of  parallel  plates,  infinitely  extended, 
is  the  fimplefl  that  ean  be  fuppofed  But  it  cannot 
obtain  under  our  obfervation  ;  and  in  all  cafes  which 
we  can  obferve,  the  fluid  cannot  be  uniformly  fpread  in 
any  ft  rat  11m,  but  muft  be  denfer  near  the  edges,  or  near 
the  centre,  as  they  are  overcharged  or  undercharged 

_ _  Let  ABD  (fig.  19.)  reprefen t  a  fphere  of  perfedly 

in  ^here.  conducting  matter,  overcharged  with  eledric  fluid, 
which  is  perfedly  moveable  in  its  pores,  but  cannot 
efcape  from  the  fphere.  Let  it  be  furrounded  by  con¬ 
ducing  matter  faturated  with  moveable  fluid.  It  is  re¬ 
quired  to  determine  the  difpofition  of  the  fluid  within 
and  without  this  fphere. 

Sir  Ifaac  Newton  lias  demonftrated  ( Princ .  I.  70.) 
that  a  particle  />,  placed  anywhere  within  this  fphere, 
is  not  affeCed  by  any  matter  that  is  without  the  con¬ 
centric  fpherieal  fuiface  pqr'm  whieh  itfelf  is  fituated, 
therefore  not  affeded  by  what  is  between  the  furfaces 
ABD  and  pq  r.  He  alfo  demonftrates,  that  the  mat¬ 
ter  within  the  furfaee  pqr  ads  on  the  particle p  in  the 
fame  manner  as  if  the  whole  of  it  were  colleded  in  the 
centre  C. 

Hence  it  follows,  that  the  redundant  fluid  will  be 
all  conftipated  as  clofe  as  poftible  within  the  external 
furfaee  of  the  fphere,  forming  a  fhell  ©f  a  certain  mi¬ 
nute  thicknefs,  between  the  fpherieal  furfaees  ABD 
and  a  Id  ;  and  all  that  is  within  this  (that  is,  nearer 
the  centre  C)  will  be  in  its  natural  ftate. 

With  refped  to  the  diftribution  of  the  fluid  in  the 
furrounding  matter,  which  we  fuppofe  to  be  infinitely 
extended,  we  muft  reeolledt  that  this  fhell  of  coiiftipa- 
ted  redundant  fluid  repels  any  external  partiele  of  fluid 
in  the  fame  manner  as  if  all  were  colleded  at  C.  Henee  it 
is  evident,  that  the  fluid  in  the  furrounding  matter  will 
be  repelled,  and,  being  moveable,  it  will  recede  from 
this  centre ;  and  there  will  be  a  fpaee  all  round  the 


fphere  ABD  which  is  undercharged,  forming  a  fhell 
between  the  coneentric  fui faces  ABD  and  «  £  J.  This 
fhell  will  contain  fuch  a  quantity  of  redundant  matter, 
that  its  attradion  for  a  particle  of  fluid  is  equal  to  the 
repulhon  of  the  fhell  of  fluid  crowded  internally  on  the 
lurface  ABD.  All  beyond  this  furfaee  «  will  be  in 
its  natural  ftate  ;  for  this  redundant  matter  ads  on  a 
particle  of  fluid,  fituated  farther  from  the  centre,  in  the 
lame  manner  as  if  all  this  redundant  matter  were  col- 
leded  in  the  eentre  C.  So  does  the  redundant  fluid 
in  the  conftipated  fhell.  Therefore  their  adions  ba¬ 
lance  each  other,  and  there  is  no  force  exerted  on  any 
particle  of  fluid  beyond  this  deficient  fhell.  This  de 
ficient  fhell  will  not  affed  the  fluid  in  the  fphere  a  b  d 
by  Newton’s  demonftration.  No  other  difpofition  will 
be  permanent.  But  farther  :  This  undercharged  fhell 
muft  be  completely  exhaufted  :  for  a  particle  of  fluid 
placed  between  ABD  and  will  be  more  repelled 
by  the  fluid  in  the  crowded  fhell  within  the  furfaee 
ABD,  than  it  is  attraded  by  the  redundant  matter  of 
its  own  flicll  that  is  kfs  remote  from  the  centre  \  and 
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y  -  is  more  remote  from  the 

centre.  Therefore  the  fluid  without  the  fphere  ABD 
cannot  be  in  equilibrio,  unlefs  the  fhell  between  ABD 
and  be  not  only  rarefied,  but  altogether  exhaufted 
of  fluid. 

If  the  fplrere  be  undercharged,  the  fpaee  between 
ABD  and  aid  will  be  entirely  exhaufted  of  fluid,  and 
there  will  be  a  fhell  «/3<T  of  redundant  matter  furround¬ 
ing  the  fphere.  All  within  a  b  d,  and  all  without 
will  be  in  its  natural  ftate.  It  is  unneeefTary  to  repeat 
the  fteps  of  the  fame  demonftration. 

i  his  valuable  propofition  is  by  the  Hon.  Mr  Caven- 
difh. 

This  would  be  the  difpofition  in  and  about  a  glafs  Confequen--- 
globe  filled  and  furrounded  with  an  ocean  of  water,  ces  of  this 
and  having  redundant  fluid  within  it,  on  the  fuppofitiondifi;ofition‘ 
that  glafs  is  impervious  to  the  elcdric  fluid.  But  it 
would  not  affed  an  eledrometer,  even  fuppofing  that 
the  movements  of  the  eledrometer  could  be  affeded 
under  water.  Suppofe  the  globe  of  water  to  be  fur- 
rounded  with  air,  and  that  the  fluid  is  difpofed  in  both 
in  the  manner  here  deferibed  ;  it  will  be  perfedly  neu-  , 
tral  in  its  adtion  on  any  eledrometer  fituated  in  the  air. 

But,  by  reafon  of  the  almoft  total  immobility  of  che  fluid 
in  pure  dry  air,  this  ftate  cannot  foon  obtain;  and,  till  it 
obtain,  the  conftipated  fhell  within  the  glafs  muft  repel 
the  fluid  in  an  .ele&rometer  more  than  the  partially  ra¬ 
refied  fhell  of  air,  whieh  furrounds  the  glafs,  attrads  it. 

By  the  gradual  retiring  of  the  fluid  in  the  furrounding 
air  from  the  globe,  the  attraction  of  the  deferted  mat-  - 
ter  will  come  nearer  to  equality  with  the  repulfion  of 
the  conftipated  fhell  within  the  glafs,  and  the  globe  will* 
appear  to  have  loft  fluid.  Yet  it  may  retain  all  the  re- 
dundant  fluid  whieh  it  had  at  the  firft.  Therefore  we 
are  not  to  imagine  that  a  body  fimiiar  to  this  globe  has  -  i 
no  redundant  elearie  fluid,  or  only  a  fmall  quantity, 
beeaufe  we  obferve  it  inadive,  or  nearly  fo.  IOo 

Thus  we  fee,  as  we  proceed,  that  the  iEpinian  th«o- Vetrified 
ry  is  adequate  to  the  explanation  v>f  the  -  phenomena',  hy  the  phe- 
Bnt  we  fee  it  much  more  remarkably  in  a  very  familiar  £°ITen.a‘ 
andamufing  experiment,  ufually  called  the  electric  WeU  ex. 
well.  See  Electricity,  EncycL  Sed.  x.  4.  phiueJ. 

To  fee  it  in  perfedion,  make  a  glafs  vefTel  of  globu-  * 
hr  fhape,  with  a  narrow  mouth,  fufficiently  wide,  how¬ 
ever,  to  admit  an  eledrometer  fufpended.  to  the  end  of 
a  glafs  rod  of  a  crooked  form,  fo  that  the  ekarometer 
can  be  prefented  to  any  part  of  the  infide.  Smear  the 
outfide  of  the  globe  with  fome  traniparent  clammy 
fluid,  fuch  as  fyrup.  Set  it  on  an  infulating  ftand  (a 
wine  glafs),  and  ele&rify  it  pofitively.  Hold  the  elec¬ 
trometer  near  it,  anywhere  without,  and  it  will  be 
ftrongly  affeded.  Its  deviations  from  the  perpendieu- 
hr  (if  the  ball  of  the  ekarometer  has  alfo  been  eledri- 
fied)  will  indicate  a  force  inverfely  as  the  fquare  of  the 
diftance  from  the  centre  of  the  globe,  pretty  exadly, 
d  the  thread  of  the  eledrometer  is  oflilk.  Now  let-  - 
down  the  ekarometer  into  the  infide  of  the  globe.  It 
will  not  be  affeaed  in  any  ferrfible  degree,  nor  *pDroach* 
or  avoid  any  body  that  is  lying  within  the  globe."  The 
ekarometer  may  be  held  in  all  parts  of  the  globe,  and 
when  brought  out  again,  is  perfedly  inadive  and  neu¬ 
tral.  But  if  the  balls  of  the  ekdrometer  be  touched 
With  a  wire,  while  hanging  free  within  the  globe,  they 
will,  on  withdrawing  the  wire,  repel  each  other ;  and 
when  taken  out,  they  will  be  found  negatively  elc&ri-i 

fied. 
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Eed.  The  experiment  fucceeds  as  well  with  a  metal 
globe  ;  nay,  even  although  the  mouth  be  pretty  wide  ; 
in  which  cafe,  there  is  not  a  perfed  balance  of  adion 
in  every  diredion.  The  eledrometer  may  be  made  to 
touch  the  bottom  of  the  globe,  or  anywhere  not  top 
near  the  mouth,  without  acquiring  any  fenfible  eledri- 
city  ;  but  if  we  touch  the  outfide  with  the  electrome¬ 
ter,  it  will  inftantly  be  eledrified  and  ft  rang  ly  repelled. 
Deep  cylinders,  and  all  round  veffels  with  narrow 
mouths,  exhibit  the  fame  faintnefs  of  eledricity  within, 
except  near  the  brims,  although  ftrongly  eledric  with¬ 
out  ;  and  even  open  metal  cups  have  the  interior  elec¬ 
tricity  much  diminifhed. 

Rt’fle&ing  on  this  valuable  propofition  of  Mr  Caven- 
dith,  we  fee  clearly  why  an  overcharged  eledric  is  only 
fuper  ficially  fa ;  and  that  this  will  be  the  cafe  even  al¬ 
though  we  attempt  to  accumulate  a  great  quantity  of 
eledricity  in  it,  by  melting  it  in  a  thin  glafs  globe,  and 
eledrifying  it  while  liquid,  and  keeping  up  the  accu¬ 
mulating  force  till  it  becomes  quite  cold.  The  prefent 
writer,  not  having  confidered  the  fubied  with  that  ju¬ 
dicious  accuracy  that  Mr  Cavendifh  exerted,  had  hopes 
of  producing  a  powerful  and  permanent  eledric  in  this 
way,  and  was  mortified  and  puzzled  by  the  difappoint- 
raent,  till  he  faw  his  miftake  on  reading  Mr  Cavendiflr  s 
differtation. 

Cautions  in  Thefe  obfervations  alfo  point  out  a  thing,  which 
certain  ex-  fhould  be  attended  to  in  our  experiments  for  difeover- 
periments.  Jngr  the  eledricity  excited  *in  the  fpontaneous  operations 
of  nature,  as  in  chemical  compofition  and  decompofi- 
tion,  congelation,  fufion,  evaporation,  See.  It  has  been 
ufual  to  put  the  fubftances  into  glafs,  or  other  non- 
conduding  veffels,  or  into  veffels  which  condud  very 
imperfedly.  In  this  laft  cafe  efpecially,  the  very  faint 
eledricity  which  is  produced,  inftantly  forms  acompen- 
fation.  to  itfclf  in  the  fubftance  of  the  veffel,  and  the 
apparatus  becomes  almoft  neutral,  although  there  may 
have  been  a  great  deal  of  eledricity  excited.  It  will 
be  proper  to  confider,  whether  the  nature  of  the  expe¬ 
riment  will  admit  of  metalline  veffels.  In  the  experi¬ 
ments  on  metalline  folutions,  the  heft  method  feems  to 
be,  to  make  the  veffel  itfelf  the  fubftance  that  is  to  be 
diffolved. 

For  fimilar  reafons  we  may  colled,  without  a  more 
minute  examination,  that  bodies  of  all  fhapes,  when 
iy  propor-  overcharged,  will  have  the  redundant  fluid  much  denfer 
tional  to  near  the  furface  than  in  the  interior  parts  ;  and  denfer 
the  furface  jn  aq  elevations,  bumps,  projedions,  angles,  and  near 
than  to  the  ^  eiv]s  cf  oblong  bodies  ;  and  that,  in  general,  the 
quantity  of  redundant  fluid,  or  redundant  matter,  will 
be  much  more  nearly  proportional  to  the  furfaces  of 
bodies  than  to  their  quantities  of  matter.  All  this  is 
f nlly  proved  by  experience.  The  experiment  of  the 
eledrified  chain  is  a  very  beautiful  one.  Lay  a  long 
metal  chain  in  an  infulated  metal  difh  furnifhed  with  an 
eledrometer.  Let  one  end  be  held  an  inch  or  two 
above  the  coil  by  a  frlk  thread.  Eledrffy  the  whole, 
and  obferve  the  divergency  of  the  eledrometer ;  then, 
gradually  drawing  up  the  chain  from  the  coil,  the  elec¬ 
trometer  will  gradually  fall  lower,  and  lowering  the 
chain  again  will  gradually  raife  it. 

We  now  fee  with  how  little  reafon  Lord  Mahon  con¬ 
cluded  that  the  point  of  his  condudor,  obferved  to  be 
neutral,  correfponded  with  his  theory  ;  namely,  one  of 
the  media  of  a  harmonic  divifion.  We  fee  no  reafon 
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for  beginning  the  computation  at  the  extremity  of  the 
prime  condudor.  It  certainly  fhould  not  have  been 
from  the  extremity.  Had  the  prime  condudor  been  a 
fingle  globe,  it  fhould  have  begun  from  the  centre  of 
this  globe.  If  it  was  of  the  ufual  form,  with  an  out- 
flanding  wire,  terminated  by  a  large  ball,  the  adion  of 
the  body  of  the  condudor  fhould  certainly  have  been 
taken  into  the  account.  In  fhort,  almoft  any  point  of 
the  long* condudor  might  have  been  accommodated  to 
his  Lordfhip’s  theory. 

We  might  now  proceed  to  inveftigate  the  dillribution 
of  the  eledric  fluid  in  bodies  expofed  to  the  adion  of 
others,  and  particularly  in  the  oblong  condudors  made 
ufe  of  in  our  preparatory  propolitions.  The  problem 
is  determinate,  when  the  length  and  diameter  of  cylin- 
dric  condudors  are  given  ;  but  even  when  the  eledric 
employed  for  inducing  the  eledricity  is  in  the  form  of 
a  globe,  we  mult  employ  fundions  of  the  diftances  that 
are  pretty  complex,  and  oblige  us  to  have  recourfe  to 
fecond  fluxions.  The  mutual  adions  of  two  oblong 
condudors,  of  confiderable  diameters,  give  a  problem 
that  will  occupy  the  firft  mathematicians ;  but  which  is 
quite  improper  for  this  fcanty  abftrad.  Nor  is  a  minute 
knowledge  of  the  difpofition  of  the  fluid  of  very  irc> 
portant  fervice.  We  may  therefore  content  ourfelves 
with  a  general  reprefentation  of  the  Hate  of  the  fluid  in 
the  following  manner,  which  will  give  us  a  pretty  di- 
flind  notion  how  it  will  ad  in  moll  cafes : 

Let  A  (fig.  20.)  be  an  overcharged  fphere,  and  BC  Ge^ 


a  conduding  cylindric  or  prifmatic  body  ;  draw  be  pa- jjon 0f ^ 


prefenta- 
“‘w’  v  “  ration  of  ti 
rallel  to  BC,  and  ered  perpendiculars  B  b,  C  c,  Ppy  difpota 
See .  to  reprefent  the  equable  denlity  of  the  fluid,  when  of  the  fki 
the  condudor  is  in  its  natural  ftate  ;  but  let  B  d,  Cr, 

Pj,  &c.  reprefent  the  unequal  denfities  in  its  different 
points,  while  in  the  vicinity  of  the  overcharged  fphere. 

Thefe  ordinates  mull  be  bounded  by  a  line  d  tir>  which 
will  cut  the  line  b  c  in  the  point  n  of  the  perpendicular, 
drawn  from  the  neutral  point  N  of  the  condudor.  The 
whole  quantity  of  fluid  in  the  condudor  is  reprefented 
by  the  parallelogram  BC  c  b  ;  which  mull  therefore  be 
equal  to  the  fpace  BC  rnd:  the  redundant  fluid  in 
any  portion  CP  or  PN  is  reprefented  by  the  fpaces 
c  r  t p,  or  t p  n  ;  and  the  redundant  matter,  or  deficient 
fluid,  in  any  portion  BQ^,  is  reprefented  by  b  d  v  q. 

The  adion  of  this  body  on  any  body  placed  near  it, 
depends  entirely  on  the  area  contained  between  this 
curve  line  and  its  axis  b  c .  The  only  circumftance  that 
we  can  afeertain  with  reiped  to  this  curve  is,  that  the 
variations  of  curvature  in  every  point  are  proportional 
to  the  forces  exerted  by  the  fphere  A  ;  and  are  there¬ 
fore  inverfely  as  the  fquares  of  the  diftances  from  A. 

This  property  will  be  demon!! rated  by  and  bye.  The 
place  of  n ,  and  the  magnitude  of  the  ordinates,  will  va¬ 
ry  as  the  diameter  of  the  condudor  varies.  We  fliall 
confider  this  a  little  more  particularly  in  fome  cafes 
which  will  occur  afterwards.  We  may  confider  the 
limpleft  cafe  that  can  occur  ;  namely,  when  the  con¬ 
ductor  is,  like  a  wire,  of  no  fenfible  diameter,  nay,  as 
containing  only  one  row  of  particles. 

Let  AE  (fig.  21.)  be  fuch  a  {lender  conduding  ca-  In  aver) 
nal ;  and  let  B  b,  C  c9  E  e,  Sec  reprefent  the  denlity  IkjkM  % 
of  the  fluid  which  occupies  it,  being  kept  in  this  ftate  roBf  * 
of  inequable  denfity  by  the  repullion  for  fome  over-  almof 
chaiged  body.  A  particle  in  C"  is  impelled  in  the  di- equally j 
redion  CE  by  all  the  fluid  on  the  fide  of  A,  and  in  theftrlbute 

diredion 
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direction  CA  by  all  the  fluid  on  the  flde  of  E.  The 
moving-  force,  therefore,  arifes  from  the  difference  of 
thefe  repuliions.  When  the  diameter  of  the  canal  is 
couflant,  this  arifes  only  from  the  difference  of  denfity, 
I  he  force  of  the  element  adjacent  to  E  may  therefore 
be  expreffed  by  the  excefs  of  D  d  above  C  c9  and  the 
affjon  at  the  di dance  CD  jointly.  Therefore,  draw¬ 
ing  fict  parallel  to  AE,  this  force  of  the  element  E 

will  be  expreffed  by  ~  x ,  repelling  the  particle  in  the 
diredion  CA.  If  CF  be  taken  equal  to  CD,  the  force 

/*  ‘  /> 


of  the  clement  at  F  will  be  expreffed  by‘ — \  x.  or  —  r, 

alfo  impelling  the  particle  in  the  diredion  CA.  The 

joint  adion  of  thefe  two  elements  therefore  is  y2—  x. 

It  bee  were  a  ftraight  line,  we  fliould  have  d$  al- 

ways  proportional  to  c  S  ;  and  it  might  be  expreffed 
by  m  XrS  ;  m  being  a  number  exorefling  what  part  of 
cS  the  fum  of  d  *  and /■?  amounts  to  (perhaps  Ayth,  or 
t  T^th,  or  TVth,  See.).  But  in  the  cafe  expreffed  in  the 
figure,  d*  does  not  incteafe  fo  fad  as  r  <r,  arid  fT  in- 

1  creafes  fader  than  c  S.  However,  in  the  immediate 
neighbourhood  of  any  point  C,  we  may  exprefs  the 

accelerating  force  tending  towards  A  by  ~~  with¬ 
out  any  fen  Able  error ;  that  is,  by  m  ~ ;  that  is,  by 

the  fluxion  of  the  area  of  a  hyperbola  HD'G,  having 
CC  and  CK  for  its  affymptotes  ;  and  the  whole  ?.c- 
tion  of  the  fluid  between  F  and  D,  on  the  particle  C, 
will  be  expreffed  by  the  area  C'CDDTI.  Hence  it 
follows,  that  the  adion  of  the  fmalled  conceivable  por-  * 
tion  of  the  canal  immediately  adjoining  to  C  on  both 
Tides,  or  the  difference  of  the  actions  of  the  two  ad¬ 
joining  elements,  is  equal  to  the  adion  of  all  beyond  it. 
Tiiis  (hews,  that  the  date  of  compreffion  is  hardly  af- 
feded  by  any  thing  that  is  at  a  fenfible  didance  from 
C  ;  and  that  the  den  fit y  of  the  fluid,  in  an  indefinitely 
(lender  canal,  is,  to  all  fenfe,  umform.  The  geometer 
will  alfo  fee,  that  the  fecond  fluxion  of  D  d  is  propor* 
tional  to  the  force  of  the  didant  body.  We  learn, 
therefore,  fo  much  of  the  nature  of  the  curve  bee.— 
{Coulomb). 

m  We  are  now  in  a  condition  to  examine  the  commu¬ 
nication  of  eledricity  by  means  of  conducting  canals 
(which  is  one  of  the  mod  important  articles  of  the  An¬ 
dy),  having  found  that  the  fluid,  in  a  very  (lender  ea- 
ic  nal,  is  very  nearly  of  uniform  denfity  throughout. 
m  u  There  can  be  no  doubt  but  that,  if  a  body  B  (fig. 

2  d  22‘)  *?e  overcharged  or  undercharged,  any  other  body 
b  C,  which  communicates  with  it  by  a  conduding  canal, 
k  wdl  alfo  be  overcharged  or  undercharged.  It  is  as  evi¬ 
dent,  that  if  a  body,  in  any  date  of  eledricity,  be  in 
the  neighbourhood  of  an  overcharged  or  undercharged 
body  A,  while  it  communicates  with  C  by  a  canal  lead¬ 
ing  from  the  fide  mod  remote  from  A,  fluid  will  be 

o  driven  from  B  into  C,  or  abdra&ed  from  C  into  B. 
re  e(j  It  is  not,  nowever,  fo  clear,  that  when  the  canal 
leads  from  the  fide  neared  to  A  (as  in  fig.  23.),  fluid 
will  be  driven  from  B  into  C.  We  conceive  the  fluid 
to  be  moveable  in  the  body  and  in  this  canal,  but  not 
to  efcape  from  it.^  Its  motion,  therefore,  in  this  cafe, 
mould,  in  the  opinion  of  Mr  Cavendifh,  referable  the 
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running  of  water  in  a  fyphon  bv  the  nreflureof  the  air. 

While  the  repulfion  of  the  redundant*fluid  in  A  allows 
the  bend  of  the  fyphon  neared  to  A  to  retain  fluid,  a 
current  fliould  take  place  from  B  along  the  fliort  1  eg, 
in  confluence  of  the  fuperior  aftion  on  the  fluid  in 
the  long  leg.  But  if  the  repulfion  of  A  can  drive  the 
fluid  out  of  the  bend  between  E  and  F,  Mr  Cavendifh 
thinks,  that  it  does  not  appear  that  fluid  will  come 
up  from  B  in  oppofition  to  the  repulfion  of  A,  and 
tnen  run  along  to  D.  But  fluid  does  not  move,  in  ei¬ 
ther  of  thefe  cafes,  on  the  principle  of  a  fyphon  ;  be- 
caufe  there  is  nothing  to  hinder  the  fluid  from  expand- 
nig  m  the  part  EDI'.  And  we  are  rather  difpofed  to 
thmk,  that  it  will  always  move  from  B,  over  the  bend, 
to  C  :  ror  even  if  the  fluid  can  be  completely  driven 

°illt  jk.e  11  m.uft  be  done  by  degrees,  and 

the  fluid  in  tne  long  leg  will,  from  the  very  beginning 
°*  ?*&I0n  of  A,  be  more  moved  from  its  place  than 

that  m  the  Ihort  leg;  and  therefore  will  yield  to  the 
compreffion,  which  acis  tranfvcrfely,  and,  by  thus  yield- 
ing  more  toward  F  than  toward  E,  the  fluid  will  rn fh 
through  the  contracted  part,  and  go  into  C.  We  do 
not  fry  this  with  full  confidence  ;  but  are  thus  particu¬ 
lar,  on  account  of  an  important  ufe  that  may  be  made 
of  the  experiment.  For  if  the  body  A  be  underchar-  Propofa! 
ged,  fluid  will  certainly  be  attracted  from  C,  and  pafs^rdifcoveIV 
over  the  bend  into  B,  however  great  the  adion  of  aS^"' 
may  be.  1  erhaps  this  may  be  fo  contrived,  therefore,  fluid 
as  to  decide  the  long  agitated  queilion,  Whether  the  elec- 
tricity  oj  excited  glafs  be  plus  or  minus  ?  If  Jt  be  found 
that  this  apparatus,  being  prefented  to  the  rubber  of 
an  tledrical  machine,  diminifhes  the  pofitive  eledricity 
.  ?f  C>  and  ‘"creafes  that  of  B  ;  but  that,  prefenting  the 
fame  apparatus  to  the  prime  condirdor,  makes  little 
change— we  may  conclude,  that  the  eledricity  of  the 
prime  condudor  is  pofitive.  We  have  tried  the  expe¬ 
riment,  paying  attention  to  every  circurcftance  that 
teemed  likely  to  infure  fuccefs;  but  we  have  always 
ound  hitherto,  that  the  apparatus  was  equally  affeded 
by  both  eledncities. 

We  mull  now  confider  the  adion  of  eledtified  bo¬ 
dies  on  the  canals  of  communication;  becaufe  this  will 
give  us  the  ealitft  method  of  afcertainW  the  propor¬ 
tion  in  which  the  expelling  fluid  is  dillribnted  between 
them,  ror  when  two  bodies  communicate  by  a  canal, 
and  have  attained  a  permanent  Hate,  we  mud  conceive 
that  their  oppofite  adions  on  the  fluid  moveable  along 
this  canal  are  in  equilibrio,  or  arc  equal.  This  will 
gene  tally  be  a  much  ealier  problem  than  their  adion  on 
each  other  fince  we  have  feen  a  little  ago,  that  the 
fluid  in  a  {lender  canal  is  of  uniform  denfity  very  near- 
ly.  A  very  few  examples  of  the  molt  important  of 
the  umple  cafes  muff  fufiiee. 

a  AC  *  ,24')  r£Prcfent  the  edge  of  A  A  a 

a  thin  conduding  circular  phte,  to  which  the  /lender P^tc  on  a 
canal  CE  is  perpendicular  in  the  centre.  It  is  required rectilineal 
to  determine  the  adion  of  the  matter  or  fluid,  uniform- canal* 

iy  fpread  over  this  plate,  on  the  fluid  moveable  in  the 
canal  PC  ? 

i.  Required  the  adion  of  a  particle  in  A  on  the  too, 
fluid  in  tiie  whole  canal?  Join  AP  ;  and  call  CP  x, 

.  and  AC  r;  and  let/exprefs  the  intenfity  of  ac¬ 
tion  at  the  diltance  I,  or  the  unit  of  the  fcale  on  which 
the  lines  are  meafured. 

The  adion  of  A  on  P,  in  the  diredion  AP,  is  =£ 

4  E  This, 
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This,  when  c  (limited  in  the  direftion  CD,  is  reduced 
/  w  *  ;c  therefore  —  f  r.  Therefore 


to  '  r  X  —  ;  and  is  therefore  —  f  yi 
the^uxion  of  the  aftion,  in  the  direftion  CP,  on  the 
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To  find  the  aftion  of  the  plate  on  the  whole  co-  in 

i  3  V  .  i  0 ;  L  thj 

lumn  ?  whole 

The  fluxion  of  this  mull  bt  =  t/aX  (l  —  ~J  «,Cins1, 


the  fluxion  oi  tne  au.iou,  m  v*  . 

whole  c„!, is/  ~  i  =  /  H  <•»“*  »•>«/«  “  »/«  (*  “  7)’  »*/**£-»>  b““f'  '  = 


r  "  y 

The  variable  part  of  the  fluent  is  = 


_  ■*  .  i\ 

/  — and  the  complete  fluent  is  /  (C  y  )> 

where  C  is  a  conftant  quantity,  accommodated  to  the 
nature  of  the  cafe.  Now, -the  aftion  mull  vamlh  when 
the  canal  vaniihes,  or  when  *  =  o,  and  y  —  r.  t  here- 


X  X 


IT3 


fore  C 


—  =  o,  and  C  =  “  ;  and  the  general  ex- 


.  .  r(  '  1  \  _  A 

preflion  of  the  aftion  is/  —  J>  —J 


ex- 


preffing  the  aftion  of  a  particle,  in  the  circumference  o 
the  plate  on  the  fluid-in  the  whole  canal  Cl  • 

2.  Required  the  aftion  of  the  plate,  whofe  diameter 

is  A  a,  on  the  particle  P  ?  ,  .  , 

110  Let  a  reprefent  the  area  of  a  circle,  whofe  diameter 

^e°paraticTe'is  =  I.  Then  a  r*  is  the  area  of  the  plate,  and  2  arr 
nuhc  canal  ;3  tjie  fluxi0n  of  this  area  ;  becaufe  r  :  y  —  y  :  r,  2  a 
rr  is  =  2  ay  y.  Therefore  the  fluxion  of  the  aftion  of 

X 


the  plate  on  the  particle  P  is/X  2  ay  y  X^,  -  2  fa 


*xX 

yl 


The  fluent  of  this  has  for  its  variable  part 


1ja  K  x  — L  (for  when  the  particle  P  is  given,  *  does 


not  vary).  This  is  —  2  fa  X 


To  complete 


this  fluent,  we  mud  add  a  conftant  quantity,  which  fhall 
make  the  fluent  =  O  when  the  particle  P  is  at  an  in¬ 
finite  diftance  ;  and  therefore  when  xr=y.  i  herefore 


The  fluent  of  this  has  for  its  variable  part  2  fa 

y 

X  [x  _ y).  A  conftant  quantity  muft  be  added, 

which  fhall  make  it  =  o  when  the  column  =  o  ;  that 
is,  when  y  r ,  and  x  ~  c  ;  that  is,  C  —  r  n:  o,  and 
C  =  r.  Therefore  the  complete  fluent  is  =  2 fa  (x  + 
r — y).  t  «► 

Thus  have  wC  arrived  at  a  moft  Ample  expreflion  of  Geometri 
the  attra&iou  or  repulfion  of  a  plate  for  fuch  a  column,  cal  expre 
or  for  portions  of  fuch  a  column.  And  it  is  molt  ea-fionofthi 
fily  conftru&ed  geometrically,  fo  as  to  give  us  a  fenliblea(i  l01bi 
image  of  this  a&ion  of  eafy  conception  and  remem¬ 
brance.  It  is  as  follows  :  Produce  PC  till  CK  =  C  A, 
and  about  the  centre  P  deferibe  the  arch  AI,  cutting 
CK  in  I.  Then  .2  fa  X  IK  is  evidently  the  geometri¬ 
cal  expreflion  of  the  attra&ion  or  repulfion.  This  is 
plainly  a  cylinder,  whofe  radius  is  a  unit  of  the  fcale, 
and  whofe  height  is  twice  IK. 

In  like  maimer,  by  deferibing  the  arch  A  1  round 
the  centre^,  we  have  2  fa  X  i  K  for  the  a&ion  of  the 
plate  on  the  fmall  column  Cp  ;  and  if  a  X  I  i  is  the 
a&ion  of  the  plate  on  the  portion  P p. 

The  general  meaning  of  the  expreflion  if  a  X  IK  is, 
that  the  a&ion  of  the  whole  plate  on  the  column  PC 
is  the  fame  as  if  all  the  fluid  in  the  cylinder  a  X  2  IK, 
were  placed  at  the  diftance  1  from  the  a&ing  par¬ 
ticle. 

From  this  propofition  may  be  eafily  deduced  fome 
very  ufeful  corollaries  by  the  help  of  the  geometrical 
conftru&ion. 

If  PC  be  very  great  in  comparifon  with  AC,  the 


iif 


y_ _ *  o  or  1  —  -=  o,  or  C  =  1  ;  and  the  com- 
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a&ion  is  nearly  the  fame  as  if  the  column  were  inhmte- 
ly  extended  ;  for  in  this  cafe  IK  is  very  nearly  =  CK, 
the  difference  being  to  the  whole  nearly  as  AC  to  twice 

AP.,  .  id 

If,  in  addition  to  this  laft  condition,  another  co-  import; 

/~X  1  r  11  ’  _ yv  T  A  O  f  Vt  An  +  L*  C'l  \  TO  l  j 


„  r  .v  ;«  7  fa  (1  —  2/ If,  in  addition  to  this  laft  condition,  another  co- impoti 

plete  fluent  for  the  whole  plate  a  2./;  U  y  7-  ^  lumn  p  c  be  very  fman  in  comparifon  of  AC,  then^thecoroto 


in. 


The  meaning  of  this  expreflion  may  not  occur  to 


the  reader  :  For  i  — -  is  evidently  an  ab draft  number; 

fo  is  a  Therefore  the  expreflion  appears  to  have  no 
reference  to  the  fize  of  the  plate.  But  this  agrees  with 
the  obfervation  in  n°  91.  where  it  was  (hewn,  that  pro¬ 
vided  the  angle  of  the  cone  or,  pyramid  remained  the 
fame  the  magnitude  of  the  bafe  made- no  change  in  its 
attraftion  or  repulfion  for  a  particle  in  the  vertex. 

It  will  appear  by  and’ bye,  that  3  —  j  is  a  mea- 

fure  or  funftion  of  a  certain  angle  of  a  cone. 

Cor.  If  PC  be  very  fmall  in  proportion  to  tue 

a&ion  is  nearly  the  fame  as  if  the  plate  were  infinite  : 


For  when  the  plate  is  infinite,  ~  is  —  ©>  and  the  ac- 

tion  is  =  1,  whatever  is  the  diftance  (fee  n°  91— 93>; 
Therefore,  when  x  is  very  fmall  in  comparifon  of  r,  and 


confequently  of*  •  —  J  »  ver>'  ^arly  =  1. 


a&ion  on  PC  is’  to  that  on  p: C  very  nearly  as/>C  to 
AC.  For  it  will  appear  that  i  K  :  IK  =  p  C  :  AC 
very  nearly.  It  is  exa&ly  fo  when  CP  :  CA  =  CA 
:  C  p  ;  and  it  will  always  be  in  m  greater  proportion 
than  that  of  p  C  to  IK. 

This  will  be  found  to  be  a  very  important  obferva- 
tion. 

The  redundant  fluid  has  hitherto  been  fuppofed  to 
be  uniformly  fpread  over  the  plate  but  this  cannot 
be  ;  becaufe  its  mutual  repulfion  will  caufe  it  to  be 
denfer  near  the  circumference.  We  have  not  determi¬ 
ned,  by  a  formula  of  eafy  application,., what  will  be  the 
variation  of  denfity.  Therefore  let  us  confide r  the  re- 
fuk  of  the  extreme  cafe,  and  fuppofe  the  whole  redun¬ 
dant  fluid  to  be  crowded  into  the  circumference  of  the 
plate,  as  we  faw  that  it  muft  be  on  the  furface  of  a 

8  In  this  cafe  the  aftion  on  the  fluid  in  the  canal  will 

bey-a  (r  —  —  Vi  For  the  area  of  the  plate  is  a  r%  aud^“] 
yJ  the 


t  icr  t 
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the  a&iorr  of  a  particle  in  the  circumference  on  the 
whole  canal  was fhevvn  (n°  109.)  to  be /  There- 

fore  the  a&ion  of  the  whole  fluid  crowded  into  the  cir- 

y  —  r 

—  far  — - — .  It  may  be 


cumference  is  f  afy?— 

•  T  j  j 

reprefented  as  follows  :  Defcribe  the  quadrant  C  b  BE, 

cutting  APand  Ap  in  B  and  b .  Draw  BD  and  bd 
parallel  to  PC.  Then  PB  =  y  — -  r,  and  DC  =  r 
y — r 

“  *  Therefore  the  a&ion  is  reprefented  by  /  mul¬ 
tiplying  a  cylinder,  whofe  radius  is  i  and  height  is 
DC.  In  like  manner,  dQ  is  the  height  of  the  cylin¬ 
der  correfponding  to  the  column p  C>  and  D  d  the  height 
correfponding  to  P  p . 

Cor .  1.  When  CP  is  very  great  in  comparifon  with 
CA,  the  point  D  is  very  near  to  A,  and  I  is  very  near 
to  C,  and  CD  is  to  IK  nearly  in  the  ratio  of  equality. 
In  this  cafe  the  adbon  of  the  fluid,  uniformly  fpread 
over  the  plate,  is  nearly  double  of  the  a&ion  of  the 
fame  fluid  crowded  round  the  circumference  ;  for  they 
are  as  cylinders,  having  the  fame  bafes  and  heights  in 
the  ratio  of  2  IK  to  DC,  which  is  nearly  the  ratio  of 
2  to  I. 

2.  On  the  other  hand,  when  the  column  p  C  is  very 
fhort,  the  aftion  of  the  fluid  fpread  uniformly  over  the 
plate  is  to  its  adlion,  when  crowded  round  the  circum¬ 
ference,  nearly  in  the  ratio  of  4  AC  to  /  C.  For  thefe 
aftions  are  in  the  ratio  of  2  fa  X  i  K  to  1  fa  X  d  C,  or 
as  2  1  K  to  dQ,  ©r  nearly  as  2  p  C  to  dQ,  or  more 
nearly  as  ibd  to  dQ.  But  C  d  ;  b  d  rr  b  d  :  b  A 
+  A  d,  or  nearly  =  bd\i  CA,  Therefore  C  d :  2  b  d 
—  P  C  14  CA  nearly. 

Hence  we  fee  that  the  a&fon  on  fhort  columns  is 
much  more  diminiflied  by  the  recefs  of  the  redundant 
fluid  toward  the  circumference  than  that  on  lono-  co¬ 
lumns.  Therefore,  any  external  dearie  force  which 
tends  to  fend  fluid  along  this  canal,  and  from  thence  to 
»prcad  it  over  the  plate,  will  fend  into  the  place  a  great¬ 
er  quantity  of  fluid  than  if  the  fluid  remained  ultimate¬ 
ly  in  a  ftate  of  uniform  distribution  over  its  furface  ; 
and  that  the  odds  will  be  greater  when  the  canal  is 
fhort; 

on  this  fuhjed,  If  KL  be  taken  equal  to 
LA01-.  be  eTiaI  to  the  repullion  which  all 
the  fluid  m  the  plate,  coll'e&ed  in  K,  would  exert  on 
the  fluid  in  the  canal  CL,  is  equal  to  the  repulflon 
which  die  fame  fluid,  conftipated  in  the  circumference, 
would  exert  on  the  column  CP.  For  we  have  feen 
that  the  adlion  of  a  particle  in  A  on  the  whole  column 

PC,  when  eftimated  in  the  direction  PC,  is  - - -•  and 

•  •  y r  9 

it  is  well  known  that  the  a&ien  of  a  particle  in  K  for 

the  column  CL  is  ~  _ or  ^  _  i  = 

1  herefoie  the  adion  of  the  whole  fluid/  colleded  in 
the  circumference,  on.  the  column  CP  is  equal  to  that 
of  the  fame  fluid,  colkded  in  K,  on  the  columns  CL. 

1 '  co*uirm  CP  is  very  long  in  proportion 

V?  AC  °*  KC.’  the  anions  of  the  fluids  in  thefe  two 
eittereut  litnation3  are  very  nearly  the  fame.  The  ac- 
tl0P  collected  in  K  exceeds  its  aftion  when 

collected  in  A  only  by  its  a&ion  on  the  fmall  and  re¬ 
mote  column  LP*  The  aft  ion  of  all  the  fluid  colled- 


122* 
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ed  at  K  on  the  column  CP,  is  eafily  had  by  taking 
Q  l  —  KP.  It  is  equal  to  the  a&ion  of  the  fame  fluid 
placed  in  A  on  the  column  C  /. 

Cor.  2.  The  a&ion  of  all  the  fluid  uniformly  fpread, 
exerted  on  the  column  CP,  is  to  the  a&ion  of  the  fame 
fluid  colle&ed  in  K,  exerted  on  the  column  CL,  as 

2  IK  to  CD. 

If  the  column  CP  1*3  very  great  in  proportion  to  AC, 
the  half  breadth  of  the  plate,  the  a&iori  in  the  flrfl  cafe 
is  very  nearly  double  of  the  a&ion  in  the  other  cafe, 
and  is  exa&ly  in  this  proportion  if  CP  is  of  infinite  ex¬ 
tent.  n4 

Cor.  3.  If  CNO  be  a  fpherical  furface  or  fhell  of^ftkn  cfa  4 
the  fame  thicknefs  and  diameter  as  the  plate  A  a,  and^^arc^  „ 
containing  redundant  fluid  of  the  fame  uniform  denlity,  fiielfCor 
the  action  of  this  fluid  on  the  column  CL  is  double  oflblid,on  the 
the  a&ion  of  the  fluid  uniformly  fpread  over  the  plate^ame 
on  the  column  CP,  and  quadruple  of  the  adtion  of‘thecana^ 
fluid  collected  in  the  circumference  ;  for  the  action  is 
the  fame  as  if  all  were  collected  in  the  centre  K,  and 
the  fm face  of  the  fphene  is  four  times  that  of  the  plate, 
and  therefore  they  arc  as  IK  to  2  CD- 

Let  us  now  confider  the  comparative  a&ions  of  dif¬ 
ferent  plates  or  fpheres  011  the  canals.  125 

If  two  circular  plates,  DE,  de  (fig.  25.},  or  two  A&ionsof  ? 
fpherical  fliells,-  ABO,  a  bo,  of  equal  diameters  ando/°J^ates,< 
thicknefs  with  the  plates,  and  containing  redundant  fpheres,  are' 
fluid  of  equal  denfity,  communicate  with  infinitely  ex- as  their  dia- 
tended  ftraight  canals  OP,  0 p ,  pafling  through  theirmeters* 
centres  perpendicular  to  their  furfaces,  alfo  containing ^ 
fluid  uniformly  dilbibuted  and  of  equal  denfity — 
repulfions  will  be  as  the  diameters.  For  the  repulflon  long, 
of  the  fpherical  furfaces  is  the  fame  as  if  all  the  fluid 
were  colle&ed  at  their  centres ;  and  the  repulflon  of 
the  fluid  uniformly  fpread  over  the  furfaces  of  the  plates 
is  double  of  its  repulflon  if  collected  at  the  centres  of 
thefe  fpheres  ;  it  follows,  that  the  repulfions  of  the 
plates  are  proportional  to  thofe  of  the  fpheres.  But 
becaufe  the  repulflon  of  a  plate  whole  radius  is  r  was 
fliewn  to  be  zs  2  a  Xr  -f-  x — y,  and  when  the  co¬ 
lumn  is  infinitely  extended,  x  is  equal  to  y,  and  r  -f-  x  — y 
—  r,  it  follows,  that  the  repulfions  of  the  plates  are  as. 

2  a  X  R  and  2  a  X  r,  or  proport ional  to  their  diameters,.  . 

Therefore  the  repulfions  of  the  fpheres  are  in  the  fame  : 
proportion. 

Cor.  1.  If  the  canals  are  very  long  in  proportion  t(v  llS 
the  dianieters  of  the  plates  or  fpheres,  the  repulfions  are 
nearly  in  the  fame  proportion. 

Cor.  2.  But  as.  the  lengths  of  the  canals  diminifli,  \lieThe  \no. 
repulfions  approach  to  equality  ;  ror  it  was  (hewn,  thatpunion  of 
when  the  canal  was  very  fmall,  the  repullion  was  tothc  greatt:ft 
that  for  an  infinite  column  as  the  length  of  the  canal^^^^r 
to.  the  radius  of  the  plate.  Therefore  if  the  radius-the  canah/ 
ot  the  greater  plate  be  (for  example)  double  of  that.au:  ihort. 
of  the  /mailer,  and  the  little  column  be  V%th  of  the 
radius,  it  will  be  -r^th  of  the  radius  of  the  fmaller  plate* 

Now  -t~ih  of  half  the  repulflon  is  equal  to  T~th  of  the 
double  repulflon.  Alfo,  in  the  cafe  of  the  fpheres,  the 
repulflon.  of  a  particle  at  the  furface  is  as  the  quantity  , 

of  fluid  diredly,  and  as  the  fquare  of  the  radius  inverft* 
ly  j  but  when  the  denfity  is  the  fame  in  both  fliells,  the 
quantity  is  as  the  furface,  or  as  the  fquare  of  the  ra¬ 
dius.  Therefore  the  repulfions  are  equal. 

Cor.  3.  If  the  denfity  of  the  fluid  in  two  fphericaL 
fliells  be  inverfely  as  the  diameters,  the  repulfions  for  an 
4  E  2  infinitely 
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i*8  infinitely  extended  column  of  fluid  are  equal ;  for  each 

twmT^hcres reP€^s  33  ^  r^ie  was  c°He&ed  in  the  centre, 

are  equal  if  Therefore,  if  the  denfity,  and  confequently  the  quan- 
the  denfity  tity,  be  varied  in  any  proportion,  the  repulfion  will  vary 
he  inversely  hi  the  fame  proportion.  The  repulfions  will  now  be 
as  the  dia-  ^  j 

meters;  -  ag  qq  x  to  coX  — ,  or  in  the  ratio  of  equality. 
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Or  if  the  Cor.  4.  When  the  quantities  of  redundant  fluid  in 
quantity  of  two  fplieres  are  proportional  to  their  diameters,  their 
nduU,Kant  repulflons  f°r  «m  infinitely  extended  canal  are  equal  : 
the  dia  in  el  ^or  ^  ^is  redundant  fluid  is  conflipated  in  the  furfaces 
tejrs.  of  the  fpheres,  as  it  always  will  be  when  they  confill  of 
conducting  matter,  the  denlities  are  as  the  diameters  in- 
verfelv,  becaufe  the  furfaces  are  as  the  fquares  of  the 
diameters.  Therefore,  by  the  laft  corollary,  their  ac¬ 
tions  on  an  infinitely  extended  canal  are  equal.  But 
in  fpheres  of  nonconducting  matter  it  may  be  different¬ 
ly  difpofed,  in  concentric  (hells  of  uniform  denfity. 
This  makes  no  change  in  the  adion  on  the  fluid  that 
is  without  the  fphere,  becaufe  each  (hell  ads  on  it  as 
if  it  were  all  collected  in  the  centre.  Therefore  the 
repulflons  are  ft  ill  equal. 

«Pwo  3  Cor .  5 .  Two  overcharged  fpheres,  or  fpherical  (hells, 

fpheres  OAB,  oab  (fig.  2 6.),  communicating  by  an  infinitely 
overchar-  extended  canal  of  conducting  matter,  contain  quanti¬ 
sed  in  this  0f  redundant  fluid  proportional  to  their  diameters  ; 

for  their  aCtions  on  the  fluid  in  the  interjacent  canal 
Jibrio  if  mud  be  in  equilibrio,  and  therefore  equal.  This  will 
corum  uni-  be  the  cafe  only  when  the  quantities  of  fluid  are  in  the 
eating  by,  a  pr0porti0n  of  their  diameters. 

canal. OI ^  When  the  canals  are  very  long  in  proportion  to  the 

diameters  of  the  fpheres,  the  proportion  of  the  quanti¬ 
ties  of  redundant  fluid  will  not  greatly  differ  from  that 
of  the  diameters. 

13 1.  Cor.  6.  When  the  fpheres  of  condu Cling  matter  are 
tlvjs  in  equilibrio,  the  preflures  of  the  fluid  on  their 
furfaces  are  inverfely  as  their  diameters  ;  for  the  repul¬ 
fion  of  a  panicle  at  the  furface  is  the  fame  with  the 
tendency  of  that  particle  from  the  centre  of  the  fphere, 
the  aClions  being  mutual.  Now  this  is  proportional  to 
the  quantity  of  redundant  fluid  diredly,  and  to  the 
fquare  of  the  diftance  from  the  centre  inverfely,  that  is, 
to  the  diameter  dircClly,  and  to  the  fquare  of  the  dia¬ 
meter  inverfely,  that  is,  to  the  diameter  inverfely. 
Tendency  Hence  it  follows,  that  the  tendency  to  efcape  from 
of  the  fluid  the  fpheres  is  inverfely  as  the  diameter,  all  other  cir- 
to  efcape  is  cumftances  being  the  fame  :  for  in  as  far  as  the  efcape 
proceeds  from  mere  eledric  repulfion,  it  muft  follow 
meter. "  this  proportion.  But  there  are  evident  proofs  of  the 
co-operation  of  other  phyfical  caufes.  We  obferve  che¬ 
mical  compofitions  and  decompolitions  accompanying 
the  efcape  of  eleClric  fluid,  and  its  influx  into  bodies  : 
we  arc  ignorant  how  far,  and  in  what  manner,  thefe 
operations  are  affcCled  by  diftance.  Bofcovich  (hews 
mod  convincingly,  that  the  aClion  of  a  particle  (of 
whatever  order  of  compofition),  011  external  atoms  and 
particles,  is  furprifingly  changed  by  a  change  in  the 
diftance  and  arrangement  of  its  component  atoms.  A 
conftipation,  therefore,  to  a  certain  determined  degree 
and  lineal  magnitude,  may  be  neceffary  for  giving  oc- 
caflon  to  fome  of  thofe  chemical  operations  that  accom¬ 
pany,  and  perhaps  occafion,  the  efcape  of  the  eleClric 
fluid.  If  this  be  the  cafe  (and  it  is  demonjlrable  to  be 
pofiible,  if  the  operations  of  Nature  be  owing  to  attrac- 


1  c  1  T  Y. 

trons  and  repulflons),  the  efcape  rnvjl  be  defultory. 
is  aClually  fo  ;  and  this  confirms  the  opinion. 


It 


The  public  is  indebted  to  Mr  Cavendifh  for  the  pre¬ 
ceding  theorems  on  the  aClion  of  fpheres  and  circular 
plates.  He  has  given  them  in  a  more  abflrad  and  ge¬ 
neral  form,  applicable  to  any  law  of  eleClric  adion 
which  experience  may  warrant.  We  have  accommo¬ 
dated  them  to  the  inverfe  duplicate  ratio  of  the  dif* 
tances,  as  a  point  fufficiently  eftablifhed  ;  and  we  hope 
that  we  have  rendered  them  more  Ample  and  perfpicu- 
oust  We  have  availed  ourfelves  of  Mr  Coulomb’s  de« 
monfl ration  of  the  uniform  denfity  in  the  canal,  with- 
qut  which  the  theorems  could  not  have  been  demon- 
ftrated.  The  minute  quantity  of  the  fluid  in  the  ca- 
qal  can  have  no  fen  Able  effed  on  the  difpofition  or  pro¬ 
portion  of  the  fluid  in  the  plates  or  fpheres. 

It  may  be  thought  that  the  laft  corollary,  refpedingThi<prop( 
the  equilibrium  of  two  fpheres,  is  not  agreeable  to  hy-^c.ona^ 
droilatical  principles,  which  require  the  equality  of  the 
two  forces  which  balance  each  other  at  the  orifices  ofiaws. 
the  (lender  cylindric  canal;  whereas,  in  that  corollary, 
the  forces  at  the  extremities  of  the  canal  are  inverfely 
as  the  diameters  of  the  fpheres  or  plates.  This  would 
be  a  valid  objedion,  if  the  compreffing  forces  aded  on¬ 
ly  on  the  extremities  of  the  canals ;  but  they  ad  on 
every  particle  through  their  whole  length.  It  is  not, 
therefore,  the  prdTure  at  one  end  of  the  canal  that  is 
in  equilibrio  with  the  preffute  at  the  other  end,  by  the 
interpolition  of  the  fluid.  It  is  the  prefiure  at  one 
end,  together  with  the  fum  of  all  the  intermediate  pref- 
fures  in  that  diredion,  that  is  in  equilibrio  with  all  the 
preffure  in  the  oppofite  diredion.  The  preflures  at 
the  ends  are  only  parts  of  the  whole  oppofite  preflures ; 
they  are  the  full  in  each  account.  In  this  manner 
a  flender  pipe,  having  a  ball  at  each  end,  may  be  kept 
filled  with  mercury,  while  lying  horizontal,  if  the  air 
in  each  ball  is  of  equal  denfity.  But  if  it  be  railed  per¬ 
pendicular  to  the  horizon,  it  cannot  remain  filled  from 
end  to  end,  unlefs  the  2ir  of  the  ball  below  be  made  fo 
elaftic  by  condenfation,  that  its  preffure  on  the  lower 
orifice  of  the  pipe  exceed  the  preffure  of  the  air  in  the 
upper  ball  on  the  other  orifice  by  a  force  equal  to  die 
weight  of  the  mercury,  that  is,  to  the  aggregate  of  the 
adion  of  gravity  011  each  particle  of  mercury  in  the 
pipe.  Therefore  the  repulfions  of  the  fpheres  that  we 
are  fpeaking  of  are  in  equilibrio  by  the  intervention  of 
the  fluid  in  the  canal,  in  perfed  confiftency  with  the 
laws  of  hy droilatical  prefiure. 

Mr  Cavendifh  has  purfued  this  fubjed  much  farther, 
and  has  confidered  the  mutual  adion  of  more  than  two 
bodies,  communicating  with  each  other  by  canals  of 
moveable  fluid  uniformly  derffe.  But  as  we  have  not 
room  for  the  whole  of  his  valuable  pi  opofitions,  we  fe- 
leded  thofe  which  were  elementary  and  leading  theorems, 
or  fuch  as  will  enable  us  to  explain  the  mod  important 
phenomena.  They  are  alfo  fuch,  as  that  the  attentive 
reader  will  find  no  difficulty  in  the  inveftigation  of 
thole  which  we  have  omitted. 

Mr  Cavendifh’s  moil  general  propofition  is  as  follows :  General 

When  an  overcharged  body  communicates,  by  a 
nal  of  very  great  length,  ftraight  or  crooked,  with  twOj^  [0l 
or  more  fimilar  bodies,  alio  at  a  very  great  diftance  ft ate  of 
from  each  other,  and  all  are  in  eledric  equilibrium,  andcommu'1 

confequently 
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confequently  each  body  overcharged  in  a  certain  deter¬ 
mined  proportion,  depending  on  its  magnitude,  if  any 
two  of  thefe  bodies  are  made  to  communicate  in  the 
fame  manner,  their  degrees  of  electricity  are  fucli,  that 
no  fluid  will  pafs  from  one  to  the  other,  their  mutual 
actions  on  the  fluid  in  this  canal  beingalfo  in  equilibrio. 
He  brings  out  this  by  induction  and  combination  of  the 
Angle  cafes,  each  of  which  he  demonftrates  by  means  of 
the  following  theorem  : 

1  *indif-  a<^IQn  of  an  overcharged  fphere  ACB  (fig.  25.) 

f  i  t  whe-°n  t^ie  in  the  whole  of  a  canal  dfP  that  is  ob- 
the ca- hque,  'tending  to  impel  the  fluids  in  the  direction  of 
that  canal,  is  equal  to  its  action  on  the  fluid  in  the 
whole  of  the  rectilineal  canal  CP.  Let  hi  be  a  mi- 
nute  portion  of  the  ftraight  canal,  and  fd  the  portion 
of  the  crooked  canal  which  is  equidiftant  from  the  cen¬ 
tre  C  of  the  fphere  ;  draw  the  radii  C /,  C</,  and  the 
concentric  arches  hf  id ,  cutting/C  in  g  ;  and  draw 
g  f  perpendicular  to  fd ;  the  force  acting  on  ih,  impel¬ 
ling  it  toward  P,  may  be  reprefented  by  ht.  J  he 
fame  force  acting  on  d f  in  the  direction  cf  muft  there¬ 
fore  he  exprefled  by  gf  This,  when  eflimated  in  the 
direction  of  the  canal  d f  is  reduced  to  e /;  but  it  is 
exerted  on  each  particle  of  df  Now  df:gf~  gf: 
ef 1  an^  dfXefzzgf2,  =  gfXhi;  therefore  the 
whole  force  on  d f  in  the  dire&ion  df  is  equal  to  the 
force  on  i  h,  in  the  dire&ion  i  h.  Hence  the  truth  of 
the  propofition  is  maniftft. 

We  beg  the  curious  reader  to  apply  this  to  the  cafe 
in  hand,  and  he  will-  find,  that  the  moft  complicated 
cafes  may  all  be  reduced  to  the  Ample  ones  winch  we 
have  demonftrated  to  be  ftri&ly  true  when  the  bodies 
are  fplieres  or  plates,  and  the  canals  infinitely  long,  and 
which  are  very  nearly  true  when  the  canals  are  very 
long,  and  the  bodies  fimilar  :  And  we  now  proceed  to 
one  compound  cafe  more,  which  includes  all  the  moft 
remarkable  phenomena  of  electricity. 

Let  HK,  AB,  DF,  and  LM  (fig.  27.),  be  four 
parallel  and  equal  circular  plates,  two  of  which,  HK 
snd  AB,  communicate  by  a  canal  GC  of  indefinite  ex- 
>f  four  tent,  joining  their  centres,  and  perpendicular  to  their 
planes  ;  let  DF  and  LM  be  connected  in  the  fame 
manner,  and  let  the  two  canals  be  in  one  ftraight  line  ; 
let  the  plate  HK  be  overcharged,  and  the  plate  LM 
juft  faturated.  It  is  required  to  determine  the  difpofl- 
tion  and  proportion  of  the  deCtric  fluid  in  the  plates 
which  will  make  this  condition  of  HK  and  LM  pof- 
fible  and  permanent,  every  thing  being  in  equilibrio? 

The  plate  HK  being  overcharged,  and  communica¬ 
ting  with  AB,  AB  muft  be  overcharged  in  the  fame 
manner,  and  being  alfo  equal  to  HK,  it  muft  be  over¬ 
charged  in  the  fame  degree,  containing  an  equal  quan~ 
tity  of  redundant  fluid  difpofed  in  the  fame  manner. 
To  Amplify  the  inveftigation,  we  fliall  firft  fuppofe  that' 
the  redundant  fluid  is  uniformly  fpread  over  the  furfaces 
of  both. 

When  the  plates  HK  and  AB  are  in  this  ftate,  let 
the  plates  DF  and  LM  be  brought  near  them,  as  is  re- 
prefented  in  the  figure,  CE  being  the  diftance  of  the 
centres  of  AB  and  DF.  It  is  evident,  that  the  redun¬ 
dant  fluid  in  AB  will  aCf  011  the  natural  moveable  fluid 
in  DF,  and  drive  fome  of  it  along  the  canal  EN,  and 
render  LM  overcharged.  Take  off  this  redundant 
fluid  in  LM.  This  will  diminifli  or  annihilate  the  re* 
pulflon  which  it  wa^‘  beginning  to  exert  on  the  canal 


ELECTRICITY. 


„  H 

Ci  ms 

srn  try 
nr  jUnt 
:af 
>!a 


EN  ;  therefore  more  fluid  will  come  out  of  DF,  and 
again  render  LM  overcharged.  The  redundant  fluid 
in  LM  may  again  be  taken  off,  in  lefs  quantity  than 
before,  as  is  plain.  Do  this  repeatedly  till  no  more  can 
be  taken  off.  But  this  will  undoubtedly  render  DF 
undercharged,  and  it  will  now  contain  redundant  mat¬ 
ter.  This  will  ad  on  the  fluid  in  the  canal  G'C,  and 
abftraCt  it  from  G  ;  therefore  fluid  will  come  out  of 
HK  into  AB.  HK  will  be  lefs  overcharged  than  be¬ 
fore,  and  AB  will  be  more  overcharged.  But  the  now 
increafed  quantity  of  redundant  fluid  in  AB  will  ?.£t 
more  ftrongly  on  the  moveable  fluid  in  DF,  and  drive 
more  out  of  it.  This  will  leave  more  redundant  matter 
in  it  than  before,  and  this  will  ad  as  before  on  the 
fluid  in  the  canal  GC.  This  will  go  on,  bv  repeated¬ 
ly  touching  LM,  till  atlaft  all  is  in  equilibrio  Or 
thk  ultimate  ftate  may  be  produced  at  once  by  al¬ 
lowing  LM  to  communicate  with  the  ground.’  And 
now,  m  this  permanent  ftate  of  things,  HK  contains  a 
certain  quantity  of  redundant  fluid  ;  AB  contains  a 
greater  quantity  ;  DF  contains  redundant  matter  ;  and 
LM  contains  its  natural  quantity.  The  demand  of  the 
problem  therefore  is  to  determine  the  proportion  of  the 
redundant  fluid  in  HK  to  that  in  AB,  and  the  pro¬ 
portion  of  the  redundant  fluid  in  A B  to  the  deficiency 
of  fluid  in  DF.  The  dynamical  confederations  whGh 
determine  thefe  proportions  are,  1 ft,  The  repulfion  of 
the  redundant  fluid  in  AB,  for  the  fluid  in  the  car.il 
EN,  muft  be  prccifely  equal  to  the  attra&ion  of  the  re¬ 
dundant  matter  in  DF  for  the  fame  fluid  in  the  c  rd  ; 
for  LM,  being  faturated,  is  neutral.  2 d>  The  repul- 

fion  of  th$  redundant  fluid  in  HK,  for  the  whole  fluid 
in  the  canal  GC,  muft  balance  the  excefs  of  the  repui- 
fion  of  the  redundant  fluid  in  AB  above  the  attraction 
of  the  redundant  matter  in  DF  for  the  fame. 

Let  the  redundant  fluid  ii*AB  be  f. 
the  redundant  matter  in  DF  =  m. 
the  redundant  fluid  in  HK  ~  F. 

Becaufe  HK  and  AB  are  equal,  there  can  be  no 
doubt  but  that  the  fluid  in  thofe  plates  would  be  fimi- 
larly  difpofed  ;  and  it  is  highly  probable,  that  if  A  B 
be  very  near  DF,  the  redundant  fluid  in  AB,  and  the 
redundant  matter  in  DF,  will  alfo  be  difpofed  nearly 
in  the  fame  manner.  This  will  appear  plainly  when  we 
confider  with  attention  the  forces  adling  between  a  very 
fmall  portion  of  AB  and  the  correfponding  portion  of 
DF.  The  probability  that  this  is  the  cafe  is  fo  evi¬ 
dent,  that  we  apprehend  it  unneceffary  to  detail  the 
proofs.  We  fhall  afterwards  confider  fome  circum- 
ftances  which  (hew  that  the  difpofition  in  the  three 
plates  will  (though  nearly  fimilar)  be  nearer  to  a  ftate 
of  uniform  diftribution  than  if  only  AB  and  HK  had 
been  in  ad  ion.  Affuming  therefore  this  fimilarity  of 
diftribution,  it  follows,  that  their  a&ions  on  the  fluid 
irr  the  canals  will  be  fimilar,  and  nearly  proportional  to 
their  quantities. 

.  Therefore  let  1  be  to  n  as  the  repulfion  of  the  fluid 
in  AB,  for  the  fluid  that  would  occupy  CE,  is  to  its 
repulfion  for  the  fluid  in  EN  or  CG. 

Then  the  a&ion  of  AB  on  EN  is  /xTTH  1,  and 
the  a&ion  of  DF  on  EN  is  mn  ;  therefore,  becanfe 
the  plate  LM  is  inadive,  the  addons  of  AB  and  DF 
on  EN  muft  balance  each  other,  and  fX  z=min , 

n  —  1 


and  m  zzfX 
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The  repulfion  of  /  for  the  fluid  in  CG  is / n.  The 
attraction  of  m  for  it  is  m  X  n  —  I  ;  and  becaufe  m 
n  —  i 

=/x  — 


the  attradion  of  m  for  the  fluid  in  CG 


is  /X  - - -  X  n —  i.  Therefore  the  repulfion  of/ 
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is  to  the  attradion.  of  m  as//i  to/X  — 


or  as 


T  Y. r 

and  AB  is  very  near-  to-BF,  the  difference'  from  this 

determination  is  inconfiderable,  We  fhall  note  ihefe 

differences  when  we  confider  the  remarkable  phenomena 

that  are  explained  by  them. 

In  the  mean  time,  we  fhall  juft  mention  fome  fimple 

confequences  of  the  prefent  combination  of  plates.  138 

Suppofe  AB  touched  by  a  body.  Electric  fluid  will  Method 

be  communicated  :  but  by  no  means  all  the  redundant  de[lroy- 
J  -  -  mg  this 


yv  to /X  n  —  i\  or  as  n 2  to  n  —  i\  Call  the  re¬ 
pulfion  of  /  r,  and  the  attradion  of  m  a . 

We  have  r  :  a  =r  nz  :  n  —  1 


and  t  \  t  —  ci —  n *  1  ti 2  ( ft  t)  —  n  •  2  n  i» 

Therefore,  btcaufe  the  repulfion  of  Fis  equal  to  this 

excels  of  r  above  a,  we  have  nx  :  2  «  —  1  —  /:  F,  and  F 

•2 


—  r  ?  — I  or  f  —  F — - — .  Therefore,  if  n’  is 

—  J  n 5  J  2  n  —  1 


*  n‘  2  n  —  l 

much  greater  than  2  n  —  i ,  the  quantity  of  redundant 
fluid  in  AB  will  be  much  greater  than  the  quantity  in 

tie  HK. 

Prodigious  Now,  when  the  electric  action  is  inversely  as  the 
accumula-  fquare  of  the  diftance,  and  EC  is  very  finall  in  compa- 
tion  of  re-  nfon  w;th  AC,  we  have  feen  (1C  115.)  that  (  :  «  near- 
dundant  AC 


fluid ; 


ly  =  CE  :  CA,  or  that  n  is  nearly  *  When  this  is 
the  cafe,  and  confequently  n  is  a  confiderable  number, 


n1  *  » 

we  may  take  the  number  —  for  _  ‘  without  any 


n 

great  error.  In  this  cafe  /  is  equal  to  F  X  ~  very 


nearly.  Suppofe  CA  to  be  fix  inches,  and  CE  to  be 
.J-th  of  an  inch  ;  this  will  give  n  =■  120,  and  /  r=  60  F  ; 

n 2  14,400 

or,  more  exadly,  F  =  2  n _ \  = 


^39 


=  60I 


If,  inftead  of  the  plate  HK,  we  employ  a  globe  of  the 
fame  diameter,/ will  be  but  half  of  this  quantity,  or/ 


F  X  ~  (n°  123,  124.). 
4" 


Aod.evacu-  It  alAppears,  that  when  the  plates  AB  and  DF 
ation  r  very  near  to  each  other,  and  confequently  n  a  large 

number,  the  deficiency  in  DF  is  very  nearly  equal  to  -  - 

the  redundancy  in  AB.  In  the  example  now  given,  along  ab  d,  and  to  enter  into  Dh  at  D.  . 

It  is  plain,  that  there  mull  be  a  flrong  tendency  in  * ne  Fare» 


fluid  contained  in  AB  only  as  much  will  quit  it  as greal  acc^ 
will  reduce  it  to  a f  neutral  flate,  if  the  body  which  tmilatibnd 
touches  it  communicates  with  the  ground  ;  that  is,  tiil  «■  By  dc- 
the  attradion  of  the  redundant  matter  in  DF  attradsSrees» 
fluid  on  the  remote  fide  of  AB  as  much  as  the  redim- 
dant  fluid  left  in  AB  repels  it.  When  this  has  been 
done,  DF  is  no  longer  neutral  ;  for  the  repulfion  of 
AB  for  the  fluid  in  EN  is  now  diminifhed,  and  there¬ 
fore  the  attraction  of  DF  will  prevail.  If  we  now 
touch  DF,  it  may  again  become  neutral  with  refped  to 
EN  ;  but  AB  will  now  repel  again  the  fluid  in  CG, 
and  again  be  eledric  on  that  fide  by  redundancy. 
Touching  AB  a  fecond  time  takes  more  fluid  from  it, 
and  DF  again  becomes  eledric  by  deficiency,  and  at- 
trads  fluid  on  that  fide. — And  thus,  by  repeatedly 
touching  AB  and  1>F  alternately,  the  great  accumula¬ 
tion  of  fluid  in  AB  may  be  exhaufted,  and  the  nearly 
equal  deficiency  in  DF  may  be  made  up.  139 

But  this  may  be  done  in  a  much  more  expeditious  2.  All  at 
way.  Suppofe  a  (lender  conducing  canal  ab  d  broughtonce* 
very  near  to  the  outfides  of  the  plates,  the  end  a  being 
near  to  A,  and  the  end  d  to  D.  The  vicinity  of  a 
to  A  caufes  the  fluid  in  ab  to  recede  a  little  from  a 
by  the  repulfion  of  the  redundant  fluid  in  AB.  This 
will  leave  redundant  matter  in  a ,  which  will  ftrongly 
attrad  the  redundant  fluid  from  A,  and  a  may  receive 
a  fpark.  But  the  confeqoence,  even  of  a  nearer  ap¬ 
proach  of  the  fluid  to  the  outward  furface  of  A,  will 
render  the  correfponding  part  of  DF  more  attractive, 
and  the  retiring  of  fluid  from  a  along  a  b  will  pufii 
fome  of  its  natural  fluid  toward  d ;  and  thus  A  becomes 
more  difpoied  to  give  out,  and  a  to  take  it  in,  while  d 
is  difpofed  to  emit,  and  D  to  attrad.  Thus  every  cir- 
cumftance  favours  the  paflage  of  the  whole,  or  aimed 
the  whole,  redundant  fluid  to  quit  AB  at  A,  to  go 


m  is  of /,  being  =/X  n  —  1. 

Vet  novery  Yet  this  great  deficiency  in  DF  does  not  make  k 
fmfihle  ap-  eledrical  on  the  fide  toward  LM.  It  is  jult  lo  much 
pearancc.  evacuated,  that  a  particle  of  fluid  at  its  furface  has  no 
tendency  to  enter  or  to  quit  it. 

Laftly,  this  great  quantity  of  fluid  colleded  in  AB 
does  not  render  it  more  eledrical  than  HK. 

In  general,  things  are  iu  the  condition  treated  of  in 
n°  22,  23,  &c. 

The  attentive  reader  will  readily  fee,  that  this  account 
of  the  apparatus  of  four  plates  is  only  an  approxima¬ 
tion  to  the  condition  that  really  obtains  under  our  ob- 
fervatiom  Our  canals  are  not  of  indefinite  length,  nor 
occupied  by  fluid  that  is  diftributed  with  perfed  uni¬ 
formity  ;  nor  is  the  fluid  uniformly  fpread  over  the  fur¬ 
face  of  the  plates.  He  will  alfo  fee,  that  the  real  ftate 
of  things,  as  they  occur  in  our  experiments,  tends  to 
diminifh  the  great  difproportion  which  this  imaginary 
flatement  determines.  .  But  when,  the  canals  are  very 
long  in  comparifon  with  the  diameters  of  the  plates, 


the  fluid’  in  AB  to  go  into  DF,  and  that  the  plates 
mull  flrongly  attrad  each  other.  A  particle  of  fluid other, 
fituated  between  them  tends  toward  DF  with  a  force, 
which  is  to  the  foie  repulfion  of  AB  nearly  as  twice 
the  redundant  fluid  in  it  to  what  it  would  contain  if 


eledrified  to  the  fame  degree  while  Handing  alone. 


With-  this  particular  and  remarkable  cafe  of  induced 
eledricity,  we  fhall  conclude  our  explanation  of  Mr 
iEpinua’s  Theory  of  Eledric  Attradion  and  Repulfion. 

The  reader  will  recoiled,  that  we  began  the  confide- 
ration  of  the  difpofltion  of  the  eledric  fluid  in  bodies, 
in  order  to  deduce  fuch  legitimate  ‘conieque'nces  of  the 
hypothetical  law  of  adiorf  a3  we  could  compare  with 
the  phenomena.  141 

Thefe  comparifons  are  abundantly  fupplied  by  the  Method* 
preceding  paragraphs,  particularly  by  n*  74,  75.,  76  I 

by  n°  130,  and  by  n°  134.  _  _  ofdii»tlifr| 

Let  a  fmootli  metal  fpliere  be  eledrified  pofitively  oryt 
in  any  manner  whatever,  and  then  touch  it  with  a  fmall 


orre  In  its  natural  ftate.  _ _ _ _ _ 

between  them  in  a  proportion  which  the  theory  deter¬ 
mine?  with  accuracy.  By  the  theory  alfo  the  redun¬ 
dant  fluid  in  both  ads  as  if  collected  in  the  centre. 
Therefore  the  proportion  of  the  repulfions  is  determi¬ 
ned.  fhefe  can  be  examined  by  oilr  electrometer. 
But,  as  this  menfuration  may  be  faid  to  depend  on  the 
truth  of  the  theory,  we  may  examine  this  independent 
a  -j'-  the  balls  be  equal.  Then  the  redundant 
flm~  is  divided  equally  between  the  bodies,  whatever  be 
the  law  of  adion.  Therefore  obferve  the  eledrometer, 
as  it  is  a flcCted  by  the  eiedrified  body,  both  before  and 
after  the  communication.  This  will  give  the  pofitio'ns 
of  the  electrometer  which  correfpond  to  the  quantities 
4a  2  and  i. 

G  luat'on^  Take  off  the  eledricity  of  one  of  the  balls  by  touch- 
Bf  °‘  in&  and  then  touch  the  other  ball  with  it.  This 
1  *  W1h  reduce  to  I  the  original  quantity  4,  and  therefore 
t°  ^th  of  the  original  quantity.  This  will  determine 
the  value  of  another  pofition  of  the  eledrometer.  In 
like  manner,  we  obtain  jth,  TVth,  &c.  8e c.  Then,  by 
touching  a  ball  containing  1  with  a  ball  containing  4, 
we  get  a  pofition  for  4,  4,  See.  Proceeding  in  this 
way,  we  graduate  our  eledrometer  independently  of  all 
theofyi  and  can  now  examine  the  elearicity  of  bodies 
with  confidence.  The  writer  of  this  article  took  this 
method  of  examining  his  elearometer,  not  having  then 
feen  Mr  CavendiflFs  diflertation,  which  gives  another 
mode  of  meafurement.  He  had  the  fatisfaaion  of  ob- 
ferving,  in  the  firft  place,  that  the  pofitions  of  the  in¬ 
urnment  which  unqueftionably  indicated  1 ,  d.  See. 
were  precifely  thofe  which  fhould  indicate  them  if  elec¬ 
tric  repulflon  be  inyerfely  as  the  fquares  of  the  diftances. 
Having  thus  examined  the  elearometer,  it  was  cafy  to 
give  to  balls  any  propofed  degree  of  elearicity,  and 
therfcmalce  a  communication  between  balls  of  very  dif¬ 
ferent  diameters.  The  elearometer  informed  us  when 
the  repeated  abftraaions  by  a  fmall  ball  reduced  the 
elearicity  of  a  large  ball  to  4,  h  &c.  This  fhewed 
the  proportion  of  elearicity  contained  in  balls  of  dif¬ 
ferent  diameters.  This  was  alfo  found  to  be  fuch  as 
refulted  from  an  aaion  in  the  inverfc  duplicate  ratio  of 
the  diftances. 

:3\  Long  aftcr  this,  Mr  Cavendifh’s  inveftigation  point¬ 
ed  out  the  proportion  of  the  redundant  eledric  fluid  in 
balls  of  different  fixes  joined  by  long  wires  ;  in  n°  1 30, 
Sec.  thefe  were  examined— and  found  to  be  fuck  as  were 
fo  indicated  by  the  elearometer. 

And,  laftly,  the  mode  of  accumulating  great  quanti¬ 
ties  of  fluid  by  means  of  parallel  plates,*  gave  a  third 
way  of  confronting  the  hypothetical  law  with  experi¬ 
ment.  The  argument  was  no  lefs  fatisfaaory  in  this 
eafe  ;  but  the  examination  required  attention  to  parti¬ 
culars  not  yet  mentioned,  which  made  the  proportions 
between  the  fluid  in  HK  and  AB  (fig.  27.)  widely 
different  from  thofe  mentioned  in  the  preceding  pa¬ 
ragraphs.  Thefe  circumftances  are  among  the  moft 
curious  and  important  in  the  whole  fludy,  and  will  be 
confidered  in  their  place. 

‘  1  Wc  reft  therefore  with  confidence  on  the  truth  of 
>6)  V°^fe  eledric  adion,  affumed  by  us  as  a  principle 

n  veil  °*fxplanat*on  and  inveftigation.  It  is  quite  tieedleft 
te  anc*  unprofitable  to  give  any  detail  of  the  numerous 

1  experiments  in  which  we  confronted  it  with  the  phe¬ 

nomena.  I  he  fcrupulous  reader  will  get  ample  fatis- 


electricity; 

The  redundant  fluid  is  divided  faftion  from  the  excellent  experiments  of  Mr  Coulomb 
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with  his  delicate  eledrometer.  He  will  find  them  in  the 
Memoirs  of  the  Academy  of  Sciences  of  Paris  for  1784, 
j]7^5>  *786,  and  1787.  Some  of  them  are  of  the  fame 
kind  with  thofe  employed  by  the  writer  of  this  article; 
others  are  of  a  different  kind  ;  and  many  are  directed 
to  another  objed,  extremely  curious  and  important  in 
this  ftudy,  namely,  to  difeover  how  the  eledric  fluid  is 
difpofed  in  bodies ;  and  a  third  fet  are  direded  to  an 
examination  of  the  manner  in  which  the  eledric  fluid  is 
difiipated  along  imperfed  condudors. 

But  we  have  already  di awn  this  article  to  a  great 
length,  and  muft  bring  it  to  an  end,  by  explaining  fome 
very  remarkable  phenomena,  namely,  the  operation  of 
the  Leyden  phial,  the  operation  of  the  cledrophorus, 
and  the  diffipation  of  eledricity  by  fharp  points  and  bv 
imperfed  condudors.  , 

The  obfervations  of  Mr  Watfon  on  the  neceflity  ofOftheLeyw 
conneding  the  rubber  of  an  eledrical  machine  with  the^cU  Lhial‘ 
ground,  might  have  fuggefted  to  philofophers  the  doc¬ 
trine  of  plus  and  minus  eledricity,  efpecially  after  the 
valuable  difeoveries  of  Mr  Symmer  and  Cigna.  A  fe- 
rious  confideration  of  thefe  general  fads  would  have 
led  to  the  theory  of  coated  glafs  almoft  at  its  firft  ap- 
pearance.  But  the  hiftorica!  fad  was  otherwife;  and  a 
confiderable  time  elapfed  between  the  firft  experiments 
with  charged  glafs  by  Kleift,  and  the  clear  and  fatis- 
1  a  dory  account  given  by  Dr  Franklin,  of  all  the  eflen- 
tial  parts  of  the  apparatus,  and  the  probable  procedure 
of  nature  in  the  phenomenon.  The  impermeability  of 
g  afs  by  the  eledric  fluid,  and  the  confequent  abftrac- 
tion  of  it  from  the  one  fide  while  it  was  accumulated 
on  the  other,  fuggefted  to  his  acute  mind  the  leading 
principle  of  eledrical  philofophy  ;  namely,  that  all  the 
phenomena  arife  from  the  redundancy  or  deficiency  of 
eledric  fluid,  and  that  a  certain  quantity  of  it  refides 
naturally  in  all  bodies  in  a  ftate  of  uniform  diftribn- 
tion,  and,  in  this  ftate,  produces  110  fenfible  effed. 

I  his  was,  in  his  hands,  the  inlet  to  the  whole  fcience  • 
and  the  greateft  part  of  what  has  been  fince  added  is  a 
more  diftind  explanation  how  the  redundancy  or  defi¬ 
ciency  of  eledric  fluid  produces  the  obferved  pheno¬ 
mena.  Dr  hranklin  deduced  this  leading  principle 
from  obferving,  that  as  faft  as  one  fide  of  a  glafs  plate 
was  eled rifled  pofitively,  the  other  fide  appeared  nega¬ 
tive,  and.  that,  nnlefs  the  eledricity  of  that  fide  was 
communicated  to  other  bodies,  the  other  fide  could  be 

el.e<^nfied-  Having  formed  this  opinion,  the  ✓ 
old  obfervations  of  Watfon,  Symmer,  and  Cigna,  were 
explained  at  ortce,  and  the  explanation  of  the  Leyden 
phial  would  have  come  in  courfe.  It  is  for  thefe  rea- 
ions,  as  much  as  for  the  important  difeovery  of  the 
amenefs  of  eledricity  and  of  thunder,  that  Dr  Frank- 
1m  Hands  fo  high  in  the  rank  of  philofophers,  and  is 
juftly  confidered  as  the  author  of  tin's  department  of 
natural  fcience.  Whatever  credit  may  be  due  to  the 
chemical  fpeculations  of  De  Luc,  Wilcltc,  Winkler 
and  many  others,  who  have  attempted  to  aflbeiate  elec’ 
tncity  with  other  operations  of  nature,  by  refolving-  the 
electric  fluid  into  its  conftituent  parts,  all  their  expla¬ 
nations  prefuppofc  a  mathematical  and  mechanical  doc¬ 
trine  concerning  the  mode  of  adion  of  the  ingredients, 
which  will  either  account  for  the  total  inadivity  of  the 
compound,  or  which  will  explain,  in  the  very  fame 
manner,  the  adion  cl  the  compound  itfelf :  yet  all  feem 

to 
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to  content  themfelves  with  a  vague  and  indiftind  no¬ 
tion  of  this  preliminary  ftep,  and  have  allowed  them¬ 
felves  to  fpeak  of  eledrical  atmofpheres,  and  fpheres  of 
adivity,  and  fuch  other  creatures  of  the  mind,  without 
cnce  taking  the  trouble  of  confidering  whether  thofe 
affumptions  afforded  any  real  explanation.  How  dif¬ 
ferent  was  Newton’s  condud.  When  he  difeovered 
that  the  planets  attraded  each  other  in  the  inverfe  du¬ 
plicate  ratio  of  the  diftances,  and  that  terreftrial  gravity 
V/as  an  inftance  of  the  fame  force,  and  that  therefore 
the  deflexion  of  the  earth  was  the  effed  of  the  accu¬ 
mulated  weight  of  all  its  parts ;  he  did  not  rafhly  affirm 
this  of  the  planets,  till  he  examined  what  would  be  the 
effed  of  the  accumulated  attraction  in  the  abovemen- 
tioned  proportion. 

Mr  ALpinus  has  the  honour  of  fir  ft  treading  in  the 
fteps  of  our  llluftrious  countryman  ;  and  he  has  done 
it  with  Angular  fuccefs  in  the  explanation  of  the  phe¬ 
nomena  of  attraction  and  repulfion,  as  we  have  already 
feen.  In  no  part  of  the  ftudy  has  his  fuccefs  been  fo 
confpicuous  as  in  the  explanation  of  the  curious  and 
important  phenomena  of  the  Leyden  phial.  It  only  re¬ 
mained  for  him  to  account  for  the  accumulation  of  fuch 
a  prodigious  quantity  of  this  agent  as  was  competent 
to  the  production  of  effeCts  which  feemed  to  exceed  the 
fimilar  effeds  in  other  cafes,  out  of  all  proportion.  In¬ 
deed,  the  difproportion  is  fo  great,  as  to  make  them  ap¬ 
pear  to  be  of  a  different  and  incomparable  nature.  Dr 
Wilfon’s  experiments  in  the  pantheon  are  therefore  pre¬ 
cious,  by  (hewing  that  nothing  was  wanted  for  the 
production  of  all  the  effeds  of  the  Leyden  phial  but  a 
furface  fufficiently  extenfive  for  containing  a  vaft  quan¬ 
tity  of  fluid,  and  fo  perfedly  conduding  as  to  admit 
of  its  fimultaneous  and  rapid  transference.  1  heiefore 
we  affert,  that  one  of  the  chief  merits  of  Mr  JEpinus’s 
theory  is  the  fatisfaCtory  explanation  of  the  accumula¬ 
tion  of  this  vaft  quantity  of  fluid  in  a  [mall  fpace.  We 
unit,  therefore,  that  our  readers  will  perufe  it  with 
pleafure.  But  we  muft  here  obferve,  that  Mr  iEpinus 
has  not  exprefsly  done  this  in  the  work  which  we  have 
already  made  fo  much  ufe  of,  nor  in  any  other  that 
we  know  of.  He  has  gone  no  farther  than  to  point 
out  to  the  mathematicians,  that  his  hyoothefis  is  ade¬ 
quate  to  the  accounting  for  any  degree  of  accumulation 
whatever.  This  he  does  in  that  part  of  his  work  which 
contains  the  formulae  of  nQ  38,  39,  40,  41,  See.  And 
he  afterwards  (hews,  that  all  the  phenomena  of  attrac¬ 
tion  and  repulfion  which  are  obferved  in  the  charged 
jar  are  precifely  fuch  as  are  lieceffary  confequences  of 
his  theory. 

It  is  to  the  Hon.  Mr  Cavendifh  that  we  are  indebt¬ 
ed  for  the  fatisfadory,  the  complete  (and  we  may  call 
it  the  popular ),  explanation  of  all  the  phenomena. 


I4?« 


Mr*Caven-  Forming  to  himfelf  the  fame  notion  of  the  mechanical 


'  chib. 


*5° 


properties  of  the  eledric  fluid  with  Mr  .ZEpinus,  he 
examined,  with  the  patience,  and  much  of  the  addiefs, 
of  a  Newton,  the  ad  ion  of  fuch  a  fluid  on  the  fluid  a- 
round  it,  and  the  fenfible  effeds  on  the  bodies  in  which 
it  refided  ;  the  diipofition  of  it  in  a  confiderable  variety 
of  cafes;  and  particularly  its  adion  on  the  fluid  con¬ 
tained  in  flender  canals  and  in  parallel  plates  -till  he 
arrived  at  a  fituation  of  things  fimilar  to  the  Leyden 
phial.  And  he  then  pointed  out  the  precife  degree  of 
accumulation  that  was  attainable,  on  different  fuppofi- 
tions  concerning  the  law  of  eledric  adion  in  general. 


i  c  i  t  y, 

We  have  given  an  abflrad  of  this  inveftigation  accom. 
modated  to  the  inverfe  duplicate  ratio  of  the  diftances. 

From  this  it  appears  (n°  135),  that  whatever  quan¬ 
tity  of  eledric  fluid  we  can  put  into  a  circular  plate 
1  2  inches  in  diameter,  by  iimple  communication  with 
the  prime  condudor  of  an  eledrical  machine,  we  can  ac¬ 
cumulate  60  times  as  much  in  it  by  bringing  the  plate 
within  T*^th  of  an  inch  of  another  equal  plate  which 
communicates  with  the  ground  ;  and  it  appeals  in  n° 

139,  that  all  this  accumulated  fluid  may  be  transferred 
in  an  inflant  to  the  other  plate  (which  is  (hewn  to  be 
almoft  equally  deprived  of  fluid),  by  connediug  the 
two  plates  by  a  fmall  wire. 

But  as  it  was  alfo  fhewn  in  that  paragraph,  that  the 
force  with  which  the  accumulated  fluid  was  attraded 
by  the  redundant  matter  in  the  Other  plate  was  exceed¬ 
ingly  great,  and  confequently  its  tendency  to  efcape 
was  proportionately  increafed  ;  this  accumulation  can¬ 
not  he  obtained  unlefs  we  can  prevent  this  fpontaneons 
transference. 

Here  the  non-conduding  power  of  idio  eledrics,  ^explica. 
without  any  diminution,  the  adion  of  the  eledric  ftuid^.^^i 
on  fluid  or  matter  on  the  other  fide  of  them,  comes  tof^cres.  M 
our  aid,  and  we  at  once  think  of  interpofing  a  plate  of 
glafs,  or  wax,  or  rofin,  or  any  other  eledric,  between 
our  conduding  plates.  Such  is  the  immediate  fug- 
geftion  of  a  perfon’s  mind  who  entertains  the  jLpinian 
notion  of  the  eledric  fluid  ;  and  fuch,  we  are  convin¬ 
ced,  is  the  thought  of  all  who  imagine  that  they  under¬ 
hand  the  phenomena  of  the  Leyden  phial.  But  thole 
who  attempt  to  explain  eledric  adion  by  means  of 
vvliat  they  call  eledric  atmofpheres  of  variable  denlity 
or  intenfity,  are  not  intitled  to  make  any  fuch  inference, 
nor  to  exped  any  fuch  phenomena  as  the  Leyden  phial 
exhibits.  *  Eledricity,  they  lay,  ads  by  the  interven- 
tion  of  atmofpheres  :  Therefore,  whatever  allows,  the 
propagation  of  this  adion  (conceive  it  in  any  manner 
whatever),  allows  the  propagation  of  thefe  agents  ;  and 
whatever  does  not  condud  eledric  adion,  does  not 
condud  the  agents.  Inter  poled  glafs  fhould  therefore 
prevent  all  adion  on  the  other  plate.  This  is  true, 
even  although  it  were  pofiiole  (which  we  think  it  is 
not)  to  form  a  clear  notion  of  the  free  paffage  of  this 
material  atmofphere  in  an  inftant,  and  this  without 
any  diminution  of  its  quantity,  and  confequently  of  its 
adion,  by  the  di (placement  of  fo  much  of  it  by  the  fo¬ 
il'd  matter  of  the  body  which  it  penetrates.  Yet  with¬ 
out  this  undiminifhed  adion  of  the  eledrified  plate  on 
the  fluid,  and  on  the  matter,  beyond  the  glafs,  and  on 
the  canal  by  which  its  fluid  may  he  driven  off  into  the 
general  rnafs — no  fuch  accumulation  can  take  place  ; 
and  if  the  phenomena  of  the  Leyden  phial  are  agree¬ 
able  to  the  refults  of  the  iEpinian  hypotheils, '  all  ex¬ 
planation  by  atmofpheres  muft  be  abandoned.  Indeed 
when  the  partifans  of  the  atmofpheres  attempt  to  ex¬ 
plain  their  conceptions  of  them,  they  do  not  appear  to 
differ  from  what  are  called  fpheres  of  activity  (a  phrafe 
fir  ft  ufed  by  Dr  Gilbert  of  Colchefter,  in  his  celebrated 
work  De  Magneteet  Corporibus  Magneticis) :  and  fpherea 
of  .adivity  will  he  found  nothing  more  than  a  figurative 
exprefiion  of  fome  indiftind  conception  of  adion  in 
every  direction.  When  we  ufe  the  words  attraction  and 
repulfion ,  we  do  not  fpeak  a  whit  more  figuratively  than 
when  we  ufe  the  general  word  adion .  Thefe  terms  are 
all  figurative,  only  attraction  and  repulfion  have  the  ad- 
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ELECTRICITY. 

vantage  of  fpecifying  the  dircBlon  in  which  we  conceive 
the  aftion  to  be  exerted. 

It  therefore  becomes  {till  more  interefling  to  the  phi¬ 
losopher  to  compare  the  phenomena  of  charged  glass 
with  the  iEpinian  theory.  They  afford  an  experiment 
turn  crucis  in  the  queftion  about  eledric  atmofpheres. 
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rn  uiviia  Let  G  (fig.  28.)  reprefent  the  end  of  a  prime  con- 
0t  rged  dudor,  furniihed  with  Henley’s  eledrometer.  Let  AB 
reprefent  a  round  plate  of  tinfoil,  palled  on  a  pane  of 
glafs  which  exceeds,  the  tinfoil  about  two  inches  all 
round.  The  pane  is  fixed  in  a  wooden  foot,  that  it 
may  (land  upright  and  be  fhifted  to  any  dittance  from 
the  conductor.  DF  reprefents  another  plate  of  the 
fame  dimenfions  as  A  B,  in  the  centre  of  which  is  a 
vvire  EN,  having  a  fmall  ball  on  the  end  N,  to  which 
is  attached  a  Canton  s  eledrometer.  This  wire  oaffes 
through  the  wooden  ball  O,  fattened  to  the  inflating 
ttand  P.  The  glafs  pane  mutt  be  very  clean,  dry,  and 
warm.  Connect  the  condu&or  G  with  AB  by  a  wire 
reaching  to  the  centre  C.  Turn  the  cylinder  of  the 
eledrical  machine  {lowly,  till  the  ele&rometef  rife  to 
3°°  or  40°,  anc^  note  the  number  of  turns.  Take  off 
the  ele&ricity,  and  having  taken  away  the  conneding 
wire  GC,  turn  the  machine  again  till  the  elearomcter 
rife  to  the  fame  height.  The  difference  in  the  number 
of  turns  will  give  fome  notion  of  the  expenditure  of 
fluid  neceffary  for  eledrifying  the  plate  of  tinfoil  alone. 

1  his.  will  be  found  to  be  very  trifling  when  the  eleari¬ 
city  is  in  fo  moderate  a  degree.  It  is  proper,  however, 
to  keep  to  this  moderate  degree  of  electrification,  be- 
caufe  when  it  is  much  higher,  the  diflipation  from  the 
edges  of  the  plate  is  very  great.  Replace  the  wire,  and 
again  raife  the  eledrometer  to  30°.  Now  bring  forward 
t  he  plate  D  F ,  keep!  ng  it  d  uly  oppofite  and  parallel  to  A  B, 
and  taking  care  not  to  touch  it.  It  will  produce  no  fen- 


fore  DF,  communicating  with  the  ground,  is  brought 
near  it,  and  then  attend  to  the  changes.  We  fhall  find 
the  divergency  of  this  ekarometer  correfpond  with  the 
dittance  of  DF  very  nearly  as  the  theory  requires.  152 

While  the  plates  AB  and  DF  are  near  each  other,  State  of  the 
efpecially  when  DF  communicates  with  the  ground,  coatings, 
we  hang  a  pith-pall  between  them  by  a  {ilk  thread,  it 
will  be  ftrongly  attraaed  by  the  plate  which  is  neareft 
to  ic,  whether  DF  or  AB  ;  and  having  touched  it,  it 
will  be  brifkly  repelled,  and  attraded  by  the  glafs  pane, 
which  will  repel  it  after  contaa,  to  be  again  attraaed 
and  repelled  by  DF  ;  and  thus  bandied  between  the 
plates  til!  all  elearicity  difappear  in  both,  the  eledro- 
meter  attached  to  H  defeending  gradually  all  the 
while.  J 

As  all  thefe  phenomena  are  more  remarkable  in  pro-  1 53, 
portion  as  the  plates  are  brought  nearer,  they  are  moft 
or  all  when  DF.is  applied  clofe  to  the  glafs  pane.  And 
it,  in  this  fituation,  we  take  any  accurate  method  for 
meafiiring  the  intenfity  of  the  ekaricity  in  the  plate 
HG,  before  the  approach  of  DF,  we  fhall  find  the  di¬ 
minution,  occafioned  by  its  coming  into  full  contad 
with  the  pane,  confiderably  greater  than  what  is  point¬ 
ed  out  in  n°  135.  When  we  employed  plates  of  iz 
inches  diameter,  patted  on  a  pane  one-fortieth  of  an  inch 
m  thicknefs,  we  found  the  diminution  not  lefs  than 
199  parts  of  200;  and  we  found  that  it  required  at 
leaft  200  times  the  revolution  of  the  cylinder  to  raife 
the  electrometer  to  the  fame  height  as  before.  This 
companfon  is  not  fufceptible  of  gieat  accuracy,  by  tea- 
ion  of  many  circumftances,  which  will  occur  to  an  elec¬ 
trician.  But  in  all  the  trials  we  have  made,  we  are  cer¬ 
tain  that  the  accumulation  greatly  exceeded  that  ooint- 
ed  out  _  by  the  iEpinian  theory  as  improved  by  Mr 
Cavendifh.  And  we  mull  here  obferve,  that  we  found 
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even  when  we  bring  it  much  nearer  (if  a  fpark  do  not 
fly  from  the  glafs  pane  to  DF),  the  ekarometer  HG 
will  fink  but  two  or  three  degrees,  and  the  eledrome- 
ter^at  N.  will  be  little  affeded.  Now  remove  the  plate 
Db  again  to  the  dittance  of  two  or  three  feet,  and  at¬ 
tach  to  its  ball  N  a  bit  of  chain,  or  fiiver  or  gold 
thread,  which  will  trail  on  the  table.  Again,  raife  the 
eledrometer  to  30°,  and  bring  DF  gradually  forward 
to  AB.  The  eledrometer  HG  will  gradually  fall 
down,  but  will  rife  to  its  former  height,  if  DF  be  with¬ 
drawn  to  its  firft  fituation.  It  is  fcarcely  neceffary  to 
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ele&ncs.  We  think  that  in  general  it  was  moft  re¬ 
markable  in  the  coarfe  kinds  of  glafs,  provided  thev 
were  uniformly  tranfparent.  We  found  it  moft  re¬ 
markable  m  fome  common  glafs  which  had  exfoliated 
greatly  by  the  weather  :  but  we  alfo  found  that  fuch 
glafles  were  very  apt  to  be  burft  by  the  charge.  The 
hardeft  and  belt  London  crown-glafs  feemed  to  accu¬ 
mulate  lefs  than  any  other;  and  a  coloured  glafs,  which 
when  viewed  by  refleftion  feemed  quite  opake,  but 
appeared  brown  by  tranfmitted  light,  admitted  an  ac- 
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n  1 3 4»  «35>  &c.  As  the  plate  DF  approaches,  certainty  of  being  burft.  This  diverfitv  in  the  6 

the  redundant  fluid  in  AB  a&  on  the  fluid  in  DF,  lation,  which  may  be  made  in  di&Z  kinds  ofdT 

and  drives  it  to  the  remote  end  of  the  wire  EN,  as  was  hinders  us  from  comoarintr  the  hi/,  d  ,gafs» 
Ihewn  by  the  divergency  of  the  balls  at  N;  and  then  an  afligned  by  tl"  tKT& 

accumulation  begins  in  AB,  and  the  eledrometer  HG  gives  us.  But  though  we  cannot  makp  th *  xPei™ent 
falls,  in  the  fame  manner  as  if  part  of  the  fluid  in  the  we  can  make  others" which  are  equally  fadsfaS^'we’ 
prime  conductor  were  communicated  to  AB.  When  can  di (cover  what  proportion  there  is  betwee.  rl  J' 

DF  communicates  with  the  ground,  the  ekarometer  mulation  in  glafs  of  the  fame  kind  as  it 

at  N  cannot  Ihew  any  elearicity,  but  much  more  fluid  thicknefs  and  in  extent  of  furface  ’  Ufin 

is  now  driven  out  of  DF,  in  proportion  as  it  is  brought  which  is  of  uniform  and  meafurable  thickneft 
nearer  to  AB.  I.nftead  of  conneaing  AB  immediate-  flat  plates,  which  come  into  accurate  or  equable  17 
ly  with  the  prime  conduaor,  let  the  wire  GC  have  a  taa -we  found  that  the  accumulation  k  ;„!?n  , 

plate  at  the  end  G,  of  the  fame  dimenfions  as  AB,  ha-  thicknefs  of  the  plates  ;  but  with  this  exception, ^that 


plate  at  the  end  G,  of  the  fame  dimenfions  as  AB,  ha 
ving  an  eledrometer  attached  to  the  fide  next  to  AB. 
Let  this  apparatus  of  two  plates  be  eledrified  any  how, 
and  note  the  divergency  of  the  eledrometer  at  H,  be- 
Suppl.  Vol.  I.  Part  IL 


*  ?  —  ‘■“'a  execution,  tnat 

when  two  plates  were  ufed  inftead  of  a  plate  of  double 
tnickneis,  the  diminution  by  the  increafe  of  thicknefs 
was  not  nearly  m  the  proportion  of  this  increafe.  In- 
4 F  Head 
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{lead  o'*  being  reduced  to  one-half,  it  was  more  than 
two  thirds;  and  in  the  kind  called  Dutch  plate,  the  di¬ 
minution  was  inconsiderable. 

The  experiments  with  the  Dutch  and  other  double 
plates,  fuggefted  another  inftru&ive  and  pretty  experi¬ 
ment.  Obferving  thefe  plates  to  cohere  with  confider- 
able  force,  it  was  thought  worth  while  to  meafure  it  ; 
which  was  attempted  in  this  manner  :  Two  very  flat 
brafs  plates  A 13,  DF  (fig.  29.),  furnifhed  with  wires 
and  balls,  were  fufpended,  about  three  inches  afunder, 
by  filk  threads,  as  reprefented  in  the  figure.  At  G 
was  attached  a  very  fine  iilver  wire,  which  hung  very 
loofe  between  it  and  the  prime  condu&or,  without  co* 
ming  near  the  table.  Another  was  attached  to  N, 
which  touched  the  table.  A  plate  of  mirror  glafs  was 
fet  between  them,  as  (hewn  by  QR.  When  this- appa¬ 
ratus  was  ele&rified,  the  threads  of  fufpenfion  imme¬ 
diately  began  to  deviate  from  the  perpendicular,  and 
the  plates  to  approach  the  glafs  pane  and  each  other. 
The  pane  was  carefully  drifted,  fo  as  to  be  kept  in  the 
exad  middle  between  them.  This  refult  fhewed  very 
plainly  the  preffure  of  the  fluid  on  one  of  the  plates, 
and  the  mutual  attra&ion  of  the  redundant  matter  and 
redundant  fluid.  This  increafed  as  the  accumulation 
increafed  ;  and  it  was  attempted  to  compare  the  at¬ 
traction  with  the  accumulation,  by  comparing  the  devi¬ 
ation  of  the  fufpending  threads  with  that  of  the  eledfro- 
meter  attached  to  the  prime  condu&or  ;  but  we  could 
not  reconcile  the  feries  (which,  however,  was  extremely 
regular)  with  the  law  of  eleCtric  aCtion.  This  harmo¬ 
ny  was  probably  diflurbed  by  the  force  employed  in 
railing  the  filver  wires.  When  more  flexible  filver  threads 
were  ufed,  much  was  loft  by  difiipation  from  the  rough- 
nefs  of  the  thread.  We  did  not  think  of  employing  a 
fine  flaxen  thread  moiftened  :  but,  indeed,  an  agree¬ 
ment  was  hardly  to  be  expe&cd  ;  becaufe  theory  teaches 
us,  that  the.  diftribution  of  the  redundant  fluid  in  AB 
will  be  extremely  different  fron^  the  diftribution  of  the 
redundant  matter  in  DF,  till  the  plates  come  very  near 


other.  The  accumulation  in  AB  depends  greatly 
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on  the  law  of  diftribution,  being  lefs  (with  any  degree 
of  redundancy)  when  the  fluid  is  denfer  near  the  centre 
of  the  plate.  Other  circumftances  concurred  to  difturb 
this  trial  ;  but  the  theory  was  abundantly  confirmed  by 
the  experiment,  which  fhewed  the  flrong  attraction  ari- 
fmg  from  the  accumulation  This  was  fo  great,  that  al¬ 
though  the  plates  were  only  three  inches  in  diameter,  and 
the  glafs  pane  was  of  an  inch  thick,  and  the  threads 
deviated  about  18  degrees  from  the  perpendicular — it 
required  above  an  ounce  weight,  hung  on  the  wire  EN, 
to  feparate  the  plates  from  the  glafs. 

The  experienced  ele&rician  need  not  be  told,  that  by 
;  bringing  the  two  ends  of  a  bent  wire  in  conta&  with 
the  two  plates  (firft  touching  DF  with  it)  difeharges 
the  apparatus,  and  caufes  the  plates  to  drop  off  from 
the  pane.  But  he  may  farther  obferve,  that  if  there 
be  attached  to  each  end  of  the  difeharging  wire  a 
downy  feather,  and  if  he  firft  bring  the  end  near  the  pkte 
DF,  and  obferve  the  feather  to  be  not  at  all,  or  but  a 
very  little,  affe&ed,  and  if  he  then  bend  round  the  other 
end  toward  the  plate  AB,  both  feathers  will  immediate¬ 
ly  ftretch  out  their  fibres  to  the  plates,  and  cling  faft  to 
them,  long  before  the  difeharging  fpark  is  feen..  Thu 
is  a  fine  proof  of  the  procefs  of  difeharge,  which  be- 
gins  by  the  induction  of  ele&ricity  on  the  ends  of  the 


difeharging  wire  ;  -firft,  negative  ek&iicity  on  the  end 
that  approaches  A,  and,  in  the  fame  inftant,  oppofite 
ele&i  icities  at  D  and  the  adjoining  end.of  the  wire.  ' 

The  following  obfervation  of  Profeffor  Richmann  of  beautiful 
St  Peterfburgh  (the  gentleman  who  fell  a  facrifice  to  ^bnftri 
ele&rical  ftudies  by  a  thunder  ftroke  from  his  appara- 
tus)  is  extremely  inftru&ive  and  amufing.  Let  a  glafs  Jr,  fefl\r 
pane  be  coated  on  both  iides,  and  furnifhed  with  a  fmall  Rhhman 
ele&rometer  attached  to  the  coatings.  It  is  reprefent¬ 
ed  as  if  feen  edgewife  in  fig.  30.  Let  it  be  charged  pefi- 
tively  (that  is,  by  redundancy)  by  the  coating  AB, 
while  DF  communicates  with  the  ground.  Tne  elec¬ 
trometer  A  a  will  fland  out  from  the  plate,  and  D  d 
will  hang  down  clofe  by  its  coating,  as  long  as  DF 
communicates  with  the  ground.  But  as  the  ele&ricity 
gradually  difiipates  by  communication  to  the  contigu* 
ous  air,  the  ball  a  .will  gradually,  but  veiy  fiowly,  fall 
down.  We  may  judge  of  the  intenfity  of  the  remain- 
ing  ele&ricity  by  the  deviation  of  the  eleftrometer,  and 
we  may  conceive  this  deviation  divided  into  degrees, 
indicating,  not  angles,  but  intensities,  which  we  con¬ 
ceive  as  proportional  to  the  redundancy  or  deficiency 
which  occafion  them. 

If  we  take  away  the  communication  with  the  ground, 
we  {hall  obferve  the  ball  a  fall  down  very  fpeedily,  and  then 
more  (lowly,  till  it  reach  about  half  of  its  firft  elevation. 

The  ball  d  will  at  the  fame  time  rife  to  nearly  the  fame 
height  ;  the  angle  between  the  two  ele&rometers  con¬ 
tinuing  nearly  the  fame  as  at  firft.  When  d  has  ceafed 
to  rife,  both  balk  will  very  fiowly  defeend,  till  the 
charge  is  loft  by  difiipation.  If  we  touch  DF  during 
this  defeent,  d  will  immediately  fall  down,  and  a  will 
as  fuddenly  rife  nearly  as  much  ;  the  angle  between 
the  ele&rometers  continuing  nearly  the  fame.  Re¬ 
move  the  finger  from  DP,  and  a  will  fall,  and  d  will 
rife,  to  nearly  their  former  places  ;  and  the  flow  de¬ 
feent  of  both  will  again  continue.  The  fame  thing 
will  happen  if  we  touch  AB  ;  a  will  fall  down  clofe  to 
the  plate,’  and  d  will  rife,  Sc c.  And  this  alternate 
touching  of  the  coatings  may  be  repeated  fome  hundreds 
of  times  before  the  plate  be  difehatged.  If  we  fufpend 
a  crooked  wire  vtitu ,  having  two  pith  balls  v  and  u 
from  an  infulated  point  m  above  the  plate,  it  will  vibrate 
with  great  rapidity,  the  balls  ftriking  the  coatings  al¬ 
ternately  ;  and  thus  reftoring  the  equilibrium  by  fteps. 

Each  ftroke  is  accompanied  by  a  fpark. 

All  thefe  phenomena  are  not  only  confequcnces  of  rheorl 
the  theory,  but  their  meafures  agree  precifely  with  the11* 
computations  deduced  from  the  formulae  in  n°  22,  23, 

24,  accommodated  to  the  cafe  by  means  of  n°  135  and 
136,  as  we  have  verified  by  repeated  trials.  But  it 
would  occupy  much  room  to  trace  the  agreement  here, 
and  would  fatigue  fuch  readers  as  are  not  familiarly 
converfant  with  fluxionary  calculations.  The  inquifi- 
tive  reader  will  get  full  conviction  by  perufingiEpinus’s 
Efiay,  Appendix  i.  A  very  diftinCt  notion  maybe 
conceived  of  the  whole  procefs,  by  fuppoling  that  in  a 
minute  A  B  lofes -r^th  of  the  unbalanced  redundancy 
aCtually  in  it,  and  confequently  diminifhes  as  much  in 
its  aCtion.  It  will  be  proved  afterwards,  that  the  difii- 
pations  in  equal  times  are  really  in  proportion  to  the 
fuperficial  repulfions  then  exerted.  We  may  alfo  fup- 
pofe,  that  the  aCtion  of  the  redundant  fluid,  or  .redun¬ 
dant  matter,  in  either  coating,  on  the  external  fluid  con¬ 
tiguous.  to  it,  is  to  its  action  on  the  fluid  contiguous  to 
0  the 
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the  other  coating  in  the  conftant  proportion  of  io  to 
9.  We  fele&  this  proportion  for  the  fimplicity  of  the 
Computation.  Then  the  difference  of  thefe  actions  is 
always  T'5tli  of  the  full  a&ion  on  the  fluid  contiguous 
to  it.  This  is  alfo  an  exa&  fuppofition  in  fdme  parti¬ 
cular  cafe,  depending  on  the  breadth  of  the  coating 
and  the  thicknefs  of  the  pane. 

Now,  let  the  primitive  unbalanced  reptilfion  between 
AB  and  the  contiguous  fluid  of  the  ele&  rometer  be  too, 
while  DF  Communicates  with  the  ground.  The  ball  a 
will  hand  at  100  ;  the  ball  d  will  hang  touching  DF. 
Then  a,  by  lofing  Toth,  retains  only  90,  and  would 
fink  to  90^  :  But  as  this  deftroys  the  equilibrium  on 
the  other  fide,  fluid  will  enter  into  DF,  fo  as  to  reduce 
the  deficiency  -r^th.  Therefore  nine  degrees  of  fluid 
will  enter';  and  its  action  on  a  will  be  the  fame  as  if 
T9oths  of  9,  or  8,1  had  been  reftored  to  AB.  There¬ 
fore  a  will  rife  from  90  to  98,1  ;  or  it  will  fink  in  one 
minute  from  too  to  98,1. 

But  if  we  have  cut  off  the  communication  of  DF 
With  the  ground,  this  quantity  of  fluid  cannot  come  into 
DF ;  and  the  quantity  which  really  comes  into  it  from 
the  air  will  be  to  that  which  efcapes  from  A  as  the  at¬ 
traction  on  the  fide  of  DF  to  the  repulfion  on  the  fide 
of  AB,  By  the  diminution  of  the  repulfion  i^th,  and 
the  want  of  9  degrees  of  fluid  in  DF  to  balance  it,  DF 
acquires  an  attraction  for  fluid,  which  may  be  called  9. 
Therefore,  fince  T^th  of  the  primitive  repulfion  of  AB 
has  difilpated  10  meafures  of  fluid  in  the  minute, 
the  attraction  of  DF  will  caufe  it  to  acquire  T*oth  of 
9,  or  0,9,  from  the  air  in  the  fame  minute.  At  the 
end  of  the  minute,  therefore,  there  remains  an  unba¬ 
lanced  attraction  for  fluid  =  8,1  ;  and  confequently  an 
unbalanced  repulfion  between  the  redundant  matter  in 
DF,  and  that  in  the  ball  d.  Therefore  d  will  rife  to 
8,1.  But  a  cannot  now  be  at  98,1  ;  becaufe  DF  has 
not  acquired  9  meafures  of  fluid,  but  only  -^ths  of  one 
meafure.  Therefore  ci>  inftead  of  riflng  from  90  to 
98,  r,  will  only  rife  to  90  +  -s^ths  X  -,9oths  ;  that  is,  to 
90,81. 

At  the  clofe  of  the  minute,  therefore,  a  is  at  90,81, 
and  d  is  at  8,1,  and  their  diftance  is  98,91.  In  the 
next  minute,  AB  will  lofe  x^th  of  the  remaining  unba¬ 
lanced  ele&ricity  of  that  fide,  and  DF  will  now  acquire 
a  greater  proportion  than  before  ;  becaufe  its  former 
unbalanced  attraction  gets  an  addition  equal  to  -rfths 
of  the  lofs  of  AB.  This  will  make  a  larger  compenfa- 
tion  in  the  aCtion  on  a>  and  a  will  not  fall  fo  much  as 
before.  And  becaufe  in  the  fucceeding  minutes  the  at¬ 
traction  of  DF  for  fluid  is  increafing,  and  the  repul- 
lion  of  A B  is  diminifhing,  the  compenfation  in  the  ac¬ 
tion  on  a,  by  the  increafed  attraction  of  DF,  conti¬ 
nues  to  increafe,  and  the  defeent  of  a  grows  continually 
flower  ;  confequently  a  time  mud  come,  when  the  re- 
pulfion  of  AB  for  fluid  is  to  the  attraction  of  DF  for 
it,  nearly  in  the  proportion  of  10  to  9.  When  this 
ftate  obtains,  d  will  rife  no  more  ;  becaufe  the  receipt 
of  fluid  by  DF,  being  now  -r9oths  of  the  lofs  by  AB, 
it  will  exaCtly  compenfate  the  additional' attraction  of 
DF  for  fluid,  occafioned  by  that  lofs.  The  next  lofs 
by  AB  not  being  fo  great,  and  the  next  receipt  by 
DF  continuing  the  fame,  by  reafon  of  its  undiminifhed 
attraction,  there  will  be  a  greater  compenfation  in  the 
aCtion  on  a ,  which  will  prevent  its  defeending  fo  fall ; 
and  there  will  be^ mote  than  a  compenfation  for  the  ad- 
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ditional  attra&ion  of  DT  for  fluid  ;  that  is,  the  fluid 
which  has  now  come  into  DF  will  render  it,  and  alfo 
the  ball  c/,  lefs  negative  than  before;  and  therefore  they 
will  not  repel  fo  ftrongly.  Therefore  d  mult  now  de- 
feend.  It  is  evident,  that  fimilar  reafons  will  ftill  fub- 
flft  for  the  flow  defeent  of  <2,  and  the  flower  defeent  of 
dy  till  all  redundancy  and  deficiency  are  at  an  end. 

This  maximum  of  the  elevation  of  d  happens  when  a 
has  defeended  about  one-half  of  its  elevation  ;  that  is, 
when  the  unbalanced  repulfion  of  AB  is  reduced  to 
about  one  half.  For  if  one  half  of  the  unbalanced  fluid 
be  really  taken  out  of  AB,  and  if  DF  can  get  no  fup- 
ply  whatever,  it  muft  acquire  an  attraction  correfpond- 
irg  to  i^ths  of  this ;  and  if  the  fupply  by  the  air  be 
now  opened  to  it,  things  will  go  on  in  the  way  already 
described,  tilt  all  is  difeharged. 

This  account  of  the  procefs  is  only  an  approxima¬ 
tion-  ;  becaule  we  have  fuppofed  the  changes  to  happen 
in  a  defultory  manner,  as  in  the  popular  way  of  exolain- 
ing  the  acceleration  of  gravity.  The  rife  of  d  is  not 
at  an  end  till  the  attra&ion  of  DF  for  fluid  is  to  the 
repulfion  of  A  B  as  19  to  20. 

But  if  we  interrupt  this  progrefs  in  any  period  of  it, 
by  touching  DF,  we  immediately  render  it  neutral, 
and  d  falls  quite  down,  in  confequence  of  receiving  a 
complete  fupply  of  fluid.  But  this  muft  change  the 
ftate  of  AB,  and  caufe  it  to  rife  T9oths  of  the  defeent  of 
d.  As  a  and  d  were  nearly  at  an  equal  height  before 
DF  was  touched,  it  is  plain  that  a  will  rife  to  nearly 
twice  its  prefent  height ;  after  which,  the  fame  feries 
of  phenomena  will  be  repeated  as  foon  as  the  finger  is 
removed  from  DF. 

If,  inftead  of  touching  DF,  we  touch  AB,  the  fame 
things  muft  happen  ;  a  muft  fall  down,  and  d  muft  rife 
to  nearly  twice  its  prefent  height,  and  all  will  go  on  as 
before,  after  removing  the  finger.  Laftly,  if  inftead  of 
allowing  either  fide  to  touch  the  givu?id  alternately, 
we  only  touch  it  with  a  Jmall  infulated  body,  fuch  as 
the  wire  with  the  balls  v  and  u ,  the  ball  attached  to 
the  fide  touched  finks,  till  the  eleClricity  is  {hared  be¬ 
tween  the  coating  and  the  wire  with  balls.  The  ball 
attached  to  the  other  coating  rifes  T9oths  of  the  linking 
of  the  fir  ft  ball.  The  crooked  wire  ball  is  now  repel¬ 
led  by  the  coating  which  it  touched,  and  the  other  ball 
is  brought  near  to  the  other  coating,  and  muft  be  at- 
traCled  by  it,  becaufe  the  electricities  are  oppofite. 

This  operation  evidently  tends  to  transfer  the  redun¬ 
dant  fluid  by  degrees  to  the  fide  where  it  is  deficient. 

It  needs  no  explanation.  We  fhall  only  mention  a  thing 
which  we  have  always  obferved,  without  being  able  to 
account  for  it.  The  vibration  of  the  wire  acquires  a 
certain  rapidity,  which  continues  for  a  long  while,  and 
fuddenly  accelerates  greatly,  and  immediately  afterwards 
ceafes  altogether. 

This  pretty  experiment  of  Profeffor  Richmann  will 
be  found  very  inftruCtive  ;  and  will  enable  us  to  under- 
ftand  the  operation  of  the  ele&rophorus,  and  to  fee 
the  great  miftake  of  thofe  who  fay  that  it  is  perfectly 
fimilar  to  a  difeharged  glafs  plate. 

Thus,  then,  we  fee,  that  all  the  clafies  of  phenome-  T^7 
na,  connected  with  attra&ion  and  repulfion,  are  ortcife  Ele<±rtea& 
ly  fuch  as  would  rcftilt  from  the  aCiion  of  a  fluid 
conftituted.  The  complete  undiminifhed  aCtion  of  theftrated, 
caufe  of  thofe  phenomena  on  the  other  fide  of  the  inter-' 
pofed  non-conduCtor  of  that  caufe  is  demonftrated,  and 
4  F  2  all 
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all  explanation  by  the  mechanical  aCtion  of  material 
elaftic  atmofpheres  of  variable  denfity  muft  be  aban¬ 
doned,  and  the  infinitely  fimpler  explanation  by  the 
attractive  and  repulfive  forces  of  the  fluid  itfelf  mult 
be'  preferred. 

So  happily  does  the  Franklinian  theory  of  pofitive 
and  negative  electricity  explain  the  phenomena,  when 
a  fuitable  notion  is  formed  of  the  manner  of  aCtion  of 
this  fluid.  We  cannot  but  think  that  this  is  attained, 
when,  to  the  general  doCtrine  of  jEpinus,  we  add  the 
fpecification  of  the  law  of  aCtion,  fo  fully  verified  by 
the  experiments  of  Mr  Coulomb,  which  are  in  the 
hands  of  the  public  ;  and  are  of  that  fimple  nature,  that 
any  careful  experimentor  can  convince  himfelf  of  their 
accuracy  (See  n°  144.  ).  We  may  therefore  proceed 
with  fome  confidence,  and  apply  this  doClrine  even  to 
cafes  where  experiment  does  not  offer  itfelf  for  proof. 

Dr  Franklin  affirms  that  eleCtric  fluid  cannot  be 
thrown  into  one  fide  of  the  coated  pane  unlefs  it  be 
fuppofing  abftraCted  from  the  other  ;  and  that  therefore  the  char- 
that  achar-ged  glafs  contains  no  more  than  it  did  before  charging. 
containsCits^e  indeed  find,  that  we  cannot  charge  the  infide,  if  the 
natural  outfide  do  not  communicate  with  the  ground.  He 
quantity  of  proves  it  alfo  by  faying,  that  if  a  perfon,  when  infula- 
ted,  difeharges  a  glafs  through  his  own  body,  he  is  not 
found  eleCtrified  :  And  he  infers,  as  a  neceffary  confe- 
quence  of  this,  that  a  feries  of  any  number  of  jars  may 
be  charged  by  the  fame  turns  of  a  machine,  if  we  make 
the  outfide  of  the  firft  communicate  with  the  infide  of 
the  fecond,  and  the  outfide  of  the  fecond  with  the  in¬ 
fide  of  the  third  ;  and  fo  on ;  and  the  outfide  of  the 
laft  communicate  with  the  ground.  Having  made  the 
trial,  and  having  found  that  more  turns  of  the  machine 
were  neceffary,  he  attributes  this  to  diflipation  into  the 
air  by  the  communication.  But  our  theory  teaches  us 
otherwife.  We  learn  from  it,  that  the  redundant  mat¬ 
ter  in  the  plate  DF  is  lefs  than  the  redundant  fluid  in 
AB,  in  the  proportion  of  n  —  1  to  n  ;  and  therefore 
the  redundant  fluid  in  the  overcharged  fide  of  the  next 
plate  is  no  greater.  The  charge  or  redundancy  in  the 


fluid, 


TTitli  jar  of  the  feries  will  therefore  be  ~ 


Thus 


if  n,  or  the  charge  of  the  1  ft  jar,  be  60,  the  charge  of 
the  ioth  jar  will  be  nearly  51.  Although  a  coated 
plate  cannot  be  charged ,  unlefs  one  of  the  coatings  com¬ 
municate  with  the  ground,  it  may  be  elettrtfied  as  much 
as  one  of  the  coatings  can  be  alone.  And  this  is  feen 
in  our  attempt  to  charge  it :  For  as  foon  as  we  attempt 
to  eleCtrify  one  fide,  the  other  is  eleCtrified  alfo  ;  for 
it  gives  a  fpark,  which  no  uneleCtrified  body  will  do. 
Alfo,  when  we  difeharge  a  jar  by  an  infulated  difehar- 
ger,  we  always  leave  it  ele&rical  in  the  fame  way  with 
the  body  from  which  it  was  charged.  If  a  man  is  not 
iound  eleCtrified  after  having  difeharged  a  jar  through 
his  own  body,  it  is  owing  to  the  great  furface  of  hia 
body,  which  reduces  the  fimple  electrification  of  a  fide 
of  the  jar  to  a  very  infignificant  and  infenfible  quantity. 

Wilcke  (and  we  believe  Franklin  before  him)  main- 
^a*ns>  ^at  when  the  jar  has  been  charged,  by  conneCt- 
1  c  e  8*  ing  one  fide  with  the  prime  conductor  and  the  other 
with  the  rubber,  it  is  neutral  and  inactive  on  both  fides. 
But  this  is  not  fo  ;  and  a  flight  reflection  might  have 
convinced  them  that  it  cannot  be  fo  :  if  it  were,  the 
jar  could  not  be  difeharged.  Each  fide,  while 
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neCled  with  the  machine,  muft  be  in  the  condition  of 
the  part  with  which  it  is  connected,  and  in  a  difpofi- 
tion  to  take  or  give.  If  the  trial  be  carefully  made,  it 
will  be  found  to  be  equally  atlive  on  both  fides;  and  the 
difchargiRg  rod,  having  down  on  its  ends,  will  fliew 
this  in  an  unequivocal  manner,  and  fhew  that  its  condi¬ 
tion  differs  in  this  refpeCt  from  that  of  a  jar  charged  in 
the  ordinary  way.  It  is  in  the  maximum  flate  of  Rich- 
mann’s  plate,  described  in  n°  156.  when  d  rifes  no  more. 

In  difeharging  a  jar  A,  if  inftead  of  the  outfide  com- Chargee 
municating  with  the  infide  by  a  wire,  we  make  it  com- jar  by  d 
municate  with  the  infide  of  a  fecond  jar  B,  while  the  Charge 
outfide  of  B  is  made  to  communicate  with  the  infide  Ofanotler‘ 
A,  we  fhall  find  B  charged  by  the  difeharge  of  A  ; 
and  that  the  difeharge  of  A  is  not  complete,  the  charge 
2*  always  remaining,  whatever  may  have  been  the  mag¬ 
nitude  of n.  ^ 

We  may  infer  from  this  experiment,  that  when  a  [mpor^ 
fhock  is  given  to  a  number  of  perfons,  a ,  b>  c>  See.  weinfercifli 
are  not  to  conclude,  that  the  fluid  which  comes  into 
the  deficient  fide  of  the  jar  is  the  fame  which  came  out 
of  the  redundant  fide.  The  whole,  or  perhaps  only  a 
part,  of  the  moveable  fluid  in  the  perfon  a  goes  into  b, 
replacing  as  much  as  has  palled  from  b  into  c,  Sec.  In¬ 
deed,  where  the  canal  is  a  (lender  wire,  we  may  grant 
that  great  part  of  the  individual  particles  of  fluid  which 
were  accumulated  on  the  infide  of  the  jar  have  gone  in¬ 
to  the  outfide.  Perhaps  the  quantity  transferred,  even 
in  what  we  call  a  very  great  difeharge^  may  be  but  a 
fmall  proportion  of  what  naturally  belongs  to  a  body. 

This  may  be  the  reafon  why  a  charge  will  not  melt 
more  than  a  certain  length  of  wire.  Mr  Cavendilh 
aferibes  this  to  the  greater  obftruCtion  in  a  longer  wire; 
but  this  does  not  appear  fo  probable.  A  greater  ob¬ 
ftruCtion  would  occafion  a  longer  delay  of  the  tranf- 
ference ;  and  therefore  the  aCtion  of  the  fame  quantity 
would  be  longer  continued.  He  proves,  that  a  metal 
wire  condnCts  many  hundred  times  falter  than  water  ; 
yet,  when  water  is  diflipated  by  a  difeharge,  it  is  found 
to  have  actually  conducted  a  much  greater  proportion  of 
the  whole  charge.  We  aferibe  it  chiefly  to  this,  that, 
in  a  Ihort  wire,  the  quantity  transferred  exceeds  the 
whole  quantity  belonging  to  the  wire. 

It  is  furely  needlels  to  prove  that  the  theory  of  the  Leyden 
JLeyden  phial  is  the  fame  with  that  of  the  coated  pane,  phial  lik< 
The  only  difference  is,  that  we  are  not  fo  able  to  teilcoate<l 
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the  difpofition  of  the  accumulated  fluid,  and  the  evacu-f1116* 


ated  matter,  in  every  figure.  When  the  phial  is  of  a 
globular  form,  and  of  Uniform  thicknefs,  with  an  ex¬ 
ceedingly  finall  neck,  we  then  know  the  difoolition 
more  accurately  than  in  a  plate.  The  redundant  fluid 
is  then  uniformly  diftributed.  If  we  could  infure  the 
uniformity  of  thicknefs,  filch  a  phial  would  be  an  ex¬ 
cellent  unit  for  meafuring  all  other  charges  by  ;  but 
we  can  neither  infure  this  (by  the  manner  of  working 
glafs),  nor  meafure  its  want  of  uniformity  :  whereas 
we  can  have  mirror  plate  made  of  precifely  equal  thick¬ 
nefs,  and  meafure  it.  This,  therefore,  muft  be  taken 
as  our  unit. 

And  here  we  remark,  that  this  gives  us  the  moft 
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perfeCl  of  all  methods  for  comparing  our  theory  with  ^xce^en? 
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experiment.  We  muft  take  two  plates,  of  the  fame  ^rifying 
glafs  and  the  fame  thicknefs,  but  of  different  dimen-  the  theefl 
lions  of  coated  furface. 


con- 


We  muft  charge  both  by  very 
long  conducting  wires  on  both  fides,  and  then  meafure 

how 
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how  often  the  charge  of  the  one  is  contained  in  the 
other.  Mr  Cavendifh  has  given  an  unexceptionable 
method  of  doing  this  independent  of  all  theory.  As 
it  applies  equally  to  jars,  however  irregular,  we  fhall 
take  it  altogether. 

of  When  a  jar  is  charged,  obferve  the  eleCtrometer  con¬ 
nected  with  it,  and  immediately  communicate  the  charge 
to  another  equal  jar  (the  perfe&  equality  being  previ- 
oufly  ascertained  by  the  methods,  which  will  appear 
immediately).  Again  note  the  eleCtrometer.  This 
will  give  the  elevation,  which  indicates  one-half,  inde¬ 
pendent  of  all  theory.  Now  eleCtrify  ajar,  or  a  row  of 
equal  jar3,  to  the  fame  degree  with  the  firft,  and  com¬ 
municate  the  charge  to  a  coated  mirror  plate,  difeharg- 
ing  the  plate  after  each  communication,  till  the  elec¬ 
trometer  reaches  the  degree  which  indicates  one-half. 
This  fhews  how  often  the  charge  of  the  plate  is  con¬ 
tained  in  that  of  the  jar  or  row  of  jars. 

Let  the  charge  of  the  plate  be  to  that  of  the  jars  as 
w  to  i.  Then,  by  each  communication,  the  eleCfricity 
is  diminifhed  in  the  proportion  of  i  +#  to  I.  If  m 
communications  have  been  made,  it  will  be  reduced  in 
the  proportion  of  »  +  xm  to  I.  Therefore  l-j-.v”* 
=  2,  and  1  -f-  x  n  m a/  2,  and  x  zz  m\/  2  —  1. 

When  x  is  fmall  in  proportion  to  1,  we  fhall  be  very 
near  the  truth,  by  multiplying  the  number  of  communi¬ 
cations  by  1,444,  and  fubtraCting  0,5  from  the  pro¬ 
duct.  The  remainder  fhews  how  often  the  charge  of 

the  plate  is  contained  in  that  of  the  jars,  or  — . 

Thus  may  the  perfeCt  equality  of  two  jars  be  afeer- 
tained  ;  and  the  one  which  exceeds,  on  trial,  may  be 
reduced  to  equality  by  cutting  off  a  little  of  the  coat¬ 
ing.  An  eleCtrician  fhould  have  a  pair  of  fmall  jars  or 
phials  fo  adjufted.  It  will  ferve  to  difeover  in  a  mi¬ 
nute  or  two  the  mark  of  one-half  ekCtricity  for  any 
electrometer,  and  for  any  degree  ;  as  alfo  for  mea- 
furing  jars,  batteries,  fhocks,  &c.  much  more  accurate¬ 
ly  than  any  other  method  :  becaufe  fuch  phials,  con- 
ftriiCted  as  we  fhall  deferibe  immediately,  may  be  made 
Jo  neutral,  and  fo  retentive,  that  the  quantity  which 
diffipates  during  the  handling  becomes  quite  infigni fi- 
cant  in  proportion  to  the  quantity  remaining;  whereas, 
in  all  experiments  with  electrometers,  conftruCted  with 
the  moft  curious  attention,  the  difiipations  are  great  in 
proportion  to  the  whole,  and  are  capricious. 

It  was  chiefly  by  this  method  that  the  writer  of  this 
article,  having  read  Mr  Cavendifh’s  paper,  compared 
the  meafures  given  by  experiment  with  thofe  which  re- 
fult  from  an  aClion  in  the  inverfe  duplicate  ratio  of  the 
diftance.  When  the  charges  were  moderate,  the  coin¬ 
cidence  was  perfeCt  ;  when  the  charges  were  great,  the 
large  plates  contained  a  little  more.  This  is  plainly 
owing  to  their  being  left  difpofed  to  diffipate  from  the 
edges. 

>r  .  may  novv  f°H°w  with  fome  confidence  the  prac¬ 
tical  maxims  deducible  from  the  theory  for  the  con- 
ftruCtion  of  this  accumulating  apparatus.  The  theory 
preferibes  a  very  conducting  coating,  in  clofe  and  unin¬ 
terrupted  contadl :  It  preferibes  an  extenfive  furface, 
and  a  thin  plate  of  idio -eleCtric  fubftance.  According¬ 
ly  all  thefe  are  in  faCt  attended  by  a  more  powerful  ef¬ 
fect.  Metal  is  found  to  be  far  preferable  to  water, 
which  was  firft  employed,  having  been  fuggefted  by  the 


original  experiments  of  Gray,  Kleifl,  and  Cunasus.  A 
continuous  plating  is  preferibed,  in  preference  to  fome 
methods  commonly  praCtifed ;  fuch  as  filling  the  jar 
with  brafs  duft,  or  gold  leaf,  or  covering  its  furface 
with  filings  ftnck  on  with  gum  water,  or  coating  the 
infide  with  an  amalgam  of  mercury  and  tin.  This  laft 
appears,  by  reflection  from  the  outfide,  to  give  a  very 
continuous  coating;  but  if  we  hold  the  jar  between 
the  eye  and  the  light,  we  may  perceive  that  it  is  only 
like  the  covering  with  a  cobweb.  Yet  there  are  cafes 
where  thefe  imperfeCt  coatings  only  are  practicable, 
and  fome  rare  ones  where  they  are  preferable.  In  the  Hint  for 
medical  exhibition  of  eleCtricity,  where  the  purpofe  in- medical  ex¬ 
tended  is  fnppofed  to  require  the  transfufion  of  a  great  of 

quantity  of  the  eleCtric  fluid,  any  thing  that  can  diml-  ck&ricity* 
nifh  the  irritating  fmartnefs  of  the  fpark  is  defirable. 

This  is  greatly  effeCted  by  thofe  imperfeCt  coatings. 

Small  fhocks,  which  convey  the  fame  quantity  of  fluid 
with  the  (harp  pungent  and  alarming  fpark  from  a  large 
furface,  are  quite  loft  and  inoffenlive,  greatly  refem- 
bling  the  fpafmodic  quivering,  fometimes  felt  in  the  lip 
or  eye-lid,  and  will  not  alarm  the  moft  fearful  patient. 

Clofe  contaCt  of  the  metallic  coating  is  obferved  to  How  to 
Incrcafe  the  effeCt  of  the  charge.  But  it  is  alfo  found,  prevent  the 
that  it  greatly  increafes  the  rifle  of  burfting  the  glafs  hurfting  of 
by  fpontaneous  difeharge  through  its  fubftance.  An|fsbyhi^ 
experienced  eleCtrician  (we  think  it  is  Mr  Brookes  of C  iargcs* 
Norwich)  fays,  that  fince  he  has  employed  paper  co¬ 
vered  with  tinfoil,  with  the  paper  next  the  glafs,  inftead 
of  the  foil  itfelf,  he  has  never  had  a  jar  burit ;  whereas- 
the  accident  had  been  very  frequent  before.  The  the¬ 
ory  juftifies  this  obfervation.  Paper  is  an  imperfeCt 
conductor,  even  when  foaked  with  flour  pafte  ;  and  the 
transfufion,  though  rapid,  is  not  inftantaneous  nor  de- 
fultory,  but  begins  faintly,  and  fwells  to  a  maximum. 

It  operates  on  the  glafs,  like  gradual  warming  inltead 
of  the  fudden  application  of  great  heat. 

Mr  Cuthbertfon,  an  excellent  artift  in  all  eleCtrical  ap-  yer*  c7ur^ 
paratus,  and  inventor  of  the  belt  air-pump,  has  made  a  ous  obfer- 
curious  obfervation  on  this  fubjeCt.  He  fays  that  he  vation  by 
has  uniformly  obferved,  that  jars  take  a  much  greater 
charge  (nearly  one-third),  if  the  inflde  be  confiderably  Cr*  °n* 
damped,  by  blowing  into  it  with  a  tube  reaching  to  the 
bottom  ( Nicholfon’s  Journal ,  March  1799). — We  muft 
acknowledge,  that  we  can  form  no  diftinCt  conception 
of  what  Mr  Cuthbertfon  calls  an  undulation  of  the  elajltc 
atmofphere .  We  do  not  know  whether  he  means  that 
the  atmofphere  is  actually  undulating  as  water,  or  as 
air  in  the  production  of  found,  its  parts  being  in  a  re¬ 
ciprocating  motion  ;  or  whether  he  only  means  that 
this  atmofphere  confifts  of  quieicent  flrata,  alternately 
denfer  and  rarer.  Nor  can  w’e  form  any  notion  how 
either  of  thefe  undulations  contributes  to  the  explofion, 
or  prevents  it.  We  are  really  but  very  imperfectly  ac¬ 
quainted  with  that  part  of  the  fcience  which  fhould  de¬ 
termine  the  precife  accumulation  that  produces  the  de- 
fultory  transference.  We  mentioned  one  neceffary  con¬ 
fluence  of  the  aCtion  inverfely  as  the  fquare  of  the 
diftance,  which  has  fome  relation  to  this  queftion,  viz. 
that  a  particle,  making  part  of  a  fpherical  furface,  is 
twice  as  much  repelled  when  it  has  juft  quitted  the  fur¬ 
face  as  when  ft  made  part  of  it,  provided  its  place  be 
immediately  fupplied.  And  another  circumftance  has 
been  frequently  mentioned,  viz.  that  a  greater,  and  per¬ 
haps  much  greater,  force  is  neceffary  for  enabling  a 

particle 
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particle  of  fluid  to  quit  the  laft  feries  of  particles  of 
the  folid  matter  than  for  producing  almoft  any  con  ft  i- 
pation.  But  we  are  not  certain  that  thefe  circumftan- 
ces  are  of  fufficient  influence  to  explain  the  whole  of 
the  event.  Valeant  quantum  valere  pojfint .  Yet  we 
are  of  opinion  that  Mr  Cuthbertfon  has  aligned  the 
true  caufe,  namely,  the  imperfect  coating  of  the  infide 
of  the  glafs.  When  we  come  to  the  explanation  of  the 
efcape  of  ekdricity  along  imperfect  conductors,  we 
hope  that  it  will  appear,  that  the  difpofnion  to  efcape 
muft  be  greatly  diminiflied  by  a  charge,  which  difpafes 
the  fluid  fo,  that  in  no  place  the  conftipation  is  remark¬ 
ably  greater  than  in  another  part' very  near  it,  and  the 
denfity  changes  everywhere  {lowly. 

Belt  forms  With  refpeCl  to  the  form  of  the  coated  glafs,  the 
for  jars,  <Scc.  theory  preferibes  that  which- will  occafion  fiich  a  diftri- 
bution  of  the  eleCtric1  fl  uid  as  fhall  make  its  repullion 
for  the  fluid  in  the  canal  which  conneCfs  it  with  the 
prime  condu&or  as  little  as  poflible.  In  this  refpeCt, 
it  would  feem  that  a  plate  is  the  belt,  and  a  globe  the 
v/oril:  but  if  both  are  very  thin,  the  difference  cannot 
be  confiderable.  Our  experience,  however,  feems  to  in¬ 
dicate  the  oppofite  maxim  as  the  mofl  proper.  We 

#  have  uniformly  found  a  globe  to  be  far  preferable  to  a 
plate  of  the  fame  thicknefs,  and  that  a  plate  was  ge¬ 
nerally  the  weakeft  form.  It  muft  be  owned,  that  we 
have  not  yet  been  able  to  afeertain  by  the  theory  what 
is  the  exaft  diftribution  of  the  redundant  fluid  in  a 
plate.  In  a  fphere,  it  muft  be  uniformly  fpread  over 

*  the  furface.  We  muft  alfo  aferibe  part  of  the  inferio¬ 
rity  of  the  plate  to  its  greater  tendency  to  diflipation 
from  the  edges.  If  a  plate  be  coated  in  a  ftar-like 
form,  with  {lender  proje&ing  points,  we  fhall  obferve 
them  luminous  in  the  dark,  almoft  at  the  beginning  of 
the  accumulation  ;  and  the  plate  will  difeharge  itfclf  by 
thefe  points,  over  the  uncoated  part,  before  it  has  at 
tained  any  confiderable  ftrength.  Thofe  forms  are  leaft 
expofed  to  this  deterioration  which  have  the  leaft  cir¬ 
cumference  to  the  fame  quantity  of  furface.  We  have 
always  found,  that  a  fquarc  coating  will  not  receive  a 
more  powerful  charge  without  exploding  than  a  circu¬ 
lar  one  of  the  fame  breadth,  although  it  contains  a 
fourth  more  furface;  and  this  although  any  vifible  efcape 
from  the  angles  be  prevented  by  covering  the  outline 
with  fealing  wax.  Of  all  forms,  therefore,  a  globe, 
with  a  very  narrow,  but  long  neck,  is  the  molt  reten¬ 
tive.  But  it  is  very  difficult  to  coat  the  infide  of  fuch 
a  veffel.  Ihe  balloons  ufed  in  chemical  diftillations 
make  excellent  jars,  and  can  be  eafily  coated  internally 

.  when  the  neck  will  admit  the  hand.  The  thinned  of 
tinfoil  may  be  ufed,  by  firft  pafting  it  on  paper,  and 
then  applying  it  either  with  the  foil  or  the  paper  next 
the  glafs.  It  fliould  be  cut  into  gufiets,  as  in  the  co¬ 
vering  of  terreftrial  globes  ;  and  they  fhould  be  put  on 
overlapping  about  half  an  inch.  The  middle  of  the 
bottom  is  then  coated  with  a  circular  piece.  The  great 
bottles  for  holding  the  mineral  acids  are  alfo  good  jars, 
but  inferior  to  the  balloons,  becaufe  they  are  very  thick 
in  the  bottom,  and  for  feme  diftance  from  it.  A  box 
of  balloons  contains  more  effe&ive  furface  than  an  equal 
169  of  jars  of.the  fame  diameter  and  height  of  coating. 

Compendia  T  he  moft  compendious  battery  may  be  made  in  the 
tus battery. f0H0Wing  manner;  Choofe  fome  very  flat  and  thin 
panes  of  the  bed  crown  glafs,  coat  a  circle  (a  b  c  d)\ 
(fig*  31*)  in  the  middle  of  both  furfaces,  fo  as  to  leave 


a  fufficient  border  unco  t  ted  for  preventing  a  fpontoi  e- 
ous  difeharge  f  let  each  of  them  have  a  harrow  flip  of 
tinfoih#  reaching  from  the  coating  to  the  edge  on  one 
fide,  and  a  fimilar  flip  c  leading  to  the  oppofite  edge  on 
the  other  fide.  Lay  them  on  each  other,  fo  that  the 
flips  of  two  adjpining  plates -may  coincide.  Conned 
all  the  ends  of  thefe  flips  on  one  fide  together  by  a  flip 
of  the  fame  foil,  or  a  wire  which  touches  them  all. 

Then,  ccmne&ing  one  of  thefe  collecting-  flips  with  the 
prime  condu&or,  and  the  other  with  the  ground,  we  ' 
may  charge  and  difeharge  the  whole  together.  If  the 
panes  be  round,  or  exadl  fqnares,  we  may  employ  as 
few  of  them  together  as  we  pkafe,  by  fetting  the  whole 
in  an  open  frame,  like  an  old-fafhioned  plate-warmer  ; 
and  then  turning  the  fet  which  we  would  employ  to-  • 
gether  at  right  angles  to  the  reft.  This  evidently  de¬ 
taches  the  two  parcels  from  each  other.  This  battery 
may  be  varied  in  many  ways;  and  if  the  whole  is  always 
to  be  employed  together,  we  may  make  it  extremely 
retentive,  by  covering  the  uncoated  border  of  the  plate 
with  melted  pitch,  and,  while  it  is  foft,  preffing  down 
its  neighbour  on  it  till  the  metallic  coatings  touch. 

For  greater  variability  this  may  be  done  in  parcels  of 
the  whole. 

On  the  fame  principle,  a  moft  compendious  battery 
may  be  made  by  alternate  layers  of  tinfoil  and  hard  var- 
nifh,  or  by  coating  plates  of  very  clear  and  dry  Muf- 
covy  glafs.  But  thefe  muft  be  ufed  with  caution,  left 
they  be  burft  by  a  fpontaneous  difeharge  ;  in  which 
cafe  we  cannot  difeover  where  the  flaw  has  happened. 

They  make  a  furprifing  accumulation,  without  .{hewing 
any  vivid  ek&ricity.  ' 

We  have  made  a  very  fine  cle&ric  phial  for  carry-  porta!  1 1 
ing  about,  by  forming  tin-plate  (  iron  plate  tinned  )  intoj*r.  I 
fomewhat  of  a  phial  fhape,  with  a  long  neck.  We 
then  covered  this  with  a  coating  of  fine  fealing  wax, 
about  y^th  of  an  inch  thick,  quite  to  the  end  of  the 
neck,  and  coated  the  fealing  wax,  all  but  the  neck,  with  , 
tinfoil.  It  is  plain  that  the  fealing  wax  is  the  coated 
idio  eledr ic,  and  that  the  tin-plate  phial  ferves  for  an 
inner  coating  and  wire.  The  diflipation  is  almoft  no¬ 
thing  if  the  neck  be  very  fmall  ;  and  it  only  requires  a 
little  caution  to  avoid  burfting  by  too  high  a  charge. 

Even  .this  may  be  prevented  by  coating  the  fealing  wax 
fo  near  to  the  end  of  the  neck,  that  a  fpontaneous  dif¬ 
eharge  muft  happen  before  the  accumulation  is  too 

£reat*.  I 

It  is  well  known  that  the  difeharge  happens  when  r?r 
the  difeharging  balls  are  at  a  confiderable  diftance  from^J^II 
each  other  ;  therefore  only  as  much  is  difeharged  as  difeharj 
correfponds  to  that  diftance.  This  is  one  caufe  of  the 
refidunm  of  a  difeharge  which  fometimes  is  pretty  con¬ 
fiderable.  Some  experiments  require  the  very  utmoft 
force  of  the  charge.  It  is  therefore  proper  to  make  the 
difeharge  as  dole  and  abrupt  as  poflible.  But  the  moft 
rapid  approach  that  we  can  make  of  the  difeharger  is 
nothing  in  companion  with  the  velocity  with  which  the 
fluid  feems  to  fly  off,  and  will  therefore  have  but  fmall 
influence  in  making  a  more  fnftantaneous  and  complete 
difeharge.  Theory  points  out  the  following  method ; 

Let  a  very  thick  plate  of  glafs  (  half  an  inch),  of  leveral  l 
inches  diameter,  be  put  between  the  difeharging  balls, 
which  fhould,  in  this  cafe,  be  fmall,  and  let  thefe  balls 
be  ftrongly  preffed  againft  it  by  a  fpring.  While  the 
charge  is  going  on,  a  very  fmall  part  of  the  glafs  plate, 

round 
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round  the  points  of  contaft,  will  receive  a  weak  and 
ufelefs  charge  ;  but  this  will  not  hinder  the  battery  from 
acquiring  the  fame  intenfity  of  charge.  When  this  is 
completed,  let  the  Intervening  glafs  plate  be  brifkly 
withdrawn.  The  difcharge  will  begin  with  an  intenfi¬ 
ty  which  is  unattainable  in  the  ordinary  manner  of  pro¬ 
ceeding. 

Much  has  been  faid  of  the  lateral  explofion.  It  ap¬ 
pears,  that  in  fome  of  the  prodigious  transferences  of 
eleftricity  that  have  taken  place  in  the  difcharge  of  great 
furfaces  through  wires  barely  fufficient  to  conduft  them, 
flafhes  of  light  are  thrown  offlaterally  ;  but  the  mod  de¬ 
licate  eleftrometer,  it  is  faid,  is  not  affefted.  The  faft 
is  not  accurately  narrated  ;  we  have  always  .obferved  a 
very  delicate  eleftrometer  to  be  affefted.  The  paflage 
of  fuch  a  quantity  of  fluid  is  almofl  equivalent  to  the 
co-exiftence  of  it  in  any  given  feftien  of  the  wire  ;  but 
it  remains  there  for  fo  fhort  a  time,  that,  afting  as  an 
accelerating  force,  it  cannot  produce  a  very  fenfible  mo¬ 
tion.  It  is  like  the  difcharging  a  piflol  ball  through  a 
ftieet  of  paper  hanging  loofely.  It  goes  through  it  with¬ 
out  very  fenfibly  agitating  it. 

It  has  fometimes  appeared  to  us  probable,  that,  by 
means  of  this  lateral  explofion,  the  direftion  of  the  cur¬ 
rent  may  be  difcovered.  Let  the  jar  ab  (fig.  32.)  be 
'difcharged  by  a  wire  ac  deby  interrupted  at  c  d  by  tke 
coating  of  a  very  thin  plate  of  talc  ;  let  the  coating  alfo 
be  very  thin.  There  mud  be  fome  obftruftion  to  the 
motion,  which  mufl  caufe  the  fluid  to  prefs  on  the  fides 
or  furfaces  of  the  coating,  juft  as  the  obdruftion  to  the 
motion  of  water  in  a  pipe  (arifing  from  friftion,  or  even 
from  material  obftacles  in  the  pipe)  caufes  the  water 
to  prefs  on  the  fides  of  the  pipe.  Therefore  if  a  wire 
* «  conneft  the  other  coating  with  the  ground,  we 
fhould  expeft  that  fluid  will  be  expelled,  along  this 
wire,  and  a  charge  be  given  to  the  plate  of  talc.  Now 
whether  the  courfe  in  this  apparatus  be  from  b  to  a ,  or 
fiom  a  to  by  if  any  charge  be  acquired'  by  c  d,  it  will 
probably  be  pofitive  in  c  d ,  and  negative  in  *  ;  for  it  is 

cleft ric  fluid  that  is  fuppofed  to  pafs  :  therefore  we 
fhould  always  have  one  fpecies  of  eleftricity,  whether  a 
has  been  charged  by  glafs  or  by  fealing  wax  :  and  this 
fpecies  will  indicate  which  is  pofitive.  We  have  faid 
“  probably” — for  it  is.  not  impofilble  that  it  may  be 
otherwife.  If  the  abftraftion  at  d  be  fuppofed  more 
powerful  than  the  fupplying  force  at  c,  the  fame  ob- 
ilruftion  may  perhaps  keep  the  plate  c  d  in  an  abforbwg 
{fate,  juft  as  water  defcending  in  a  vertical  pipe,  into 
which  it  is  preffed  by  a  very  fmall  head  of  water  in  the 
ciftern,  indead  of  preffmg  the  fides  of  the  pipe,  rather 
draws  them  inwards,  as  is  well  known.  This  feems,  at 
any  rate,  an  interefting  experiment  ;  for  we  mufl  ac¬ 
knowledge,  that  there  dill  hangs  a  myflerious  curtain 
before  a  theory  which  deduces  fo  much  from  the  pre¬ 
fence  of  a  fubftance  which,  we  have  never  been  able  to 
exhibit  alone,  and  where  we  do  not  know  when  it 
abounds  and  when  it  13  deficient.  It  is  like  the  phlo-r 
gifton  of  Stahl,  or  the  caloric  of  Lavoifler.  It  will 
be  proper  to  ufe  the  thinnefl  plate  of  talc  to  be 
charged,  and  to  conneft  it  with  another  coated  plate 
of  half  the  diameter,  or  lefs,  in  order  to  increafe 
the  accumulation.  It  feems  by  no  means,  a  defperate 
cafe. 

The  theory  of  coated  glafs  now  explained,  might 
have  been  treated  with  more  precifion,  and  the  formulae 
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deduced  in  the  beginning  of  this  article  might  have 
been  employed  for  dating  the  fum- total  of  the  afting 
forces,  and  thus  demonjlrating  with  precifion  the  truth 
of  the  general  refult  ;  and  indeed  it  was  with  fuch  a 
view  that  they  were  premifed  :  but  they  would  have 
been  confrderably  complicated  in  the  prefent  cafe  ;  for 
however  thin  we  fuppofe  the  tinfoil  coatings  to  be,  it 
is  evident  from  n  92,  &c.  that  each  coating  will  con- 
fid  of  three  ftrata ;  of  which  the  two  outermoft  are 
aftive,  and  muft  have  their  forces  dated,  and  the  date- 
ment  of  the  force  of  each  dratum  would  have  confided 
of  three  terms.  This  would  have  been  very  embarrafling 
to  fome  readers ;  and  the  force  of  the  conclufion  would 
not,  after  all,  have  been  much  more  convincing  tliam 
we  hope  the  above  more  loofe  and  popular  account  has 
been. 

We  have  hitherto  confidered  the  non-eleftric  coat- Does ?tL 
ings  only,,  and  have  not  attended  to  what  may  chance  charge  re* 
to  obtain  in  the  fubdance  of  the  coated  eleftrics  them-d^e  in  the 
felves.  May  not  part,  at  lead,  of  the  redundant  fluid ^at^gs  or 
be  lodged  in  one  fuperficial  itratum  of  the  glafs  ?  or,  if  glafs? 
it  do  not  penetrate  it,  may  it  not  adhere  to  the  furface, 
and  drive  off  from  the  other  furface,  or  dratum,  a  part 
of  what  naturally  adheres  to  it  ?  Till  Dr  Franklin’s 
notions  on  the  fubjeft  became  prevalent,  no  perfon 
doubted  this.  The  eleftric  was  fuppofed  to  contain  or 
to  accumulate  in  its  furface  all  the  eleftricity  that  we; 
know.  But-the  firft  fuggedion  of  Dr  Franklin’s  ex-  ' 
periments  certainly  was,  that  the  eleftric  plate  or  veffel 
afted  merely  as  an  obdacle,  preventing  the  fluid  from 
flying  from  the  body  where  it  was  redundant  to  that 
where  it  was  deficient.  It  is  therefore  an  important' 
quedion  in  the  fcience,  whether  the  glafs  or  eleftric' 
concerned  in  thefe  phenomena  ferve  any  other  purpofe 
befides.  the  mere  prevention  of  the  redundant  fluid  from 
dying  to  the  negative  plate  l 

Now  it  appears,  at  the  very  fird,  that  this  is  the  cafc/jt  ;57n  tj,5 
For  if'  a  gjafs  be  coated  only  on  one  fide,,  and  be  elec-  glafs. 
trifled  on  that  fide,  we  obtain  a  flrong  fpark  from  the 
other  fide  hy  bringing  the.  knuckle  near  it :  and  this 
may  be  obtained  for  fome  time  from  one  fpot  of  that 
furface;  and,  after  this,  we  get  no  more  from  that  fpot; 
but  get  fparks,  with  the  fame  vivacity,  and  in  the  fame 
number,  from  any  other  fpot  that  is  oppolite  to  the 
coating,  on  the  other  fide.  In  this  manner  we  can  ob¬ 
tain  a  fueceflion  of  fparks  from  every  inch  of  furfaoe 
oppoflte  to  the  coating,  and  from  no  other  part.  But 
what  puts  this  quedion  beyond  all  doubt  is,  that- if  we 
now  lay  a  metal  coating  on  the  furface  from  which  the 
{parks  have  been  drawn  in  this  manner,  and  make  a 
communication  between  the  two  metallic  coatings,  by 
means  of  a  bent  wire,  we  obtain  a  .  perfeft  difcharge. 

To  complete  the  proof,  we  need  only  obferve,  that  tin's 
experiment  fucceeds  whether  the  glafs  has  been  deftri- 
fied  by  excited  glafs  or  by  excited  fealing  wax.  There, 
fore  the  coated  furface  may  receive  the  eleftric  fluid 
by  the  coating,  as  we  fee  plainly  that  it  is  abdrafted  by 
the  coating.  The  ufe  of  the  coatings  may  be  nothings  v 
more  than- than  to  atftas-conduftors  to  every  part  of  the 
furface  of  the  eleftric.  None  of  thefe  thoughts  efcaped 
the  penetrating  and  fagacious  mind  of  Dr  Franklin. 

He  immediately  put  it  to  the  ted  of  experiment  ;  and, 
laying  a  moveable  metallic  coating  on  both  furfaces,  he 
found  the  glafs  charge  perfeftly  well.  He  lifted  off 
the  coatings ;  which  operatioa  was  accompanied  i^y 
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flaflies  of  light  between  the  metallic  coverings  and  the 
glafs  from  which  he  feparated  them.  Having  removed 
the  coatings,  he  applied  others,  completed  the  circle, 
and  obtained  a  perfeft  difcharge,  not  diilinguifhable 
from  what  he  would  have  obtained  from  the  fil'd  coat- 


ings. 


177  Thus  was  it  demonft  rated,  that  the  glafs  plate  itfelf 
Charged  acquired  by  charging  a  redundant  dratum  on  one  fide, 
quires  re-  anc*  a  deficient  dratum  on  the  other  fide  ;  and  we  now 
dundant  fee,  at  once,  the  reafon  why  the  accumulation  turns  out 
and  defici-  greater  than  what  is  determined  by  the  theory.  The 
ent  ft  rata,  dillance  between  the  redundant  and  deficient  flratum  is 
lefs  than  the  thicknefs  of  the  glafs  ;  and  this,  perhaps, 
in  an  unknown  proportion. 
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tion  followed  a  different  law.  Were  it  as  the  coating 


This  precious  experiment  of  Dr  Franklin  was  re¬ 
peated  by  every  ele&rician,  and  varied  in  a  thoufand 
ways.  No  philofopher  has  carried  this  refearch  far¬ 
ther  than  Beccaria  ;  and  he  has  given  ground  for  a 
mod  important  difcovery  in  the  mechanical  theory, 
namely,  that  the  charged  glafs  has  feveral  flrata,  of  in¬ 
conceivable  thinnefs,  alternately  redundant  and  deficient 
in  ele&ric  fluid  ;  and  that  by  continuing  the  eledlrifica- 
tion,  thefe  flrata  penetrate  deeper  into  the  glafs,  and 
probably  increafe  in  number.  We  have  not  room  here 
to  give  even  an  account  of  his  experiments,  and  mufl 
refer  the  philofophical  and  curious  reader  to  that  part 
of  his  valuable  Treatife  where  he  treats  of  what  he  calls 
vindicating  or  recovering  eleBricity  ;  as  alfo  to  a  paper 
by  Mr  Henly  in  Phil.  Tranf.  for  1766,  giving  account 
of  experiments  on  Dutch  plates  by  Mr  Lane.  The 
general  form  of  the  experiment  is  this.  He  puts  two 
plates  together  ;  he  coats  the  outer  furfaces,  and  char¬ 
ges  and  difeharges  them  as  one  thick  plate.  Their  in¬ 
ner  touching  furfaces  are  found  flrongly  ele&rical  after 
the  difcharge,  having  oppofite  ele&ricities,  and  chan¬ 
ging  thefe  elc&ricities,  by  repeated  feparations  and  re¬ 
placings,  in  a  way  feemingly  very  capricious  at  firfl 
fight,  but  which  the  attentive  reader  will  find  to  be  ac¬ 
cording  to  fixed  laws,  and  agreeably  to  the  fuppofition 
that  the  flrata  gradually  fhift  their  places  within  the 
glafs,  very  much  refembling  what  we  obferve  on  a  long 
glafs  rod  which  we  would  render  ele&ric  by  indu&ion. 
In  this  cafe,  as  was  obferved  in  n°  57.  there  are  ob- 
ferved  more  than  one  neutral  point,  &c. 

Mr  Cavendifh  endeavours  to  give  us  fome  notion  of 
the  difpofition  of  the  fluid  in  the  fubdance  of  the  glafs 
in  the  following  manner  :  Having  feparated  the  coated 
plate  from  the  machine  and  from  the  ground,  fuppofe 
a  little  of  the  redundant  fluid  in  B£^D  (fig.  33.)  e- 
qual  to  the  flnid  wanting  in  E  « <p  F.  If  we  now  fuppofe 
all  the  redundant  fluid  to  be  lodged  in  b&$  d,  and  e 
to  hold  all  the  redundant  matter,  and  the  two  coatings 
to  be  in  their  natural  (late,  a  particle  />,  placed  in  the 
middle  of  the  furface  b  d ,  will  be  nearly  as  much  at¬ 
tracted  by  *  ef  9  as  it  is  repelled  by  b$>  $  d  (exa&ly  fo 
if  the  plates  were  infinitely  extended)  ;  and  if  the  coat¬ 
ing  be  removed,  keeping  parallel  and  oppofite  to  the 
furface  that  it  quits,  there  will  be  very  little,  if  any, 
tendency  to  fly  from  the  glafs  to  the  coating :  there 
will  rather  be  fome  difpofition  in  the  fluid  to  quit  the 
coating  and  fly  to  the  glafs  ;  becaufe  the  repulfion  of 
b  9>  s  d  is  more  diminifhed  than  the  attra&ion  of  1  ef  $ 
(n°  42.).  But  the  difference  will  be  very  fmall  indeed. 

( N.  B .  the  refult  would  be  very  different  if  ele&ric  ac¬ 


would  be  much  overcharged  5  and  were  it  as  it 

would  be  very  much  undercharged),  Now  the  fa 61  is, 
that  when  the  coating  is  carefully  removed,  it  is  pof- 
fefled  of  very  little  ele&ricity,  not  more  than  may  rea- 
fonably  be  fuppofed  to  run  into  it  by  bringing  away 
one  part  before  another.  It  is  impoflible  to  keep  it 
mathematically  parallel. 

Hence  we  may  conclude  that  the  greatefl  part  of 
the  redundant  fluid  is  lodged  in  the  glafs  if  the  plates 
be  thin,  and  the  redundant  fluid  bear  but  a  fmall  pro¬ 
portion  to  the  natural  quantity.  Similar  reafoning 
fhevvs  that  the  greatefl  part  of  the  deficiency  is  in  the 
other  fide  of  the  glafs;  and  that  therefore  the  coatings 
are  very  nearly  in  their  natural  date,  and  merely  ferve 
the  purpofe  of  condu6ling. 

We  have  employed  coatings  of  confiderable  thick¬ 
nefs,  having  holes  through  them,  oppofite  to  which  was 
fome  gold  leaf  of  the  heaviefl  fort/ and  almofl  free  of 
cracks. .  We  have  examined  the  date  of  the  bottom  of 
thofe  pits  in  Mr  Coulomb’s  manner,  and  always  found 
them  void  of  eledlricity. 

Thus  we  karn  that  glafs,  and  probably  all  other  e-Cor2di 
le&rics,  acquire  redundant  and  deficient  drata  as  well  as  about  th 
the  mod  perfedl  condudlors,  at  the  fame  time  that  they 
may  be  impervious  to  the  fluid  ;  and  we  get  fome  mode^1* 
of  conceiving  how  the  rupture  happens  by  a  Arong 
charge.  This  may  very  probably  happen  when  the 
drata  have  formed,  in  alternate  order,  fo  deep  in  the 
glafs,  that  a  dratum,  in  which  the  fluid  is  crowded  clofe 
together,  may  become  contiguous  to  one  deprived  al¬ 
together  of  fluid.  We  cannot,  however,  fay  with  con¬ 
fidence,  whztjhould  be  theeffe&of  this  date  of  things; 
or  of  one  condipated  dratum  coming  in  contadl  with 
another. 

This  view  of  the  condition  of  charged  glafs  explains 
(we  think)  feveral  phenomena  which  feem  not  well 
underdood  by  ele6lricians. 

The  refiduum  of  a  difcharge  is  frequently  owing  tOg  *r^j 
a  charge  extending  beyond  the  coating,  where  the  ac-phtnom] 
tion  is  confiderably  irregular,  or  different  from  what  it  explains 
would  be  if  the  plates  were  infinitely  extended.  This 
outline  charge  is  taken  up  by  the  coated  part  after  a 
very  little  while,  and  may  again  be  difeharged.  But 
it  alfo  frequently  arifes  from  another  dratum  (much 
thinner,  as  it  will  always  be)  than  the  exterior  one,  co¬ 
ming  to  the  furface  fome  time  after  the  fird  difcharge, 
and  being  now  in  a  condition  for  being  difeharged.  It 
explains  the  fparkling  that  is  perceived  in  fuccejfion  be¬ 
tween  the  parts  of  a  jar  that  is  coated  in  fpots,  during 
the  charge,  and  the  very  fcnfible  refiduum  of  the  charge 
of  fuch  a  veffel.  It  explains  the  phenomena  of  Bec- 
caria’s  EleBricitas  Vindex  (fee  Electricity,  EticycL 
§  48.),  and  the  great  difference  that  may  be  found  in 
the  different  kinds  of  glafs  in  this  refpe&.  It  explains 
the  great  difference  between  the  fenfation  occafioned  by 
a  fpark  from  a  perfe&ly  condu&ing  furface  of  confide¬ 
rable  extent,  and  that  occafioned  by  a  fliock,  which 
conveys  the  fame  quantity  of  fluid  accumulated  in  a 
fmall  furface  of  glafs.  The  difcharge  of  the  fird  is  al- 
mod  indantaneous,  while  that  of  the  lad  requires  a 
fmall  moment  of  time,  and  is  therefore  lefs  defultory 

and 
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and  abrupt.  The  one  is  pungent  and  (larding  ;  but 
the  other  is  fofter  in  the  firfl:  inflant,  and  fwells  to  a 
maximum.  Therefore,  in  the  medical  employment  of 
electricity,  when  the  purpofe  is  to  be  effected  by  the 
transfufion  of  a  great  quantity  of  electric  fluid,  we 
fhould  recommend  very  fmall  fhocks  from  a  very  large 
fur  face  of  coated  glafs,  very  faintly  ele&rified,  in  place 
of  Itrong  fparks.  Patients  of  irritable  conftitutions  are 
frequently  alarmed  by  the  qnieknefs  and  pungency  of 
.  ftrong  fparks :  but  if  the  balls  of  Lane’s*  fhock-mea- 
furer  be  fet  fo  clofe  as  to  give  four  or  live  (hocks  in 
each  turn  of  a  feven  inch  cylinder,  the  fhocks  are  not 
even  difagrceable.  The  balls  fhould  be  made  of  fine 
cupelled  filver  :  in  which  cafe,  the  furface  will  never 
be  hurt  by  the  greatefl  difeharge  ;  whereas  the  dif- 
charge  of  four  fquare  feet  of  coated  glafs  will  raife  fuch  a 
longhnefs  on  the  furface  of  brafs  as  will  caufe  it:  to 
fputter,  and  deflroy  entirely  the  regularity  of  the  expen¬ 
diture  of  fluid.  i  he  fame  confideration  fhould  make  us 
prefer  a  jar  coated  internally  with  amalgam.  This  cob¬ 
web  coating  gives  a  greater  foftnefs  to  the  fhock.  Laftly, 
we  fee  why  a  powerful  and  permanent  electricity  was 
not  produced  in  the  tube  filled  with  melted  fealing  wax, 
and  treated  as  mentioned  in  n°  101.  The  redundancy 
and  deficiency  intended  to  be  produced  could  only  be 
fuperficial.  And  becaufe  the  wax  cooled  by  degrees 
from  the  furface  to  the  axis,  and  the  wax  is  a  conduc¬ 
tor  while  liquid,  it  mud  have  taken  a  charge  at  lad  ; 
and  therefore  mud  appear  but  faintly  ele&rical. 

This  account  of  the  date  of  charged  glafs  promifes 
us  fome  afiidance  in  our  attempts  to  conceive  what 
pafies  in  the  excitation  of  glafs  by  friClion.  It  ap¬ 
pears  from  Beccaria’s  experiments,  that  the  redundant 
fluid  h  lodged  in  the  fame  manner  in  both  cafes  ;  for 
by  rubbing  one  fide  of  a  glafs  tumbler,  while  points 
were  prefented  to  the  oppofite  furface,  and  were  con- 
neCled  with  a  wire  that  communicated  with  the  ground, 
he  gave  it  a  powerful  charge. 

lui'd  Tt  is  obkrved’  that  when  the  lamina  of  a  piece  of 

[J!1  Mnfcovy  glafs  are  feparated,  by  pulling  them  afunder 

ex-  without  inferting  any  indrument  between  them,  they 
are  electrical  when  feparated  ;  one  being  pofitive,  and 
the  other  negative.  Mud  we  not  conclude  from  this, 
that  when  conjoined  they  were  in  the  date  of  charged 
glafs  ? .  If  we  take  this  view  of  it,  a  body  may  contain 
a  prodigious  quantity  of  ele&ric  fluid  without  exhibit¬ 
ing  any  appearance  of  it.  Mr  Nicholfon  found,  by  a 
very  fair  computation  from  his  experiments,  that  ?.  cubic 
inch  of  talc,  when  fplit  into  plates  of  o,oi  i  of  an  inch 
in  thicknefs,  and  coated  with  gold  leaf,  gave  a  fhock 
equal  to  the  emptying  45  conductors,  each  feven  inches 
in  diameter  and  three  feet  long,  eleCtrified  fo  that  each 
gave  a  fpark  at  nine  inches  didance.  Now,  the  whole 
of  this-was  moveable  fluid,  and  no  more  than  what  the 
talc  contains  when  uneleCtrified  :  for  no  more  comes  in¬ 
to  the  pofitive  fide  than  goes  out  of  the  negative  fide. 
Nay,  there  is  no  probability  that  the  quantity  move- 
able  in  our  experiments  bears  a  confiderable  proportion 
to  the  natural  quantity.  The  quantity  of  moveable 
fluid  in  a  man’s  body  is  therefore  very  great :  and  Lord 
Mahon  is  well  authorised  to  fay,  that  the  fudden  dif- 
placing  of  this  quantity  in  a  returning  Jlrokey  which  has 
been  occafioned  by  a  difeharge  of  a  cloud  in  a  very 
didant  place,  is  fully  adequate  to  the  produ&ion  of  the 
mod  violent  effects.  But  hie  Lordfhip  has  not  attend- 
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ed  to  the  circum  (lance,  that  no  fuch  displacement  can 
happen.  The  accumulation  that  can  be  made  in  the 
human  body  is  only  fuperficial  ;  and  therefore,  altho* 
the  whole  fluid  of  a  man’s  body  may  change  its  place, 
it  will  not  change  it  with  the  rapidity  that  feems  ne- 
ceffary  for  the  violent  effects  of  electricity,  except  in 
the  very  points  of  communication  with  the  furrounding 
bodies. 

We  have  now  feen  in^  what  fenfe  the  id io  eledtrics 
may  be  faid  to  be  impervious  to  the  electric  fluid.  It  is 
moved  in  them  only  to  very  fmall  and  imperceptible 
didances.  When  a  confiderable  dratum  is  difeharged, 
the  fluid  does  not  come  from  the  extremity  of  it  to  the 
point  of  diicharge  through  the  glafs,  but  through  the 
coating.  And  when  alternate  drata  of  redimdant  fluid 
and  redundant  matter  are  formed,  the  particles  in  each 
fhift  their  pLces  very  little,  moving  perpendicularly  to 
the  dratum. 

Even  this  degree  of  obftru&ion  has  been  denied  by  The’intper 
fome  very  active  ele&ricians,  who  have  multiplied  ex-  meaMlity 
pertinents  to  prove  that  the  fluid  paffes  freely  through  "f  ele<arlC5 
glafs,  and  that  the  theory  of  coated  eledlrics  is  totally  £‘eniefl  b* 
different  from  what  Franklin  imagines.  Mr  Lyons  of 
Dover  has  publifhed  a  numerous  lilt  of  Angular  expen. 
ments,  which  he  has  made  with  this  view,  with  much 
trouble,  and  no  fmall  expence.  They  may  all  be  re¬ 
duced  to  this  :  A  wire  is  brought  from  the  outfide  of 
a  phial,  charged  by  the  knob,  and  terminates  in  a  fharp 
point  at  a  fmall  diftance  from  a  thin  glafs  plate  (it  is 
commonly  introduced  into  a  glafs  tube,  having  a  ball 
at  the  end,  and  the  point  of  the  wire  reaches  to  the 
centre  of  the  ball)  ;  and  another  wire  is  connected  with 
the  difeharging  rod,  and  alfo  comes  very  near  (and  fre¬ 
quently  clofe)  to  the  other  fide  of  the  glafs,  oppofite 
to  the  pointed  wire.  With  this  apparatus  he  obtains  a 
difeharge  ;  and  therefore  fays,  that  the  glafs  is  perme¬ 
able  to  electricity.  But  he  does  not  narrate  all  the 
circumftances  of  the  experiment.  We  have  repeated 
all  of  them  that  have  any  real  difference  (for  moll 
of  them  are  the  fame  fa£t  in  different  forms),  and  we 
have  obtained  difchaiges :  But  they  were  all  very  in¬ 
complete,  except  when  the  glafs  was  perforated,  which 
happened  very  frequently.  The  difeha-ge  was  never 
made  with  a  full,  bright,  undivided  fpark.  and  loud 
fnap  ;  but  with  iputtering,  and  trains  of  fparks,  conti. 
nued  for  a  very  fenfible  time ;  and  the  phial  was  never 
deprived  of  a  confiderable  part  of  its  charge:  and 
(which  Mr  Lyons  has  taken  no  notice  of)  the’  glafs  is 
found  to  be  charged,  negative  on  the  fide  connefted 
with  the  pofitive  fide  of  the  phial,  and  pofitive  on  the 
other.  This  charge  was  communicated  to  the  glafs 
over  a  pretty  confiderable  furface  round  the  points  im¬ 
mediately  oppofite  to  the  wires.  This  is  quite  con- 
formable  to  the  experiments  of  Dr  Franklin  and  Bec- 
caria,  who  charged  a  tumbler  by  grafping  it  with  the 
hand,  and  prefenting  the  infide  to  a  point  elearified  by 
the  prime  conduftor.  The  whole  experiment  is  ana- 
logous  to  the  one  narrated  in  n°  1  76. 

We  may  conclude  oar  obfervations  on  coated  glafs  Bar/ touch, 
with  mentioning' a  curious  experiment.  A  flat  flick  of ed  lilce 
fine  fealing  wax,  warmed  till  it  bent  pretty  readily,  was  n?agn?t." fol> 
rendered  permanently  ele&rical,  with  a  pofitive  and  ne- eleAncity. 
gative  pole,  in  a  manner  analogous  to  the  double  touch 
of  magnets.  A  fmall  jar  was  taken,  having  a  hemi-* 
fphere  on  the  end  of  its  infide  wire,  and  another  on  the 
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end  of  a  ftiff  wire  projecting  from  the  outer  coating, 
and  then  turned  up  parallel  to  the  infide  wire  ;  fo  that 
the  two  1  emifpheres  Rood  equally  high,  and  about 
three  inches  afunder.  This  jar  was  electrified  fo  weak¬ 
ly,  as  to  run  no  rifk  of  a  fpontaneous  difcharge.  The 
flat  faces  of  the  two  hemifpheres  were  now  applied  to 
the  flat  fide  of  the  fealing  wax,  and  were  moved  to 
and  fro  along  it,  overpaying  both  ends  about  an  inch 
,  with  each  hemifphere  The  experiment  was  very 
troublefome  ;  for  the  phial  often  dilcharged  itfelf  along 
the  furface  of  the  fealing  wax,  and  all  was  to  begin 
again.  But,  by  continuing  this  operation  till  the  feal¬ 
ing  wax  grew  quite  cold  and  hard,  it  acquired  a  very 
feniible  electricifm,  which  laited  feveral  weeks  when 
kept  with  care  ;  but  {fill  it  was  not  much  more  fenfible 
than  that  of  the  fealing  wax,  which  congealed  between 
i86  two  globes  oppoiitely  electrified. 

EleC.ro-  After  this  application  of  the  theory  to  the  pheno- 
|*horu*  mena  of  coated  glaB,  it  will  not  be  necefTary  to  employ 
much  time  in  its  application  to  the  elect  rophorus.  The 
general  proportions  from  n  14-  to  2  ;.  and  their  com¬ 
panions  in  n°  38—43.  will  enable  us  to  Hate  with  jpre* 
cifion  (  when  combined  with  the  law  of  electric  action) 
the  actions  of  every  part  of  this  apparatus  ;  and  confi- 
derable  afliftance  will  be  derived  from  a  caieful  confide- 
ration  of  our  analyfis  of  Profeffor  Richmann’s  experi¬ 
ment  in  n°  156.  But  we  mull  content  ourfelves  with 
«  general,  popular  view  of  thefe  particulars,  which 
may  be  fufficient  for  making  us  underftand  what  will 
be  the  kind ,  and  fomewhat  of  the  intenfity ,  of  the  ac¬ 
tion  of  its  different  parts. 

The  electrophorus  confifts  of  three  parts.  The  chief 
part  is  the  cake  ABCD  (fig.  34.)  of  fome  electric  ; 
fuch  as  gum  lac,  fealing  wax,  pitch,  or  other  refinous 
compofition.  This  is  melted  on  fome  conducing  plate, 
DCFE,  and  allowed  to  congeal;  in  which  ftate  it  is 
found  to  be  negatively  electric.  Another  conducing 
plate  GTIBA  is  laid  on  it,  and  may  be  raifed  up  by 
filk  lines,  or  any  infulating  handle.  We  (hall  call 
ABCD  the  cake,  DCFE  the  sole,  and  GHBA  the 
cover. 

The  general  appearances  not  having  been  fo  feienti- 
fically  claffed  in  the  article  Electricity  as  could  be 
wifhed,  we  (hall  here  narrate  them,  very  briefly,  in  a 
way  more  fuited  to  our  purpofe.  In  comparing  the 
theory  with  obfervation,  it  will  be  proper  to  make  all 
the  three  parts  of  con fider able  thicknefs,  and  of  no 
great  breadth.  Although  this  diminifties  greatly  the 
moft  remarkable  of  the  actions,  it  leaves  them  fufficient- 
ly  vivid,  and  it  greatly  increafes  the  fmaller  changes 
which  are  inftructive  in  the  comparifon.  The  general 
facts  are, 

Phenome-  1.  If  the  foie  has  been  irifulated  during  the  congela- 
fu  thereof.  t;on  Qf  t^e  ele&ric>  till  all  is  cold  and  hard,  the  whole 
is  found  negatively  electric,  and  the  finger  draws  a  fpark 
from  any  part  of  it,  efpecially  from  the  foie.  If  allow¬ 
ed  to  remain  in  this  fituation,  its  electricity  grows  gra¬ 
dually  weaker,  and  at  laft  difappears  :  but  it  may  be 
excited  again  by  rubbing  the  cake  with  dry  warm 
flannel,  or,  which  is  the  beft*  with  dry  and  warm  cat 
or  hare  fur.  If  the  cover  be  now  fet  on  the  cake  by 
its  infulating  handle,  but  without  touching  the  cover, 
and  again  feparated  from  the  cake,  no  electricity  what¬ 
ever  is  obferved  in  the  cover. 

But  if  it  be  touched  while  on  the  cake,  a  (harp 
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pungent  fpark  is  obtained  from  it  ;  and  if,  at  the  fame 
time,  the  foie  be  touched  with  the  thumb,  a  very  fenfi. 
ble  ihock  is  felt  in  the  finger  and  thumb. 

3.  After  this,  the  elect rophorus  appears  quite  in¬ 
active,  and  is  faid  to  be  dead;  neither  foie  nor  cover  gi¬ 
ving  any  fign  of  electricity.  But, 

4.  When  the  cover  is  raifed  to  fome  didance  from 
the  cake  (keeping  it  parallel  therewith),  if  it  be  touch¬ 
ed  while  in  this  fituation,  a  fmart  fpark  flies,  to  fome 
diftance,  between  it  and  the  finger,  more  remark¬ 
ably  from  the  upper  fide,  and  (bill  more  from  its  edge, 
which  will  even  throw  off  fparks  into  the  air,  if  it  be 
not  rounded  off.  As  this  diminifhes  the  defirsd  effe&s, 
it  is  proper  to  have  the  edge  fo  rounded  This  fpark 
is  not  fo  (harp  as  the  former,  and  refembles  that  from 
any  electrified  conductor. 

The  electricity  of  the  cover,  while  thus  raifed,  i& 
of  the  oppofite  kind  to  that  of  the  cake,  or  is  pofitive. 

6.  The  electricity  of  the  cover  while  lying  on  the 
cake  is  the  fame  with  that  of  the  cake,  or  negative. 

7  The  appearances  n°  2,  3,  4,  may  be  repeated  for 
a  very  long  time  without  any  fenfible  diminution  of 
their  vivacity.  The  inftrument  has  been  known  to  re¬ 
tain  its  power  undiminifhed  even  for  months.  This 
makes  it  a  fort  of  magazine  of  electricity,  and  we  can 
take  off  the  electricity  of  the  cake  and  of  the  cover  as 
charges  for  feparate  jars,  the  cover,  when  raifed,  char¬ 
ging  like  the  prime  conductor  of  an  ordinary  electrical 
machine  ;  and,  when  fet  on  the  cake,  charging  it  like 
the  rubber.  Thiscaufed  the  inventor,  Mr  Volta,  to  give 
it  the  name  of  Electrophorus. 

8.  If  the  foie  be  infulated  before  putting  on  the 
cover,  the  fpark  obtained  from  the  cover  is  not  of  that 
cutting  kind  it  was  before  :  but  the  fame  fhock  will  be 
felt  if  both  cake  and  cover  be  touched  together. 

9  If  the  cover  be  again  raifed  to  a  confiderable  height* 
the  foie  will  be  found  electrical,  and  its  electricity  is 
that  of  the  cake,  and  oppofite  to  that  of  the  cover. 

10.  After  touching  both  cover  and  foie,  if  the  cover 
be  raifed  and  again  fet  down,  without  touching  it  while 
aloft,  the  whole  is  again  inactive. 

11.  If  both  cover  and  foie  be  made  inactive  when 
joined,  they  (hew  oppofite  electricities  when  feparated, 
the  foie  having  the  electricity  of  the  cake. 

12.  If  both  cover  and  foie  be  made  inactive  when 
feparate,  they  both  fhew  the  oppofite  to  the  electricity 
of  the  cake  when  joined. 

Let  us  now  attend  to  the  difpofition  of  the  electrical  Difpoiitj| 
fluid  in  the  different  parts  of  the  inftrument  in  their  va-of 
rious  Hutations,  and  1 6  the  forces  which  operate  mutuallytlierc0D 
between  them.  N,  B.  Experiments  for  examining  this 
inftrument  are  beft  made  by  fetting  the  three  plates 
vertically,  fupported  on  glafs  ftalks,  with  leaden  feet,, 
to  fteady  them.  A  very  (mail  electrometer  may  be  at¬ 
tached  to  the  outer  furfaces  of  the  cover  and  foie. 

If  the  extent  of  the  plates  were  incomparably  greater 
than  their  thicknefs,  we  may  infer  from  n°  92,  &c.  that 
the  redundant  fluid  and  matter  would  be  difpofed  in- 
parallel  ftrata,  and  that  the  actions  would  be  the  fame 
at  all  diftances.  But  fince  this  is  not  the  cafe,  the  dif¬ 
pofition  of  the  fluid  will  be  fomewhat  different  ;  and 
whatever  it  is,  the  action  of  any  ftratum  will  be  dimi- 
nifhed  by  an  increafe  of  diftance.  The  following  de- 
feription  cannot  be  very  different  from  the  truth  : 


I.  The  cake  grows  negative  by  cooling  ;  and 
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|  88  were  alone,  it  would  have  a  negative  fuperficial  flratum 

2  on  both  Tides,  of  gi eater  thicknefs  near  the  edges  ;  and 
tve  wou^  probably  grow  denfer  by  degrees  to  the 

middle,  where  it  would  have  its  natural  denfity.  This 
difpofition  may  be  inferred  from  n°  92,  93,  and  98. 
But  it  cools  in  conjunction  with  the  foie,  and  the  at* 
tradion  of  the  redundant  matter  in  the  cake  for  the 
moveable  fluid  in  the  foie  difturbs  its  uniform  diffufion 
in  the  foie,  and  caules  it  to  approach  the  cake.  And 
'becaufe  this,  in  all  probability,  happens  while  the  cake 
is  flill  a  conductor,  the  difpofition  of  its  fluid  will  be 
different  from  that  defcribed  above,  and  the  final  difpo¬ 
fition  of  the  fluid  in  the  cake  and  foie  will  refemble 
that  defcribed  in  n°  95,  where  the  plates  E  and  A  re- 
prefent  the  cake  and  foie.  But  becaufe  we  do  not.  know 
precifely  the  gradation  of  denfity,  and  aim  only  at  ge¬ 
neral  notions  at  prefent,  it  will  be  fufficient  to  confider 
the  cake  and  lole  as  divided  into  two  ftrata  only  ; 
one  redundant  in  fluid,  and  the  other  deficient,  negled- 
ing  the  neutral  flratum  that  is  interpofed  between  them 
in  each.  The  cake,  then,  confifts  of  a  flratum  A  B  b  a  A 
containing  redundant  matter,  and  a  flratum  a  b  CD 
containing  redundant  fluid  :  and  the  foie  has  a  flratum 
DC  nm  containing  redundant  fluid,  namely*  all  that 
belongs  naturally  to  the  fpace  DCFE,  and  a  flratum 
nm  FE  containing  redundant  matter.  This  may  be 
called  the  primitive  state  of  the  cake  and  foie;  and 
if  once  changed  by  communication  with  uneledrified 
bodies,  it  can  never  be  recovered  again  without  fome 
,  new  excitement. 

’m  >n  II-  If  the  foie  be  touched  by  any  body  communica¬ 
ting  with  the  ground,  fluid  will  come  in,  till  the  repul- 
fion  of  the  redundant  fluid  in  the  foie  for  a  fuperficial 
particle  y  is  equal  to  the  attradion  of  the  redundant 
matter  in  the  cake  for  the  fame  particle.  What  has 
been  faid  concerning  infinitely  extended  plates,  render¬ 
ed  neutral  on  one  fide,  may  fuflice  to  give  us  a  notion 
of  the  prefent  difpofition  of  the  fluid  in  the  foie.  The 
under  furface  will  be  neutral,  and  the  fluid  will  fncreafe 
in  denfity  toward  the  furface  DC.  The  foie  contains 
more  than  its  natural  quantity  of  fluid,  but  is  neutral 
by  the  balance  of  oppofite  forces.  Let  it  now  be  in- 
fulated.  This  difpofition  of  fluid  may  be  called  the 
common  Jlate  of  the  eledrophorus. 
h.  III.  Let  the  cover  GHBA  be  laid  on  it.  The  par¬ 
ticle  at  the  upper  furface  of  the  cover,  muft  be  more 
attraded  by  the  redundant  matter  in  the  flratum  A  B  ba 
than  it  is  repelled  by  the  redundant  fluid  in  the  re¬ 
moter  ftrata  ;  for  the  fluid  in  the  cake  is  lefs  than  what 
belongs  to  it  in  its  natural  ftate,  and  therefore  2  is  at¬ 
tracted  by  the  cake.  The  redundant  fluid  which  has 
come  into  the  remote  fide  of  the  foie  is  lefs  than  what 
would  faturate  the  redundant  matter  of  the  cake,  be¬ 
caufe  it  only  balances  the  excefs  of  the  remote  adion 
of  this  matter  above  the  nearer  adion  of  the  comprefled 
fluid  in  the  foie  ;  and  this  fmaller  quantity  of  redundant 
fluid  ads  on  %  at  a  greater  diftance  than  that  of  the 
redundant  matter  in  the  cake.  On  the  whole,  there¬ 
fore,  the  particle  z,  lying  immediately  within  the  fur¬ 
face  GH,  is  attraded  ;  therefore  fome  will  move  toward 
the  cake,  and  its  natural  ftate  of  uniform  diffufion 
through  the  cover  will  be  changed  into  a  violent  ftate, 
in  which  it  will  be  comprefled  on  the  furface  AB,  be¬ 
ing  abftraded  from  the  furface  GH.  It  will  now  have 
*  flratum  GgpH,  containing  redundant  matter,  and 
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another gp  BA,  containing  redundant  fluid.  But  this 
will  difturb  the  arrangement  which  had  taken  place  in 
the  foie,  and  had  rendered  it  neutral  on  the  under 
furface.  We  do  not  attend  to  the  fluid  in  the  cake,  but 
confider  it  as  immoveable,  for  any  motion  which  it  can 
get  will  be  fo  fmall,  that  the  variations  of  its  adion  will 
be  altogether  infignifleant.  1  he  particle  y,  fituated  in 
that  futface,  will  be  more  repelled  by  the  compreffed 
fluid  in  the  flratum  gpGJ^  than  it  is  attraded  by  the 
equivalent,  but  more  remote  redundant  matter  in 
GH/^.  Fluid  is  therefore  difpofed  to  quit  the  fur¬ 
face  EF,  and  the  foie  appears  pofitively  eiedric  ;  very 
little  indeed,  if  the  cover  be  thin.  All  this  may  be  ob- 
ferved  by  attaching  a  fmall  Canton’s  eledrometer  to 
the  lower  furface  of  the  foie,  or  by  touching  the  fol$ 
with  the  eledrometer  of  fig.  8,  and  then  trying  its  elec¬ 
tricity  by  rubbed  wax  or  glafs. 

IV.  A  particle  of  fluid  s,  placed  immediately  with-  191* 
out  the  furface  GH,  will  be  more  attraded  by  the  de¬ 
ficient  flratum  GH pg  and  by  AB  b  a  than  it  is  re¬ 
pelled  by  the  redundant  ftrata  beyond  them,  and  the 
cover  muft  be  fenfibly  negative.  This  is  the  common 

ftate  of  the  whole  inftrument  after  fetting  on  the  cover. 

It  is  flightly  pofitive  on  the  lower  furface  of  the  foie, 
and  much  more  fenfibly  negative  on  the  upper  fnrfacp 
of  the  cover.  A  fmart  fpark  will  therefore  be  feen. 
between  it  and  the  finger,  fluid  will  enter,  till  the  at- 
tradion  of  the  redundant  matter  in  A  B  b  a  is  balanced 
by  the  repulfion  of  the  redundant  fluid  in  DCFE. 

V.  A  fpark  will  now  be  obtained  from  the  foie,  b z- Dead% fa 
caufe  it  was  faintly  pofitive  before,  and  there  has 

been  added  the  adion  of  the  fluid  which  has  entered 
into  the  cover.  The  fluid  in  the  foie  is  therefore  dif¬ 
pofed  to  fly  to  any  body  prefented  to  it.  But  when 
this  has  happened,  the  equilibrium  at  the  furface  GH 
is  deftroyed,  and  that  furface  again  becomes  negative, 
and  will  attrad  fluid,  although  the  cover  already  con¬ 
tains  more  than  its  natural  quantity.  A‘  fmall  fpark 
will  therefore  be  feen  between  the  cover  and  any  con- 
duding  body  prefented  to  it.  By  touching  it,  the 
neutrality  or  equilibrium  is  reftored  at  GH  ;  but  it  id 
deftroyed  again  at  EF,  which  will  again  give  a  pofitive 
fpark,  which,  in  its  turn,  again  leaves  GH  negative. 

This  will  go  on  for  ever,  in  a  feries  of  communications 
continually  diminiftiing  fo  as  jfoon  to  become  infenfible., 
if  the  thiee  parts  of  the  eledrophorus  be  thin.  This 
makes  it  proper  to  make  them  otherwife,  if  the  iiiftru- 
ment  be  intended  for  illuftrating  the  theory. 

At  laft  the  equilibrium  is  completed  at  the  furfacea 
GH  and  EF,  .and  both  are  neutral  in  relation  to  .Fur¬ 
rounding  bodies,  although  both  the  cover  and  foie  con¬ 
tains  more  than  their  natural  fliare  of  eiedric  fluid.  We 
may  call  this  the  neutral  or  dead  ftate  of  the  eleo 
tiophorus. 

This  ftate  may  he  produced  at  once,  inftead  of  doing  C.halVi 
it  by  thefe  alternate  touches  of  GH  and  FfF.  If  we  ft* U. 
touch  at  once  both  thefe  iurfaces,  we  have  a  bright,, 
pungent  fpark,  and  a  fmall  ftock.  It  this  be  the  ob- 
jed  of  the  experiment,  the  ftate  N°  IV.  which  gives 
occafion  to  it,  may  be  called  the  charged  ftate  of  the 
eledrophorus. 

When  the  inftrument  has  thus  been  rendered  neutral 
■in  relation  to  furrounding  bodies,  it  is  ph in  that  it  may 
continue  in  this  ftate  for  any  length  of  time  without 
any  diminution  of  its  capability  ot  producing  the  other 
4  G  2  phenomena^ 
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phenomena,  provided  only  that  no  fluid  pafs  from  the 
cover  to  the  cake.  We  do  not  fully  underfland  what 
prevents  this  communication,  nor  indeed  what  prevents 
the  rapid  efcape  from  an  overcharged  body  into  the 
air.  This  caufe,  whatever  it  be,  operates  here  ;  and 
the  befl  way  of  preventing  the  difiipation,  or  the  ab- 
forption  by  the  cake,  is  to  keep  the  ele&rophorus  with 
its  cover  on.  It  will  come  into  this  neutral  flat e  by 
difiipation  from  the  foie,  and  abforption  by  the  cover, 
in  no  very  long  time ;  and  after  this,  will  remain  neutral, 
retaining  its  power  with  great  obftinacy,  efpecially  if  the 
194  cake  and  plates  are  very  thin. 

Charging  or  VI.  If  the  cover  be  now  removed  to  a  diflance,  both 
cfiive  Jicite.  parC3  Qf  the  apparatus  will  fhew  flrong  marks  of  eleftri- 
city.  The  cover  contains  much  redundant  fluid,  and 
mnft  appear  ilrongly  pofitive,  and  will  give  a  bright 
fpark,  which  may  be  employed  for  any  purpofe.  ft 
may  be  employed  for  charging  a  jar  pofitively  by  the 
knob,  if  we  juft  touch  the  cover  with  the  knob.  The 
foie  will  attract  fluid,  or  be  negative,  although  it  con¬ 
tain  more  than  its  natural  quantity  of  fluid,  and  it  will 
take  a  fpark.  The  foie  therefore,  in  the  abfence  of  the 
cover,  may  be  employed  to  charge  a  jar  negatively  by 
the  knob.  By  touching  it  with  the  finger,  or  with  the 
knob  of  a  jar  held  in  the  hand,  it  is  reduced  to  the 
common  ftate  deferibed  in  N°  II.  ;  and  now  all  the  for¬ 
mer  experiments  may  be  repeated.  We  may  call  this  the 
active  or  the  charging  ftate. 

Eeh&ro-  This  ftate  of  the  apparatus  has  caufed  it  toget  the  name 
j.horus  not  J?l£ftrophoruSt  Volta,  its  undoubted  inventor,  called  it  7?- 
ofdedT6  led  r  of  or  0  perpetuo  ;  for  it  appears ,  as  has  been  already  ob- 
ciry,  but  a  ferved,  to  contain  a  magazine  of  electricity.  The  cover, 
collecting  when  removed,  will  charge  a  jar  held  in  the  hand  pofitive- 
tnachine.  |y.  an<^  having  done  this  fervice,  it  will  charge  ajar  ne¬ 
gatively  when  ?gain  fet  on  the  cake.  The  foie,  in  the  ab¬ 
fence  of  the  cover,  will  charge  a  third  jar  negatively ;  and 
then,  when  the  cover,  after  being  touched,  is  fet  down 
again,  it  will  charge  a  fourth  jar  pofitively.  It  will  not  be 
difficult  to  contrive  a  fimple  meclianifm,  connected  with 
the  motion  of  the  cover,  which  fhall  connect  the  joined 
parts  with  two  jars,  and  fhall  connect  them,  when  fe- 
parated,  with  two  others ;  and  thus  charge  all  the  four 
with  great  expedition.  All  this  is  done  without  any 
new  excitation  of  the  electrophorus.  But  it  is  by  no 
means  a  magazine  of  electricity  which  it  gradually  ex' 
pends  :  it  is  a  collector  of  electricity  from  the  fur- 
bounding  bodies,  which  it  afterwards  imparts  to  others, 
and  may  be  employed  to  difeharge  jars  in  the  fame  gra¬ 
dual  manner  as  to  charge  them. 

VII.  If  the  electrophorus  is  not  infulated,  a  fbock 
may  ftill  be  obtained,  by  firft  touching  the  foie,  and 
then,  without  removing  the  finger,  touching  the  cover: 
but  this  will  not  be  fo  fmart  as  when  the  negative  cover 
is  touched  at  the  fame  time  that  we  touch  the  foie, 
more  highly  pofitive,  than  when  it  communicates  with 
the  ground.  The  difference  muft,  however,  be  almoft 
imperceptible  when  the  pieces  are  thin. 

VIII.  If  the  ele&rophorus  is  not  infulated,  the 
cover,  when  put  on,  will  give  a  fpark  in  the  manner 
already  mentioned,  and  it  will  be  fomewhat  ftronger 
than  when  it  is  infulated  ;  becanfe  the  fluid  is  allowed 
to  efcape  from  the  foie,  and  does  not  obftruct  the  entry 
into  the  cover.  If  we  then,  without  removing  the  fin¬ 
ger  from  the  cover,  touch  the  foie,  nothing  is  felt;  but 
if  we  firft  touch  the  foie,  and,  without  removing  the 


finger  from  it,  touch  the  cover,  we  obtain  a  (hock. 

This  is  evident  from  the  theory.  By  this  feries  of  al¬ 
ternate  touches,  the  period  of  the  electrophorus  is  com¬ 
pleted.  The  electrophorus  is  charged,  or  rendered  neu¬ 
tral,  by  touching  the  plates  when  joined ;  then,  by 
touching  both  when  feparated,  the  whole  is  reduced  to 
the  common  ftate.  When  feparated,  from  being  in  the 
neutral  ftate,  they  have  oppofite  electricities,  the  foie 
{hewing  that  of  the  cake.  When  brought  together,  each 
in  the  common  ftate,  they  have  oppofite  electricities,  the 
cover  (hewing  that  of  the  cake.  ^ 

IX.  When,  by  long  expofure  to  the  air  without  its  Haw  u  \ 
cover,  the  electrophorus  has  loft  its  virtue,  it  may  be  may  be  r  . 
brought  again  into  an  active  ftate  in  a  variety  of  ways. create^ 
Its  fui face  may  be  rendered  negative  by  friction  with 
dry  cat  or  hare  (kin,  or  warm  flannel.  It  may  be  ren¬ 
dered  negative  by  fetting  on  it  a  jar  charged  negatively 
on  the  infide,  and  then  touching  the  knob  with  any 
thing  communicating  with  the  ground.  This  is  the 
moft  expeditious  method,  and  will  give  it  *a  high  degree 
of  excitation,  if  the  jar  be  of  fize,  and  if  the  electro¬ 
phorus  be  covered  with  a  plate  of  tinfoil  which  comes 
into  contact  all  over  its  furface.  This  however  requires 
the  previous  charging  of  the  jar  ;  therefore  it  will  be  as  j 
expeditious  and  effectual  to  connect  this  furface  with 
the  rubber  of  an  electrical  machine.  We  had  almoft 
forgotten  to  remark,  that  the  effects  of  bringing  the 
cover  edge  wife  to  the  cake  follow  clearly  from  the 
theory,  as  will  appear  to  the  attentive  reader  without 
further  explanation.  19s  ! 

The  electrophorus  has  been  compared  to  a  charged  ft  is  not  j 
plate  of  coated  glafs.  It  is  true  that  it  may  be  brought ™:*ar 
into  an  external  ftate  which  very  much  refembles  a^.ane^ 
charged  pane ;  namely,  when  the  cover,  in  its  natural 
ftate,  is  fet  on  the  electrophorus  in  its  natural  flate  ; 
and  accordingly  it  gives  a  fhock,  and  the  two  exterior 
furfices  become  neutral ;  but  the  internal  conftitution, 
and  the  acting  forces,  are  totally  and  ejfentially  different. 

The  two  coa’tings  of  the  pane  would  not,  when  fepa¬ 
rated,  exhibit  the  appearances  of  the  electrophorus ; 
nor,  when  touched  in  their  disjoined  ftate,  will  they  pro¬ 
duce  the  fame  effects  when  joined.  In  the  operation 
of  coated  glafs,  the  conflant  or  invariable  part,  the  glafs 
is  not  the  agent,  it  is  merely  the  cccafton  of  the  action, 
by  allowing  the  accumulation.  In  the  eledtrophorus, 
the  electric,  which  is  the  conflant  invariable  part,  is  the 
agent  producing  the  accumulation.  The  electrophorus 
is  an  original,  and  a  very  ingenious  and  curious  electri¬ 
cal  machine.  Nothing  lias  fo  much  contributed  to 
fpread  fome  general,  though  flight,  acquaintance  with 
the  mechanical  principles  of  electricity.  The  numerous 
dabblers  in  natural  knowledge  had  been  diverted  from 
fcientific  purfuit  by  the  variety  of  the  Angular  and 
amufing  effects  of  electricity,  and  had  really  attained 
very  little  connected  knowledge.  The  effects  of  the 
electrophorus  forced  this  knowledge  on  them  ;  bccaufe 
no  ufe  can  be  made  of  it  without  a  pretty  clear  con¬ 
ception  of  the  difpofition  of  the  electricity,  and  the 
kind  and  intenfity  of  the  actions.  It  is  therefore  moft 
ungrateful  in  the  experimenters  who  have  attained 
better  views,  to  attempt  to  rob  Mr  Volta  of  the  real 
merit  of  difeovery,  by  {hewing  that  its  effects  are  fimi- 
lar  to  thofe  of  Mr  Symmer’s  ftockings,  or  of  Cigna’s 
plates,  or  of  Franklin’s  charged  or  difeharged  glafs 
panes.  And  the  attempt  deftroys  itfelf :  for  it  fiiews 
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the  ignorance  or  Inattention  of  its  author ;  for  the  fi- 
milarity  is  not  real,  as  will  appear  clear  to  any  perfon 
who  will  examine  tilings  minutely  and  feientifically, 
proceeding  in  this  examination  on  fuppofitions  fimilar 
to  thofe  which  we  employed  in  the  analyfis  of  Rich- 
mann’s  experiment.  It  was  indeed  in  fubferviency  to 
this  examination  that  we  entered  into  the  detail  of  that 
experiment,  it  being  a  fimpler  cafe.  The  accurate  ex¬ 
amination  of  Richmann’s  experiment  requires  the 
fluxionary  calculus  in  its  refined  form.  In  the  prefent 
queftion  five  ading  ftrata  are  to  be  confidered,  which 
renders  the  formulas  very  complicated,  and  indeed  in¬ 
tradable,  unlefs  we  make  the  plates  extremely  thin  ; 
which,  fortunately,  is  the  bell  form  of  the  inflrument. 
We  have  completed  this  mathematical  analyfis;  and  the 
popular  view  here  given  is  the  refult  of  that  compu- 
I  .  tation. 

cXfatcr  The  eledricians  are  no  lefs  obliged  to  Mr  Volta  for 
of  chi-  another  machine,  or  inllrument,  from  which  the  ftndy 
;i  of  Nature’s  operations  has  derived,  or  may  derive,  im- 
menfe  advantages.  We  mean  the  condenser,  or  col¬ 
lector  of  elediicity.  We  refer  to  the  article  Elec¬ 
tricity  in  the  Encyclopedia  for  a  delcription  of  the 
inflrument,  and  foine  account  of  its  effeds  and  proper¬ 
ties.  The  general  effed  is  to  render  fenfible  an  accu¬ 
mulation  or  deficiency  of  eledric  fluid  fo  flight  that  it 
will  not  affed  the  rnofl  delicate  eledrometer  ;  and  it 
produces  (at  lead  in  the  opinion  of  Mr  Volta)  this  ef¬ 
fed,  by  employing  for  the  foie  of  an  eledrophorus  a 
body  which  is  an  imperfed  condudor,  fuch  as  a  plate 
of  well  dried  marble,  or  well  dried,  but  not  baked, 
wood  ;  or  even  a  conduding  body,  covered  with  a  bit 
of  dry  taffety  or  other  filk.  Mr  Volta,  Cavallo,  and 
others,  who  have  w  ritten  a  great  deal  on  the  fubjed, 
have  attempted  to  fhew  how  thefe  fub  (lances  are  pre¬ 
ferable  (and  they  certainly  are  preferable  in  a  high  de¬ 
gree)  to  more  perfed  infulators  :  but  not  having  taken 
pains  to  form  precife  notions  of  the  difpofition  and 
adion  of  the  eledric  fluid  in  the  filuations  afforded 
by  the  inflrument,  their  reafonings  have  r.ot  been  very 
clear.  We  think  that  an  adequate  conception  of  the 
efTentials  of  the  propofed  inflrument  may  be  acquired  by 
means  of  the  following  confiderations  : 
oo.  Furnifh  the  cover  of  an  eledrophorus  with  a  gra¬ 
duated  eledrometer,  which  indicates  the  proportional 
degrees  of  eletlrichy  ;  eledrify  it  pofitively  to  any  de¬ 
gree,  fuppofe  fix,  while  held  in  the  hand,  at  fome  di- 
llance,  right  over  a  metal  plate  lying  on  a  wine  glafs 
as  an  infulating  fland,  but  communicating  with  the 
ground  by  a  wire.  Bring  it  gradually  down  toward  the 
plate.  Theory  teaches,  mid  we  know  it  by  experi¬ 
ment,  that  the  eledrometer  will  gradually  fubfide,  and 
perhaps  will  reach  to  2°  befote  the  elcdricity  is  com¬ 
municated  in  a  fpark.  Stop  it  before  this  happens.  In 
this  flate  the  attradion  of  the  lying  plate  produces  a 
compenfation  of  four  degrees  of  the  mutual  repulfion  of 
the  parts  of  the  cover,  by  confiipating  the  fluid  on  its 
under  furface,  and  forming  a  deficient  flratum  above. 
This  needs  no  faither  explanation  after  what  has  been 
laid  on  the  charging  of  coated  glafs  plates.  Now  we 
can  fuppofe  that  the  efcape  of  the  fluid  from  this  body 
into  the  air  begins  as  foon  as  eledrified  to  the  degree 
6,  and  that  it  will  fly  to  the  lying  plate  with  the  de¬ 
gree  2,  if  brought  nearer.  If  we  can  prevent  this 
communication  to  the  lying  plate,  by  interpofing  an 
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eledric,  we  may  eledrify  the  cover  again,  while  fo  near 
the  metal  plate,  to  the  degree  6,  before  it  will  flream 
off  into  the  air.  If  it  be  now  removed  from  the  lying 
plate,  the  fluid  would  raife  the  ekdrometer  to  10,  did 
it  not  immediately  flream  off ;  and  an  eledric  excite¬ 
ment  of  any  kind  which  could  only  raife  this  body  to 
the  degree  6  by  its  intenlity,  will,  by  this  apparatus, 
raife  it  to  the  degree  10,  if  only  copious  enough  in  ex¬ 
tent.  If  we  do  the  fame  thing  when  the  wire  is  taken 
away  which  conneds  the  lying  plate  with  the  ground, 
we  know'  that  the  fame  diminution  of  the  eledricity  of 
the  other  plate  caunot  be  produced  by  bringing  it  down 
into  the  neighbourhood  of  the  lying  plate  (fee  n°  1 34, 

&c.  151,  &c.). 

Here  we  fee  the  whole  theory  of  Mr  Volta’s  conden-  Theory 
fer.  He  feems  to  have  obfeured  his  conceptions  of  it'herof. 
by  haying  his  thoughts  running  upon  the  eledrophorus 
lately  invented  by  him,  and  is  led  into  fruitlefs  attempts 
to  explain  the  advantages  of  the  imperfed  condudor  a- 
boye  theperfed  infulator.  But  the  apparatus  is  altogether 
different  from  an  eledrophorus,  and  is  more  analogous 
in  its  operations  to  a  coated  plate  not  charged  nor  in- 
fulated  on  the  oppofite  fide  ;  and  fuch  a  coated  plate 
lying  on  a  table  is  a  complete  condenfer,  if  the  upper 
coating  be  of  the  fame  fize.with  the  plate  of  the  con¬ 
denfer.  .  All  the  diredions  given  by  Mr  Volta  for  the 
preparation  of  the  imperfed  condudors  fhew,  that  the 
effed  produced  is  to  make  them  as  perfed  condudors- 
as  poffible  for  any  degree  of  eledricity  that  exceeds  a 
certain  fmall  intenfity,  but  fuch  as  (hall  not  fuffer  this 
very  weak  eledricity  to  clear  the  firft  Hep  of  the  con¬ 
duit.  T  he  marble  mufl  be  thoroughly  dried,  and  even 
heated  in  an  oven,  and  either  ufed  in  this  warm  flate, 
or  varnifhed,  fo  as  to  prevent  the  reabforption  of  moif- 
ture.  We  know  that  marble  of  (lender  dimenfions,  fo 
as  to  be  completely  dried  throughout,  will  not  condud 
till  it  has  again  become  moifl.  A  thick  piece  of  marble 
is  rendered  fo,  fuperficially  only,  and  flill  conduda  in¬ 
ternally.  It  is  then  in  the  bell  poffible  ffate.  The 
fame  may  be  faid  of  dry  unbaked  wood.  Varnifhing- 
the  upper  furface  of  a  piece  of  marble  or  wood  is  equi¬ 
valent  to  laying  a  thin  glafs  plate  on  it.  Now  this  me¬ 
thod,  or  covering  the  top  of  the  marble,  or  of  a  book, 
or  even  the  table,  with  a  piece  of  clean  dry  filk,  makes 
them  all  the  moll  perfed  conden fators.  This  juft  view 
of  the  matter  has  great  advantages.  It  takes  away  the 
myflerious  jndiftin&ncfs  and  obfeurity  which  kept  the 
inflrument  a  quackifh  tool,  incapable  of  improvement. 

We  can  now  make  one  incomparably  better  and  more 
fimple  than  any  propofed  by  the  very  ingenious  inven¬ 
tor.  We  need  only  the  fimple  moveable  plate.  Let 
this  be  varnifhed  on  the  under  fide  with  a  moderately 
thick  coat  of  the  pur  eft  and  hardefl  verms  de  Martin 
or  coach-painters  varnifh  ;  and  w'e  have  a  complete  con- 
denfator  by  laying  this  on  a  table.  If  it  be  conneded 
by  a  wire  with  the  fubflance  in  w'hich  the  weak  and 
imperceptible  eledricity  is  excited,  it  will  be  raifed 
(provided  there  be  enough  of  it  of  that  fmall  intenfity) 
in  the  proportion  of  the  thieknefs  of  the  varnifh  to  the 
fourth  part  of  the  diameter  of  the  plate.  This  degree 
of  con  dentation  will  be  procured  by  detaching  the  con- 
neding  wire  from  the  infulating  handle  of  the  conden¬ 
fer,  and  then  raifing  the  condenfer  from  the  table.  It 
will  then  give  fparks,  though  the  original  eledricity 
could  not  fenfibly  affed  a  flaxen  fibre. 
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It  muft  be  particularly  noted,  that  it  can  produce 
this  cor.denfation  only  when  there  is  fluid  to  condenfe  ; 
that  is,  only  when  the  weak  ele&ricity  is  difFufed  over 
a  greater  fpace  than  the  plate  of  the  condenfer.  In 
this  way  it  is  a  moft  excellent  colle&or  of  the  weak  at- 
mofpheric  ele&ricity,  and  of  all  difFufed  ele&ricity.  But 
to  derive  the  fame  advantage  from  it  in  many  very  rate  - 
rejling  cafes ,  fuch  as  the  inquiry  into  the  ele&ricity  ex¬ 
cited  in  many  Operations  of  Nature  on  fmall  quantities 
of  matter,  we  muft  have  condenfers  of  various  fizes, 
fome  not  larger  than  a  filver  penny.  To  conftrudt  thefe 
in  perfection,  we  muft  ufe  the  pureft  and  hardeft  var- 
nifh,  of  a  kind  not  apt  to  crack,  and  highly  coercive 
This  requires  experiment  to  difeover  it  Spirit  varnifhes 
are  the  moft  coercive  ;  but  by  their  difference  of  con¬ 
traction  by  cold  from  that  of  metals,  they  foon  appear 
frofty,  and  when  viewed  through  a  lens,  they  appear  all 
fhivered :  They  are  then  ufelefs.  Oil  varnifhes  have 
the  requifite  toughnefs,  but  are  much  inferior  in  coer¬ 
cion.  We  have  found  amber  varnifh  inferior  to  copal 
varnifh  in  this  refpeCt,  contrary  to  our  expectation. 
On  the  whole,  we  fhonld  prefer  the  fineft  coach-painters 
varnifh,  new  from  the  fhop,  into  which  a  pencil  has  ne¬ 
ver  been  dipped  :  and  we  muft  be  particularly  careful 
to  clear  our  pencils  of  moifture  and  all  conducting  mat¬ 
ter,  which  never  fails  to  taint  the  varnifh.  We  fcarcely 
need  remark,  that  the  coat  of  varnifh  on  thefe  fmall  con¬ 
denfers  fhould  be  very  thin,  otherwife  we  lofe  all  the 
advantage  of  their  fmallnefs. 

Mr  Cavallo  has  ingenioufly  improved  Volta’s  con¬ 
denfer  by  connecting  the  moveable  plate,  after  removal, 
with  a  fmaller  condenfer.  The  effeCt  of  this  is  evident 
from  n°  130.  J3ut  the  fame  thing  would  have  been 
generally  obtained  by  ufing  the  fmall  condenfer  at  firft, 
.or  by  ufing  a  ftill  thinner  coat  of  varnifh. 

:•  It  will  readily  occur  to  the  reader,  that  this  inftru- 
ment  is  not  inftantaneous  in  its  operation,  and  that  the 
application  muft  be  continued  for  fome  time,  in  order 
to  colleCt  the  minute  electricity  which  may  be  excited 
in  the  operations  of  nature.  He  will  alfo  be  careful 
that  the  experiment  be  fo  conducted  that  no  ufelefs  ac¬ 
cumulation  is  made  anywhere  elfe.  When  we  expeCt 
eleClricity  from  any  chemical  mixture,  it  never  fhould 
be  made  in  a  glafs  veffel,  for  this  will  take  a  charge, 
and  thus  may  abforb  the  whole  excited  eleCtricity,  ac¬ 
cumulating  it  in  a  neutral  or  infenfible  ftate.  Let  the 
mixture  be  made  in  veffels  of  a  conducting  fubftance,  in¬ 
flated  with  as  little  contaCt  as  poffible  with  the  infla¬ 
ting  fupport  ;  for  here  will  alfo  be  fomething  like  a 
charge.  Sufpend  it  by  filk  threads,  or  let  it  reft  on 
the  tops  of  three  glafs  rods,  &c. 

After  this  account  of  the  Leyden  phial,  eleCtropho- 
trus,  and  condenfer,  it  is  fnrely  unnectffary  to  employ 
any  time  in  explaining  Mr  Bennet’s  moft  ingenious  and 
ufeful  inftrument  called  the  doubler  of  elettricity.  The 
explanation  offers  itfelf  fpontaneoufly  to  any  perfon  who 
underftands  what  has  been  faid  already.  Mr  Cavallo 
has  with  induftry  fearched  out  all  its  imperfections,  and 
has. done  fomething  to  remove  them,  by  feveral  very 
ingenious  conftru&ions,  minutely  defer ibed  in  his  Trea- 
tife  on  EleCtricity.  Mr  BenneFs  original  inftrument 
may  be  freed,  we  imagine,  as  far  as  feems  poffible,  by 
ruling  a  plate  of  air*  as  the  intermedium  between  the  three 
plates. of  the  doubler.  Stick  on  one  of  the  plates  three 
very  fmall  fpherules  made  from  a  capillary  tube  of  glafs, 


or  from  a  thread  of  fealing  wax.  The  other  plate  be¬ 
ing  laid  on  them,  refts  on 'me  re  points,  and  can  icaicc- 
ly  receive  any  friCtion  which  will  diftuib  the  experi¬ 
ment.  Mr  Nicholfon’s  beautiful  mechanifm  for  expe¬ 
diting  the  multiplication  has  the  inconveniency  of  bring¬ 
ing  the  plates  towards  each  other  edgewife,  which  wftl 
bring  on  a  fpaik  or  communication  fooner  than  may 
be  defired  :  but  this  is  no  inconvenience  whatever  in 
any  pliilofophical  refearch  ;  becaufe,  before  this  hap¬ 
pens,  the  eleCtricity  has  become  veiy  diftingufhable  as 
to  its  kind,  and  the  degree  of  multiplication  is  little 
more  than  an  amufement.  The  fpark  may  even  ferve 
to  give  an  indication  of  the  original  intenfity,  by  means 
of  the  number  of  turns  neceffary  for  producing  it.  If 
the  fine  wires,  which  form  the  alternate  connexions  in 
fo  ingenious  a  manner,  could  be  tipped  with  little  balls 
to  prevent  the  difilpation,  it  would  be  a  great  improve¬ 
ment  indeed.  An  alternate  motion,  like  that  of  a 
pump  handle,  might  be  adopted  with  advantage.  This 
would  allow  the  plates  to  approach  each  other  face  to 
face,  and  admit  a  greater  multiplication,  if  thought  ne¬ 
ceffary. 

One  of  the  moft  remarkable  faCts  in  eleCtricity  is  the  Diflipatio 
rapid  difilpation  by  (harp  points,  and  the  impofiibility of  tkdri. 
of  making  any  confiderable  accumulation  in  a  body^hy  froia 
which  has  any  fuch,  projecting  beyond  other  parts  of 
its  furface.  The  difilpation  is  attended  with  many  re- l°lU  * 
markable  circumftances,  which  have  greatly  the  appear¬ 
ance  of  the  aCtual  efcape  of  fome  material  fubftance. 

A  ftream  of  wind  blows  from  fuch  a  point,  and  quick¬ 
ly  electrifies  the  air  of  a  room  to  fuch  a  degree,  that  an 
eledtrometer  in  the  fartheft  corner  of  the  room  is  affeCt- 
ed  by  it.  This  difilpation  in  a  dark  place  is,  in  many 
inftances,  accompanied  by  a  bright  train  of  light  di¬ 
verging  from  the  point  like  a  firework-  Dr  Franklin 
therefore  was  very  anxious  to  reconcile  this  appearance 
with  his  theory  of  plus  and  minus  eleCtricity,  but  does 
not  exprefs  himfelf  well  fatisfied  with  any  explanation 
which  had  occurred  to  him.  From  the  beginning,  he 
faw  that 'he  could  not  confider  the  ftream  of  wind  as  a 
proof  of  the  efcape  of  the  deCtric  fluid,  becaufe  the 
fame  ftream  is  obferved  to  iffue  from  a  fharp  negative 
point  ;  which,  according  to  his  theory,  is  not  difperfing, 
but  abforbing  it.  Mr  Cavendifh  has,  in  our  opinion, 
given  the  firft  fatisfaCtory  account  of  this  phenomenon. 

To  fee  this  in  its  full  force,  the  phenomenon  itfelf 
muft  be  carefully  obferved.  The  ftream  of  wind  is 
plainly  produced  by  the  efcape  of  fomething  from  the 
point  itfelf,  which  hurries  the  air  along  with  it ;  and 
this  diaws  along  with  it  a  great  deal  of  the  furround¬ 
ing  air,  efpecially  from  behind,  in  the  fame  manner  as 
the  very  (lender  thread  of  air  from  a  blow-pipe  hurries 
along  with  it  the  furrounding  air  and  flame  from  a  con¬ 
fiderable  iurface  on  all  Tides.  It  is  in  this  manner  that 
it. gathers  the  whole  of  a  large  flame  into  one  mafs, 
and,  at  laft,  into  a  very  point.  If  the  fmoke  of  a  little 
rofin  thrown  on  a  bit  of  live  coal  be  made  to  rife  quiet¬ 
ly  round  a  point  projecting  from  an  eleCtrified  body, 
continually  fupplied  from  an  ele&rical  machine,  the 
vortices  of  this  fmoke  may  be  obferved  to  curl  in  from 
all  fides,  along  the  wire,  forming  a  current  of  which 
the  wire  is  the  axis,  and  it  goes  off  completely  by  the 
point.  .But  if  the  wire  be  made  to  pafs  through  a 
cork  fixed  in  the  bottom  of  a  wide  glafs  tube,  and  if 
its  point  projeCt  not  beyond  the  mouth  of  the  tube, 
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the  afflux  of  the  air  from  behind  is  prevented,  and  we 
have  no  dream  ;  but  if  the  cork  be  removed,  and  the 
wire  dill  occupy  the  axis  of  the  tube,  but  without 
touching  the  tides,  we  have  the  dream  very  didinctly  ; 
and  fnoke  which  lifes  round  the  far  end  of  the  tube  is 
drawn  into  it,  and  goes  off  at  the  point  of  the  wire. 
Now  it  is  of  importance  to  obferve,  that  whatever  pre¬ 
vents  the  formation  of  this  dream  of  wind  prevents 
the  diilipation  of  ele&ricity  (for  we  fhall  not  fay  efcape 
of  electric  fluid)  from  the  point.  If  the  point  project 
a  quarter  of  an  inch  beyond  the  tube,  or  if  the  tube  be 
open  behind,  the  dream  is  drong,  and  the  ditiipation  fo 
rapid,  that  even  a  very  good  machine  is  not  able  to  raife 
a  Henly’s  ele&rometer,  tianding  on  the  condu&or,  a 
very  few  degrees.  If  the  tube  be  flipped  forward,  fo  that 
the  point  is  juft  even  with  its  mouth,  the  ditiipation  of 
ele&ricity  is  next  to  nothing,  and  does  not  exceed  what 
might  be  produced  by  fuch  air  as  can  be  colle&ed  by  a 
fuperticial  point.  If  the  tube  be  made  to  advance  half 
an  inch  beyond  the  point  which  it  furrounds,  the  difllpa- 
tion  becomes  infentible.  All  thefe  fa&s  put  it  beyond 
a  doubt  that  the  air  is  the  caufc,  or,  at  lead,  the  occa* 
lion  of  the  ditiipation,  and  carries  the  ele&ricity  off  with 
it,  in  this  manner  rendering  ele&rical  the  whole  air  of 
a  room.  The  problem  is  reduced  to  explain  how  the 
air  contiguous  to  a  fharp  electrified  point  is  eledlrified 
and  thrown  off.  * 

of  It  was  demondrated  in  n°  130,  that  two  fpheres, 
connected  by  an  infinitely  extended,  but  flender  con¬ 
ducing  canal?  are  in  eleCrical  equilibrium,  if  their  fur- 
faces  contain  fluid  in  the  proportion  of  their  diameters. 
Xu  this  cafe,  the  fuperticial  dentity  of  the  fluid  and  its 
tendency  to  efcape  are  inverfely  as  the  diameters  (n° 
130  ).  Now  if,  in  imagination,  we  gradually  diminifh 
the  diameter  of  one  of  the  fpheres,  the  tendency  to 
efcape  will  increafe  in  a  greater  proportion  than  any 
that  we  can  name.  We  know,  that  when  the  prime  con- 
duCor  of  a  powerful  table -machine  has  a  wire  of  a  few 
inches  in  length  projecting  from  its  end,  and  termina¬ 
ting  in  a  ball  of  half  an  inch  in  diameter,  we  cannot 
electrify^ it  beyond  a  certain  degree  ;  for  when  arrived  at 
this  degree,  the  deCricity  flies  off  in  fuccelfive  burfts 
from  this  ball.  Being  much  more  overcharged  than  any 
other  part  of  the  body,  the  air  furrounding  the  ball  be¬ 
comes  more  overcharged  by  communication,  and  is  re¬ 
pelled,  and  its  place  fupplied  by  other  air,  not  fa  much 
overcharged,  which  furrounded  the  other  parts  of  the 
body,  and  is  preffed  forwards  into  this  fpace  by  the  ge¬ 
neral  repulfion  of  the  condu&or  and  the  confining  pref- 
fure  of  the  atmofphere  ;  otherwife,  being  alfo  overchar¬ 
ged,  it  would  have  no  tendency  to  come  to  this  place. 
Half  a  turn  of  the  cylinder  is  fufikien-t  to  accumulate 
to  a  degree  fufficient  for  producing  one  of  thefe  expia¬ 
tions,  and  we  have  two  of  them  for  every  turn  of  the 
cylinder.  A  point  may  be  compared  to  an  incompa¬ 
rably  fmaller  ball.  The  conftipation  of  the  fluid,  and 
its  tendency  to  efcape,  mud  be  greater  in  the  fame  un- 
meafurable  proportion.  This  dentity  and  mutual  re¬ 
pulfion  cannot  be  diminifheJ,  and  mud  even  be  increa¬ 
sed,  by  the  matter  of  the  wire  forming  a  cone,  of  which 
the  point  is  the  apex  ;  therefore,  if  there  were  no  other 
caufe,  we  mud  fee  that  it  is  almod  impotiible  to  confine 
a  colle&ion  of  particles,  mutually  repelling,  and  condi- 
pated,  as  thefe  are  in  a  fine  point. 

But  the  chief  caufe  feems  to  be  a  certain  chemical 
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union  which  takes  place  between  the  eleflric  fluid  and  *06. 
a  correfponding  ingiedient  of  the  air.  In  this  date  0fHe<flricity 
conftipation,  almod  completely  furrounded  by  the  air,  nii'raRy  ^ 
the  little  mafs  of  fluid  mud  attract  and  be  attradled  with  air* 
with  very  great  force,  and  more  readily  overcome  the 
force  which  keeps  the  eledbufied  fluid  attached  to  the 
lad  feries  of  particles  of  the  wire.  It  unites  with  the 
air,  rendering  it  electric  in  the  liighed  degree  of  redun* 
dancy.  It  is  therefore  ftrongly  repelled  by  the  mafs  of 
conftipated  fluid  which  fucceeds  it  within  the  point. 

Thus  is  the/  electrified  air  continually  thrown  off,  in  a 
date  of  eledt’ ification,  that  mud  rap:dly  diminifh  the 
eledtricity  of  the  condudtor.  Hence  the -uninterrupt* 
ed  flow,  without  noife  or  much  light,  when  the  point  is 
made  very  fine.  When  the  point  is  blunt,  a  little  ac¬ 
cumulation  is  neceffary  before  it  attains  the  degree  ne- 
ceffary  for  even  this  minute  expiation  ;  but  this  is  foon 
done,  and  thefe  little  explotions  fucceed  each  other  ra¬ 
pidly,  accompanied  by  a  fputtering  noife,  and  trains  of 
bright  fparks.  The  noife  is  undoubtedly  owing  to  the 
atoms  of  the  highly  elc&rified  fluid.  Thefe  are,  in  all 
probability,  rarefied  of  a  fudden,  in  the  adl  of  eledlrifi- 
cation,  and  immediately  colhpfe  again  in  the  adf  of 
chemical  union,  which  caufes  a  fonorous  agitation 
of  the  air.  .  This  eledlrified  air  is  thus  thrown  off,  and 
its  place  is  immediately  fupplied  by  air  from  behind,  not 
yet  eledlrified,  and  therefore-  ftrongly  drawn  forward  to 
the  point,  frorn  which  they  are  thrown  off  in  their 
turn.  This  rapid  expanfion  and  fubfequent  collapfing 
of  the  air  is  verified  by  the  experiments  of  Mr  Kinner- 
fly,  related  by  Dr  Franklin,,  and  is  feen  in  numbcrlefs 
experiments  made  with  other  views  in  later  times,  and 
not  attended  to.  Perhaps  it  is  produced  by  the  great 
heat  which  accompanies,  or  is  generated  in  the  transfer¬ 
ence  of  eledlricity,.  and  it  is.  of  the  fame  kind  with  what 
occations  the  burfting'  of  ftones,  Tplitting  of  trees,  ex¬ 
ploding  of  metals,  5tc.  by  eledfricity.  The  expanfion 
is  either  i neon fider able,  or  it  is  fuccefiively  produced  in 
very  fmall  portions  of  the  fubftance  expanded  ;  for  when 
metal  is  exploded  in  clofe  veffels,  or  under  water,  there 
is  but  a  minute  portion  of  gazeous  matter  produced  5 
and  in  the  ditiipation  by  a  very  fine  point,  iufliciently 
great  to  give  full  employment  to  a  powerful  machine, 
the  dream  of  wind  is  but- very  faint,  and  nine-tenths 
of  this  lias  been  dragged  along  by  the  really  eledfrified 
thread  of  wind  in  the -middle. 

From  a  collation  of  all  the  appearances  of  eledlricity^ 
we  muft  form  the  fame  conception  of  the  forces  which 
operate  round  a  point  that  is  negatively  eledlrified,  net 
difperfing,  but  drawing  in  ele&ric  fluid.  It  is  more 
completely  undercharged  than  any  other  part  of  a  body, 
and  attradls  the  fluid  in  the  furrounding-  air,  and  the 
air  in  which,  it  is  retained,  with  incomparably  greater  * 
force.  It  therefore  deprives  the  contiguous  air  of  its 
fluid,  and  then  repels  it,  and  then  produces  a  dream  like 
the  overcharged  point. 

If  a  conducting  body  be  brought  near  to  any  part  ao?* 
of  an  overcharged  body,  the  fronting  part  of  the  fird 
is  rendered  undercharged  ;  and  this  increaks  the  charge  * 
of  the  oppotite  part  of  the  overcharged  body.  It  be¬ 
comes  more  overcharged  in  that  part,  and  fooner  at¬ 
tains  that  degree  of  condipation  that  enables  the  fluid 
to  quit  the  fuperticial  feries  of  particles,  and  to  electrify 
ftrongly  the  contiguous  air.  The  explofion  is  there¬ 
fore  made  in  this  part  in  preference  to  any  other  •>  and 
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the  air  thu3  exploded  is  ftrongly  attracted  by  the  front¬ 
ing  part  of  the  other  body,  and  mud  fly  thither  in  pre¬ 
ference  to  any  other  point.  If,  moreover,  the  fronting 
part  of  A  be  prominent  or  pointed,  this  effeCl  will  be 
produced  in  a  fuperior  degree  ;  aud  the  current  of 
eleCtrified  air,  which  will  begin  very  early,  will  increafe 
this  difpofition  to  transference  in  this  way  by  rarefying 
the  air  ;  a  change  which  the  whole  courfe  of  eleCtric 
phenomena  (hews  to  be  highly  favourable  to  this  trans¬ 
ference,  although  we  cannot  perhaps  form  any  very 
adequate  nation  how  it  contributes  to  this  effect. 
This  feems  to  be  the  reafon  why  a  great  cxplofion  and 
fnap,  with  a  copious  transference  of  eleClricity,  is  ge¬ 
nerally  preceded  by  a  hilling  noife  like  the  rufhing  of 
wind,  which  .  fwells  to  a  maximum  in  the  loud  fuap 
„  itfelf. 

If  two  prominences,  precifely  fimilar,  and  eleCtrified 
in  the  contrary  way  to  the  fame  degree,  are  prefenCed 
to  each  other,  we  cannot  fay  from  which  the  current 
fhould  take  its  commencement,  or  whether  it  fliould 
not  equally  begin  from  both,  and  a  general  difperllon 
of  air  laterally  be  the  effeCt  ;  but  fuch  a  fituation  is 
barely  poffible,  and  muft  be  infinitely  rare.  The  cur¬ 
rent  will  begin  from  the  iide  which  has  fome  fuperiority 
of  propelling  force.  We  are  difpofed  to  think  that  this 
current  of  material  eleCtrified  fubftar.ee  muft  fuffer  great 
change  during  its  paffage,  by  mixing  with  the  current 
in  an  oppofite  ele&rical  ftate  coming  from  the  other 
body.  Any  little  mafs  of  the  pne  current  muft  ftrong- 
ly  attraCt  a  contiguous  mafs  of  the  other,  arid  certain 
changes  fhould  furely  arife  from  this  mixture.  Thefe 
may,  in  their  turn,  make  a  great  change  in  the  mecha- 
nical  motions  of  the  air ;  and,  inllead  of  producing  a 
quaqua  verfum  difperfion  of  air  from  between  the  bo¬ 
dies,  as  fhould  refult  from  the  meeting  of  oppofite 
flreams,  it  may  even  produce  a  collapiing  of  the  air  by 
the  mutual  ftrong  attractions  of  the  little  mafTes.  Many 
valuable  experiments  offer  themfelves  to  the  curious  in¬ 
quirer.  Two  little  balls  may  be  thus  prefented  to  each 
other,  and  a  fmoke  may  be  made  with  rofin  to  occupy 
the  interval  between  them.  Motions  may  be  obferved 
which  have  certain  analogies  that  would  afford  ufefnl 
information  to  the  mechanical  inquirer.  There  muft  be 
fomething  of  this  mixture  of  currents  in  all  fuch  trans¬ 
ferences,  and  the  moft  minute  differences  in  the  condi¬ 
tion  of  a  little  parcel  of  the  air  may  greatly  affect  the 
future  motions.  The  moft  promiling  form  of  fuch  ex¬ 
periment  would  be  to  ufe  two  points  of  the  fame  fub- 
itance,  fhape,  and  fize,  and  eleCtrified  to  the  fame  de- 
acp  gree  in  oppofite  fenfes. 

Character  After  all  care  has  been  taken  to  infure  fimilarity,  there 
iftic  differ*  remains  one  effential  difference,  that  the  one  current  is  re - 
fitive  dundant  in  d&r'tc. fiuuU  and  the  other  deficient .  This  cir- 
negative  cumftance  mufi  produce  charaCteriftic  differences  of  ap- 
ele&ricity  pearance.  And  are  there  not  fuch  differences?  Is  not  the 
pencil  and  the  ftar  of  light  a  charaCteriftic  difference  ? 
And  does  not  this  well-fupported  faCt  greatly  corroborate 
the  opinion  of  Dr  Franklin,  that  the  eleCtric  phenomena 
refult  from  the  redundancy  and  deficiency  of  one  fub* 
ftance,  and  not  from  two  diftinCt  fubftances  operating  in 
a  fimilar  manner  ?  For  the  diftinCtion  in  appearance  is  a 
mechanical  diftinCtion.  Motion,  direction,  velocity,  are 
perceivable  in  it.  Locomotive  forces  are  concerned  in 
it ;  but  they  are  fo  implicated  with  forces  which  proba¬ 
bly  refemble  chemical  affinities;  hardly  operating  be- 

i 


yond  contaCt,  that  to  extricate  their  effeCts  from  the 
complicated  phenomenon  feems  a  defperate  problem. 
There  is  fome  hitherto  inexplicable  chemical  compofition 
and  decompofition  taking  place  in  the  transference  of 
eleCtricity.  Of  this  a  numerous  train  of  obfervations 
made  fmee  the  dawn  of  the  pneumatic  chemiftry  leaves 
us  no  room  to  doubt.  'The  emerfion  or  production 
of  light  and  heat  is  a  remarkable  fign  and  proof.  Now 
this  takes  phice  along  the  whole  path  of  transference ; 
therefore  the  procefs  is  by  no  means  completed  at  the 
point  from  which  the  aCtive  cauie  proceeds  ;  and  al¬ 
though  there  be  certain  appearances  that  are  pretty  re¬ 
gular,  they  are  ft  ill  mixed  with  others  of  the  moft  ca¬ 
pricious  anomaly.  The  zigzag  form  of  the  moft  con- 
denfed  fpark,  totally  unlike,  by  its  fharp  angles,  to  any 
motions  producible  by  accelerating  forces,  which  mo¬ 
tions  are,  without  exception,  curvilineal,  makes  us 
doubt  exceedingly  whether  the  luminous  lines  which  we 
obferve  are  fucceffive  appearances  of  the  fame  matter  in 
different  places,  or  whether  they  be  not  rather  fimulta- 
neous,  or  nearly  fimultaneous,  cornfcations  of  different 
parcels  of  matter  in  different  places,  indicating  chemical 
compofitions  taking  place  almoft  at  once  ;  and  this  be¬ 
comes  more  probable,  when  we  refleCt  on  what  has  been 
faid  already  of  the  jumbling  of  oppofite  currents  ;  fuch 
mixtures  fhould  be  expeited.  We  have  feen  a  darted 
fiafh  of  lightning  which  reached  (in  a  direction  nearly 
parallel  to  the  horizon)  above  three  miles  from  right  to 
left ;  and  it  feemed  to  us  to  he  co-exifient ;  we  could  not 
fay  at  which  end  it  began.  The  thunder  began  with 
a  loud  crack,  and  continued  with  a  moft  irregular 
rumbling  noife  about  15  feconds,  and  feemed  equal  on 
both  hands.  We  imagine  that  it  was  really  a  fimulta¬ 
neous  fnap,  in  the  whole  extent  of  the  fpark,  but  of 
different  ftrength  in  different  places;  different  portions 
of  the  fonorous  agitation  were  propagated  to  the  car  in 
fucceffion  by  the  fonorous  undulations  of  air,  caufing 
it  to  feem  a  lengthened  found.  Such  would  be  the 
appearance  to  a  perfon  ftanding  at  one  end  of  a  long 
line  of  foldiers  who  difeharge  their  firelocks  at  one  in- 
ftant.  It  will  feem  a  running  fire,  of  different  ftrength 
in  different  parts  of  the  line,  if  the  mufkets  have  been 
unequally  loaded.  It  is  inconceivable  that  this  long 
zigzag  fpark  can  mark  the  track  of  an  individual  mafs 
of  electrified* air.  The  velocity  and  momentum  would 
be  enormous,  and  would  fweep  off  every  thing  in  its 
way,  and  its  path  could  not  be  angular.  The  fame 
muft  be  afferted  of  the  ftreams  of  light  in  our  experi¬ 
ments.  The  velocity  is  fo  nnmeafurable  that  we  cannot 
tell  its  direction.  There  may  be  very  little  local  mo¬ 
tion,  juft  as  in  the  piopagation  of  found,  or  of  a  wave 
on  the  furface  of  water.  That  particular  change  of 
mutual  fituation  among  the  adjoining  atoms  which  oc- 
cafions  chemical  folution  or  precipitation  may  be  pro¬ 
duced  in  an  inftant,  over  a  great  extent,  as  we  know 
that  a  parcel  of  iron  filings,  lying  at  random  on  the 
furface  of  quickfilver,  will,  in  one  inftant,  be  arranged 
in  a  certain  manner  by  the  mere  neighbourhood  of  a 
magnet.  Is  not  this  like  the  fimultaneous  precipitation 
of  water  along  the  whole  path  of  a  difeharge  ? 

Hut  ftill  there  muft  be  fome  caufe  which  gives  thefe 
fimultaneous  cornfcations  a  fituation  with  refpeCt  to 
each  other,  that  has  a  certain  regularity.  Now  the  lu¬ 
minous  trains  (for  they  are  not  uniform  lines  of  light) 
of  almoft  continuous  fparka  which  are  arranged  between 
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q  pofitive  and  a  negative  point,  feem  to  us  to  indicate  Hygrometer. 


Y. 
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emanation  from  the  pofitive,  and  reception  by  the  ne¬ 
gative  point.  I  he  general  line  has  a  confiderable  re- 
femblance  to  the  path  of  a  body  proje&ed  frpm  the  po¬ 
fitive  point,  repelled  by  it,  and  attracted  by  the  nega¬ 
tive  point.  I  his  will  appear  to  the  mechanician  on  a 
very  little  refle&ion.  If  the  curve  were  completely  vi- 
fible,  it  would  fomevvhat  refemble  thofe  drawn  between 
P  and  N  in  fig.  3J.  PA13N  overpafies  the  point  N, 
and  comes  to  it  from  behind  ;  P  ab  N  lies  within  the 
other,  and  arrives  in  a  dire&ion  nearly  perpendicular  to 
the  axis  ;  P  «  EN  deferibes  a  ftraight  line,  and  arrives 
m  the  diredion  PN.  As  the  chemical  compofition  ad¬ 
vances,  the  light  is  drfengaged  or  produced,  and  there¬ 
fore  the  appearances  are  more  rare  as  we  advance  far¬ 
ther  in  the  direction  in  which  they  are  produced  ;  and 
there  would  perhaps  be  no  appearance  at  all  at  the 
point  where  the  motion  ends,  were  it  not  that  the  few 
remaining  parcels,  where  the  compofitions  or  decompo* 
fit  ions  have  not  been  completed,  are  crowded  together  at 
the  negative  point,  incomparably  more  than  in  any  other 
pirt  of  the  track.  We  think  that  thefe  confederations 
oftei  fome  explanation  of  the  appearance  of  the  pencil 
and  (tar,  which  are  fo  uniformly  charaCleriitic  of  the 
politive  and  negative  ele&ricities ;  but  we  fee  many 
grounds  of  uncertainty  and  doubt,  and  'offer  it  with 
due  diffidence. 

The  curious  figures  obferved  by  Mr  1  .iclitenberg, 
jee-  formed  by  the  dull  which  fettles  on  a  line  drawn  oil 
the  face  ot  a  mirror  by  the  pofitive  and  by  the  nega¬ 
tive  knobs  of  a  charged  jar,  are  alfo  uniformly  charac- 
i'  teriftic  of  the  two  electricities.  Thefe  are  mechanical 
diftin&ioiis,  indicating  certain  differences  of  accele¬ 
rating  forces.  We  nnift  refer  the  curious  reader  to 
Tichtenberg’s  Diflertations  in  the  Gottingen  Commen¬ 
taries  ;  to  the  Publication  oj  the  Haerlem  Society  ;  to 
the  Gotha  Magazine  ;  to  Dijfertcilons  by  Spatb  at  Alt 
dorff,  and  other  German  writers, 
n  It  only  remains  for  us  to  take  notice  of  the  general 
ciJaws  of  the  diffipation  of  ele&ricity  into  the  air,  and 
e  along  imperfeft  inlulators.  On  this  fubjed  we  have 
fome  valuable  experiments  of  Mr  Coulomb,  publifbed 
in  the  Memoirs  of  the  Academy  of  Sciences  of  Paris 
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Hence  it  follows,  that  the  diffipation  is  very  nearly  in 
the  triplicate  ratio  of  the  moifture  of  the  air.  Thus  if 


-  be  coafidered 


as  "zz 


7>*97 


6,180 


we  have  m  =  2,764. 
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gives 


'  =  2,7^* 


.  9,22c 


gives  ^  =  3,61. 


6, 1 8c 

Hence,  at  a  medium,  m  3,40. 

We  fhould  have  obferved,  that  the  ingenious  author 
took  care  to  feparate  this  diffipation  by  immediate  con¬ 
tact  with  the  air,  from  what  was  occafioned  by  the  im¬ 
perfect  infulation  afforded  by  the  fupports. 

/t  mull  alfo  be  remarlced  here,  that  the  immediate  Diminution 
ojjed  of  observation  in  the  exptiiments  is  the  diminu-  of  r< pulfion 
tion  of  repulfion.  I  his  is  found  to  be,  in  any  given  f*  double  of 
ftate  of  tile  air,  a  certain  proportion  of  the  whole  re- the  dl%a' 
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,  -  -  proportion  rc. 

pnllion  at  the  moment  of  diminution;  but  this  is  doubl- 
the  proportion  of  the  denfity  of  the  elearic  fluid  ; 
for  it  mutt  be  recolleaed,  that  the  repulfions  by  which 
we  judge  of  the  diflipation  are  mutual,  exerted  by  every 
particle  of  fluid  in  the  ball  t  of  Coulomb’s  elearometer, 
on  every  particle  in  the  ball  a.  It  is  therefore  piopor- 
tional  to  the  elearic  denfity  of  each;  and  therefore,  du¬ 
ring  the  whole  diffipation,  thedenfities  retain  their  primi¬ 
tive  proportion  ;  therefore,  the  diminution  of  the  repul- 
fion  being  as  the  diminution  of  the  produa8  of  the  denfi- 
ties,  it  is  as  the  diminution  of  the  (quarts  of  either.  If 
therefore  the  denfity  be  reprefented  by  d,  the  mutual  re- 
pulfion  is  reprefentable  by  d  ,  and  its  momentaty  dimi¬ 
nution  by  the  fluxion  of  d2;  that  is,  by  2  d d,  or  \dxd. 
Now  2  dxd  is  to  d2  as  2  d  is  tod;  and  therefore  the  di¬ 
minution  of  repullion  obferved  in  our  experiment  bears  to 
the  whole  repulfion  twice  as  great  a  proportion  as  the 
diminution  of  denfity,  or  the  quantity  of  fluid  diffipated, 
bears  to  the  whole  quantity  at  the  moment.  For  ex- 


,  ,  .  ucdrs  me  Wiioie  quantity  at  the  moment.  For  ex- 

i  hefe  experiments  were  made  with  the  affiftance  of  ample,  if  we  obferve  the  repulfion  diminilhed  we 
electrometer  of  a  nartiVnbrpnnftrnAmn  '.^VnWi  rkoll  1 _ r  1 


?.n  electrometer  of  a  particular  conftruCtion,  wfiiich  {Hall 
be  deferibed  under  the  article  Electrometer. 

The  general  refult  of  Mr  Coulomb’s  experiments 
was,  that  the  momentary  diffipation  of  moderate  de¬ 
grees  of  electricity  is  proportional  to  the  degree  of 
electricity  at  the  moment-  He  found  that  the  diffipa¬ 
tion  is  not  fenfibly  affeCted  by  the  ftate  of  the  baro¬ 
meter  or  thermometer  ;  nor  is  there  any  l'enlible  dif¬ 
ference  in  bodies  of  different  fizes  or  different  fubftances,' 
or  even  different  figures,  provided  that  the  electricity 
is  very  weak. 

But  he  found  the  diffipation  greatly  affeCted  by  the 
different  dates  of  humidity  of  the  air.  Sauffure’s  by 


a  14. 


conclude  that  T1^  of  the  fluid  has  cfcaped. 

Mr  Coulomb  has  not  examined  the  proportion  be* 
tween  the  diffipations  from  bodies  of  different  fizes.  A 
great  and  a  fmall  fphere,  communicating  by  a  very 
long  canal,  have  fuperficial  denfities,  and  tendencies  to 
efcape,  inverfely  proportional  to  the  diameters.  A  body 
of  twice  the  diameter  has  four  times  the  furface  ;  and 
though  the  tendency  to  efcape  be  twice  as  fmall’  the 
furface  is  four  times  as  great.  Perhaps  the  greater  fur- 
face  may  compenfate  for  the  fmaller  denfity,  and  the 
quantity  of  fluid  actually  gone  off  may  be  greater  in  a 
large  fphere.  This  may  be  made  the  fubjed  of  trial. 

It  muff  be  kept  in  mind,  that  the  law  of  diffipation.^  . 
pertained  bv  thefe  exnerimenf.v  DuiipatioR 


*•  o  v,*  ui  cue  <ui.  oduuuic  s  it y-  it  inuu  dc  Kepi  in  mind,  that  the  law  of  diffipation 

grometer  has  its  fcale  diftindly  related  to  the  quantity  afeertained  by  thefe  experiments,  relates  to  one  niven  ?'’ 

wITltlmf  ft 3  CUb’C  fo.°tofth.ea.;r>  Th,e.fo.1-  of  the  air,  and  that  it  does  not  follow  that  ,'nthT ftaieTf 

lowing  httle  table  (hews  an  evident  relation  to  this  in  another  ftate,  containing  perhaps  the  fame  quantity  of 'he  air. 

Uie  diffipation  of  eleftricity  :  water,  the  diffipation  (hall  be  the  fame.  The  air  is  fuch 
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a  heterogeneous  and  variable  compound,  that  it  may 
have  very  different  affinities  with  the  eledric  fluid.  Mr 
Coulomb  thought  that  he  fhould  infer  from  his  nume¬ 
rous  experiments,  that  the  diffipation  did  not  increafe  in 
the  ratio  of  the  cube  of  the  water  diffolved  in  the  air, 
unlefs  it  was  nearly  as  much  as  it  could  diffolve  in  that 
temperature.  This  indeed  is  conformable  to  general 
obfervation  :  for  air  is  thought  dry  when  it  dries  quick¬ 
ly  any  thing  expofed  to  it ;  that  is,  when  not  nearly  fa- 
turated  with  moifture.  Now  it  is  well  known,  that  what 
is  thought  dry  air  is  favourable  to  ekdricity. 

The  diffipation  along  imperfect  inhibitors  is  brought 
Xrffipancm  akout  jn  a  way  fomewhat  different  from  the  manner  of 
S  dfula-  its  efcaping  by  eledrifying  the  contiguous  air  and  go- 
tors.  ing  off  with  it.  It  feems  to  be  chiefly,  if  not  folely, 

along  the  furface  of  the  infulating  fupport  that  the  elec- 
tiicity  is  diffufed,  and  that  the  diffufion  is  produced 
there  chiefly  by  the  moifture  which  adheres  to  it.  It 
is  not  very  eafy  to  form  a  clear  notion  of  the  manner, 
but  Mr  Coulomb’s  explanation  feems  as  fatkfadory  as 
any  we  have  feen. 

Water  adheres  to  all  bodies,  Ricking  to  their  fur* 
faces.  This  adhefion  prevents  it  from  going  off  when 
eledrified  ;  and  it  is  therefore  fufceptible  of  a  higher 
degree  of  ekdrification.  If  we  fuppofe  that  the  particles 
of  moifture  are  uniformly  difpofed  along  the  furface, 
leaving  fpaces  between  them,  the  eledricity  communica¬ 
ted  to  one  particle  muft  attain  a  certain  denfity  before  it 
can  fly  acrofs  the  infulating  interval  to  the  next.  There¬ 
fore,  when  fuch  an  imperfed  condudor  is  eledrified  at 
one  end,  the  ekdricity,  in  paffing  to  the  other,  will  be 
weakened  at  every  ftep.  If  wc  take  three  adjacent  particles 
a,  b,  c ,  of  this  conducing  matter,  we  learn,  from  n°  105, 
that  the  motion  of  b  is  fenfibly  affeded  only  by  the  dif- 
feience  of  a  and  c;  and  therefore  that  the  paffage  of  elec¬ 
tricity  from  b  to  c  requires  that  this  difference  be  fuperior 
or  equal  to  the  force  neceffary  for  clearing  this  coercive 
interval.  Let  a  particle  pafs  over.  The  eledric  den* 
pty  of  the  particle  b  of  conducing  matter  is  diminifhed, 
while  the  denfity  of  the  particle  on  the  other  fide  of  a  re¬ 
mains  as  before.  Therefore  fome  will  pafs  from  a  to  £,and 
from  the  particle  preceding  a  to  a ;  and  fo  on,  till  we  come 
to  the  eledrified  end  of  this  imperfed  infulator.  It  is 
plain  from  this  confideration,  that  we  muft  arrive  at  laft 
at  a  particle  beyond  c ,  where  the  whole  repulfion  of  the 
preceding  particle  is  juft  fufficient  to  clear  this  interval. 
Some  will  come  over,  whole  repulfion,  now  adingin  the 
oppofitc  diredion,  will  hinder  any  fluid  from  fupplying 
its  place  in  the  particle  which  it  has  quitted. .  Here  the 
transference  will  flop,  and  beyond  this  the  inflation  is 
complete.  There  is  therefore  a  mathematical  relation 
between,  the  infulating  power  and  the  length  of  the  ca¬ 
nal,  which  may  be  afeertained  by  our  theory  ;  and  thus 
another  opportunity  obtained  for  comparing  it  with  ob- 
fervation.  That  this  inveftigation  may  be  as  limple  as 
poffible,  we  may  take  a  very  probable  cafe,  namely, 
where  the  infulating,  or,  to  name  it  more  graphically, 
the  coercive,  interval  is  equal  in  every  part  of  the  canal. 

Let  R  be  the  coercive  power  of  the  infulator  ;  that 
is,  let  R  be  the  force  neceffary  for  clearing  the  coercive 
interval.  Let  a  ball  C  (fig.  36.)  be  fufpended  by  a  filk 
thread  AB ,  and  let  C  reprefent  the  quantity  of  its  re¬ 
dundant  fluid;  and  let  the  denfity  in  the  different  points 
of  the  canal  be  as  the  ordinates  AD,  1  cl ,  &c.  of  fome 
curve  line  D  d  which  cuts  the  axis  in  B  where  the 
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thread  begins  to  infulate  completely.  Let  P  p  be  an 
element  of  the  axis.  Draw  the  ordinate  p  /,  the  tan¬ 
gent  df  F,  and  the  normal  d  E,  and  f  e  perpendicular 
to  P  d.  Let  AC  be  =:  r,  AP  —  x,  P  d  =  y.  Then 
P p  =  x,  and  de  =  — y.  We  have  feen,  that  the 
only  fenfible  adion  on  the  particle  of  fluid  in  P  is  — - 

(fee  n^  105),  when  the  adion  of  the  redundant  fluid 


in  the  globe  on  the  particle  P  having  the  denfity  y,  is 
reprefented  by  v;  •  Therefore  we  have  ZL  = 

v  •  ‘  /  X 

R,  the  coercive  power  of  the  thread.  This  is  fuppo* 

P  dY.de 

fed  to  be  conflant.  Therefore  - p“7  is  equal  to 


fome  conftant  line  R,  But  P />,  or  f  e  :  d  e  n  P  d : 

PE.  Therefore  the  fubnormal  PE  is  a  conftant  line. 

But  this  is  the  property  of  the  parabola  alone  ;  and  the 
curve  of  denfity  D  d  B  is  a  parabola,  of  which  the  pa¬ 
rameter  is  2  P  E,  or  2  R. 

Cor.  X.  The  densities  in  different  points  of  an  ioa-  Variation 
perfed  infulator  are  as  the  fquare  roots  of  their  dift  an  ce.of  denfity 
from  the  point  of  complete  infulation  :  For  P  </*  :  AD-!11  theiai 

=  BP«BA.  . 'att| 

The  length  of  canal  required  for  infulating  dif-  Lengthc 


2  it 


ferent  denfities  of  ekdricity  are  as  the  fquares  of  theedfaryf 

in  fulatica 

denfities.  For  AB  =  — and  PE  has  been  fhewn4^ 


2  PE  5 


to  be  a  conftant  quantity.  Indeed  we  fee  in  the  de- 
monftration,  that  BP  would  infulate  a  ball,  whofe  elec¬ 
tric  denfity  is  P  d,  and  BA  :  BP  AD2  :  P  d*.  2J(J 

3.  The  length  neceffary  for  infulation  is  inverfely  asAj§U 
the  coercive  force  of  the  canal,  and  may  be  reprefented  1 
I)2  DA2  D2  coercion 

generally  by  — •  Tor  AB  is  = 


H17 

Theory 

thereof 


R . 40  ~  2  PE  -  2  R‘ 

Mr  Coulomb  has  verified  thefe  conclufions  by  a  very 
fatisfadory  furies; of  experiments,  by  the  affiiiauce  of 
his  delicate  tkdroineter,  which  is  admirably  fuited  for 
this  trial.  The  fubjed  is  fo  interefting  to  every  zea¬ 
lous  ftudent  of  ekdricity,  that  Mr  Canton,  Dr  B.  Wil- 
fon,  Mr  Waitz,  Wilcke,  and  others,  have  made  experi¬ 
ments  for  cftablifhing  fome  meafure  of  the  conduding 
powers  of  different  fubftances.  It  was  .one  of  the  hrit 
things  that  made  the  writer  of  this  article  fuppofe  that 
eledric  adion  was  in  the  inverfe  duplicate  ratio  of  the 
diftances  :  for,  as  eady  as  1763,  he  had  found,  that 
the  lengths  of  capillary  tubes  neceffary  for  infulation 
were  as  the  fquares  of  the  repuliions  of  the  ball  which 
they  infulated.  The  mode  of  reafoning  offers  of  itfelf, 
and  the  fluxionary  expreffion  of  the  infulating  power, 

<viz.  ^4  led  immediately  to  a  force  proportional  to  — - 
x 

Numerous  experiments  were  made,  which  we  do  not 
give  here,  becaufe  the  public  are  already  poffeffed  of 
thofe  of  Mr  Coulomb. 

This  difeuffion  explains,  in  a  fatisfadory  manner,  theExpl^ 
operation  of  the  condenfer,  as  deferibed  by  Mr  Volta. 

The  weak  degrees  of  ekdricity,  which  arc  rendered^-; 
fufficiently  fenfible  by  the  infulation  of  the  plate  of  dry  (!enf(r, 
marble,  are  completely  infulated  by  the  perhaps  thin 
ftratum  that  has  been  fufficiently  dried,  while  the  reft 
conduds  with  an  efficacy  fufficient  for  permitting  the 
accumulation* 

When 


ai 


ELECTRICITY. 


ii*  When  Wc  reflet  on  the  theory  now  delivered,  we 
fee  that  the  formulae  determine  the  dillribntion  of  the 
fluid  along  an  imperfect  conductor  in  a  certain  manner, 
on  the  fuppofition  that  a  certain  determinate  dofe  has 
been  imparted  to  the  ball  :  Becaufe  this  dofe,  by  dif- 
fnfing  itfelf  from  particle  to  particle  of  the  conducing 
matter,  will  diffule  itfelf  all  the  way  to  B,  in  fucb  a 
manner  that -the  repul fion  flail  everywhere  be  in  equili- 
bnO  with  the  maximum  of  the  coercive  force  of  the  in- 
fulating  interval.  But  it  muff  be  farther  noticed,  that 
this  ref  fiance  is  not  aflive,  but  coercitive,  and  we  may 
compare  it  to  fiidlion  or  vi'fcidity.  Any  repulfion  of 
ele&ric  fluid,  which  falls  fhort  of  this,  will  not  diflurb 
the  liability  of  the  fluid  fpread  along  the  canal,  accord¬ 
ing  to  any  law  whatever.  So  that  if  AD  reprefent 
the  ele&ric  denfity  of  the  globe,  and  remain  confhnt, 

any  curve  of  denfity  will  anfwer,  if  C~  be  everywhere 

x 

lefs  than  R.  It  is  therefore  an  indeterminate  problem  to 
aflEgn,  in  general,  the  difpofition  of  fluid  in  the  canal. 
The  denfity  is  as  the  ordinates  of  a  parabola  only  on 
the  fuppofitioh  that  the  maximum  of  R  is  everywhere 
the  fame.  And,  in  this  cafe,  the  diflance  AB  is  a 
minimum  :  for,  in  other  cafes  of  denfity*  we  mufl  have 

t-  lefs  than  R.  If,  therefore,  we  vary  a  Angle  ele- 
x 

ment  of  the  curve  D  d  B,  in  order  that  the  liability  of 
the  fluid  may  not  be  diflurbed,  having  d  conflant,  we 

mufl  neceflarily  have  x  larger,  that  —  may  ftill  be  lefs 

x 

than  R  ;  that  is,  we  mufl  lengthen  the  axis. 

We  fee  alfo,  that  to  afcertain  the  diflribution  in  a 
condu&irg  canal  is  a  determinate  problem  ;  whereas,  in 
imperfect  condu&ors,  it  is  indeterminate,  but  limited 
by  the  date  of  the  fluid,  when  it  is  fo  difpofed  that  in 
every  point  the  a&ion  of  the  fluid  is  in  equilibrio  with 
the  maximum  of  refillance.  This  cor.fideration  will  be 
%  applied  to  a  valuable  purpofe  in  the  article  Magnetism. 
n.  This  do&rine  gives,  in  our  opinion,  a  very  fatisfac- 
a  tory  explanation  of  the  curious  obfervations  of  Mr 
sard  Brookes  and  Mr  Cuthbertfon,  mentioned  in  n°  167. 

namely,  that  damping  the  infide  of  a  coated  jar  dimi- 
■d  of  nifhes  the  rifle  of  explofion,  and  enables  it  to  hold  a 
fing  a  higher  charge.  We  learn  here,  that  there  is  no  den- 
fity  fo  great  but  that  the  lead  imperfedt  condu&or 
will  infulate  it,  if  long  enough  ;  and  that  the  coercive 
quality  of  an  imperfedt  conriudlor  may  be  conceived  fo 
conflituted  from  A  towards  B,  that  the  denfities  fhall 
diminifh  in  any  ratio  that  we  pleafe,  fo  that  the  varia¬ 
tion  of  denfity  (the  caufe  of  motion)  may  everywhere, 
even  to  the  infulating  point  B,  be  very  fmall.  How¬ 
ever  great  the  conflipation  at  the  edge  of  the  metallic 
coating  may  be,  an  imperfedl  condudlor  may  be  conti¬ 
nued  outward  from  that  edge,  and  may  be  fo  conflitu 
ted,  that  the  conflipation  fhall  diminifh  by  fuch  gentle 
gradations,  that  an  explofion  fhall  be  impoffible.  An 
.uniform  dampnefs  will  not  do  this,  hut  it  will  dimi¬ 
nifh  the  abruptnefs  of  the  variation  of  denfity.  rI  lie 
flate  of  denfity  beyond  the  edge  of  the  coating  of  a 
charged  jar,  very  clean  and  dry,  may  he  reprefented  *by 
the  parabolic  arch  D  i  a.  This  may  be  changed  by 
damping,  or  properly  dirtying  (to  ufe  Mr  Brook  es’s 
phrafe),  to  D / B  ;  which  is  evidently  preferable.  We 
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think  it  by  no  means  difficult  to  contrive  fuch  a  conti¬ 
nuation  of  imperfe&ly  conducting  coating.  Thus,  if 
gold  leaf  can  be  ground  to  an  impalpable  powder,  it 
inay  be  mixed  with  an  oil  varnifh  in  various  proportions. 

Zones  of  this  gold  varnifh  may  be  drawn- parallel  to  the 
edge  of  the  coating,  deereafing  in  metal  as  they  recede 
from  the  edge.  By  fuch  contrivances  it  may  be  pof- 
fible  to  increafe  the  retentive  power  to  a  great  degree. 

This  do&rjne  farther  teaches  us,  that  many  precau-  Cautions  ni 
lions  mull  be  taken  when  we  are  making  experiments  deducing 
from  which  meafures  are  to  be  deduced;  and  it  points  mearures 
them  out  to  the  mathematician.  In  particular,  when^°m  cxpe" 
bodies,  fupported  by  infulators,  are  eledtrified  to  a  high  imcnts‘ 
degree,  the  fupports  may  receive  a  quantity  of  fluid, 
which  may  greatly  diflurb  the  refults  ;  and  this  quan¬ 
tity,  by  exerting  but  a  weak  a&ion  on  the  parts  of 
the  canal,  may  continue  for  a  very  long  time,  and  not 
be  removed  but  with  great  difficulty.  In  fuch  cafes, 
it  will  be  neceflary  to  ufe  new  fupports  in  every'  expe¬ 
riment.  Not  knowing,  or  not  attending  to  this  cir- 
cumflance,  many  erroneous  opinions  have  been  formed 
m  fome  delicate  departments  of  eledlrical  refearch.  n 

Mr  Coulomb’s  experiments  on  this  fubjed  are  chiefly 
valuable  for  having  ftated  the  relation  between  the  in¬ 
tern  fity  of  the  ele&ricity,  or,  as  he  expreffes  it,  the  elec¬ 
tric  denfity,  and  the  lengths  of  fupport  neceflary  for 
the  complete  infulation.  But,  as  the  abfolute  intenfuies 
have  all  been  meafured  by  his  electrometer,  and  he  has 
not  given  its  particular  fcale,  we  cannot  make  much 
ufe  of  them  till  this  be  done  by  fome  eledtrician. 

Mr  Coulomb  found,  that  a  thread  of  gum  lac  was  mfidatt-i® 
the  moil  perfed  of  all  infulators,  and  is  not  lefs  than  powers  of 
ten  times  better  than  a  fi-lk  thread  as  dry  as  it  can  bivari'us 
made,  if  we  meafure  its  excellence  by  its  fhortnefs.  in  lubftanqcsj 
a  eonfiderable  number  of  experiments,  he  found  that  a 
thread  of  gum  lac,  of  1,5  inches  long,  infulated  as  well 
as  a  fine  lilk  thread  of  15  inches.  When  the  thread 
of  filk  was  dipped  in  fine  fealing  wax,  it  was  equal  to  the 
pure  lac,  if  fix  inches  long,  or  four  times  its  length.  If 
we  meafure  their  excellence  by  the  intenfities  with  which 
they  infulate,  lac  is  three  times  better  than  the  dry  thread, 
and  twice  as  good  as  the  thread  dipped  in  fealing  wax  ; 
fo  that  a  fibre  of  filk,  even  when  included  in  the  lac, 
dirainifhes  its  infulating  power.  We  alfo  learn,  that 
the  diffipation  along  thefe  fubllances  is  not  entirely  ow¬ 
ing  to  mo  ill  lire  condenfed  or  adherent  on  their  furfaces, 
but  to  a  fmall  degree  of  conduding  power.  We  have 
repeated  many  of  thefe  experiments,  and  find  that  the 
conduding  power  of  filk  thread  depends  greatly  on  its 
colour.  When  of  a  brilliant  white,  or  if  black,  its  con¬ 
duding  power  feems  to  be  the  greateft,  and  a.  high 
golden  yellow,  or  a  nut  brown,  feemed  to  be  the  bed 
infulators  ;  doubtlefs  the  dyeing  drug  is  as  much  con¬ 
cerned  as  the  fibre. 

Glafs,  even  in  its  dryell  flaie,  and  in  fixations  where 
moillure  could  have  no  accefs  to  it,  viz.  in  vefiels  con¬ 
taining  cauflic  alkali  dried  by  red  heat,  or  holding 
frefh  made  quicklime,  appeared  in  our  experiments  to 
be  confiderably  better  than  filk  ;  and  where  drawn  in¬ 
to  a  flender  thread,  and  covered  with  gum  lac  (melted), 
infulated  when  three  times  the  length  of  a  thread  of  lac  ; 
but  we  found  at  the  fame  time,  that  extreme  finenefs 
was  neceflary,  and  that  it  diflipated  in  proportion  to 
the  fquare  of  its  diameter.  It  was  remarkably  hurt  by 
having  a  bore,  however  fine,  11  n  lefs  the  bore  could  alfo 
4  II  -  be 
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be  coated  with  lac.  Human  hair,  when  completely 
freed  from  every  thing  that  water  could  wafh  out  of  it, 
and  then  dried  by  lime,  and  coated  with  lac,  was  equal 
to  filk.  Fir,  and  cedar,  and  larch,  and  the  rofe-tree, 
when  fplit  into  filaments,  and  firft  dried  by  lime,  and 
afterwards  baked  in  an  oven  which  juft  made  paper  be¬ 
come  faintly*  brown,  feemed  hardly  inferior  to  gum  lac. 

The  white  <woodsy  as  they  are  called,  and  mahogany, 
were  much  inferior.  Fir  baked,  and  coated  with  melt¬ 
ed  lac,  feem3  therefore  the  beft  fupport  when  ftrength 
is  required  The  lac  may  be  rendered  lefs  brittle  by  a 
minute  portion  of  pure  turpentine,  which  has  been 
cleared  of  water  by  a  little  boiling,  without  fenlibly  in- 
creafing  its  conduding  power.  Lac,  or  fealing  wax, 
diffolved  in  fpirits,  is  far  inferior  to  its  liquid  ftate  by 
heat. 

Thefe  obfervations  may  be  of  ^ufe  for  the  conftruc- 
tion  of  eledrical  machines  of  other  eledrics  than  glafs. 


Ccneral  re-  W E  have  now  given  a  comparifon  of  the  hypothefis 

fledhons.  0f  Mr  iEpinus  with  the  chief  fads  obferved  in  elec¬ 
tricity,  diverfified  by  every  circumftance  that  feemed 
likely' to  influence  the  refult,  or  which  is  ofimportar.ee 
to  be  known.  We  truft  that  the  reader  will  agree 
with  us  in  faying  that  the  agreement  is  as  complete  as 
can  be  expeded  in  a  theory  of  this  kind  ;  and  that  the 
application  not  only  feems  to  explain  the  phenomena, 
but  is  pradically  ufeful  for  direding  us  to  the  proce¬ 
dures  whieh  are  likely  to  produce  the  effed  we  wifh. 
Thus,  fhould  our  phyfiological  opinions  fuggeit  that  co¬ 
pious  transference  of  fluid  is  proper,  our  hypothefis 
points  out  the  mod  effedual  and  the  mod  convenient 
methods  for  producing  it.  We  learn  how  to  conftipate 
the  fluid  in  a  quiefeent  ftate,  or  how  to  abftrad  as 
much  of  it  as  polfible  from  any  part  of  a  patient ;  we 
can  do  this  even  in  the  internal  parts  of  the  body.  We 
had  once  an  opportunity  of  feeing  what  we  thought 
the  cure  of  a  paralyfls  of  the  gullet.  Eledricity  was 
tried,  firft  in  the  way  of  fparks,  and  then  fmall  fhocks 
taken  acrofs  the  trachea.  Thefe  could  not  be  tolerated 
by  the  patient.  The  furgeon  wished  to  give  a  fhock 
to  the  cefophagus  without  affeding  the  trachea.  We 
recommended  a  leaden  piflol  bullet  at  the  end  of  a 
ftrong  wire,  the  whole  dipped  in  melted  fealing  wax. 
This  was  introduced  a  little  way,  we  think  not  more 
than  three  inches,  into  the  gullet,  which  the  palfy  per¬ 
mitted.  A  very  flight  charge  was  given  to  it  in  a  few 
feconcis  ;  and  the  firft  fhock  produced  a  convulfion  in 
the  mufcle,  and  the  fecond  removed  the  diforder  com¬ 
pletely.  Here  the  ball  formed  the  inner,  and  the  gul¬ 
let  the  outer,  coating  of  the  little  Leyden  phial. 

The  theoi  y  Notwithftanding  the  flattering  ’  teftimony  given  by 
of  ^ipinus  the  great  conformity  of  this  dodrine  with  the  pheno¬ 
ls  only  a  mena,  we  ftill  choofe  to  prefent  it  under  the  title  of  a 
hypothec?,  hypothefis.  We  have  never  feen  the  eledric  fluid  in  a 
feparate  ftate  ;  nor  have  we  been  able  to  fay  in  what 
cafes  it  abounds,  or  when  it  is  deficient.  After  what 
we  have  feen  in  the  late  experiments  of  that  philanthro¬ 
pic  philofoplier  Count  Rumford  on  the  produdion  of 
heat  by  fridion,  we  think  that  we  cannot  be  too  cau¬ 
tious  on  what  grounds  we  admit  invifible  agents  to  per¬ 
form  the  operations  of  Nature.  We  think  that  all  muft 
acknowledge  that  thofe  experiments  tend  very  much 
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to  ftagger  our  belief  in  the  exiftence  of  a  fluid yW  gens* 
ns,  a  fire,  heat,  caloric,  or  what  we  pleafe  to  call  it ; 
and  all  will  acknowledge,  that  no  better  proofs  can  be 
urged  for  the  exiftence  of  an  eledric  fluid. 

Accordingly,  many  acute  and  ingenious  perfons  have  n 
rejeded  the  notion  of  the  exiftence  of  an  eledric  fluid,  0f  an  de 
and  have  attempted  to  fhew  that  the  phenomena  pro-  trie  fluill  1 
ceed,  not  from  the  prefence  of  a  peculiar  fubjlancey  butdenie^ 
from  peculiar  mbdes  ;  as  wc  know  that  found,  and  fome 
concomitant  motions  and  other  mechanical  appearances, 
are  the  refults  of  the  elaftic  undulations  of  air  ;  and  as 
Lord  Bacon  and  others  have  explained  the  eflfeds  of 
fire  by  elaftic  undulations  of  the  integrant  particles  of 
tangible  matter. 

We  have  feen  nothing,  however,  of  this  kind  that  Requifo 
appears  to  give  any  explanation  of  the  motions,  pref- for  a  jufl 
fures,  and  other  mechanical  appearances  of  eledricity.  tJleorh 
We  peremptorily  require,  that  every  dodrine  which 
claims  the  name  of  an  explanation,  (hall  be  perfedly 
confident  with  the  acknowledged  laws  of  mechanifm  ; 
and  that  the  explanation  fhall  eonfift  in  pointing  out  thofe 
mechanical  laws  of  which  the  fads  in  eledricity  are 
particular  inftances.  It  is  no  difficult  matter  to  pre¬ 
fent  an  intricate  or  complex  phenomenon  to  our  view, 
in  fuch  a  form,  that  it  fhall  have  fome  refemblance  to 
fome  other  complex  phyfical  fad,  more  familiar,  per¬ 
haps,  but  not  better  underftood.  The  fpeeious  appear¬ 
ance  of  limilarity,  and  the  more  familiar  acquaintance 
with  the  other  phenomenon,  difoofe  us  to  confider  the 
comparifon  as  a  fort  of  explanation,  or,  at  lead,  an  il- 
luftration,  and  to  have  a  fort  of  indolent  acquiefcence 
in  it  as  a  theory. 

But  this  will  not  do  in  the  prefent  queftion  :  For  we 
have  here  feleded  a  particular  circumftance,  the  obferved 
motions  occalioned  by  eledricity,  and  called  attractions 
and  repulfions — a  circumftanee  which  admits  of  the  molt 
accurate  examination  and  comparifon  with  any  expla¬ 
nation  that  is  attempted.  In  fuch  a  cafe,  a  vaome  pic¬ 
ture  would  fpeedily  vanifh  into  air,  and  prove  to  be 
nothing  but  figurative  exprtffions. 

Many  philofophers,  and  among  them  fome  refpeft-  No^ 
able  mathematicians,  have  fupported  the  dodrine  of t^eisfid 
Du  Fay,  Symmer,  Cigna,  See.  who  employ  two  fluids M* 
as  agents  in  all  eledrical  operations.  It  muft  be  grant-,hyprt^ 
cd  that  there  are  fome  appearances,  where  the  explana- 
tion  by  means  of  two  fluids  feems,  at  firft  fight,  more 
palpable  and  eafier  conceived.  But  whenever  we  at¬ 
tempt  to  obtain  meafures ,  and  to  fay  what  will  be  the 
precife  kind  and  degree  of  the  adfion,  we  find  ourfelves 
obliged  to  affign  to  the  particles  of  thofe  fluids  adua- 
ting.  mechanical  forces  precifely  equivalent  to  thofe  af- 
figned  by  iEpinus  to  his  Angle  fluid.  Then  we -have 
to  add  fome  myfterious  unexplained  connedions,  both 
with  each  other  and  with  the  other  particles  of  tangible 
matter.  If  we  except  Mr  Prevoft,  in  his  EJfai  fur  les 
Forces  Magnetiques  et  Flefiriques,  we  do  not  recoiled 
an  author  who  has  ventured  to  fubjed  his  fyftem  to 
ftrid  examination,  by  pointing  out  to  us  the  laws  of 
adion  according  to  which  he  conceives  the  particles 
influence  each  other.  We  fhall  have  a  proper  oppor¬ 
tunity,  in  the  article  Magnetism,  to  give  this  au¬ 
thor’s  theory  the  attention  it  really  merits.  We  ven¬ 
ture  to  fay,  that  all  the  chemical  theories  of  eledricity 
labour  under  thefe  inconveniences,  and  have  acquired 
their  influence  merely  from  the  inattention  of  their  par- 
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tifans  to  the  laws  of  mechanical  motion,  and  require,  in 
order  to  reconcile  them  with  thole  laws,  the  adoption 
of  powers  fimilar  to  iEpmus’s  attractions  and  repul  - 
Cons.  Slight  refemblances  to  phenomena,  which  ftand 
equally  in  need  of  explanation,  have  contented  the  par- 
tifans  of  fuch  theories,  and  figurative  language  and 
metaphorical  .conceptions  have  taken  place  of  precife 
j7  difcuffion.  It  would  be  endlefs  to  examine  them  all. 
>thefis  fpecious  of  any  that  we  know  was  pub- 

ofelTor hcly  read  in  the  univerfity  of  Edinburgh  by  the  late 
J*  Mr  J*mes  Profeffor  of  natural  pliilofophy  ;  a  per- 

fon  of  the  molt  acute  difccrnment,  and  an  excellent  rea- 
foner.  It  was  delivered  to  his  pupils,  not  as  a  theory , 
but  as  a  conjeanre ,  founded  on  Lord  Karnes’s  theory 
of  ipontaneous  evaporation,  which  had  obtained  a  very 
general  reception  ;  a  conje&ure,  faid  the  Profeffor, 
founded  on  fuch  refemblances  as  made  a  fimilarity  of 
operation  very  probable,  and  was  an  incitement  and  di¬ 
rection  to  the  philofopher  to  a  proper  train  of  experi¬ 
mental  difcuffion.  We  fay  this  on  the  authority  of  his 
pupils  in  the  years  1767,  1  768,  and  17 69,  and  of  fome 
notes  in  his  own  hand  writing  now  in  our  pofleffion. 

Mr  Ruffel  confidered  the  electrical  phenomena  the 
refult3  of  the  action  of  a  fubftance  which  may  be  called 
the  eleBrical  fluid,  which  is  connected  with  bodies  by 
attractive  and  repulfive  forces  acting  at  a  diftance,  and 
dimimfhing  as  the  diftance  increafes. 

Mr  Ruffel  fpeaks  of  the  ele&ric  fluid  as  a  compound 
of feveral  others;  and,  particularly,  as  containing  ele¬ 
mentary  fire,  and  deriving  from  it  a  great  elafticity,  or 
mutual  repulfion  of  its  particles.  This,  however,  is 
different  from  the  elafticity  or  mutual  repulfion  of  the 
particles  of  air,  becaufe  it  acts  at  a  diftance  ;  whereas 
the  particles  of  air  act  only  on  the  adjoining  particles. 
By  this  conftitution,  bodies  containing  more  dearie 
fluid  than  the  fpaces  around  them  repel  each  other. 

The  particles  of  this  dearie  fluid  attraft  the  particles 
of  other  bodies  with  a  force  which  diminifhes  by  diftance. 

The  charaaeriftic  ingredient  of  this  fluid  is  electri¬ 
city  properly  fo  called.  This  is  united  with  the  elaftic 
fluid  by  chemical  affinity,  which  Mr  Ruffel  calls  elective 
attraction,  a  term  introduced  into  chemiftry  by  Dr  Cullen 
and  Dr  Black.  This  extends  to  all  diftances,  but  not  pre- 
cifely  by  the  fame  law  as  the  mutual  repulfion  of  the  par¬ 
ticles  of  the  other  fluid,  and  in  general,  it  repreffes  the 
repulfions  of  that  fluid  while  in  this  flate  of  compofition. 
This  electricity,  moreover,  attraas  ihe  particles  of  other 
bodies,  but  with  certain  elections.  Non-elc&ric  or  con- 
duaing  bodies  are  attraaed  by  it  at  all  cliflances  ;  but 
dearies  aa  on  it  only  at  very  fmall  and  infenfible  dif¬ 
tances.  At  fuch  diftances  its  particles  alfo  attraa  each 
other. 

By  this  conftitution,  the  compound  ekaric  fluid 
rtpels  its  own  particles  at  all  confiderable  diftances,  but 
attraas  at  very  fmall  diftances.  It  attraas  conduaing 
odies  at  all  diftances,  but  non-conduaors,  only  at  very 
fmall  diftances.  The  phenomena  of  light  and  heat  are 
confidered  as  marks  of  partial  decompofition,  and  as 
proofs  of  the  prefenee  of  elemencary  tire  in  the  com¬ 
pound  :  the  fmell  peculiar  to  ele&ricity,  and  the  effed 
on  the  organ  of  tafte,  are  proofs  of  decompofition  and 
of  the  complex  nature  of  the  fluid. 

Bodies  (condudors)  containing  eledric  fluid,  repel 
*ach  other  at  confiderable  diftances,  but,  if  forced  very 
near,  attraa  each  other.  Electrics  can  contain  it  only 
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m  confequcnce  of  the  e/etlricity  in  the  compound.  Part 
o'  thlf  eUftncity  muft  be  attached  to  the  furface  in  a 
non- elaftic  (late  ^becaufe  when  it  is  brought  fo  near  as 
to  be  attracted,,  its  particles  arc  within  the  fpheres  of 
each  other’s  adion,  and  this  redoubled  attraction  over¬ 
comes  the  repiillion  occafioned  by  its  union  with  the 
other  ingredient ;  and  the  eledric  fluid  is  partly  de¬ 
composed,  and  the  electricity,  properly  fo  called,  adheres 
to  the  fut  face  of  the  eledne,  as  the  ranter  of  damp  air 
adheres  to  a  cold  pane  of  glafs  in  our  windows.  Alfo, 
by  this  conftitution,  eledric  fluid  may  appear  in  two 
ltates  ;  elaftic,  like  air,  when  entire;  and  unelaftic,  like 
water,  when  partly  decompofed  by  the  attraction  of 
ekdncs. 

Electricity  may  be  forced  into  this  unelaftic  union  by 
various  means ;  by  fridion,  which  forces  the  eledric 
fluid  contained  in  the  air  into  clofe  contad,  and  thus 
occasions  this  decompofition  of  the  fluid  and  the  union  of 
us  electricity  w i t h  the  furface.  Phis  operation  is  com¬ 
pared  by  Mr  Ruflel  to  the  forcible  wetting  of  fome 
powders,  fuch  as  lycoperdon,  which  cannot  be  wetted 
without  fome  difficulty  and  mechanical  compreffion  ; 
after  which  it  adheres  to  water  itrongly.  k  may  be 
thus  united  in  fome  natural  operations,  as  is  obferved 
in  the  melting  and  freezing  of  fome  fubftances  in  con- 
tad  with  elednes  ;  and  it  may  be  thus  forced  into 
union  by  means  of  metallic  coatings,  into  which  the 
eledric  fluid  is  forced  by  an  artful  employment  of  its 
mutual  repulfions.  This  operation  is  compared  to  the 
condenfation  of  the  moifture  of  damp  air  by  a  cold  pane 
ot  the  window  ;  and  the  evacuation  of  the  other  fide  of 
the  coated  pane  is  compared  to  the  evaporation  of  the 
moifture  from  the  other  fide  of  the  window  pane,  in 
confequence  of  the  heat  which  muft  emerge  from  the 
condenfed  vapour.  We  find  in  the  Profeffor’s  notes 
above-mentioned  many  fuch  partial  analogies,  employed 
toffiew  the  ftudents  thatyWi  things  are  feen  in  the  ope- 
rations  o.  Nature,  and  that  his  conie&ure  merit3  at¬ 
tention. 

.  "^he^mtelligent  reader  will  fee  that  the  general  re- 
fults  of  this  conftitution  of  the  eledric  fluid  will  tally, 
pretty  well  with  the  ordinary  eledrical  phenomena ; 
ami,  accordingly,  this  conjecture  was  received  with  great 
latisfadion.  We  remember  the  being  much  pk’fcd 
with  it,  as  we  heard  ft  applied  by  Mr  Ruffel’s  pupils, 
many  of  whom  will  recoiled  what  is  here  put  on  re- 
cord.  But  the  attentive  reader  will  alfo  fee,  that  all 
this  intricate  combination  of  different  kinds  of  attrac¬ 
tion  and  rtpulhon  is  nothing  but  mere  accommodations, 
ot  hypothetical  forces  to  the  phenomena.  How  in¬ 
comparably  more  beautiful  is  the  Ample  hypothefis  of 
Aipinus,  which,  without  any  fucli  accommodations, 
tallies  fo  precifely  with  all  the  phenomena  that  have  yet 
been  obferved  ?  Here  no  diftindion  of  adion  is  necef- 
lary,  and  all  the  varieties  arc  confequence3  of  a  circum- 
ftance  perfedly  agreeable  to  general  laws;  namely,  that 
the  internal  ftrudure  of  fome  fubftances  may  be  fuch  as 
obftruds  the  motion  of  the  eledric  fluid  through  the 
pores— Nothing  is  more  likely. 

Several  years  after  the  death  of  the  Scotch  Pro-  2lS 
feffor  in  1773,  a.  theory  very  much  refembling  this  3«**“®* 
acquired  great  authority,  being  propofed  to  the  phi-  Luc. 
lolophers  by  the  celebrated  naturalilt  Mr  de  Luc.  This 
gentleman  having  long  cultivated  the  ftudy  of  me¬ 
teorology  with  unwearied  affiduity  and  great  fuccefs, 

and 
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nnd  having  been  fo  familiarly  convenant  with  expanse  that  is  too  denfe  is  decompofed,  and  its  deferent fird  ma- 
fluids,  and  the  affinities  of  thetf  compounds,  was  difpo-  nifefts  itfelf  in  the  phofphonc  and  fiery  phenomena  of 
x  fed  to  fee  their  operations  in  almoft  all  the  changes  on  elefiricity.  .  .  .  r , 

the  furface  of  this  globe.  Eledricity  was  too  bufy  3.  As  fire  quits  the  water  of  vapour ,  to  unite  itfelf 
an  ador  in  our  atmofphere  to  efcape  his  particular  no-  with  a  body  lefs  warm  ;  fo  the  define -deferent  quits  the 
lice  While  the  mechanical  philofophers  endeavoured  define  matter ,  in  part,  to  go  to  other  bodies  which  have 


to  explain  its  effe&s  by  accelerating  forces  attracting 
and  repelling,  Mr  de  Luc  endeavoured  to  explain  them 
by  means  of  the  expanfive  properties  of  aeriform  fluids 
and  gales,  and  by  their  chemical  affinities,  compofitions, 
and  decompofttions.  He  had  formed  to  himfelf  a  pe¬ 
culiar  opinion  concerning  the  conftitution  of  our  atmo¬ 
fphere,  and  had  explained  the  condenfation  of  moifture, 
whether  of  fleam  or  of  damp  aeiiform  fluids,  in  a  way 
much  more  refined  than  the  Ample  theory  of  Dr 
Hooke,  vi%.  folution  in  air.  He  confiders  the  com- 


proportionally  lefs  of  it. 

In  this  analogy,  however,  there  is  a  diftindtion.  Fire, 
in  quitting  the  water  in  vapour ,  remains  adtuated  by 
nothing  but  its  expanfive  force  ;  remains  free,  and  ex¬ 
tends  itfelf  till  the  equilibrium  of  temperature  is  reflo- 
red  ;  but  the  elefiric  deferent ,  when  difengaged  from 
define  matter ,  in  order  to  reftore  its  peculiar  equilibrium, 
is  adtuated  by  tendencies  to  diftindt  bodies,  and  ads  by 
this  tendency  in  thus  reftoring  the  define  equilibrium  ; 
and  it  is  only  in  confequence  of  this  tendency  that  it 


pound  of  air’and  fire  as  the  earner  of  the  water  held  in  quitted  the  eletlrk  matter.  This  tendency  is  then  direfted 
folution  in  damp  air,  and  the  fire  as  the  general  earlier  to  fome  body  m  the  vicinity. 

of  both  the  air  and  the  moifture.  Even fire  is  confide*  4-  As  Cat  fire  of  vapour  pervades  all  bodies,  to  re¬ 
ed  by  him  as  a  i vapour ,  of  which  light  is  the  carrier,  ftore  the  equilibrium  of  temperature,  depofiting  the  water; 
When  this  damp  air  or  fteam  is  applied  to  a  cold  furface,  fo  the  electric  deferent  quits  the  eledlnc  matter,  to  reftore 
fuch  as  that  of  a  glafs  pane,  it  is  decompofed.  f  ^rie  enudilnum  in 
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The  wa¬ 
ter  is  attra&ed  by  the  pane  by  chemical  affinity,  and  at¬ 
taches  itfelf  to  the  furface.  The  flre,  thus  fet  at  liberty, 
ads  on  the  pane  in  another  way,  producing  the  equilibri¬ 
um  of  temperature,  and  the  expanfion  of  the  pane.  Ac¬ 
ting  in  the  fame  manner  on  the  moifture  which  chances 
to  adhere  to  the  other  ftde,  in  a  proportion  fuited  to  its 
temperature,  it  deftroys  their  union,  enters  into  chemi¬ 
cal  combination  with  the  moifture,  and  ftts  it  for  unit¬ 
ing  with  the  air  on  the  other  fide,  or  carries  it  off. 
Having  read  Mr  Volta’s  theory  of elefiric^  Influences ,  by 
which  that  philofopher  was  enabled  to  give  a  feientiftc 
narration  and  arrangement  of  the  phenomena  of  the  dec- 
trophorus  newly  invented  by  himfelf,  and  which  is  called 
an  explanation  of  thofe  phenomena,  Mr  de  Luc  ima¬ 
gined  that  he  faw  a  clofe  analogy  between  thofe  in¬ 
fluences  on  the  plates  of  the  ele&rophorus  and  the  hy¬ 
grofeopic  phenomena  of  the  condenfation  and  evapora¬ 
tion  of  moifture.  In  ffiort,  he  was  ftruck  with  the  refem- 
blance  between  the  condenfation  of  moifture  on  one  fide 
of  a  glafs  pane,  and  its  evaporation  from  the  other;  and 
the  accumulation  of  eledtric  fluid  on  one  Ade  of  a  coat¬ 
ed  pane,  and  the  abftradtion  of  it  from  the  other.  Sub- 
fequent  examination  pointed  out  to  him  the  fame  ana¬ 
logy  between  all  other  hygrofeopic  and  elefirtc  pheno- 

mena.  .  .  . 

He  therefore  immediately  formed  a  Amilar  opinion 
concerning  the  ele&ric  operations.  It  may  be  expreffed 
briefly  as  follows  : 

The  eledtrical  phenomena  are  the  operations  of  an 
expanfive  fubftance,  called  the  elefirtc  fluid.  This  con- 
Afts  .of  two  parts  :  i.  Elefiric  mattery  which  is  the  gra¬ 
vitating  part  of  the  compound;  and  elefiric  deferent  fluid, 
or  carrying  fluid ,  by  which  alone  the  eledtric  matter 
feerns  to  be  carried  from  one  body  to  another.  I  he 
refemblance  between  the  hygrofeopic  and  eledtrical  phe¬ 
nomena  are  affirmed  to  be  *, 

*  i.  As  watery  vapour  or  fteam  is  compofed  of  A  re, 
the  deferent  fluid,  and  water,  the  gravitating  part,  fo 
dearie  fluid  is  compofed  of  the  define  deferent  fluid,  and 
elefiric  matter. 

2.  As  vapours  are  partly  decompofed  when  too  denfe 
for  their  temperature,  and  then  their  deferent  fluid  be¬ 
comes  free,  and  (hews  itfelf  flrc ;  fo  elefiric  fluid 


the  elefiric  equilibrium  in  an  inftant,  and  for  this  pur- 
pofe  pervades  all  bodies,  depofiting  on  them  the  elefiric 
matter  which  it  carried,  but  differently,  according  to 
their  natures. 

5.  As  fire  and  water ,  while  compoAng  vapour,  retain 
their  tendencies  and  affinities  by  which  they  produce  the 
hygrofeopic  phenomena  ;  fo  the  ingredients  of  the  elefiric 
fluid,  even  in  their  ftate  ol  union,  retain  their  tendencies 

and  affinities,  which  produce  the  greateft  part  of  the 
elefiric  phenomena . 

6.  In  particular,  the  elefiric  matter  retains  its  tendencies 
and  affinities  ;  and  farther,  the  elefiric  affinities  are,  like 
the  hygrofeopic ,  without  any  choice. 

Here,  however,  there  is  a  farther  diftindtion.  The 
affinities  of  water  refpedt  only  hygrofeopic  fub fiances  ; 
but  thofe  of  elefiric  matter  refpeCt  all  fubftances,  and 
therefore  refpedt  the  common  atmofpheric  fluids. 

7.  Whenj6r<?  quits  the  water  of  vapour,  to  form  the 
equilibrium  of  temperature,  it  remains  in  the  place  where 
vapour  moft  abounds,  but  is  partly  latent ,  not  exerting 
its  powers  ;  fo  in  the  reiloration  of  the  equilibrium  ot 
the  elefiric  deferent  among  neighbouring  bodies,  thofe 
which  have  proportionally  moft  elefiric  matter  alfo  retain 
moft  deferent  fluid ,  but  in  a  latent  ftate. 

8.  As  two  maffes  of  vapour  may  be  in  expanfive  equi¬ 
librium  ( which -others-call  balancing  each  others  elaiti- 
city)  although  the  vapours  contain  very  different  pro¬ 
portions  of fire  and  water ;  fo  two  maffes  of  elefiric  fluid 
may  be  in  expanfive  equilibrium,  although  one  contains 
much  more  elefiric  matter  in  the  fame  bulk,  provided 
that  the  elefiric  deferent  be  a.fo  more  copious. 

The  chief  diftindtion  that  mingles  with  thefe  analo¬ 
gies  is,  that  the  affinity  of  water  to  hygrofeopic  fub- 
liances  operates  only  in  contact,  whereas  elefiric  matter 
tends  to  diftant  bodies;  and  thefe  dittances  are  veiy  dif¬ 
ferent  in  regard  t:o  different  bodies. 

Such  is  the  refemblance  which  has  appeared  fo  ftrong 
to  Mr  de  Luc.  It  is  evidently  the  fame  which  furni fil¬ 
ed  the  conjecture  to  Mr  Ruffel,  and  which  he  confider- 
ed  mechanically,  in  order  to  explain  the  pheno  nena  of 
eledtric  motions  to  ftudents  of  mechanical  philofopliy. 
The  only  refemblance  feems  to  us  to  appear  in  the  con¬ 
denfation  of  moifture  contained  in  damp  air. 

Mr  de  Luc,  led  by  the  habits  of  his  former  ftudies, 
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attempts  to  explain  every  thing  by  the  relations  which 
were  mod  familiar  to  him,  affinities  and  expanfive  forces. 
Let  us  attend  a  little  to  the  manner  in  which  he  ex¬ 
plains  one  or  two  of  the  mod  general  fa&s. 

I.  The  conditions  of  conductors  and  non- conductors. 

This  dillin&ion  depends  on  the  differences  in  the  ten¬ 
dency  to  diftant  bodies  :  there  are  great  differences  in 
thefe  diftances  according  to  the  nature  of  the  bodies ; 
and  from  this  arife  great  differences  of  phenomena,  in¬ 
dependent  of  infulation  or  non -infulation,  which  are 
only  the  fenfible  diftin&ions  of  thefe  claffes  of  bodies. 
EleCtric  matter  tends  to  conductors  at  great  diftances  ; 
but  having  reached  them,  it  does  not  adhere,  and  re¬ 
mains  free  to  move  round  them,  being  dragged  by  the 
deferent  fluid ;  but  its  tendency  to  non-conduClors  is  only 
at  fmall  and  infen fible  diftances  ;  and  having  come  into 
contadl,  it  adheres,  and  can  no  longer  be  dragged  by 
the  deferent  fluid. 

Hence  the  operation  of  conductors  and  non- conductors ; 
and  there  is  no  other  foundation  for  the  notion  of  idio- 
eleCtrics  and  rwn-eleCtrics ,  or  electrics  by  communication. 
A  part  of  a  non- conductor  takes  as  much  eleCtric  matter 
as  it  can  from  the  fubftance  furnifhing  it  ;  but  cannot 
communicate  it  to  another  part,  except  very  flowly  ; 
therefore,  to  communicate  it  to  the  whole  furface,  we 
muft  cover  it  with  a  condu&or  (Surely  this  is  a  di- 
ftindtion  in  the  body,  independent  of  the  diftance  of 
mutual  tendency!). 

Hence,  too,  the  property  of  non-conduCtors  by  which 
the  ele&ric  fluid  is  benumbed  ( engourdi )  or  cramped  ; 
therefore  we  can  accumulate  a  great  deal  in  them;  and 
it  will  remain  long,  being  benumbed  ;  and  if  it  be  deter¬ 
mined  to  quit  them  at  once,  the  current  will  be  much 
more  denfe  than  when  quitting  an  equal  condu&ing 
furface. 

Since  conductors  do  not  fix  the  eleCtric  fluid)  it  mufl 
circulate  round  them .  It  is  urged  to  this  motion  by  its 
expanfive  power ,  by  which  it  would  d’fperfe  from  a  body 
with  inconceivable  velocity,  and  perhaps  the  rapidity  of 
its  motion  would  decompofe  it,  and  caufe  fome  light  to 
emeige  ;  but  it  is  at  the  fame  time  impelled  by  its  ten¬ 
dency  to  bodies.  Thus,  by  thefe  two  forces,  it  runs  to 
a  conducting  body ,  and  muft  circulate  round  it  as  the 
planets  do  round  the  fun.  In  this  circulation,  if  it 
come  to  any  great  proje&ion,  it  cannot  follow  the  out¬ 
line,  becaufe  fo-  abrupt;  it  therefore  flies  off  at  all 
points  and  protuberances.  It  will  be  the  more  diffi¬ 
cult  to  keep  to  an  abrupt  outline  as  the  ftratnm  in  cir¬ 
culation  is  more  copious  or  deeper,  becaufe  a  greater 
mafs  is  with  greater  difficulty  turned  round  a  (harp  angle: 
It  is  more  inclined  to  efcape  if  another  body  be  near, 
and  it  immediately  becomes  a  fatellite  to  that  body. 

Thus  all  bodies  get  a  ftiare  of  eledlric  fluid,  circula¬ 
ting  round  conductors,  and  benumbed  or  cramped  in  non- 
conduCtors.  Bodies  of  this  lad  clafs  receive  their  por¬ 
tion  by  the  air  as  hygrofcopic  fubflances  receive  their 
water  by  the  fire. 

All  the  differences  in  the  tendencies  to  bodies  pro* 
ceed  from  the  eleCtric  matter.  The  deferent  fluid  follows 
other  laws  ;*  namely,  i.  Its  tendency  to  all  fubftanees 
is  greater  than  that  of  the  eleCtric  matter  to  any  one. 
2.  The  tendency  (and  alfo  that  of  the  eleCtric  matter ) 
is  always  from  the  body  which  contains  moft  of  it  to 
that  which  contains  lead.  3.  The  body  which  contains 


moft  of  the  one  alfo  contains  moft  of  the  other.  4. 
The  deferent  fluid  has  a  particular  affinity  (chemical) 
with  the  electric  matter.  5.  All  thefe  tendencies  arelef- 
fened  by  ail  increafe  of  diftance.  6.  The  electric  matter , 
when  compofing  eleCtric  fluid ,  has  more  or  lefs  expanfive 
force  as  it  is  united  to  more  or  lefs  deferent  fluid. 

Explanation  of  Charged  Plates. 

Mr  de  Luc  fays  (f  286.),  that  his  System  was  fug- 
gefted  by  Volta's  Theory  of  EleCtric  Influences.  Thefe 
(fays  he)  had  been  pretty  well  gen eralifed  before,  but 
with  little  improvement  to  the  fcience,  till  Mr  Volta  dif- 
covered  a  circumftance  which,  in  his  opinion,  connected 
by  a  general  theory  many  phenomena  which  had  formerly 
no  obferved  relation  to  any  thing.  This  was,  that  when 
a  body  electrified  pofitively  brings  a  neighbouring  body  com¬ 
municating  with  the  ground  into  the  negative  flate ,  its  own 
pofltive  eledricity  is  weakened  while  it  remains  in  that  neigh¬ 
bourhood ,  but  is  recovered  when  the  other  body  is  remo¬ 
ved.  “  Such  is  the  diftinguifhing  law  of  Mr  Volta’s 
theory,  which  brings  all  the  phenomena  of  ele&ric  in¬ 
fluences  under  his  theory,  beginning  with  thofe  of  coat¬ 
ed  glafs,  which  were  formerly  fo  obfeure,  becaufe  they 
were  not  referred  to  their  true  caufe,  See. 

“  My  System  (Mr  de  Luc  fays)  concerning  the 
nature  of  the  eleCtric  fluid  explains  the  laws  of  Mr  Vol¬ 
ta’s  theory  ;  and  of  confequence  explains,  like  it,  all 
the  phenomena  which  it  comprehends :  but  it  reaches 
much  farther,  feeing  that  more  general  laws  compre¬ 
hend  a  greater  number  of  phenomena. 

“  In  the  phenomena  of  coated  glafs,  I  plainly  faw 
one  of  the  procedures  of  watery  vapour.  Suppofe  a 
glafs  pane,  moiftened  on  both  fides,  and  having  the  * 
temperature  of  the  furrounding  bodies  Suppofe  that 
warmer  vapour  comes  to  one  II de.  It  is  condenfed  on 
the  furface  ;  that  is,  it  is  decompofed,  the  water  ad¬ 
heres  to  the  furface,  and  the  fire  penetrates  Xhe  glafs, 
heats  it,  and  increafes  the  evaporation  from  the  other 
fide,  by  entering  into  combination  with  the  watery  and 
carrying  it  off  with  it.  More  vapour  is  condenfed  on 
the  fide  A  ;  more  fire  reaches  the  fide  B,  and  carries 
off  more  water.  But  as  this  happens  only  becaufe  the 
fire  alfo  raifes  the  temperature  of  the  pane,  it  is  evident* 
that  the  condenfatron  on  the  fide  A,  and  the  evapora¬ 
tion  from  B,  muft:  gradually  flacken,  and  the  maximum 
of  accumulation  in  A,  and  of  evaporation  from  B,  wilT 
take  place  when  the  temperature  of  the  pane  is  the 
fame  with  that  of  the  hot  vapour. 

“  The  eledtrical  phenomena-  of*  coated  glafs  are  per¬ 
fectly  fimilan  The  eleCtric  fluid  reaches  the  fide  A,  is 
decompofed,  and  the  eleCtric  matter  is  there  benumbed 
and  fixed.  The  deferent  fluid  penetrates  the  pane,  and 
carries  off  tire  electric  matter  from  the  fide  B.  This 
goes  on,  'but  flackens  ;  and  the  maximum  of  accumu¬ 
lation  and  evacuation  obtains  when  the  fide  A  has  ac- 
qulied  the  fame  intenfity  of  ele&ricity  with  the  char¬ 
ging  machine.  More  is  accumulated  in  A  than  is  ab- 
ftraCled  from  B  ;  becaufe  B  is  farther  from  the  fource « 
(he  might  have  added,  that  part  of  the  fire  is  expend¬ 
ed  in  raifing  the  temperature  of  the  pane)  :  but  the 
accumulation  is  ins&ive,  becaufe  the  eleCtric  matter  is 
benumbed  and  fixed.  Though  the  eleCtric  matter  is> 
much  diminifhed  in  B,  yet  the  eleCtric  fluid  in  its  coat¬ 
ing  has  as  much  expanfive  force  as  that  of  the  ground  5 
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becaufe  it  has  a  Turpins  of  deferent  fluid.  The  abfo- 
lute  quantity  of  eletlric  mailer  in  both  Tides  is  fo  me  what 
augmented.’’ 

This  explanation  of  the  Leyden  phial  comprehends 
the  whole  of  Mr  de  Luc’s  theory  ;  and  the  conftitu- 
tion  of  the  eleCric  fluid,  and  its  various  affinities,  ex¬ 
panse  powers  and  tendencies,  are  all  affigned  to  it  in 
fubferviency  to  this  explanation,  or  deduced  from  thcfe 
phenomena.  As  the  author,  in  all  his  writings,  claims 
Tome  fuperiority  over  other  naturalids  for  more  general 
and  comprehend ve  views,  and  for  more  fcrupulous  atten- 
tendon  to  precifion  and  meafurement,  and  particular¬ 
ly  for  more  folicitude  that  no  natural  agent  be  omitted 
that  has  any  ffiare  in  the  procedure,  he  lurely  will  not 
be  offended,  although  we  fhould  date  fucli  difficulties 
and  objeCior.s  as  occur  to  us  in  the  coniideration  of 
this  System  (as  he  choofes  to  call  it)  of  eleCricity. 

We  wifh  that  it  had  been  expreffed  in  the  plain  and 
precife  language  of  mechanical  and  chemical  fcicnce  4 
for  he  reafons  entirely  from  the  nature  off  expanfive  for¬ 
ces,  tendencies,  and  affinities.  His  language  will  ap¬ 
pear  to  Tome  readers,  as  it  does  to  us,  rather  to  exprefs 
the  conduC  of  intelligent  beings,  aCing  with  choice, 
and  for  a  purpofe,  than  the  laws  of  lifelefs  matter.  His 
account  would  have  been  lefs  agreeable,  it  is  true,  but 
more  inftruCive,  and  lefs  apt  to  be  miflaken.  Meta¬ 
phorical  language  is  feldom  ufed  without  the  rifle  of 
metaphorical  conceptions  ;  and  the  reader  is  very  apt 
to  think  that  he  has  acquired  a  notion  of  the  fubjeC, 
while  he  is  really  thinking  of  a  thing  of  a  different  na¬ 
ture.^  We  apprehend  that  a  great  deal  of  this  happens 
in  this  inflance,  and  that  when  the  narration  is  ftripped 
of  its  figurative  language,  it  will  be  found  without  that 
connexion  and  analogy  which  it  feems  to  pofftfs. 

We  alfo  wifh  that  the  explanation  had 'been  derived 
from  Tome  well-eftablifhed  principle.  The  whole  of  it 
is  profeffedly  founded  on  a  refemblance  between  the 
phenomena  of  electricity  and  Tome  things  faid  of  wa¬ 
tery  vf  pour ;  but  thefe  are  not  the  phenomena  of  wa¬ 
tery  vapour,  but  Mr  de  Luc’s  hypothecs  (he  will  par¬ 
don  us  the  term,  which  we  prefer  to  fyfiem)  concern¬ 
ing  watery  vapours.  We  do  not  think  it  philofophi- 
cal  to  explain  one  hypothefis  by  another.  Our  illuf- 
trious  countrymen  Bacon  and  Newton,  difapproved  of 
this  practice  ;  and  their  rules  of  philofophifing  have  ftil) 
currency  among  philofophers.  F.xplanat:on,  in  our  'pi¬ 
nion,  is  the  pointing  out  fome  acknowledged  general 
fact  in  nature,  and  (hewing  that  the  particular  pheno¬ 
menon  is  an  example  of  it.  We  do  not  fee  this  in  Mr 
de  Luc’s  explanation  ;  becaufe  we  do  not  fee  the  fads 
in  the  cafe  of  watery  vapours  to  which  the  phenomena 
of  electricity  are  faid  to  have  a  refemblance.  The  phe¬ 
nomena  we  mean  are  clveffy  the  motions ,  and  the  transfe¬ 
rences  of  the  powers  producing  fuch  motions  ;  we  do 
not  fpeak  of  the  light ,  and  fome  other  phenomena,  be¬ 
caufe  Mr  de  Luc  does  not  fpeak  of  them  in  this  ex¬ 
planation.  We  ffiall  even  admit  the  transference  as  a  phe¬ 
nomenon ,  although  we  do  not  fee  any  fubffance  transfer¬ 
red  :  but  we  fee  a  power  of  producing  certain  motions, 
where  that  power  did  not  formerly  appear  ;  and  the  ap¬ 
pearance  of  this  power  is  all  the  authority  adduced,  even 
by  Mr  de  Luc,  for  the  transference.  We  muff  now 


(a)  We  may  here  afk,  How  comes  there  to  be  fuch 
It  benumbed  \  or  in  what  ftate  is  it  ? 
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add,  that  the  eleCric  phenomena,  which  Mr  de  Luc 
calls  like  the  phenomena  of  watery  vapour,  are  all  [ap¬ 
portions  ;  and  that  therefore  the  explanation  is  a  fyffem 
of  fuppo  fit  ions,  framed  fo  as  to  be  like  the  fyffem  of 
watery  vapour.  For  Mr  de  Luc  will  grant,  that,  On 
the  one  hand,  we  fee  nothing  like  the  water  in  the 
ele&ric  phenomena  ;  and,  on  the  other  hand,  there  is 
nothing  in  watery  vapour  like  the  motions  of  the  elec¬ 
trometers,  which  are  the  only  phenomena  from  which 
Mr  de  Luc  profeffes  to  reafon. 

We  alfo  fear  that  the  very  curious  experiments  of 
Count  Rumford  on  the  melting  of  ice,  and  the  propa¬ 
gation  of  heat  through  liquids,  will  oblige  Mr  de  Luc 
to  change  the  talks  of  the  ingredients,  both  of  vapour 
ann  of  electric  ffuid.  H  aier,  and  not  fire,  feems  to  be 
the  carrier  or  deferent  fluid  ;  and  we  think  chat  Frank¬ 
lin  and  iFpinus  have  made  it  highly  probable  that  elec¬ 
tricity,  and  not  air,  is  the  carrier. 

We  have  alfo  great  difficulty  in  conceiving  (indeed 
we  cannot  conceive)  how  the  deferent  fluid \  from  which 
the  eledric  matter  has  been  detached  by  its  fuperior  af¬ 
finity  with  the  fide  A,  can  overcome  the  fame  fuperior 
affinity  of  the  eledric  matter  with  the  fide  B  (  a  ),  and  carry 
it  off;  how  the  deferent  fluid  penetrates  the  non-con¬ 
ducing  pane,  in  order  to  carry  off  the  eledric  matter  in 
the  form  of  fluid ;  and  how  it  cannot  do  this,  except 
by  means  of  a  conducing  canal ,  into  which  it  is  exprefs - 
ly  faid  that  it  does  not  penetrate .  It  muff  not  be  faid  that 
it  runs  along  the  furface  of  this  canal :  for  the  imalleft 
wire  will  be  a  fufffeient  conductor,  covered  a  foot  thick 
with  fealing  wax.  I  his  indeed,  according  to  Mr  de 
Luc,  allows  the  deferent  fluid  to  oafs;  but  it  muff  alfo, 
according  to  him,  ffrain  it  pretty  clear  of  all  eledric  mat¬ 
ter.  For  we  cannot  help  thinking,  that  the  procefs 
(although  purely  ideal)  has  a  clofer  refemblance  to 
what  we  fhould  obferve  in  a  ftream  of  muddy  water 
poured  on  a  ffrainer,  both  fides  of  which  are  previoufiy 
foul.  If  we  were  difpoftd  to  amufe  ourfelves  with  a 

figurative  hypothefis,  we  could  give  one  on  the  prin¬ 
ciple  of  filtration  that  is  very  pretty,  and  pat  to  the 
purpofe,  of  glafs  coated,  and  charged  and  difeharged 
by  conducing  canals. 

With  refpeC  to  the  fuggeffion  of  this  theory  by 
Vo|ta’s  theory  of  eleCric  influences,  and  the  ignorance 
of  naturaliffs  before  that  time  of  the  true  ftate  of  things, 
we  muff  obferve,  that  Mr  Ruffel  propofed  the  fame 
analogy  to  the  confideration  of  his  hearers  many  years 
before  ;  and  it  was  very  generally  known.  The  elec¬ 
tric  influences  had  been  fully  detailed  by  iEpinus  and 
Wilcke  in  1759,  ar>d  applied  with  peculiar  addrefs  and 
force  of  evidence  by  Mr  Cavcndifh  before  1771  ;  and 
they  were  deferibed  nearly  in  the  fame  way  by  Lace, 
Lichtenberg,  and  others. 

And  with  refpeC  to  Mr  Volta’s  general  principle, 
which  Mr  de  Luc  prizes  fo  highly,  and  by  which  lie 
explains  every  thing,  we  muff  obferve,  that  it  is  not  true 
as  a  phenomenon  in  eledrkity  ;  but,  on  the  contrary,  the 
pofitive  fiat  e  of  a  body  is  renderedfironger ,  or  more  remar  li¬ 
able,  ly  inducing  the  negative  fate  on  a  neighbouring  body . 
See  n*  52.  and  66.  Mr  Volta  was  miffed  by  the  appear¬ 
ances  of  the  eleC**ophorus,  which  had  engaged  all  his  at¬ 
tention,  and  modelled  all  his  notions  on  thefe  ffubjeCs. 
_ _  His 

a  quantity  of  eleCric  matter  already  lodged  in  B  i—U 


His  obfervations  had  been  confined  to  difks ;  and  though 
thefe  are  excellent  inflnunents  for  producing  very  fen- 
fible  effects,  they  are  quite  unfit  for  examining  the  ge¬ 
neral  nature  of  electric  influences*  Even  without  much 
knowledge  of  dynamics,  a  perfon  mull  perceive  that 
the  adtion  of  their  different  parts  on  the  electrometer 
may  be  very  different,  by  reafon  of  their  different  po¬ 
rtions  and  diflances  from  it,  Befides,  the  ele&rome- 
ters  of  the  apparatus  def bribed  by  Mr  de  Luc  in  fe&. 
440.  See.  did  not  indicate  the  real  condition  of  the  difks 
to  which  they  were  attached,  but  the  condition  of  the 
remote  ends  of  overcharged  condu&ors  of  confider- 
able  length.  Therefore,  although  all  the  ele&rometers 
fell  lower  when  the  other  group  of  difks  was  brought 
near,  the  pofitive  date  of  the  nearefl  dijflc  was  greatly 
augmented.  The  mod  unexceptionable  aoparatus  for 
this  purpofe  would  be  a  row  of  polifhed  balls  on  infu- 
ktmg  (lands,  placed  in  contad,  the  whole  charged  po- 
fitive;  and  when  another  fuch  group,  or  a  long  body, 
is  brought  n-ar,  let  the  balls  be  feparated  at  once, 
and  examined  apart  by  a  very  fmall  eledrometer,  made 
in  the  form  of  our  figure  8.  We  prtfume  to  fay 
that,  if  the  other  group  is  properly  managed,  and 
made  to  communicate  thoroughly  with  the  ground, 
the  pofitive  eledricky  of  the  balls  neared  to  ft  will  be 
found  greatly  augmented,  and  that  every  one  of  them 
will  be  found  in  that  precife  (late  of  dedication 
that  13  pointed  out  by  the  ^Epiman  theory.  Mr  de 
Luc  has  made  and  narrated  the  experiments  with  the 
dilks,  and  the  curious  figures  obferved  by  Lichtenbergh, 
with  great  judgment  and  fidelity;  and  they  are  claffi- 
cd  and  valuable  experiments  for  the  examination  of  the 
theory.  We  may  here  mention  a  very  neat  way  of  ex¬ 
ecuting  the  apparatus  of  balls,  which  was  pradifed  by 
a  young  friend,  who  was  fo  kind  as  to  make  the  expe¬ 
riments  for  us,  when  our  thoughts  were  turned  to  Mr 
de  Luc’s  theory.  Each  ball  was  mounted  on  a  (lender 
giafs  rod  varnifhed.  The  lower  end  of  the  flalk  was 
fixed  in  a  little  block  of  ■  wood  which  had  a  fquare  hole 
through  it,  by  which  it  Aided  fleadily  along  a  horizontal 
bar  of  mahogany,  fupported  at  the  ends  about  an  inch 
from  the  table  Th,e  balls  were  made  to  feparate  at  once, 
and  equally,  from  each  other, by  a  chequer-jointed  frame! 
fuch  as  is  feen  in  the  toyfhops,  carrying  a  comoany  of 
foot  foldters,  who  open  and  clofe  their  ranks  and  files  by 
pulling  or  pufhing  the  ends  of  the  frame.  Taking  out  the 
pinsot  the  middle  joints  of  this  ehecquered  frame-work, 
and  vvidening  the  holes  for  receiving  the  giafs  (talks,  it 
h  plain  that  all  the  balls  will  feparate  at  once,  in  the 
very  itate  of  electricity  in  which  they  were  when  in  the 
neighbourhood  of  the  non-infulated  group.  This  ap¬ 
paratus  confided  of  fix  balls.  We  found  the  ball  next 
the  other  group  much  more  flrongly  pofitive  than  be¬ 
fore  bringing  that  group  near  ;  and  it  was  generally 
the  third  ball  which  feemed  equally  eledric  in  both  fi- 
tuations.  We  added  nine  balls  more,  conucding  the 
whole  by  a  fimilar  contrivance  ;  and  found  it  a  mod  in- 
(tru&ive  apparatus  for  the  theory  of  the  diftributiou  of 
the  eledric  fluid.  We  wifh  that  it  had  occurred  to 
fcs  when  the  n°  62,  Be c.  were  under  confideration. 

With  refped  to  the  condition  in  which  the  elednc 
matter  is  faid  to  be  lodged  in  the  fide  A  of  the  coated 
pane,  where  Mr  de  Luc  fays  that  it  is  fixed,  engourdi , 
m  the  non-conduCing  furface  (which  condition  Mr  de 
.Luc  confiders  as  charafteriftlc  of  fuch  fubftances),  we 
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muft  fay  that  the  clefcription  of  its  ftate  is  by  no  means 
agreeable  to  what  we  have  obferved.  The  powers  of 
tins  eleP.nc  matter  are  no  more  benumbed  or  enervated 
(it  13  a  very  unphilofopliical  phrafe),  than  if  it  were  in 
a  conducting  body  at  the  fame  diltance  from  the  oppo- 
lite  coating.  If  coatings  be  applied  to  a  bloek  of  giafs 
oi  two  or  three  inches  in  thicknefs,  and  if  the  eledlri- 
ncation  be  fo  moderate  that  it  would  not  fly  from  the 
one  coating  to  the  other  when  the  giafs  is  removed- 
no  fcnfible  difference  will  be  found  between  the  elec- 
tricity  of  the  two  coatings  with  or  without  the  giafs. 

I  he  eledtnc  matter  in  the  fide  A  has  not  its  powers  en. 
gourdi ;  they  are  balanced  by  the  powers  of  the  fide  B. 

But  how  will  Mr  de  Luc  explain  the  charging  a 
pane  negatively  ?  How  will  he  bring  off  a  quantity  of 
clear, c  matter,  greater  (according  to  his  own  account) 
than  what  will  be  benumbed  on  the  other  fide?  Nay,  we 
muft  afc,  where  does  he  find  it  ?  Is  there  a  quantity  al- 
ready  benumbed  there  ?  What  is  to  revive  it  ? 

.  Le.t.”s  novY  confider  a  little  the  conftitution  of  the 
ingredients  of  tins  eleftric  fluid,  by  which  all  thefe 
things  are  brought  about.  And  in  doing  this,  let 
us  lwmfh,  when  pofliblc,  all  figurative  language ;  and, 
-n  the  precife  and  dry  phrafeology  of  dynamics,  let  us 
ipeak  of  the  motion  of  (ingle  particles  of  the  elePric 
fluid,  df  erent  fluid,  and  eleCric  matter,  By  exban  five 
poiver  muft  certainly  be  meant  fuch  a  power  as  tliat  by 
which  air,  gafes,  inflamed  gunpowder,  fleam,  and  the 
like,  enlarge  their  bulk,  and  which  is  clearly  manifefted 
as  a  mechanical  prefTure,  by  burfting  vefTels,  imoellmo- 
bullets  or  piftons,  & c.  as  well  as  by  the  adual  enlarge°- 
ment  of  the  bulk  of  the  fluid.  We  have  no  other  in¬ 
dications  of  its  being  z  force-,  and  therefore  our  notions 
of  its  mode  of  adding  muft  be  derived  folely  from  what 
we  underjlaiul  of  this  power  in  air  or  the  other  fluids 
Newton’s  Principia  are  our  authority  for  faying,  that  all 
that  we  know  of  it  is,  that  it  afts  as  a  number  of  cor- 
pufcles  would  ad,  which  repel  each  other  with  a  force 
inverfely  proportional  to  their  diftances;  this  ad  ion  not 
extending  beyond  the  adjoining  corpufcle,  not  even  to 
the  fecond.  We  know  a  good  deal  of  the  propagation 
of  prefTure  and  progreflive  motion  through  fuch  a  fluid, 
when  it  is  confined  in  a  veflel,  or  fyftem  of  vefTels,  of 
any  form,  and  fome  few  finiple  circumftances  which 
take  place  in  the  elaftic  undulations  which  may  be  ex- 
c.ted  and  propagated  through  it.  We  have  but  a  very 
indftmil  notion  of  the  motions  which  one  mals  of  fuch 
a  fluid  will  produce  in  another,  mafs,  when  both  are  at 
liberty  to  expand.  This  is  very  ind.ftind  ;  but  we  are 
ceitain  that  it  will  be  like  the  motion  of  two  maffes  of 
air  Mown  or  driven  again  ft  each  other.  Now  thefe 
elednc  fluids,  by  their  expanfive  powers,  muft  ad  like 
thofe  others  with  which  we  are  more  familiarly  ac¬ 
quainted.  And  here  we  venture  to  fay,  that  the  appear¬ 
ances  111  elednc, ty  are  fo  far  from  being  like  thefe 
that  we  cannot  imagine  any  thing  more  remarkably  dif¬ 
ferent.  \\  e  fliall  mention  but  one  thing.  Every  mark 
that  we  have  for  the  prefence  of  eleSric  fluid  obliges  us 
to  grant,  that  in  an  overcharged  body  ft  is  crowded  in¬ 
to  the  external  furface,  fo  that  the  quantity  ha3  little 
or  no  relation  to  the  quantity  of  matter  in  any  body, 
but  merely  to  its  furface.  This  is  quite  unlike  air,  or 
any  other  expanfive  fluid,  which  is  uniformly  diflribu- 
ted  through  the  whole  fpace  comprehended  by  the 
furface  which  bounds  it.  We  never  faw  any  th.W 
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like  flreams  of  this  eleRric fluid,  impelling  or  any  way  act¬ 
ing  on  each  other,  except  in  the  transference  by  fparks  ; 
and  there  it  was  indeed  like  the  motions  of  air,  for  it  was 
not  eleRric  fluid ,  nor  eleRric  matter ,  but  cleR  rifled  air. 

Let  us  next  confider  the  tendencies  by  which  the  re¬ 
lations  of  thefe  expanfive  fluids  to  other  bodies  are  pro¬ 
duced,  and  the  eledlric  motions  are  faid  to  be  explained. 
We  obferve  that  Mr  de  Luc  avoids  the  ufe  of  the  words 
attraction  and  repulflon ,  fo  much  employed  by  the  Bri- 
tifh  philofophers.  He  confiders  thefe  tendencies  as  de¬ 
terminate  impulfions,  2nd  adopts  the  doctrine  of  Le 
Sage  of  Geneva ,  who  has  not  only  laid' Ne  wton  under 
great  obligations,  by  a  mechanical  explanation  of  gra 
vity,  but  has  alfo  explained  expanflon,  elaflicity,  che- 
miu;l  affinity,-  and  all  fpecific  tendencies,  to  the  fatif* 
f?/: ion  of  the  moft  eminent  mathematicians.  To  fuch 
only  Mr  de  Luc  proftfles  to  addrtfs  himfelf,  who  are 
no:  consented  with  a  dodlrine  which  fuppofes  bodies^to 
a&  where  they  are  not.  But,  unfortunately,  Mr  le 
Sage  has  never  obliged  the  world  with  this  explanation. 
We  are  not  moil  eminent  mathematicians  ;  but  we  are 
able  to  prove,  that  Mr  le  Sage’s  favourite  theorem,  men¬ 
tioned  by  Mr  de  Luc  in  $  157,  158.  as  demonftrated 
by  Mr  P  revolt,  the  editor  of  Lucrece  Neutonien ,  is  a  com¬ 
plete  dereliction  of  the  firft  principles  of  Mr  le  Sage, 
and  is  alfo  incompatible  with  mechanical  laws.  Mr  de 
Luc  fhould  have  given  a  demonflration  of  the  theorem 
on  which  all  his  fyftem  relied  ;  otherwife  it  is  only  re¬ 
viving  c<  dixit  philofophus ,  ergo  verum 

But  let  us  fee  what  thefe  tendencies  perform.  Mr 
de  Luc  fays,  that  the  fluid,  fetting  out  from  a  body 
by  its  expanfive  power,  would  move  in  a  llraight  line 
with  inconceivable  velocity,  and  would  immediately 
defert  even  this  globe,  were  it  not  deflected  by  its 
tendency  to  ether  bodies.  We  do  not  fee  whence 
this  immenfe  velocity  is  derived.  But  let  it  go  off ; 
it  is  deflected  from  its  rectilineal  courfe  by  its  ten¬ 
dency  to  fome  conducting  body,  which  it  reaches,  but 
cannot,  or  does  not,  enter  ;  and  therefore  mufl  continual¬ 
ly  circulate  round  it ,  as  the  planets  circulate  round  the 
fun ,  following  its  outline,  if  not  too  abrupt,  but  flying 
off  from  all  points  in  the  direction  of  the  axis  of  the 
point,  &c.  Here  we  are  at  home  ;  for  this  is  a  plain 
dynamical  problem  of  central  forces.  All  that  we  fliall 
fay  on  this  head  is,  that  Mr  de  Luc  has  certainly  not 
conlidered  the  planetary  motions  with  attention,  when 
he  hazarded  this  very  comprehenflve  propofition.  If 
he  will  take  the  trouble  to  do  this,  he  will  fee  that 
every  part  of  it  is  inconfiftent  with  the  acknowledged 
laws  of  mechanifm,  and  that  the  motions  are  abfolutely 
impoffible.  Befides,  we  know  that  it  will  not  fly  off 
from  a  hundred  points  placed  together,  which  is  a  fliil 
more  abrupt  outline,  if  they  do  not  projedt  beyond  the 
brim  of  a  pit  in  which  they  (land  ;  yet  this  pit  only 
makes  the  outline  more  abrupt.  We  farther  believe,  that 
no  perfon  can  form  to  himfelf  any  diflindl  notion  of  fuch 
circulations  round  every  conducting  body ;  they  will  be 
more  numerous,  and  infinitely  more  confufed  and  jarring, 
than  all  the  vortices  of  Des  Cartes.  How  can  fuch 
motions  take  place  round  a  bunch  of  brafs  wire  buried  in 
fealing  wax  ?  Yet  he  mufl:  grant  that  they  really  happen 
there  ;  or  what  prevents  the  eleRric  fluid  from  being 
f  rained  clear  of  all  eledlric  matter  in  palling  thro’  the  air? 

We  would  alfo  alk,  why  the  tendency  is  always  from 
the  body  containing  mofl  of  the  fluid  to  that  containing  leafl  P 
It  is  not  enough  to  fay  that  it  is  fo  ;  this  would  only 


be  contriving  a  thing  to  fuit  a  purpofe  ;  a  rer.fon  fliould 
be  given  if  we  pretend  to  explain.  Now  the  tendency 
to  a  diflant  body  is  to  the  matter  in  that  body,  without 
any  relation  to  the  fluid  in  it,  or  in  the  body  from 
which  it  came. 

On  the  whole,  we  cannot  think  this  theory  is  any 
thing  but  telling  a  ftory  of  ideal  beings,  in  very  figu¬ 
rative  language,  which  gives  it  fome  animation  and  in- 
tercil.  The  different  affinities,  tendencies,  and  powers, 
are  only  ways  of  exoreffing  certain  fuppofed  events,  and 
fuited  to  thofe  events  ;  bait  it  gives  no  explanation  of 
the  obferved  mechanical  phenomena  of  eledricity,  (hewing 
from  acknowledged  principles  that  they  mufl:  be  fo. 

What  a  difference  between  this  laboured  and  intri¬ 
cate  mechanifm  and  the  Ample,  perfpicuous,  and  diflindl 
theory  of  iEpinus  !  Even  Mr  Ruflel’s  explanation  is 
more  intelligible,  and  more  applicable  to  the  motions 
which  are  really  obferved.  That  gentleman  faw  the 
necefiity  of  confidering  them  as  the  fubjeCls  of  mechani¬ 
cal  difcujflion ,  and  that  all  that  was  wanted  was  to  find 
out  what  law  of  diflant  adtion  would  tally  with  the 
phenomena.  The  Scotch  philofopher  was  careful  to 
warn  his  hearers  that  he  only  propofed  a  conjeRure . 
The  Swede  calls  his  performance  Tentamen  Theories ,  Sec . 
and  begins  and  concludes  it  with  exprefsly  faying,  that 
it  is  only  a  hypothefls.  The  Englifh  nobleman  calls  his 
difiertation  an  Attempt  to  explain  fome  of  the  phenome¬ 
na,  Sec.  None  of  thefe  philofophers  call  their  works  a 
system,  which  comprehends  all  theories,  whether  that 
of  Volta  or  of  any  other  fuccefsful  inquirer. 

We  hope  to  be  excufed  for  treating  fo  largely  of  this 
fubjedl.  It  firuck  us  as  a  very  proper  example  of  the 
bad  confequences  of  indulging  in  figurative  language. 
It  mufl  be  very  feducing,  when  fo  fcrupulous  and  fo 
eminent  a  philofopher  as  Mr  de  Luc  is  led  affray  by  it. 

We  conclude  this  long  article  by  obferving,  that 
whatever  may  be  the  fate  of  Mr  iEpinus’s  hypothetical 
theory ,  his  claflifi cation  of  the  fadts,  and  his  precife  de¬ 
termination  of  the  mecanical phenoinena  to  be  expect¬ 
ed  from  any  propofed  fituation  and  condition  of  the 
fubflances,  will  ever  remain,  and  be  an  unerring  direc¬ 
tion  in  future  experiments  ;  and  the  whole  is  an  illuf- 
trious  fpecimen  of  ingenuity,  addrefs,  and  good  rea¬ 
soning.  We  hope  to  make  this  flill  more  evident,  when 
we  apply  it  to  the  quiet  and  manageable  phenomena  of 
Magnetism 

Ponder e  et  menfurd* 

In  page  580.  col.  2.  line  8th  from  the  bottom,  for 
i(  incomparable,”  read  “  comparable.” 

APPENDIX; 

CONTAINING  AN  ABSTRACT  OF  MR  COULOMB’S  EXPE¬ 
RIMENTS. 

Mr  Coulomb  in  the  Mem.  de  V Acad,  de  Paris  for 
1786,  relates  feveral  experiments  made  for  afcertaining 
the  difpofition  or  diflribution  of  the  eledlric  fluid  in  an 
overcharged  body.  Their  general  refults  were, 

1.  That  the  fluid  dhlributed  among  bodies  accord** 
ing  to  their  figure,  without  any  eledtive  affinity  to  any 
kind  of  fubftance.  . 

For  when  a  ball,  or  body  of  condu&ing  matter,  and  of 
any  fhape,  is  eledtrified  to  any  particular  degree,,  as  indica¬ 
ted 
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ted  Vv  bis  electrometer,  if  it  be  touched  by  another  equal 
and  hmilar  body,  fi  mi  lari  y  fituated  in  rcfpedlof  the  touch¬ 
ing  points,  the  eledlricity  is  always  reduced  to  -J. 

7.,  In  an  overcharged  conducting  body,  the  fluid  dif- 
fufes  itfelr  entirely  along  the  furface,  without  penetra 
ting  into  the  interior  parts. 

The  conducting  body  AB  (fig.  37.)  had  pits  a>  l , 
&c.  made  in  various  parts  of  its  furfacc.  They  were 
lialf  an  inch  in  diameter,  and  fome  of  them  T®th,  others 
Toths,  others  Toths,  Sc c.  in  depth,  c  reprefents  the 
edge  of  a  fmali  circle  of  gilt  paper,  yth  of  an  inch  in 
diameter,  fixed  perpendicularly  on  the  end  of  a  fine 
thread  of  gum  lac.  The  body  was  eleCtrified  and 
touched  with  this  little  eleCtrofcope,  by  fetting  it  flat 
down  on  the  furface.  The  circle  c  was  then  prefented 
to  an  electrometer  which  moved  90  degrees  by  a  force 
not  exceeding  a  Trench  grain.  When  this 

contaCt  was  made  with  the  even  furface  of  the  con* 
duCtor,  it  was  flrongly  eleCtrified,  and  particularly  when 
it  touched  any  eminence,  or  the  ends  of  long  cylinders, 
See.  The  paper  being  exceedingly  thin,  and  placed  in 
full  contaCl,  it  may  be  fuppofed  to  bring  off  with  it 
the  quantity  of  fluid  correfponding  to  that  part  of  the 
furface,  or  rather  a  greater  quantity.  But  when  it  was 
made  to  touch  the  bottom,  even  of  the  (hallowed  of  thefe 
pits,  it  did  not  affeCt  the  electrometer  in  the  lead. 

He  demondrates  the  following  elementary  theorem  : 

The  attraction  or  repulfion  being  fuppofed  to  be 
proportional  to  the  inverfe  cf  any  power  m  of  the  di¬ 
fiance  ;  that  is,  being  as  — :  if  m  be  greater  than  3, 

the  aCtion  of  all  the  maffes  of  fluid  which  are  at  a  finite 
didance  is  nothing  in  comparifon  with  the  adtionin  con¬ 
tact;  and  therefore  the  fluid  mud  be  uniformly  diffufed, 
in  the  fame  way  as  if  each  particle  adted  only  on  the 
adjoining  particles. 

But  i ini  be  lefs  than  3,  for  example  if  w  be  2,  as 
feems  to  be  the  cafe  in  electricity,  the  adtion  of  all  the 
nrafles  at  a  finite  didancc  is  not  infinitely  fmali  in  com- 
parifon  with  the  adtion  in  contaCt,  and  the  redundant 
fluid  mud  go  toward  the  furface,  and  no  redundant  duid 
will  be  retained  in  the  interior  parts.  The  demondration 
is  to  this  effedt. 

Let  A  a  B  F  (fig.  38.)  be  a  perfectly  condudting 
body  of  any  fhape,  and  let  d ae  be  a  thin  dice  fepara- 
ted  from  the  reft  by  the  plane  d  e ;  let  d c  e  be  precifely 
equal  and  fimilar  to  da  e,  and  let  a  b  c  be  perpendicular 
to  the  feparating  plane  ;  then  the  adtion  of  all  the 
particles  in  the  thin  dice  d  a  e  (when  edimated  in  the 
diredtion  a  b )  on  the  particle  b ,  mud  balance  the  adtion 
of  all  the  red  of  the  fluid  in  the  body  ;  for  b  is  fup- 
•pofed  to  De  at  led.  Now',  as  the  law'  of  continuity  will 
be  obferved  in  any  didribution  of  the  fluid,  through  the 
1 whole  body ,  it  is  plain  that,  by  taking  a  b  fufficiently 
finall,  the  difference  of  denfity  at  a  and  at  c  may  be  infi¬ 
nitely  fmali;  therefore  the  adtion  of  the  duid  in  dae  will 
be  infinitely  near  to  an  equilibrium  with  the  adtion  of 
dee;  and  the  adtion  of  the  fluid  in  the  red  of  the  body 
°n  the  particle  b  will  be  infinitely  fmali.  This  cannot 
be,  when  the  adtion  of  a  mafs  of  fluid  at  a  finite  distance 
18  not  infinitely  lmall  in  comparifon  with  the  adtion  in 
contadt.  unkfs  weiuppofe  that  the  quantity  of  fluid  at  a 
finite  didance  is  alfo  infinitely  fmali,  or  nothing;  that  is, 
unlefs  the  whole  redundant  fhiidis  conllipatcd  on  the 
forface,  and  the  interior  parts  are  merely  faturated. 


The  preceding'  propofitions  are  quite  analogous  to 
proportions  in  Mr  Caveiidifli’s  differtation  in  the  Phi- 
lofophical  Tranfadtions  for  1771. 

In  the  Memoirs  of  the  fame  Academy  for  1787,  Mr 
Coulomb  endeavours  to  afeertain  the  denfity  of  the  fluid 
in  different  bodies  which  touch  each  other.  When  the 
bodies  do  not  differ  extremely  in  magnitude,  he  deter¬ 
mines  this  by  the  immediate  application  of  them  to  the 
dedirometer ;  but  when  one  is  extremely  fmali  in  com¬ 
panion  with  the  other,  he  fird  determines  the  force  of 
the  large  body,  and  then  touches  it  20  or  «.o  times 
with  the  lmall  one,  till  the  force  of  the  large  body  is  re¬ 
duced  to  b  y,  See.  The  general  refult  wavs,  that  when 
the  furfaces  of  the  ipheres  had  the  proportion  expreffed 
in  the  fird  column  of  the  following  table,  then  the  den¬ 
fity  in  the  fmali  one  had  the  proportion  exprefled  by 
the  numbers  of  the  iecond  column,  and  never  attained 
the  magnitude  2. 

1  -----  1. 

4 . 1,08. 

\6 . i.3- 

°4 . 1,65. 

Infinite  -  2. 

This  is  extremely  different  from  the  proportions  which 
obtain  when  the  two  fpheres  communicate  by  very  long 
flender  canals,  which  he  found  exatfly  conformable  to 
the  determinations  of  the  theory:  but  in  Mr  Coulomb's 
experiments  the  fpheres  touched  each  other,  and  had  no 
other  communication. 

He  then  endeavours  to  afeertain  the  denfity  of  the 
fluid  in  the  different  parts  of  the  furface  of  theic  touch¬ 
ing  fpheres,  in  order  to  obtain  fome  experimental  know¬ 
ledge  of  the  didribution.  He  touched  them  (while 
in  mutual  contaCt)  with  the  little  paper  circle,  and  exa¬ 
mined  its  electricity  by  his  electrometer,  and  made  his 
edimation,  on  the  fuppofition  that  it  brought  off  one- 
half  of  the  electricity  of  the  touched  part. 

When  the  globes  were  equal,  he  found  the  denfity 
to  be  o  in  the  point  of  contaCt,  and  fcarcely  fenfible 
till  he  took  the  paper  30  degrees  from  the  point  of 
contadt.  From  this  it  incieaied  rapidly  to  6g°  ;  {low¬ 
ly  from  thence  to  930 ;  and  from  thence  to  1  t;o°  it  was 
almod  uniform.  The  denfities  were  nearly 

o°. 


3°- 

60, 


o  -  -  at 

4  -  —  - 

S’  -  ■  —  -  -  90. 

6  -  *  ~  -  1 8  3. 

He  alfo  found,  that  the  more  the  globes  differed  in 
bulk,  the  more  is  the  denfity  changed  in  the  fmali  globe, 
and  it  ia  the  more  uniform  in  the  great  one,  iiicrtafing 
rapidly  from  o,  at  the  point  of  contad,  to  about  7  ,  and 
beyond  this  being  fenfibly  uniform. 

ITcnce  vve  may  conclude,  that  the  eleCtricity  is  dif¬ 
fufed  with  almod  perfeCt  uniformity  in  a  globe  com¬ 
municating  with  another  at  a  great  didance  by  a  (len¬ 
der  canal  (as  Mr  Cavendifh  has  demon dratedj  ;  while, 
from  the  reafoning  employed  before,  it  is  probable  that 
it  is  alio  uniformly  did’ufed  all  along  the  canal  ;  and 
therefore,  that  the  quantities  in  two  fuch  globes  are  very 
nearly  as  the  diameters,  and  the  denfities  iuveiLly  as  the 
diameters,  as  Mr  Cavendifh  demondrated,  on  the  fup¬ 
pofition  that  the  fluid  in  the  canal  is  lncomprefQble. 

He  found  that  a  fmali  globe,  placed  between  two 
equally  large  ones,  Hewed  eleftricities  of  the  fame  kind 
»  4  I  2  with 
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with  that  of  the  other  two,  when  the  radius  of  the 
great  one  was  not  more  than  five  times  that  of  the  mid¬ 
dle  one,  but  (hewed  no  ele&ricity  when  the  dispropor¬ 
tion  was  greater. 

When  three  equal  globes  were  in  conta&,  the  denfi- 

ty  of  fluid  in  the  middle  globe  was  - - of  that  of  the 

J  6  I>34 


other  two.  A  fmall  globe  being  removed  to  a  very 
fmall  difiance  from  an  overcharged  great  one,  after  ha¬ 
ving  been  in  contaS ,  fhcwed  oppofite  electricity  in  the 
fronting  point;  when  a  little  farther  off,  it  was  neutral ; 
and  beyond  this,  it  was  overcharged. 

The  diameters  being  1 1  and  N,  the  fronting  point  of 
the  fmall  one  was  negative  till  the  difiance  was  I  ; 
here  it  was  neutral,  and  when  it  was  removed  farther,  it 
was  pofitive.  When  the  diameters  were  1 1  and  4,  the 
fmall  globe  was  negative  till  their  diflance  was  2,  where 
it  was  neutral.  When  the  diameters  were  1 1  and  2,  the 
difiance  which  rendered  the  fmall  globe  neutral  in  the 
fronting  point  was  24. 

All  thefe  fa&s  are  perfe&ly  conformable  to  a  mathe¬ 
matical  dedu&ion,  from  the  fnppofition  that  the  redun¬ 
dant  fluid  is  fpread  over  the  furface,  and  that  the  in¬ 
terior  points  are  neutral.  If  any  fort  of  doubt  fhould 
remain  in  the  minds  of  thofe  who  are  not  converfant  in 
fuch  difeufilons,  it  mufl  be  greatly  removed  by  the  fa£t, 
that  it  is  quite  indifferent  whether  one  or  both  globes 
be  folid,  or  be  an  extremely  thin  (hell. 

When  an  electrified  body  is  touched  with  a  long 
wire,  and  by  another  of  equal  diameter  and  length, 


coated  to  any  thicknefs  with  lac  or  fealing  wax ,  the 
two  wires  take  off  precifely  the  fame  quantity  of  elec, 
tricity.  This  was  demonftrated  by  touching  a  globe  re¬ 
peatedly  till  the  eleCtricity  was  reduced  to  4* 

Hence  we  mufl  conclude,  that  the  eledlric  fluid  does 
not  form  adlive  atmofpheres  around  bodies,  by  the 
adlion  of  whofe  particles  in  contadl  (mathematical  or 
phyfical)  the  phenomena  of  attra&ion  and  repulfion  are 
produced,  but  by  the  a£lion  of  the  fluid  in  the  body, 
agreeable  to  the  theory  of  jEpinus. 

Such  are  the  obfervations  of  Mr  Coulomb.  They  are 
extremely  valuable,  becaufe  they  confirm  in  the  com  pie- 
teff  manner  the  legitimate  confequences  of  the  theory. 

We  think  that  the  materiality  of  that  which  is 
transferred  from  place  to  place  in  the  exhibition  of 
eledtric  phenomena,  is  greatly  confirmed  by  fomc  obfer¬ 
vations  of  Mr  Wilfon’s  in  the  Pantheon.  When  a 
fpark  was  taken  from  the  whole  of  the  long  wire  ex¬ 
tended  in  that  vaft  theatre,  the  fenfation  was  fo  different 
from  a  fpark  which  conveyed  even  a  much  greater 
quantity  of  fluid  from  a  pretty  large,  but  compact,  fur- 
face,  that  they  could  hardly  be  compared.  The  lattwas 
like  the  abrupt  twitch  with  the  point  of  a  hooked  pin, 
as  if  pulling  off  a  point  of  the  fkin  ;  the  fpark  from  the 
long  wire  was  more  like  the  forcible  piercing  with  a 
needle,  not  very  (harp,  breaking  the  fkin,  and  puffing 
it  inward.  We  had  this  account  from  the  Do&or  in 
converfation.  He  aferibed  it,  with  feeming  jufliee,  to 
the  momentum  acquired  by  the  fluid  accelerated  along 
that  great  extent  of  wire. 
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Ele&ricity,  Animal  Electricity .  See  Galvanism,  in  this  Sup- 

Ekarcme-  kment- 

*  .  — y* -  ,  ELECTROMETER,  is  an  inftrunjent  which  mca- 
fures  the  quantity  of  ele&ricity  in  any  ele&rified  body. 
The  moil  common  eledrometers  are  deferibed  in  the 
article  Electricity  (EticycL),  n°  27,  and  182 — 233. 
A  very  valuable  one  is  likewise  deferibed  in  n°  85.  of 
the  article  Electricity  in  this  volume  ;  but  there  are 
ftill  two  eledrometers,  of  which  wc  have  hitherto  given 
no  account,  though  they  are  of  fuch  value,  that  to  pafs 
'  them  unnoticed  would  be  unpardonable.  The  firft,  which 
is  incomparably  the  mofl  accurate  and  delicate  inftru- 
ment  of  the  kind  that  we  have  feen,  was  invented  by  Mr 
Coulomb,  and  is  adapted  to  afeertain  the  fmalleft  quan¬ 
tity  of  redundant  eledricity.  The  fecond  is  a  late  in¬ 
vention  of  Mr  Cuthbertfcn,  the  ingenious  improver  of 
the  air-pump,  and  is  employed  only  to  meafure  the 
charge  of  large  jars  and  batteries. 

Electrometer,  by  Mr  Coulomb  of  the  Royal  A- 
cademy  of  Sciences  at  Paris,  deferibed  in  the  Memoirs 
for  1785. 

Mr  Coulomb  had  made  fome  experiments  in  exami¬ 
nation  of  Dr  Hooke’s  theory  of  fprings  “  ut  tenfio  fic 
•vis  and  found,  that  it  was  furprifmgly  exad,  in  re¬ 
gard  to  the  force  neceffary  for  twifting  elaftic  wfircs. 
Having  fufpended  a  nicely  turned  metal  cylinder  by  a 
fine  wire  in  the  diredion  of  its  axis,  and  liaving  given 
it  feveral  turns,  and  left  it  to  regain  its  natural  pofition, 
he  obferved,  that  it  performed  all  its  revolutions  of  un- 
twi fling  and  twifting  iVtimes  precifely  equal,  whether 
thefe  ofcillations  were  of  a  few  degrees,  or  eonfifted  of 
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feveral  revolutions  He  thence  concluded,  that  tbeEcfn 
force  wf  which  the  wire  endeavoured  to  regain  its 
natural  pofition  was  exadly  proportional  to  its  diflance  ~ " 
from  it.  Engaged,  foon  after,  by  order  from  the  Mi- 
nifter  of  Marine,  in  an  examination  of  the  phenomena 
of  the  mariner’s  compafs,  he  took  this  method  of  fuf- 
pending  his  needles,  in  order  to  obtain  exad  me  a  fares 
of  the  forces  which  can  fed  them  to  deviate  from  the 
magnetic  meridian.  Hejnade  fome  obfervations  with 
needles  fo  fufpended  ;  W’hich  are  highly  valuable  to  the 
pliilofopher  engaged  in  that  ftudy.  When  his  fuccefs 
in  this  refearch  had  fully  gratified  his  wiffes,  he  turned 
his  thoughts  to  the  examination  of  the  law  of  eledric 
ad  ion  by  the  help  of  an  eledrometer  fufpended  in  the 
fame  manner.  It  is  conftruded  as  follows  : 

ABDC  (fig.  I.)  rep.efents  a  glafs  cylinder,  1 2 pia 
inches  in  diameter  and  in  height.  This  is  covered  by XW 
a  glafs  plate  fitted  to  it  by  a  projeding  fillet  on  the  un¬ 
der  furface.  This  cover  is  pierced  with  two  round 
holes  of  ijth  inches  in  diameter.  One  of  them  /is  in 
the  centre,  and  it  receives  the  lower  end  of  the  glafs 
tube  f  h ,  of  24  inches  height,  which  is  fixed  in  the  hole 
with  a  cement  made  of  fealing  wax,  or  other  eledric 
fubflance.  The  top  of  this  tube  receives  the  brafa 
collar  H  (fig.  2.  n°'3.),  bored  truly  cylindrical,  and 
having  a  fmall  (boulder,  which  refts  on  the  top  of  the 
tube.  This  collar  is  faftened  with  cement,  and  receives  the 
hollow  cylinder  (fig.  2.  n°  2.),  to  which  is  joined  the 
circular  plate  ab ,  divided  on  the  edge  into  360  degrees. 

It  is  alfo  pierced  with  a  round  hole  G  in  the  centre, 
which  receives  the  cylindrical  pin  i  (fig.  2.  n°  1.),  having 
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ome-  a  milled  head  b,  and  an  index  t  o ,  whofe  point  is  bent 

r-  down,  fo  as  to  mark  the  divifions  on  the  circle  ab .  This 
pin  turns  ftiffly  in  the  hole  G,  and  the  cylinder 
turns  fteadily  in  the  collar  H.  To  the  lower  end  of  the 
centre  pin  is  fattened  a  little  pincer  qy  formed  like  the 
end  of  a  port-crayon,  and  tightened  by  the  ring  q ,  fo 
as  to  hold  fail  the  fufpenfion  wire,  the  lower  end  of 
which  is  grafped  by  a  fimilar  pincer  Po  ( fig.  3. ),  tighten¬ 
ed  by  the  ring  ?.  The  lower  end  <p  0  is  cylindrical,  and  it 
is  of  fuch  weight  as  to  ilrain  the  wire  perfectly  ftraight, 
but  without  any  rifk  of  breaking  it.  It  may  be  made 
half  of  the  weight  that  will  juft  break  it. 

This  pincer  is  enlarged  at  C,  and  pierced  with  a  hole, 
which  receives  tightly  the  arm  g  C  q  of  the  electrome¬ 
ter.  This  is  eight  inches  long,  and  confitts  of  a  dry 
lilk  thread,  or  (lender  draw  of  fome  grafs  completely 
dried,  and  dipped  in  melted  gum  lac  or  fine  fealing 
wax,  and  held  upright  before  a  clear  fire,  till  it  form 
a  (lender  cylinder  of  about  y^tli  of  an  inch  in  diameter. 
This  occupies  fix  of  the  eight  inches,  from  g  to  q  : 
the  remaining  two  inches  is  a  fine  thread  of  the  lac  or 
fealing  wax,  as  it  drains  off  in  forming  the  arm.  At  a 
is  a  ball  of  pith  of  elder  or  fine  cork,  one-fourth  or  one- 
half  of  an  inch  in  diameter, made  very  fmooth,  and  gilded. 
It  is  balanced  by  a  vertical  circle  g  of  paper,  of  large  di- 
menfions,  ftiffened  with  varnifh.  The  refillance  of  the 
air  to  this  plane  foon  checks  the  ofcillations  of  the  arm. 

The  whole  is  feen  in  its  place  in  fig.  1.  where  the 
aim  hangs  horizontally  about  the  middle  of  the  height 
of  the  great  cylinder.  In  its  ofcillations  the  ball  a 
moves  round  in  a  circle,  whofe  centre  is  in  the  axis  of 
the  whole  inftrumert.  Its  fituation  is  indicated  by  a 
graduated  circle  Z  O  drawn  on  a  flip  of  paper,  and 
adhering  to  the  glafs  with  varnifh.  The  electrified  bo¬ 
dy,  whofe  aCtion  is  to  be  obferved,  is  Another  fgiall  ball 
of  cork  alfo  gilt,  or  a  brafs  ball  well  polifhed.  This 
is  carried  by  a  (talk  of  gum  lac  m  ?,  iiiclcfinir  a  dry  filk 
thread.  This  ftalk  is  grafped  by  a  clamp  of  cleft  deal, 
or  any  fimilar  contrivance  which  lies  firm  on  the  glafs 
cover.  When  this  ball  is  let  down  through  the  hole 
w ,  it  Hands  fo  as  to  touch  the  ball  a  011  the  arm  when 
that  ball  is  oppofite  0  on  the  graduated  circle. 

To  electrify  the  ball  ty  we  employ  the  inflating 
handle,  fig.  4.  which  is  a  {lender  ftick  of  fealing  wax  or 
lac,  holding  a  metal  wire  that  carries  a  finall  polifhed 
metal  ball.  We  touch  with  it  fome  electrified  body, 
fuch  as  the  prime  conductor  of  a  machine,  the  knob  of 
ajar,  &c.  Introduce  this  eledrified  ball  cautioufly  in-, 
to  the  hole  m ,  and  touch  the  ball  t  with  it.  The  ball  a 
is  immediately  repelled,  and  goes  to  a  diftance,  twitting 
the  fufpenfion-wire,  till  the  force  of  twift  exerted  by  the 
wire  balances  the  mutual  repulfion  of  the  balls  t  and  a . 

Such  is  the  procefs  for  examining  the  law  of  elec¬ 
tric  a&ion.  But  when  we  would  examine  the  a&ion  of 
different  bodies  in  different  ftates,  another  apparatus  is 
wanted.  This  is  represented  by  the  piece  cAd  (fig. 
5.),  confiding  of  a  plug  of  fealing  wax  A,  which  fits 
tight  into  the  hole  m,  and  is  pierced  by  the  wire  c  </, 
hooked  at  c,  to  receive  a  wire  connecting  it  occafionally 
with  an  ele&rified  body,  and  having  below  a  polilhed 
metal  ball  d. 

The  inftrument  is  fitted  for  obfervation  in  the  fol¬ 
low  manner :  Turn  the  milled  button  b  at  top,  till  the 
twift-index  i  0  is  on  the  mark  0  of  the  twill  circle.  'I  hen 
turn  the  whole  in  the  collar  H,  till  the  ball  a  (lands 
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oppofite  to  the  mark  0  of  the  paper  circle  z  0Q^>  and  at  Hledlronusi 
the  fame  time  touches  the  ball  t  or  d .  ,  ter*  ^ 

The  obfervation  is  made  thus  :  The  ball  t  is  elec¬ 
trified  as  already  faid,  and  a  is  repelled,  and  retires 
from  /,  twitting  the  wire,  and,  after  a  few  ofcillations, 
fettles  at  a  dittance  correfponding  to  the  repulfion.  Now 
turn  the  twift-index,  fo  as  to  force  the  ball  a  nearer  to 
t.  We  eftimate  the  force  of  this  new  repulfion  by  add¬ 
ing  the  motion  of  the  twift-index  to  the  angle  at  which 
the  ball  fir  ft  retted.  By  turning  the  twift-index  flill. 
more,  we  bring  the  balls  (till  nearer,  and  have  a  mea- 
furc  of  another  repulfion. —  And  thus  may  we  obtain 
as  many  meafurts  as  we  pleafe. 

In  this  way  Coulomb  afeertained  the  relation  be¬ 
tween  the  repulfion  and  the  diftance  to  be  the  inverfe  du¬ 
plicate  ratio  of  the  diftances.  He  difeovered  the  law 
’of  difiipation  by  air  in  conta&,  and  the  relation  which 
this  bears  to  the  primitive  repulfion,  by  obferving  the 
gradual  approach  of  a  to  t  as  the  ek&ricity  diffipates- 
from  both,  and  by  flackening  the  twift-index  till  the 
ball  a  retires  lo  its  primitive  diftance..  He  afeertained 
the  diiTipation  along  imperfe&  condu&ors,  and  the 
length  mceffaiy  for  infulation,  by  completely  infulating 
the  ball  /,  and  obferving  the  lofsby  air  in  contaCl  with 
it,  and  then  Aiding  a  metal  rod  down  the  infulating 
ftalk,  till  the  difiipation  began  to  exceed  what  took 
place  by  the  air  alone.  He  examined  the  proportion 
of  redundant  fluid  in  communicating  bodies,  by  con¬ 
necting  them  alternately  with  the  piece,  fig.  5.  ;  as  alfo 
by  electrifying  one  ball,  and  obferving  its  repulfive  force, 
and  then  iharing  its  ek&ricity  with  another,  and  ob- 
ferving  the  diminution.  He  examined  the  graduation 
of  his  electrometer,  by  (haring  the  ele&ricity  of  one 
ball  with  an  equal  ball,  which  gave  him  the  pofition, 
that  indicated  one-half;  and,  by  repeating  this,  for  one- 
fourth,  &c.  in  the  fame  manner  as  we  pradifed  and  re¬ 
lated  in  Electricity  ( Svppl.)y  n°  141,  &c. 

An  example  of  one  or  two  of  thofe  trials  will  give  a 
clear  conception  of  the  conclufions  deduced  from  thefc 
obfer  vat  ions. 

The  ball  /  was  introduced  and  ele&riiied  ;  a  was  re¬ 
pelled,  and  fettled  at  40  ^  ;  the  index  was  twitted  140°, , 
which  brought  a  to  20  ;  and  the.  time  was  rioted.  The 
eleCtricity  gradually  d^fiipated,  and  a  came  nearer  to  r. 

The  index  was  unt willed  30°,  and  a  retired  a  little  be¬ 
yond  20°  ;  but  on  waiting  a  few  feconds,  it  Hood  ex- 
aCtly  at  20°.  The  time  was  again  noted.  The  inter- . 
val  was  exaCtly  three  minutes,  x  he  conclufion  from  the 
experiment  was  as  follows  : 

When  the  ball  was  brought  to  20°,  the  repulfion  was 
evidently  140  +  20,  or  160.  Three  minutes  after¬ 
wards  it  was  1  jo  +  20,  or  130  ;  and  30°  were  loft  in 
three  mniites,  or  io°  per  minute.  The  mean  force  was 
145.  Therefore  the  mean  lofs  per  minute  was  fjT. 

Obferve  alfo,  that  the  primitive  force  correfponding’to 
the  diftance  was  40  ;  and  the  force  correfponding  to 
20  was  160,  or  inverfely  as  20*  to  402. 

But  obferve,  that  the  diftances  were  not  meafured 
by  the  angles,  but  by  the  chord  of  the  angles.  The 
obliquity  of  aClion  mud  alfo  be  accounted  for ;  and  the 
real  lever  is  lefs  than  the  arm,  in  the  proportion  cf  ra¬ 
dius  to  the  cofine  of  i  the  angle. 

.  The  wire  ufed  by  Coulomb  in  his  firfl  experiments 
on  the  law  of  a&ion  was  of  fuch  ftrength,  that  T^th 
of  a  French  grain,  applied  at  the  point  a,  held  it  fail, 

till 
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-roir.e- till  the  twill-index  was  turned  360°  ;  fo  that  one  de- 
gree  corrtfponded  to  TT^.  of  a  grain.  A  foot  of 
this  wire  weighed  -s'g-tli  of  a  grain.  Experience  having 
fhewn  that  this  was  a  fenfibility  far  exceeding  what  was 
receftary  for  the  meafures  that  he  had  in  view,  and 
made  the  inftrument  too  delicate  for  common  ufes,  he 
fubllitu ted  much  ttrongcr  and  fhorter  wires,  ai  d  recom¬ 
mends  much  fmpjier  dimenfions  for  the  whole  inftrument. 
We  have  made  two  of  only  five  inches  in  diameter  and 
14  inches  high  ;  the  arm  ag  beit  g  2*  inclies,  ai  d  the 
iufpenfion  a  fugle  fbre  of  i?lk,  carrying  30  grains. 
It  is  far  more  fenfible  than  Bennet’s  gold  leaf  elec¬ 
trometer.  The  tame  inftrument,  with  a  filver  wire  fuf- 
penfion,  and  a  thread  of  lac  proje&ir.g  from  the  end^, 
as  an  index  to  coincide  more  clofely  with  the  fcale,  is 
fufnciently  nice  for  all  experiments  of  menfurement.  It 
is  always  proper  to  have  the  diameter  of  the  cylinder 
double  the  length  of  the  arm,  that  the  adlien  of  the 
glafs  may  not  difturb  the  pcfition  of  the  arm.  It  is 
greatly  improved  by  having  a  round  hoie  in  the  bottom 
of  the  inftrument,  in 'which  the  cylinder  C  0  of  the 
lower  pincer  may  hang  freely  :  this  prevents  much' tedi¬ 
ous  ofcillation.  For  ordinary  experiments,  for  meafur- 
ing  charges  of  batteries,  and  the  like,  a  much  lefs  deli¬ 
cate  inftrument,  with  a  fufrenfion-wire  ftrained  at  both 
ends,  is  abundantly  delicate,  and  vaftly  more  manage¬ 
able.  The  wire  fhould  extend  as  far  below  the  arm  as 
above  it,  and  fhould  be  gra.fped  below,  by  a  pincer  turn¬ 
ing  by  a  milled  head  in  a  bole  at  the  end  of  a  (lender 
fpring.  This  enables  us  to  adjuft  the  inftrument  fpeedi- 
}y.  Having  placed  the  twill- index  at  o,  turn  this  lower 
button  gently  till  the  ball  a  points  exactly  to  o  d?i  the 
paper  circle. '  Even  in  this  coarfeft  liate  we  have  found 
it  more  delicate,  and  much  more  exa&,  than  the  eledlro- 
rneter  described  in  Electricity  ( Suppl. ) ,  n*  85.  which 
was  much  more  coftly,  and  liable  to  accidents.  Cou¬ 
lomb's  eledlro meter  has  the  great  advantage  of  walling 
very  little  elc&rioity  ;  whereas  Henly’s,  or  Brookes’s, 
or  de  Luc's,  vvafte  it  very  fall  when  it  is  intenfe. 

We  improved  it  greatly  by  taking  away  the  appara¬ 
tus  with  the  ball  f,  and  fubftituting  the  piece,  fig.  5. 
for  it,  after  changing  its  conftrudlion  a  little.  Irilead 
of  the  wire  c  d ,  we  ufed  the  fmalleft  glafs  tube  that  we 
could  varnifh  on  the  infide,  by  drawing  through  it  a 
filk  thread  dipped  in  varnifh.  Having  varniflied  it  with 
lac  both  within  and  without,  a  brafs  ball  d  was -fixed 
on  its  lower  end,  and  a  line  wire,  with  a  ball  at  top, 
was  put  down  into  the  tube,  fo  as  to  touch  the  ball  be¬ 
low.  When  the  plug  was  fitted  into  the  hole  m  once 
for  all,  the  fituation  of  the  ball  d  fullered  no  alteration. 
When  delicate  experiments  are  to  be  made,  the  upper 
hall  c  is  touched  by  the  charger,  lig.  4.  which  eledlrifies 
d.  C  is  immediately  drawn  out  with  a  glafs  forceps  ; 
and  thus  d  is  left  completely  infulatcd.  When  external 
cjeftricity,  fuch  as  the  faint  cleflricity  of  the  atmo¬ 
sphere  is  to  be  examined,  the  wire  is  allowed  to  re¬ 
main  in  the  tube. — N  B.  A  fcrupulous  experimenter, 
who  may  objtfl  to  the  draining  lpring  recommended 
above,  may  fubllitute  a  lmall  weight,  which  will  be  con- 
flant  in  its  adlion. 

The  reader  will  obferve,  that  this  ele&rometer,  as 
hitherto  managed,  meafures  only  repulficns.  It  is  not 
fo  eafy  to  meafure  attradi-ons  with  it  ;  and  Mr  Cou¬ 
lomb  was  obliged  to  take  a  very  circuitous  method,  du¬ 
ring  which  a  great  deal  of  eie&ricity  was  difhpated. 
Li-this  refped,  the  eledlrofneter  defetibed  in  the  article 


his  mod  valuable  ex- 
( Phil.  Tran/.  1  798, 
Newton  would  have 

is  thus  deferibed  by 
kcond  volume  of  A7/- 
GH  (hg.  6.)  is  an 
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Electricity  (Suppl.)  has  the  advantage;  but  in  every Ek-rr,  N 
other  re  fee  <51,  Mr  Coulomb's  is  the  fined  ele&rotreter  i 
that  has  yet  been  pnblifaed,  giving  ahfolute  meafures,  and  — *  J 
this  with  great  accuracy.  The  Hon.  Mr  Cavcndifii 
has  employed  the  conftrudlfon  in 
periments  on  the  force  of  gravity 
Part  11)  ;  an  experiment  which 
been  delighted  with  obferving. 

C uthlertfon *s  El ecl Rome  ter 
bimftlf  in  the  lad  number  of  the 
iholfori* s  Philo fophical  Journal. 

oblong  piece  of  wood,  about  18  inches  in  length  and  fix 
in  breadth,  in  which  arc  fixed  three  glafs  iupporters, 

F>,  E,  F,  mounted  with  brafs  balls,  a ,  c,  h.  Gf  thefe 
fupporters  E  and  F  are  exadlly  of  the  fame  length  ; 
but  I)  is  four  inches  fhorter.  Under  the  brafs  ball  a 
is  a  long  brafs  hook  ;  the  ball  c  is  made  of  two  liemi- 
fpheres,  the  under  one  being  fixed  to  the  brafs  mount¬ 
ing,  and  the  upper  turned  with  a  groove  to  (hut  upon 
it.  fo  that  it  can  be  taken  off  at  pleafure.  The  ball  h 
lias  a  brafs  tube  fixed  to  it,  about  three  inches  long, 
cemented  on  the  top  of  F,  and  the  fame  ball  has  a  hote 
at  the  top,  of  about  one-half  inch  diameter,  correfpond- 
ing  with  the  infide  of  the  tube.  A  B  is  a  ft raiglu  brafs, 
wire,  with  a  knife- edged  centre  in  the  middle,  placed  a 
little  below  the  centre  of  gravity,  and  equally  balanced 
with  a  hollow  brafs  ball  at  each  end,  the  centre,  or 
axis,  retting  upon  a  proper  fhaped  piece  of  brafs  fixed 
in  the  infide  of  the  ball  c  ;  that  fide  of  the  hemifpliere 
towards  c  is  cut  open,  to  permit  the  end  c  A  of  the  ba¬ 
lance  to  defeend  till  it  touches  the  ball  a ,  and  the  upper 
hemifpliere  C  is  aifo  cut  open  to  permit  the  end  c  B  to 
afeend  ;  i  is  a  weight,  weighing  a  certain  number  of 
grains,  and  made  in  the*  form  of  a  pin  with  a  broad 
head  ;  the  ball  B  has  two  holes,  one  at  the  top,  and  -the 
other  at  the  bottom  ;  the  upper  hole  is  fo  wide,  as  to 
let  the  head  of  the  pin  pafs  through  it,  but  to  flop  at 
the  under  one,  with  its  ftiank  hanging  freely  in  b ;  k  is 
a  common  Henley’s  quadrant  electrometer;  and  when  in 
ufe  it  is  ferewed  upon  the  top  of  c. 

It  is  evident,  fiom  the  conflrudKon,  that  if  the  foot 
fland  horizontal,  and  the  ball  B  be  made  to  touch  b,  it 
will  remain  in  that  pofition  without  the  help  of  the 
weight  i ;  and  if  it  fhould  by  any  means  receive  a  very 
low  charge  of  eleftric  fluid,  the  two  balls  b ,  B,  will  re¬ 
pel  each  other  ;  B  will  begin  to  afeend,  and,  on  account 
of  the  centre  of  gravity  being  above  the  centre  of  mo¬ 
tion,  the  afcenfion  will  continue  till  A  reft  upon  a.  If 
the  balance  be  fet  again  horizontal,  and  the  pin  i  be 
put  into  its  place  in  B,  it  will  caufe  B  to  reft  upon  by 
with  a  prelTure  equal  to  that  weight,  fo  that  more  elec¬ 
tric  fluid  muft  be  communicated  than  formerly  before 
the  balls  will  feparate;  and  as  the  weight  in  B  is  increa- 
fed  or  dimiriifhed,  a  greater  or  lefs  quantity  of  ele&iic 
fluid  will  be  required  to  effeCl  a  feparation. 

When  this  inftrument  is  to  be  applied  to  a  jar,  or 
battery,  one  end  of  a  wire  L  muft  be  inferted  into  a 
bole  in  and  the  other  end  into  a  hole  of  any  ball  pro¬ 
ceeding  from  the  infide  of  a  battery,  as  M.  A  chain, 
or  wire,  or  any  body  through  which  the  charge  is  to 
pafs,  muft  be  hung  to  the  hook  at  m ,  and  carried  from 
thence  to  the  outiide  of  the  battery,  as  is  reprefented 
by  the  line  N.  k  rr  uft  be  ferewed  upon  c,  with  its  in¬ 
dex  towards  A.  I  he  reafon  of  this  inftrument  being 
added,  is  to  fbew,  by  the  index  continuing  to  life,  that 
the  chaige  of  the  battery  is  increafing,  been  ufe  the 

other 


1 


E  L  E  [  623  ]  EL  E 


Icpba' 


drone-  other  part  of  the  inftrument  does  not  a£l  till  the  battery 
ter  has  received  its  required  charge. 

It  is  almoft  needlefs  to  obferve  that  this  iuftrument 
.  conhfls  of  three  eleTrometers,  viz.  Henley’s  electrome¬ 
ter,  Lane’s  dlfcharging  electrometer  confiderably  im¬ 
proved.  and  Brookes’s  fteelyard  electrometer  improved 
likewiL.  By  this  combination  and  thefe  improvements, 
we  poffefs  all  that  can  be  required  in  an  electrometer 
for  batteries  and  large  jars  ;  for,  by  i,  we  fee  the  pro- 
grefs  of  the  charge  ;  by  the  feparation  of  B  b ,  we  have 
the  repuliive  power  in  weight ;  and  by  the  ball  A,  the 
difcharge  is  caufed  when  the  charge  has  acquired  the 
flrength  propofed. 

In  the  journal  from  which  this  abltraCt  is  taken,  the 
reader  will  find  fome  curious  experiments  made  with 
batteries  by  means  of  this  ele&rometer  ;  but  one  will 
be  fufficient  to  explain  its  ufe.  Prepare  the  eleClro- 
meter  in  the  manner  fhewn  in  the  figure,  with  the  jar 
M  annexed,  which  contains  about  1 63  fquare  inches  of 
coating.  Take  out  the  pin  in  B,  and  obferve  whether 
the  ball  B  will  remain  at  reft  upon  b ;  if  not,  turn 
the  adjuring  fcrew  at  C  till  it  juft  remains  upon  A. 
Put  into  B  the  pin,  marked  /,  weighing  15  grains; 
take  two  inches  of  watch  pendulum  wire,  fix  to  each 
end  a  pair  cf  fpring  tongs,  as  is  reprefented  at  G  m , 
hook  one  end  to  772,  and  the  other  to  the  wire  N,  com¬ 
municating  with  the  outfide  of  the  jar;  let  the  uncoat¬ 
ed  part  of  the  jar  be  made  very  clean  and  dry  ;  and  let 
the  prime  conductor  of  an  electrical  machine,  or  a  wire 
proceeding  from  it,  touch  the  wire  L  ;  then,  if  the  ma¬ 
chine  be  put  in  motion,  the  jar  and  eleCIrometer  will 
charge,  as  will  be  feen  by  the  rifing  of  the  index  of  h; 
and  when  charged  high  enough,  B  will  be  repelled  by 
Z',  and  A  will  defeend  and  difcharge  the  jar  through 
the  wire  which  was  confined  in  the  tongs,  and  the  wire 
will  be  fufed  and  run  into  balls.  The  ingenious  author, 
by  breathing  through  a  glafs  pipe  into  the  jar,  damped 
it  a  little  in  the  inlide.  Then  loading  B  with  a  pin  of 
30  grains,  he  obtained  fnch  a  charge  as  fufed  eight 
inches  of  watch  pendulum  wire,  difpofed  exactly  as  the 
two  inches  were  difpofed  in  the  former  experiment.  By 
repeating  and  varying  his  experiments,  he  found  that 
double  quantities  of  ele<ftrical  fluid,  in  the  form  of  a 
difcharge,  will  melt  four  times  the  length  of  wire  of  a 
certain  diameter. 

ELECTROPHORUS.  See  Electricity  in  this 


Supph  merit. 

ELEPHAS,  the  Elephant.  See  Encyclopedia ; 
where  the  natural  hiftory  of  this  huge  and  fagacious 
animal  is  detailed  at  confulerable  length.  Since  that 
article  was  published,  we  have  feen  the  third  volume  of 
the  Ajfiatic  Refearches,  in  which  fome  important  qutf- 
tions,  which  we  were  then  obliged  to  leave  in  uncer¬ 
tainty,  feem  to  be  decided  by  John  Corfe,  Efq  They 
relate,  iy?,  To  the  mode  in  which  elephants  copulate; 
which  Buffon  afferts  (and  in  proof  of  his  affertion  ad¬ 
duces  the  ftru&ure  and  pofition  of  the  generative  organ 
in  the  female)  to  be  performed  while  that  female  re¬ 
mains  recumbent  on  the  back;  but  which  Mr  Ccnfe  in¬ 
fills,  from  ocular  evidence,  takes  place  after  the  manner 
in  which  the  horfe  copulates  with  the  mare.  2./,  To 
the  method  of  receiving  nourilhment  from  the  mother; 
which  is  not,  as  Buffon  avers,  by  the  trunk,  but  by  the 
mouth,  which  fucks  the  dug,  while  the  trunk  of  the 
young  animal  grafps  it  round  to  prefs  out  the  milk. 

To  the  period  of  their  going  with  young  ;  which 


Mr  Corfe  conceives  cannot  be  lefs  than  two  years ; 
whereas  Buffon  and  Pennant  affign  only  nine  months 
for  the  ge Ration  of  their  young.  His  reafons  for  this 
fuppofuion  are  unauLverable,  and  fhall  be  given  in  his 
own  words. 

“  As  far  as  I  know,  the  exaft  time  an  elephant  goes 
with  young  has  not  yet  been  afeertained ;  but  it  cannot 
be  lefs  than  two  years,  as  one  of  the  elephants  brought 
forth  a  young  one,  twenty  one  months  and  three  day3 
after  fhe  was  taken.  She  was  obferved  to  be  with 
young  in  April  or  May  \J%8,  and  (he  was  only  taken 
in  January  preceding  ;  fo  that  it  is  very  likely  (he  muft 
have  had  comie&ion  with  the  male  fome  months  before 
(he  was  fecured,  otherwife  they  could  not  have  difeo- 
vered  that  (he  was  with  young,  as  a  feetus  of  lefs  than 
fix  months  cannot  well  be  fuppofed  to  make  any  alte¬ 
ration  in  the  fize  or  fhape  of  fo  large  an  animal.  The 
young  one,  a  male,  was  produced  O&ober  16,  1789, 
and  appeared  in  every  refpeCt  to  have  arrived  at  its  full 
time.  The  gentleman  to  whom  it  belongs  examined 
its  mouth  a  few  days  after  it  was  brought  forth,  and 
found  that  one  of  its  grinders  on.  each  fide  had  partly 
cut  the  gum.” 

When  Mr  Corfe  wrote  his  memoir,  the  young  ele¬ 
phant  was  aflive  and  well,  and  beginning  to  eat  a  little 
grafs.  In  Africa  the  Hottentots  feed  011  the  elephant ; 
and  M.  Vailant  declares,  that  an  elephant’s  foot,  when 
baked  in  their  manner,  is  a  mod  delicious  morfel. 

ELEPHANTIASIS  (fee  Medicine,  n"  352.  En - 
cycl. )  is  one  of  the  moft  dreadful  maladies  with  which 
the  human  race  is  anywhere  affli&ed.  It  is  not  indeed 
common,  if  it  be  found  at  all,  in  the  temperate  climates 
of  Europe  ;  but  it  is  frequent  in  the  Eaft  and  Weft  la¬ 
dies,  where  it  too  often  baffles  the  (kill  of  the  able  ft 
phyfieians.  In  the  fecond  volume  of  the  Afiatic  Re¬ 
fearches  we  have  the  following  prefer iption  for  its  cure: 

“  Take  of  fine  freih  white  arfenic  one  tola,  or  1  oj 
grains ;  of  picked  black  pepper  fix  times  as  much  :  let 
both  be  well  beaten  at  intervals  for  four  days  fucceffive#* 
ly  in  an  iron  mortar,  and  then  reduced  to  an  impalpa¬ 
ble  powder  in  one  of  (lone  with  a  ftooe  pefile,  and  thus 
completely  levigated,  a  little  water  being  mixed  with 
them.  Make  pills  of  them  as  large  as  tares  or  fmail 
pulfe,  and  keep  them  dry  in  a  fhady  place.  One  of 
thefe  pills  mull  be  f wallowed  morning  and  evening  with 
fome  betel  leaf,  or  in  countries  vjicre  betel  is  net  at 
hand,  with  cold  water  :  if  the  body  be  cleanfed  from 
foulnefs  and  obftru&ions  by  gentle  cathartics  and  bleed¬ 
ing  before  the  medicine  is  admiaiftered,  the  remedy  will 
be  fpeedier.” 

This  prefeription,  we  are  told,  is  an  old  fee ret  of  the 
Hindoo  phyfieians,  which  they  confider  as  a  powerful 
remedy  againft  all  corruptions  of  the  blood,  whether 
occaiHned  by  the  elephantkfis  or  the  venereal  diftafe, 
which  they  call  the  Perfian  fire,  and  which  they  apply 
likewife  to  the  cure  of  cold  and  moift  diitempers,  or 
palfy,  diftortions  of  the  face,  relaxation  of  the  nerves, 
and  fimilar  difeafes.  As- the  Hindoos  are  an  ingenious 
and  feientiftc  people,  it  might  be  worth  fome  European, 
phyfician’s  while  to  make  trial  of  this  ancient  medicine 
in  the  Weft  Indies,  where  the  elephantiafis  or  kindred 
difeafes  prove  fo  frequently  fatal. 

ELEVATION,  m  architecture,  denoies  a  draught 
or  defeription  of  the  principal  face  or  fide  of  a  building- 
called  alio  its  upright,  or  orthography . 

ELLIPSE,  or  Ellipsis^  is  one. of  the  conic  fec- 
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"Kill p Told  tions,  popularly  called  an  oval ;  being  called  au  ellipfe 
H  or  eUipJis  bj  Apollonius,  the  firft  and  principal  author 
^hn™.  on  the  con^c  becaufe  in  this  figure  the  fquares 

t  of  the  ordinates  are  lefs  than,  or  defective  of,  the  rec¬ 
tangles  under  the  parameters  and  abfeifies.  See  Conic 
Se8ions>  Encycl. 

ELLlPvSOID,  is  an  elliptical  fpheroid,  being  the 
folid  generated  by  the  revolution  of  an  ellipfe  about 
either  axis. 

ELLIPTOIDE,  ur  infinite  or  indefinite  ellipfis.  de- 
fined  by  the  indefinite  equation  ay  m  +  n  =r  b  xm  .a  —  xn 
when  morn  are  greater  than  1  :  for  when  they  are 
each  =  1,  it  denotes  the  common  ellipfe. 

There  are  feveral  kinds  or  degrees  of  eliiptoides,  de¬ 
nominated  from  the  exponent  m  +  n  of  the  ordinate  y. 
As  the  cubical  elliptoide,  exprefled  by  ay 3  =z  h  x * 


%a  —  X;  the  biquadiatic,  or  fur  folid  ay4~bx*  .a  —  x* ; 
&c. 

EMINENTIAL  equation,  a  term  ufed  by  fome 
algebraifts,  in  the  invelligation  of  the  areas  of  curvili- 
neal  figures,  for  a  kind  of  affumed  equation  that  con¬ 
tains  another  equation  eminently,  the  latter  being  a  par¬ 
ticular  cafe  of  the  former. 

ENAMELLING  of  Vessels  for  the  Kitchen. 
In  the  year  1 779  the  Society  of  Emulation  in  Paris 
propofed  as  a  prize  queftion,  “  To  difeover  a  contpof 


tion  fit  for  making  kitchen  utenfils  which  (hould  be 


free  from  the  difadvantages  attending  copper,  lead,  tin 
ned  vefiels,  glazed  earthen  ware,  See.  which  (hould  be 
as  ftrong  as  poffible,  lefs  coftly  than  the  vefiels  ufed  at 
prefent,  and  which  (hould  be  able  to  bear  the  higheft 
degree  of  kitchen  fire,  and  the  mod  hidden  changes 
from  heat  to  cold.” 

Ill  confequence  of  this  propofal,  Mr  Sven  Rinman  of 
the  Royal  Academy  of  Stockholm,  without  any  inten¬ 
tion  of  being  a  candidate  for  the  premium  offered  by 
the  Society  of  Emulation,  inflituted  a  fet  cf  experi¬ 
ments  on  fmall  vefiels  of  copper  and  hammered  iron, 
with  the  view  of  giving  to  them  a  coating  of  what 
may  properly  be  called  enamel ,  which  {hould  not  have 
the  defe&s  of  tinning,  and  which,  when  applied  to  iron, 
fhould  take  from  it  the  inconveniency  of  rulling,  and 
of  blackening  many  forts  of  vi&uals  when  they  are 
dreffed  in  it.  Thefe  experiments  he  fubmitted  to  the 
academy  of  which  he  was  a  member  ;  and  as  we  think 
them  important,  we  (hall  lay  the  fubfiancc  of  them  be¬ 
fore  our  readers. 

The  mod  common,  and  the  cheapeft,  kind  of  white 
enamel  that  is  to  be  met  with  in  the  (hops  (which  is  an 
opaque  white  glafs,  compofed  of  powdered  quartz,  of 
glafs  of  lead,  and  of  calx  of  tin),  was  tried  for  coat¬ 
ing  kitchen-utenlils  ;  and  he  found  that  it  was  excellent 
for  the  pijrpofe,  as  it  produced  a  coating,  which  was 
not  only  clean  and  agreeable  in  its  appearenee,  but  pof- 
fefied  likewile  all  the  power  of  refilling  the  a&ion  of 
fire  and  of  acids  that  could  be  dtiired.  But,  as  it  is 
very  difficult  to  apply,  is  very  dear  for  common  ufe, 
and  is  befides  coniidered  as  not  being  capable  of  refill¬ 
ing  violent  blows  or  Falls,  he  made  various  experiments 
with  fubfiances  of  lefs  price  ;  of  which  the  follow  ing  are 
certainly  worthy  of  being  related. 

1.  The  white  femi-tranfparent  fiuor  fpar  was  reduced 
into  a  fine  powder,  with  an  equal  quantity  of  unbuyit 
gypfum,  and  afterwards  calcined  in  a  ftrong  fire  with  a 
white  heat ;  the  whole  being,  from  time  to  time,  care- 
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fully  (lirred.  The  vefiel  which  he  intended  to  coat, 
having  firft  been  wetted  by  dipping  it  in  water,  had  as 
much  of  the  aforefaid  powder  applied  to  its  infide,  by 
means  of  a  very  fine  filk  fieve,  as  w  ould  adhere  to  it  of 
itfelf,  or  could  be  made  to  do  fo  by  preffing  it  with 
the  finger.  After  this  vefiel  had  been  dried  and  gra¬ 
dually  heated,  it  was  expofed  to  a  hidden  and  violent 
heat,  partly  in  a  coal  fire,  kept  up  by  a  pair  of  bellows 
(the  vefiel  being  at  the  fame  time  coveted,  fo  that  no 
coals  or  afiies  could  fall  into  it,),  and  partly  in  an  allay¬ 
ing  furnace. 

In  the  coal-fire,  and  with  a  heat  as  violent  as  is  com¬ 
monly  ufed  to  make  copper-folder  run,  the  mixture  was 
melted,  in  about  the  fpace  of  a  minute,  into  an  opaque 
white  enamel,  which  evenly  covered  the  furface  of  the 
copper,  and  fixed  itfelf  pretty  firmly  to  the  metal ;  it 
aifo  bore  hard  blow's  without  breaking,  and  refifted  the 
trials  made  boiling  things  in  it,  and  by  applying 
acids  to  it,  The  forementioued  mixture  was  alfo  redu¬ 
ced  into  a  fine  powder  in  a  glafs  mortar,  and  made  into 
a  iort  of  thin  pafte  with  water  ;  it  was  then  applied  to 
the  vefiel  with  a  fmall  brufh,  an  operation  as  eafy  a* 
that  of  applying  any  other  wet  colouring  matter.  He 
likewife  tried  this  pafte,  by  covering  vefiels  with  it  in 
the  fame  way  the  potters  apply  their  common  glazing 
for  ftone-ware.  By  both  the  above-mentioned  procefie* 
he  obtained  a  very  fmooth  coating,  particularly  by  the 
lattes,  which  is  more  quickly  performed.  When  the  pafle 
is  applied,  the  vefiel  (hould  be  made  a  little  warm,  fo 
alfo  (hould  the  pafte  itfelf. 

If  the  eonftituent  parts  of  thefe  two  fubftanees  be  con- 
fidered  (that  is  to  fay,  that  gypfum  is  compofed  of  calca¬ 
reous  earth  faturated  with  vitriolic  (fulphuric)  acid,  and 
fiuor  fpar  of  a  particular  acid  united  to  filiceons  earth  ; 
alfo,  that  the  whole,  when  put  into  the  fire  without  the 
addition  of  any  other  fubftance,  is,  of  all  earthy  or  ftony 
mixtures,  that  which  the  moft  eafily  melts  into  an  o- 
paque  white  glafs,  not  very  brittle),  and  if,  on  the 
other  hand,  the  action  of  acids  be  attended  to— vve  (hall 
eafily  conceive  thefe  fubftanees  mult  attach  themfelvc* 
ft  rongly  to  copper,  and  that  the  varnifh  formed  by  them 
cannot  afterwards  be  diftblved  or  acled  upon  by  acids. 

The  greateft  difficulty  attending  on  this  iiinpie  mix¬ 
ture  is,  the  ftrong  and  fudden  heat  neceftary  to  apply  it 
with  effe&,  that  heat  being  greater  than  is  commonly 
to  be  obtained  in  an  aflayiug  furnace.  On  that  ac¬ 
count,  M.  Rinman  endeavoured  to  render  it  more  fu- 
fible  by  the  addition  of  fome  other  fubftance. 

Of  his  experiments  made  with  this  view,  fome  failed, 
and  others  fucceeded.  We  (hall  record  only  fneh  as  were 
fuccefsful,  and  at  fame  time  attended  with  fuch  mode¬ 
rate  expence  as  not  to  preclude  them  from  common  ufe. 

2.  With  the  fubftanees  employed  in  his  fuft  experi¬ 
ment,  which,  with  the  author,  we  (hall  henceforth  call 
n°  1,  he  mixed  an  equal  quantity  of  what  is  called ///- 
fible  glafs  (vitrum  fufihile),  compofed  of  fix  parts  of 
lime,  four  of  flnor  (par,  two  of  quartz  reduced  into  a 
fine  powder,  and  one  tenth  of  a  part  of  manganefe  ; 
the  whole  having  been  calcined,  and  ground  with  wa¬ 
ter,  in  the  manner  colours  are  ground,  lie  fpread  it  on 
the  vefiel  with  a  brufh.  This  mixture  ran  pretty  well 
upon  the  copper  in  the  coal  fire  ;  it  alfo  attached  itfelf 
very  ftrongly  to  it,  and  produced  an  enamel  which  was 
firm  and  hard,  and  feemed  likely  to  bear  wear  ;  but 
it  was  of  a  dark  grey  colour,  and  without  any  brillian- 
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smef*  cy,  The  mixture  did  not  melt  more  readily  in  the  af- 
faying  furnace. 

Two  parts  of  n°  r.  with  one  part  of  the  fufible  glafs, 
and  a  quarter  of  a  part  of  manganefe,  had  nearly  the 
fame  effect.  This  laft  mixture,  indeed,  was  rather  more 
eafily  melted,  but  it  had  a  darker  colour. 

3.  Eight  parts  of  n°  1.  with  one  half  of  a  part  of 
borax,  one  quarter  of  a  part  of  nitre,  and  half  a  part 
of  manganefe,  were  melted,  in  the  fpace  of  ten  minutes, 
into  a  brown  liver-coloured  ’glafs  ;  which,  in  the  af- 
faying  furnace,  produced  upon  the  copper  veflel  a  black 
enamel,  which  had  a  dull  furface.  Tn  other  refpefts  it 
was  firm,  even,  and  hard  ;  but  it  did  not  fuffieiently  co¬ 
ver  the  veflel  by  a  Angle  application,  nor  was  it  capable 
of  refilling  the  a£lion  of  acids. 

4.  One  part  of  the  brown  glafs  mentioned  in  the  laft 
experiment,  with  three  parts  of  riQ  1.  became,  in  the 
aflaying  furnace  with  a  red  heat,  almoft  as  fluid  as  the 
lad,  and  had  an  even  and  fmooth  furface  ;  but  it  was  of 
a  dark  colour,  and  had  not  any  brilliancy.  It  was  not 
fenfibly  a£led  upon  by  vitriolic  (fulphuric)  acid. 

5.  Four  parts  of  110  1.  mixed  with  one  half  of  a  part 
of  litharge,  were  melted  in  a  crucible,  with  the  help  of 
the  bellows,  in  five  minutes,  fo  as  to  become  as  fluid  as 
water.  This  mixture,  during  the  fufion,  emitted  a 
fmell  of  fulphureous  acid,  and  formed  an  opaque  glals 
of  a  ftravv  colour  ;  which,  after  being  ground,  as  ufual, 
and  fpread  upon  a  copper  veflel,  produced  an  enamel 
which  covered  the  veflel  very  evenly,  and  was  with¬ 
out  bubbles.  It  was  Hkewife,  perhaps,  the  hardeft  of 
all,  but  could  not  be  melted  in  the  aflaying  furnace, 
requiring  a  ftronger  fire  kept  up  by  the  bellows.  It 
preferved  its  ftraw  colour,  but  without  any  luftre,  and 
refilled  the  action  of  acids  better  than  the  common  gla¬ 
zing  of  the  potters 

6.  Mr  Rinman  mixed  together  equal  quantities  of 
gypfum,  fluor  fpar,  and  what  the  potters  call  •white 
had  (a),  and  which  ferves  for  the  bafis  of  their  glazing. 
This  mixture,  after  being  calcined,  melted  in  five  mi¬ 
nutes,  with  the  afiiftance  of  a  pair  of  bellows,  into  a 
very  white,  hard,  and  opaque  enamel,  which  was  very 
eafily  poured  out  of  the  crucible.  This  enamel,  treat¬ 
ed  like  the  others,  ran  very  freely,  equally,  and  with¬ 
out  bubbles,  by  the  heat  of  the  aflaying  furnace.  Tt 
was  alfo  pretty  hard  and  ftrong,  but  without  any  luftre, 
and  had  green  and  yellow  fpots,  occafioned  by  the  acids 
of  the  gypfum  and  fluor  fpar,  which  had  a£ted  upon 
the  copper  during  the  fufion  of  the  enamel.  It,  how¬ 
ever,  bore  melting  two  or  three  times,  and  then  ap¬ 
peared  of  a  white  qolour  ;  it  was  but  very  little  affeded 
by  other  acids. 

7.  Equal  parts  of  fluor  fpar,  of  gypfum,  of  litharge, 
and  of  pure  flint  glafs,  powdered  and  mixed  together, 
melted  in  five  minutes,  by  the  help  of  a  pair  of  bellows, 
and  produced  a  white  and  hard  glafs,  very  like  that 
of  the  laft  experiment,  but  rather  harder.  After  being 
applied  on  the  veflel  in  the  ufual  manner,  it  formed, 
with  the  greateft  heat  of  an  aflaying  furnace,  an  ena¬ 
mel  of  a  yellowifh  white  colour,  firm  and  hard,  but 
without  luftre.  In  order  to  avoid  the  formation  of 
bubbles,  care  was  taken  (as  ought  always  to  be  done 
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in  enamelling)  to  remove  the  veflel  from  the  fireaafoort 
as  it  had  acquired  a  brilliant  appearance  therein,  or  as> 
foon  as  the  enamel  was  completely  melted. 

8.  Twelve  parts  of  glafs  of  lead,  or  of  litharge,  with 
eight  parts  of  flint  glafs,  and  two  of  flowers  of  zinc, 
were  melted,  in  the  fpace  of  feven  minutes,  inco  a  clear 
yellow  glafs,  which,  when  ufed  for  enamelling,  was  dif* 
pofed  to  form  bubbles  ;  but,  by  continuing  the  heat  for 
a  longer  time,  the  bubbles  were  difperfed,  and  he  ob¬ 
tained  a  pretty  good  enamel,  of  a  yellow  brown  colour 
with  a  greenifh  call,  very  hard  and  firm.  It  refilled 
the  a&ion  of  the  vegetable  acids,  like  the  enamels  al¬ 
ready  fpoken  of,  but  it  was  a  little  attacked  by  the  mi¬ 
neral  acids. 

9.  He  powdered  and  mixed  together  five  parts  of  fluor 
fpar,  five  parts  of  gypfum,  two  parts  of  minium,  one 
half  of  a  part  of  borax,  two  parts  of  flint  glafs,  one  half 
of  a  part  of  calx  of  tin,  and  only  one  twenty- fifth  of  a 
part  of  calx  of  cobalt.  This  mixture  was  melted  in  a 
crucible  in  fix  minutes,  by  help  of  the  bellows,  and  pro¬ 
duced,  an  opaque  glafs  of  a  pearl  colour,  a  little  incli¬ 
ning  to  blue,  on  account  of  the  calx  of  cobalt.  It 
was  pretty  hard,  and,  after  being  ground  with  water 
in  the  ufual  way,  it  became  of  a  very  good  confidence, 
fo  as  to  be  very  fit  for  fpreading  over  veffels,  to  which 
it  adhered  very  ftrongly.  If  any  bubbles  formed  on 
the  veflel  during  its  drying,  they  might  be  rubbed  down 
with  the  finger,  and  the  whole  furface  rendered  fmooth 
and  even.  After  being  warmed,  and  gradually  heated, 
it  was  put  into  an  affaying  furnace  made  very  hot  with 
birch  charcoal,  which  had  been  juft  kindled  under  the 
muffle.  After  a  minute  it  melted,  and  began  to  appear 
brilliant  ;  fo  that  he  found  it  neceflary  to  take  out  the 
veflel  very  quickly,  which  was  already  very  evenly  coat¬ 
ed  with  a  thick,  and  fuffieiently  hard,  enamel,  the  fur- 
face  of  which,  however,  had  no  brilliancy. 

The  colour  remained  always  inclining  to  green,  be- 
caufe  the  copper  had  been  a  little  attacked  by  the  acids 
of  the  gypfum  and  fluor  fpar  during  the  fufion  ,•  but 
in  other  refpe&s  this  enamel  was  very  firm,  was 'very 
little  hurt  by  flight  blows,  and  bore  very  well  fudden 
changes  of  heat  and  cold.  Weak  acids  had  no  atliou 
upon  it;  but  he  had  fome  reafon  to  think  that  it  would, 
in  length  of  time,  have  been  a£ted  upon,  to  a  certain 
degree,  by  vitriolic  (fulphuric)  acid.  Its  colour,  ex¬ 
cept  the  forementioned  fhade  of  green,  was  white,  with 
a  dull,  and  rather  changeable,  furface. 

The  calx  of  cobalt  which  has  been  juft  mentioned, 
and  which  Mr  Rinman  made  ufeof  merely  with  the  in¬ 
tention  of  obtaining  a  fine  colour,  was  prepared  by  fa- 
turating  a  folution  of  cobalt  in  aquafortis  (nitric  acid) 
with  common  fait,  and  evaporating  to  dryneis ;  by 
which  means  he  obtained  a  fine  rofe-coloured  calx.  A 
very  fmall  quantity  of  this  calx,  when  mixed  with  any- 
fufible  glafs,  gives  it  a  beautiful  blue  colour. 

Of  the  various  fpecics  of  enamel,  which  have  been 
deferibed  in  the  courfe  of  tliefe  experiments,  and  which 
may  be  all  applied,  with  more  or  lefs  advantage,  to 
kitchen  utenfils,  the  leaft  expenfive  are  nos  i,  2,  and 
5.  ;  but  they  are  alfo  tliofe  which  require  the  greateft 
heat.  On  the  other  hand,  n°  9.  may  be  recommended 
4  K  as 
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(a)  This  fubftance  is  itfelf  a  mixture,  being  compofed  of  four  parts  of  lead  and  one  of  tin. 
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2ramd-  as  the  moft  eafy  of  fufion,  and,  at  the  fame  time,  very  already  been  made,  melted  with  the  fame  facility  ;  it  Ensn 
durable  when  ufed  for  coating  veffels  in  which  victuals  produced  a  very  fmooth  enamel,  of  a  grey  colour,  but 
are  to  be  dreffed,  which  is  here  the  principal  object,  and  more  firm  and  hard  than  the  former,  and,  on  account  of  £n{P 

k  of  far  greater  importance  than  the  brilliant  appear-  the  addition  made  to  it,  of  a  flill  lefs  price.  By  mixing - ^  j 

ahee  re  fill  ting  from  the  enamel  generally  ufed  by  artifls,  with  the  fame  glafs  afmall  quantity  of  crocus  martis,  he 
which  however  may  be  employed  when  the  faving  of  obtained  a  very  fine  enamel,  of  a  dark  red  colour,  not 
cxpence  is  not  regarded.  to  mention  other  colours  in  it  flill  more  beautiful.  The 

-  The  enamels  hitherto  deferibed  are  not  applicable  to  crocus  martis  he  ufed  in  this  experiment  was  prepared 
veffels  made  of  iron,  though  they  may  be  employed  to  from  a  folution  of  iron  in  aqua  regia  (nitro- muriatic 
cover  copper  with  great  advantage.  Iron  will  not  in-  acid),  which  was  evaporated  to  dryntfs,  and  the  matter 
deed  bear  the  common  praCtice  of  enamellers,  namely,  thus  edulcorated  and  calcined. 

to  be  put  into  the  fire  and  taken  out  again  feveral  times;  1 3.  In  order  to  render  the  forementioned  enamel 
for  the  fparks  which  fly  from  iron,  when  in  a  hot  more  folid,  and  to  give  it  what  is  called  body,  he  melt- 
fire,  detach  and  carry  off  the  enamel  from  the  parts  ed  together  a  mixture  of  twelve  parts  of  flint  glafs, 
contiguous  to  thofe  where  the  fparks  are  formed.  The  eighteen  parts  of  minium,  four  parts  of  potafh,  four 
acids,  too,  of  the  gypfum  and  fluoi  fpar,  made  ufe  of  parts  of  nitre,  two  parts  of  borax,  three  parts  of  calx 
in  the  enamels  already  mentioned,  a&ed  upon  the  iron  of  tin,  and  one  eighth  part  of  calx  of  cobalt,  obferving 
during  the  fufion  of  the  enamel,  from  which  refulted  always  the  ufual  precautions.  He  obtained  a  glafs  of 
bubbles  and  bare  fpots,  which  entirely  fpoiled  the  ap-  a  light  blue  colour,  which,  after  having  been  ground 
pearance  of  the  work.  Our  author  therefore  continu-  with  water,  and  fpread  upon  fmall  iron  bafins,  or  tea 
ed  his  experiments  with  a  view  to  difeover  a  proper  cups,  produced,  by  means  of  a  brifk  fire  in  an  affaying 
enamel  for  veffels  made  of  this  metal.  furnace,  an  enamel  which  was  fmooth  and  even,,  and  of 

10.  He  reduced  into  a  very  fine  powder,  and  ground  a  pearl  colour.  The  coating  was  of  a  proper  thick nefs, 

together,  nine  parts  of  minium  (red  ox  yd  of  lead),  to  obtain  which  requires  a  certain  degree  of  dexterity 
fix  parts  of  flint  glafs,  two  parts  of  pure  potafh,  two  and  praCtice.  He  alfo  tried  to  paint  upon  this  enamel 
parts  of  purified  nitre,  and  one  part  of  borax.  This  with  what  is  called  mineral  purple  (purpura  mineralis ), 
mixture  was  put  into  a  large  crucible,  which  it  only  which  he  ufed  with  a  little  powdered  quartz,  nitre,  and 
half  filled  ;  he  covered  the  crucible  fo  that  no  coals  borax  ;  it  produced  a  very  beautiful  red  colour, 
could  fall  into  it,  and  gradually  increafed  the  fire  under  Though  this  lafl  mentioned  compofuion  is  more  beau- 
it.  When  the  effervefcence  had  entirely  ceafed,  he  tiful  when  applied  upon  iron,  and  more  even  than  the 
caufed  the  mixture  to  melt,  by  ufing  the  bellows  for  preceding,  it  has  the  difadvantage,  on  account  of  the 
four  or  five  minutes ;  by  thefe  means  he  obtained  a  falts  which  it  contains,  of  not  refilling  the  a&ion  of  the 

clear  and  compaCt  glafs,  which  he  poured  out  of  the  ftronger  vegetable  acids,  and  flill  lefs  that  of  the  mine- 

crucible  upon  a  piece  of  marble.  Having  quenched  it  ral  ones.  But  as  a  veffel  when  coated  with  this  ena- 

in  water,  and  reduced  it  to  a  very  fine  powder  in  a  mel  bears,  without  any  injury,  fudden  changes  of  heat  | 
glafs  mortar,  he  ground  it  with  water  to  the  confidence  and  cold,  and  alfo  to  have  any  greafy  mixtures  baked 
of  a  very  thin  pafle.  He  then  covered  an  iron  veffel  or  boiled  in  it  (even  thofe  which  are  of  a  cauftic  alka-  1 

with  it  on  both  fides,  which,  after  having  dried  and  line  nature,  or  thofe  which  contain  the  ufual  weak  acids 

heated  it  by  degrees,  he  put  under  a  muffle  well  heated  which  are  ufed  in  the  preparation'  of  our  food),  it  may 
in  an  affaying  furnace.  The  enamel  melted  very  readily  be  applied  to  veffels  of  various  kinds,  among  others  to 
in  the  fpace  of  half  a  minute,  and  with  a  very  brilliant  tea  cups ;  particularly  as  jt  is  neither  brittle  nor  fub- 
appearance.  He  immediately  withdrew  the  veffel,  and  jeCt  to  crack,  provided  it  is  not  expofed  to  violent 
let  it  cool :  it  was  found  to  be  entirely  coated  with  a  blows.  It  is  hardly  neceffary  to  fay,  that  this  enamel 
beautiful  enamel  of  a  black  colour  ;  which  colour  ap-  can  only  be  applied  upon  veffeh  made  of  hammered 
peared  to  be  caufed  by  a  thin  layer  of  calcined  iron,  iron,  and  not  upon  thofe  of  cafl  iron,  thefe  laft  being 
which  might  be  feen  through  the  tranfparency  of  the  always  too  thick  to  be  heated  with  fufficient  quicknefs ; 
enamel.  for  the  greater  is  the  fpace  of  time  neceffary  to  make 

A  copper  veffel  having  been  covered  with  the  fame  the  veffels  red  hot,  the  greater  is  the  quantity  of  feales 
enamel,  the  fine  colour  of  the  copper  was  vifible  through  formed  upon  them,  and,  of  courfe,  the  enamel  becomes 
the  thin  coat  of  glafs  ;  and  it  was  as  well  defended  from  more  injured. 

rufl  by  this  coating  a3  it  would  have  been  hy  an  enamel  Our  author  makes  fome  other  judicious  observations 
of  a  flronger  kind.  on  the  enamel  for  iron,  of  which'  he  has  deferibed  the 

11.  To  hinder  the  colour  of  the  metal  from  being  compofiti^n,  and  fays,  that,  independent  of  its  ufe  for 
feen  through  the  coating  he  added  to  the  mixture,  ufed  coating  kitchen  utenfils,  it  might  be  made  to  ferve 
in  the  preceding  experiment,  only  one  hundredth  part  many  other  purpofes,  fuch  as  preferving  things  made 
of  the  calx  of  cobalt  deferibed  in  n°  9.  The  whole  of  that  metal,  not  only  from  ruft,  but  alfo,  as  he  proved 
was  melted  into,  a  beautiful  blue  glafs;  it  was  prepa-  by  experiment,  to  a  certain  degree,  from  calcination, 
red  for  enamelling,  and  applied,  in  the  manner  before  ENCAUSTIC  Painting.  See  Painting  in  this 
deferibed,  upon  another  iron  veffel.  The  enamel  pro-  Supplement . 

ved  to  be  fmooth,  thick,  and  brilliant,  like  the  prece-  ENFIELD  (William,  L-  L.  D.),  well  known  in 
ding,  but  it  covered  the  veffel  more  perfectly ;  it  was  the  learned  world  by  feveral  ufeful  and  elegant  publi* 
of  a  fine  blue  colour,  with  fome  bk*:k  fpot3  in  thofe  cations,  was  born  at  Sudbury,  on  March  29,  O.  S. 
parts  where  it  had  been  mofl  thinly  applied.  174*1  parents  in  a  humble  walk  of  life,  but  of  very 

12.  The  glafs  of  n°  10.  reduced  into  powder,  and  refpeCtable  characters.  His  amiable  difpofition  and 
ground  with  potters  white  lead,  of  which  mention  has  promifing  talents  early  recommended  him  to  the  Rev*. 
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&ld.  Mr  Hextall,  the  diffenting  minifter  of  that  place,  who 
7 —  took  great  care  of  his  education,  and  infufed  into  his 
young  mind  that  tafte  for  elegance  in  compofition  which 
ever  afterwards  diftinguifhed  him. 

In  his  17th  year  he  was  fent  to  the  academy  at  Da- 
ventry,  then  under  the  direction  of  the  Rev.  Dr  Alh- 
worth,  where  he  palled  through  the  ufual  courfe  of  in- 
ftru&ion  preparatory  to  the  office  of  the  miniftry  ;  and 
with  fuch  fuccefs  did  he  cultivate  the  talents  of  a 
preacher,  and  of  an  amiable  man  in  fociety,  that,  on 
leaving  the  academy,  he  was  at  once  chofen,  in  17 63, 
minifter  of  the  very  refpe&able  congregation  of  Benn’s 
Garden  in  Liverpool. 

In  that  agreeable  town  he  palled  feven  of  the  happieft 
years  of  his  life,  very  generally  beloved  and  efteemed. 
He  married,  in  1767,  the  daughter  of  Mr  Holland  dra¬ 
per  in  Liverpool,  with  whom  he  palfed  all  the  reli  of 
his  days  in  mod  cordial  union.  His  literary  reputation 
was  extended,  during  his  refidence  in  this  place,  by  the 
publication  of  two  volumes  of  fermons,  which  were  very 
well  received,  and  have  ferved  to  grace  many  pulpits 
beftdes  that  in  which  they  were  originally  preached.  A 
collection  of  hymns  and  of  family  prayers,  which  he 
alfo  publiffied  at  Liverpool,  did  credit  to  his  tafte  and 
judgment. 

About  1770,  he  was  invited  to  take  a  (hare  in  the 
conduCl  of  the  academy  at  Warrington,  and  alfo  to  oc¬ 
cupy  the  place  of  minifter  to  the  diflenting  congrega¬ 
tion  there,  both  vacant  by  the  death  of  the  Rev.  Mr 
Seddon.  His  acceptance  of  this  honourable  invitation 
was  a  fource  of  a  variety  of  mixed  fenfations  and  events 
to  him,  of  which  anxiety  and  vexation  compofed  too 
large  a  lhare  for  his  happinefs.  No  affiduity  on  his 
part  was  wanting  in  the  performance  of  his  various  du¬ 
ties;  but  the  difeafes  of  the  inftitution  were  radical  and 
incurable  ;  and  perhaps  his  gentlenefs  of  temper  was  ill 
adapted  to  contend  with  the  difficulties,  in  matter  of 
difeipline,  which  feem  entailed  on  all  dilfenting.acade- 
mics,  and  which,  in  that  fituation,  fell  upon  him,  as  the 
domeftic  refident,  with  peculiar  weight.  He  always, 
however,  polfelfed  the  refpeCl  and  afleCtiou  of  the  bell 
difpofed  of  the  ftudents ;  and  there  was  no  reafon  to 
fuppoie  that  any  other  perfon,  in  his  place,  could  have 
prevented  that  diffolution  which  the  academy  under¬ 
went  in  1 783, 

During  the  period  of  his  engagement  there,  his 
indefatigable  induftry  was  exerted  in  the  compofi¬ 
tion  of  a  number  of  works,  moftly,  indeed,  of  the 
clafs  of  ufeful  compilations,  but  containing  valuable  dif- 
plays  of  his  powers  of  thinking  and  writing.  The  moll 
confiderable  was  his  “  Inftitutes  of  Natural  Philofo- 
phy”  (quarto,  Johnfon,  1783)  ;  a  clear  and  well-arran¬ 
ged  compendium  of  the  leading  principles,  theoretical 
and  experimental,  of  the  fciences  comprifed  under  that 
head.  "And  it  may  be  mentioned,  as  an  extraordinary 
proof  of  his  diligence  and  power  of  comprehenfion, 
that,  on  a  vacancy  in  the  mathematical  department  of 
the  academy,  which  the  ftate  of  the  inftitution  render¬ 
ed  it  impoffible  to  fupply  by  a  new  tutor,  he  prepared 
himfelf,  at  a  Ihort  warning,  to  fill  it  up  ;  and  did  fill  it 
with  credit  and  utility,  though  this  abftrufe  branch  of 
feience  had  never  before  been  a  particular  objeR  of  his 
lludy.  He  continued  at  Warrington  two  years  after  the 
academy  had  broken  up,  taking  a  few  private  pupils. 

In  1785,  receiving  an  invitation  from  the  principal 


diffenting  congregation  at  Norwich,  he  accepted  it, 
and  firft  fixed  his  refidence  at  Thorpe,  a  pleating  vil¬ 
lage  near  the  city,  where  he  purfued  his  plan  of  taking 
a  limited  number  of  pupils  to  board  in  his  houfe.  He 
afterwards  removed  to  Norwich  itfelf ;  and,  at  length, 
fatigued  with  the  long  cares  of  education,  entirely  cea- 
fed  to  receive  boarders,  and  only  gave  private  inliruc- 
tion3  to  two  or  three  ^feleCl  pupils  a  few  hours  in  the 
morning.  This  too  he  at  lait  difeontinued,  and  devo¬ 
ted  himfelf  folely  to  the  duties  of  his  congregation,  and 
the  retired  and  independent  occupations  of  literature. 
Yet,  in  a  private  way  and  fmall  circle,  few  men  had 
been  mdre  fuccefsful  in  education,  of  which  many  ftii- 
king  examples  might  be  mentioned,  and  none  more  fo 
than  the  members  of  his  own  family.  Never,  indeed, 
was  a  father  more  defervedly  happy  in  his  children;  but 
the  eldeft,  whom  he  had  trained  with  uncommon  care, 
and  who  had  already,  when  juft  of  age,  advanced  in  his 
profcffional  career  fo  far  as  to  be  chofen  town-clerk  of 
Nottingham,  was  moll  unfortunately  fnatched  away  by 
a  fever  a  few  years  fince. 

This  fatal  event  produced  effeCl3  on  the  doClor’s 
health  which  alarmed  his  friends.  The  fymptoms  were 
thofe  of  angina  pe  ft  oris ,  and  they  continued  till  the  ufual 
ferenity  of  his  mind  was  reftortd  by  time  and  employ¬ 
ment.  Some  of  the  laft  years  of  his  life  were  the  moll 
comfortable  :  employed  only  in  occupations  which  were 
agreeable  to  him,  and  which  left  him  mailer  of  hid  own 
time;  witneffing  the  happy  fettlcment  of  two  of  his 
daughters  ;  contraRea  in  his  living  within  the  domeftic 
privacy  which  beloved;  and  conne&ed  with  fome  of 
the  moll  agreeable  literary  companions,  and  with  a  fet 
of  the  moll  cordial  and  kind-hearted  friends  that  per¬ 
haps  this  ifiand  affords,  he  feemed  fully  to  enjoy  life  as 
it  flowed,  and  indulged  himfelf  in  plealing  profpe&s  for 
futurity.  Alas!  an  unfufpeRed  and  incurable  difeafe 
was  preparing  a  fad  and  fudden  change  :  a  fchirrou3 
contraction  of  the  reClum,  the  fymptoms  of  which  were 
miftaken  by  himfelf  for  a  common  laxity  of  the  bowels, 
brought  on  a  total  floppage,  which,  after  a  week's 
ftruggle,  ended  in  death.  Its  gradual  approach  gave 
him  an  opportunity  to  difplay  all  the  tendernefs,  and 
more  than  the  ufual  firmnefs,  of  his  nature.  He  died 
November  3.  1797,  amidft  the  kind  offices  of  mourn¬ 
ing  friends,  and  his  laft  hours  were  peace ! 

Befides  the  literary  performances  already  mentioned, 
Dr  Enfield  completed,  in  1 79 r,  the  laborious  talk  of 
an  abridgment  of  “  Brucker's  Hiftory  of  Philofophy,” 
which  he  comprifed  in  two  volumes  quarto.  It  may 
be  truly  fa  id,  that  the  tenets  of  philofophy  and  the 
lives  of  its  profelfors  were  never  before  difplayed  in  fo 
plealing  a  form,  and  with  fuch  clearnefs  and  elegance 
of  language.  Indeed  it  was  his  peculiar  excellence  to 
arrange  and  exprefs  other  mens  ideas  to  the  utmoil  ad¬ 
vantage.  Perhaps,  at  the  time  of  his  deceafe,  there 
was  not  in  England  a  more  perfeCl  mailer  of  what  is 
called  the  middle  Ryle  in  writing,  combining  the  qua¬ 
lities  of  eafe,  elegance,  perfpicuity,  and  correClnefs,  en¬ 
tirely  free  from  affeClation  and  fingularity,  and  fitted  for 
any  fubjedti  If  his  call  of  thought  was  not  original, 
yet  it  was  free,  enlarged,  and  manly.  What  he  was  in 
the  capacity  of  a  teacher  of  religion,  his  fever al  congre¬ 
gations  will  teftify  with*  grateful  and  afFe&ionate  re- 
memberance.  Few  minifters  have  paid  fuch  unremit¬ 
ting  attention  to  the  peife&ion  of  their  pulpit  compo* 
4  K  2  lit  ions  ; 
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fenfield  fitiorw  ;  nor  was  it  only  by  detached  difcourfes  that  he 
H  inculcated  the  truths  of  morality  and  religion,  but  by 
Engraft-  meihod;cai  plan3  Gf  inftrUaion,  drawn  up  with  great 
care  and  comprehenfton.  The  valuable  ftores  of  this 
kind  which  he  left  behind  him,  will  not  be  configned 
to  oblivion  ;  but,  it  is  hoped,  will  inform  and  improve 
numbers  to  whom  the  voice  of  the  preacher  could  never 
have  extended.  In  delivery,  his  manner  was  grave  and 
imprefiive,  depending  rather  on  the  Weight  of  juft:  enun¬ 
ciation  than  on  the  arts  of  oratory.  Little  need  be 
added  to  this  (ketch  of  the  moral  qualities  of  the  excel- 
-lent  man  above  commemorated.  If  modeiation,  com¬ 
pliancy,  and  gentle nefs  were  ever  prevalent  in  him  to  a 
degree  of  excefs,  who  that  knew  him  will  blame  an  ex- 
cefs  which  opened  his  foul  to  every  emotion  and  office 
‘cf  affe&ion  and  friend  (hip  ? 

This  account  of  Dr  Enfield,  which  is  taken  from  the 
Monthly  Magazine,  is  acknowledged  by  its  author  to 
be  the  effufion  of  friendfhip  ;  but  we  believe  that  the 
panegyric,  though  high,  is  in  general  juft.  It  is  our 
duty,  however,  to  warn  our  readers  againfl  placing  im¬ 
plicit  confidence  in  the  Dolor’s  reprefentation  of  an¬ 
cient  philofophy;  for  though  we  have  frequently  found 
him  correct,  and  have  therefore  quoted  him  with  ap¬ 
probation  ourfelves,  we  have  likewife  found  him  fome- 
■trmes  miftaking  the  fenfc  of  his  authors.  In  a  work 
like  his,  miftakeS  were  indeed  unavoidable  ;  for  when 
he  refolved  to  comprefs  the  fubftance  of  BruckePs  live 
‘Volumes  within  the  compafs  of  two,  he  could  not  avoid 
Sometimes  giving  what  lie  thought  the  fittfe  of  the  an¬ 
cients,  when  accuracy  required  their  very  words  to  be 
given.  This  we  believe  to  be  the  fource  of  thofe  errors 
in  his  elegant  hiftory,  which  we  have  heard  others  un- 
Jjuftly  attribute  to  defign  ;  for  had  it  .been  his  defign  to 
deceive,  he  would  not  furely  have  flored  his  margin 
with  references  to  enable  every  reader  to  detedl  the  de¬ 
ceit. 

ENGINEER  is  the  appellation  of  him  whofe  pro- 
feffion  it  is  to  contrive  or  make  any  kind  of  uftful  en¬ 
gine  Or  machine.  He  is  denominated  either  a  civil  or 
military  engineer,  according  as  the  obje&s  of  his  pro- 
feffion  refpedl  civil  or  military  purpofes.  See  Forti¬ 
fication,  Encytl.  and  Machine  in  this  Supplement. 

ENGONASIS,  in  aftronomy,  the  fame  as  Hercules, 
one  of  the  northern  copilellations. 

ENGRAFTING.  See  Grafting,  EncycL  where 
it  is  faid  that  there  is  little  hope  of  producing  mixed 
fruits  by  engrafting  one  tree  upon  another  of  the  fame 
clafs.  \Ve  con fefs  ourfelves  to  be  unwilling  to  relinqnifh 
this  opinion  ;  but  it  would  be  very  unfair  to  withhold 
‘from  the  public  any  fa6l  which  feems  to  militate  againfl 
it,  and  has  come  to  our  knowledge  We  fhall  therefore 
tr2nfcribe  from  the  Philofophical  Magazine  the  follow¬ 
ing  communication  from  Dr  Thornton,  lefturer  on  me¬ 
dical  botany  at  Guy's  Hofpital,  refpe&ing  a  fuppofed 
Lvfus  nature,  which  he  confiders  as  the  confequenCe  of 
engrafting. 

In  the  firft  volume  of  the  Philofophical  Tranfafttonsj 
N°  XXIX.  publiftied  November  1667,  you  have  the 
following  communication,  intitled, 

“  Some  Hortulan  Experiments  about  the  engrafting 


E  P  I 

of  Oranges  and  Lemons  or  Citrons,  whereby  is  produ.  Ennea 
ced  an  individual  Fruit,  half  Orange  and  half  Lemon,  tei 
growing  together  as  one  Body  upon  the  fame  Tree.”  «  ..  If 
We  have  here  orange  trees  (faith  the  intelligence 
from  Florence)  that  bear  a  fruit  which  is  citron  on  one 
fide  and  orange  on  the  other.  They  have  been  brought 
hither  out  of  other  countries,  and  they  are  now  much 
propagated  by  engrafting..  This  was  confirmed  to  us 
(fays  the  editor  of  the  Tranfadlions  of  the  Royal  So¬ 
ciety)  by  a  very  ingenious  Engliih  gentleman,  who  af¬ 
ter  ted,  that  himfelf  not  only  had  feen,  but  bought  of 
them,  anno  1660,  in  Paris,  whither  they  had  been  fent 
by  Genoa  merchants ;  and  that  on  fome  trees  lie  had 
found  an  orange  on  one  branch  and  a  lemon  011  ano¬ 
ther  branch  ( which  is  not  fo  remarkable  a3  what  fol¬ 
lows)  ;  as  alfo,  one  of  the  lame  fruit,  half  orange  and  half 
lemon  ;  and  fometimes  three  quarters  of  one,  and  a  quar¬ 
ter  of  the  other. 

In  the  third  part  of  the  Reports  of  the  Board  of 
Agriculture,  among  the  foreign  communications,  we 
fee,  with  equal  plea  fare  and  allonifbmeiit,  an  account  of 
the  American  apple,  which,  by  a  peculiar  mode  of  bud¬ 
ding  (a),  is  half  fweet  and  half  four,  half  white  and 
half  red,  without  the  dealt  contufioh  of  the  refpe&ive 
halves. 

.  At  Mr  Mafon’s,  ftorift,  Fleet- flreet,  oppofite  the 
Bolt  and  Tun,  there  is  a  production  now,  September 
1798,  to  be  feen  half  peach  and  half  ne&arine.  It  has 
all  the  foftnefs  and  yellow  down  of  the  peach,  and  the 
fkek  red  fmoothnefs  of  the  nedlarine  ;  fuppofed  to  be 
a  lufus  natures,  but  probably  is  rather  the  fportings  of 
art  than  of  nature,  and  which  perhaps  will  be  the  caule 
why  we  fhall  in  future  fee  many  other  fuch  vegetable 
wonders,  which,  as  we  fee,  were  known  to  our  an- 
ceftors.  * 

ENNEADECATERIS,  in  chronology,  a  cycle  or 
period  of  19  folar  years,  being  the  fame  as  the  golden 
number  and  lunar  cycle,  or  cycle  of  the  moon. 

ENSETE.  See  Musa,  EncycL 
EOLIPILE.  See  jEolipile,  EncycL 
EPAULE,or  Espaule,  in  fortification,  thefhoulder 
of  the  baftion,  or  the  angle  made  by  the  face  and  Hank, 
othferwife  called  the  angle  cf  the  epaule. 

EPISCOPACY  is  a  fubjedl  of  which,  in  our  own 
opinion,  enough  has  been  faid  in  the  Encyclopedia.  We 
are  reqnefted  however  to  ihfert  ‘in  this  place  an  argu¬ 
ment  additional  to  n°  17.  ol  that  article;  and  we  com¬ 
ply  with  the  requeft  the  more  readily  that  we  find  the 
argument,  which  has  been  fuggeiled  to  us,  in  that  very 
work  of  Dr  Berkeley’s  which  we  were  permitted  to. 
abridge  even  before  our  amiable  friend  had  publilhed  it 
himfelf.  The  argument  indeed  is  not  new.  It  was, 
we  believe,  firjl  ufed  by  Dr  Wells  in  fome  controverlial 
letters  againfl  the  Englifii  diffenters,  which  were  pub- 
lifhed  early  in  the  current  century.  Dr  Berkeley  adopt¬ 
ed  it  from  Dr  Wells ;  and  other  doctors  have  taken  it 
from  Dr  Berkeley.  It  is  as  follows  : 

That  the  apoftles  eftabliflied  two  orders  of  minifters 
in  the  Chriftian  church  is  admitted  by  all  who  contend 
not  for  the  equal  and  common  rights  of  Chriiiians ;  and 
"that  the  perfons  occupying  the  higher  order,  by  what¬ 
ever 


(a)  The  manner  in  which  the  extraordinary  ne&arine-peach  firft  produced  in  this  country  was  effe&ed,  was 
By  inferting  the  bud  of  one  fruit  upon  the  flock  bearing  a  different  fort. 
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ly,»paejr  ever  title  they  were  known,  cr  however  limited  may 
w  r-“ "  have  been  the  jurifdi&ion  of  each,  poftefTed  authority 
as  well  to  ordain  others  as  to  preach  the  gofpel  and  ad- 
minifter  the  facraments,  is  the  very  point  on  which  the 
advocates  for  the  divine  right  of  prefbytery  infill.  At 
the  reformation,  however,  and  for  1400  years  bef°re> 
there  was  an  intermediate  order  of  minifters  between 
thefe  two,  known  by  the  name  of  priefts  or  prefbyters, 

|  author  if ed  indeed  to  preach  the  gofpel  and  to  adminifter 

its  facraments,  but  not  authorifed  to  fend  labourers  of 
any  kind  into  Chrift’s  vineyard.  This  intermediate  or¬ 
der  therefore  being,  by  the  fuppofition,  diftinct  from 
the  two  apojlolical  orders  of  minifters,  mull  have  been, 
at  whatever  period  it  was  introduced  into  the  church, 
an  order  of  human  invention  ;  but  it  is  from  this  order 
of  minifters  that  the  clergy  of  thofe  churches,  which 
are  not  Epifcopal,  derive  all  their  authority  to  minilter 
in -holy  things.  The  confequence  is  obvious. 

Scotch  Episcopalians  are  a  foeiety  of  Chriftians  cer¬ 
tainly  as  refpeftable,  if  not  fo  numerous,  as  any  other 
in  the  kingdom  which  diffents  from  the  worfhip  and  dif. 
cipline  of  the  eftablifhed  church.  For  many,  years, 
however,  the  public  worfhip  of  that  foeiety  was  pro- 
feribed  by  the  legiflature;  and  there  is  reafon  to  fufpedt 
that  its  real  piinciplcs  are  not  yet  univerfally  nnder- 
ftooil.  If  this  be  fo,  it  furely  becomes  the  editors  of  a 
work  in  which  fome  account  is  given  of  almoft  every 
denomination  of  Chriftians  down  to  the  novel  feel 
which  ftyles  its  members  Bereans,  to  do  jnflice  to  the 
venerable  remains  of  what  was  once  the  eftablifhed  church 
of  their  native  country. 

tfjfl,.  That  the  reformation  from  popery  was  in  Scotland 
1  j of  E-  tumultuous  and  irregular  is  known  to  all  Europe  ;  and 
Racy  very  few  of  our  readers  can  be  ignorant  that  there  was 
rftland. neither  order  in  the  reformed  chinch  nor  decency  in 
her  worfhip  till  James  VI.  with  much  addrefs,  aceom- 
plifhed  the  eftablifhment  of  a  very  moderate  epifcopacy. 
T  To  this  form  of  church- government  the  better  part  of 
the  nation  was  fufficiently  attached  ;  and  it  continued 
to  be  the  ecclefiaftical  polity,  fupported  by  the  ftate, 
till  the  grand  rebellion,  when  it  was  overthrown  by  the 
partizans  of  the  national  covenant.  It  was  reftored, 
however,  in  1662  ;  and  again  abolifhed  in  1689  by  that 
convention  which  placed  the  Prince  atid  Princefs  of 
Orange  on  the  ancient  throne  of  the  Scottifh  monarchs. 
If  Thefe  events  are  fo  univerfally  known,  that  it  is  fuf- 
[{  ficient  in  this  place  barely  to  mention  them  ;  but  there 

Br  are  probably  many  of  our  readers  who  do  not  know, 

r  that,  during  the  whole  period  of  her  legal  eftablifhment, 
the  Scotch  epifcopal  church  had  110  public  liturgy.  It 
appears  indeed,  that  the  firll  reformers  made  life  of  the 
Englifti  book  of  common  prayer;  and  there  is  on  re¬ 
cord  fufficient  evidence  that  John  Knox  himfelf,  though 
he  difapproved  of  fome  things  in  that  book,  had  no  ob¬ 
jection  either  to  ftated  forms  of  prayer  in  general,  ow 
to  a  fubordination  among  the  minifters  of  the  gofpel ; 
but  his  fuccefifor  Andrew  Mclvil,  who  pofteffed  nei¬ 
ther  his  learning  nor  his  worth,  had  influence  enough 
to  introduce  into  the  church  a  perfect  parity  ot  mini- 
iters,  and  to  excite  among  the  people  a  very  general 
abhorrence  of  liturgical  worfhip.  So  rooted  indeed  was 
that  abhorrence,  that,  as  every  one  knows,  an  attempt 
to  introduce  into  the  church  of  Scotland  a  book  of 
common  prayer,  copied  with  fome  alterations  from  that 
of  England,  produced  the  folemn  league  and  covenant , 


which  involved  in  one  common  ruin  the  unfortunate  Epiftopaey. 
Charles  and  his  darling  Epifcopacy.  At  the  reftorationof  f—--* 
the  monarchy,  the  Epifeopal  conflitutioii  of  the  church 
was  reftored,  but  no  new  attempt  was  made  to  eftablifti 
the  ufe  of  a  public  liturgy  ;  and  except  at  the  ordina-  Except  at 
lions  of  the  clergy,  when  the  Engliih  forms  were  ufed, ordinations* 
no  fervice  book  was  ften  in  a  Seottilh  church 

lor  fome  years  after  Epifcopacy  had  ceafed  to  be  the 
religion  of  the  ftate,  the  deprived  clergy  made  no  alte¬ 
ration  in  their  modes  of  iocial  worfhip.  Having  rc« 
fufed  to  transfer  to  King  William  that  allegiance  which 
they  had  iworn  to  King  James,  they  were  treated,  du¬ 
ring  his  reign,  with  fuch  feverity,  that  on  the  LordV 
day  they  dur  ft  not  venture  further  than  to  officiate  “  in 
their  own  hired  houfes,  where  they  received  fuch  friends 
as  chofe  to  come  in  unto  them  and  in  thofe  fmall 
congregations,  if  congregations  they  may  be  called, 
they  continued  to  pray,  if  not  extempore,  at  lead  with¬ 
out  book,  till  the  aeceffion  of  Anne  to  the  throne  of 
her  anceftors.  The  attachment  of  that  Princefs,  not 
only  to  the  conftitution,  but  alfo  to  the  worfhip  of  the 
church  of  England,  was  well  known  to  them;  and  they 
very  reafonably  thought,  that  they  could  not  more  ef- 
:ftdlually  recommend  chemfelves  to  her  protection  than 
by  adopting  the  ufe  of  the  Enghfh  liturgy,  which  the 
moft  enlightened  among  them  had  long  profefted  to  ad¬ 
mire.  It  was  accordingly  introduced  by  degrees  into 
Scotland  ;  and  an  aft  of  parliament  being  pafted  on  the 
3d  of  March  1712,  u  to  prevent  the  difturbing  of  thofe  ^ 
of  the  Epifeopal  communionin  that  part  of  Great  Bri- Introduc- 
tain  called  Scotland,  in  the  exercife  of  their  religious  of  the 
worfhip,  and  in  ti  e  ufe  of  the  liturgy  of  the  church  of  ^*nghfh  li» 
England,”  that  liturgy  was  -univerfally  adopted  by  thetUr^* 
Scotch  Epifcopalians  ;  and  public  chapels,  which  had 
hitherto  been  prohibited,  were  everywhere  built,  and 
well  frequented. 

That  thofe  who  had  refufed  allegiance  to  King  Wil¬ 
liam  and  Queen  Anne  Ihould  fcruple  to  pay  it  to  a  ■ 
new  family,  clogged  as  it  was  by  fo  many  oaths,  can 
excite  no  wonder  ;  nor  1*3  it  at  all  wonderful,  that,  for 
their  attachment  to  the  abdicated  family,  the  public 
woifhip  of  the  Scotch  Epifcopalians  was,  after  the  in- 
furrection  of  1715  and  1716,  laid  under  fome  reftraints. 

Thefe,  however,  were  neither  rigoroufly  fevere,  nor 
of  long  duration;  and  by  the  year  1720,  their  con¬ 
gregations  were  as  numerous  as  formerly,  confiding, 

Specially  in  the  northern  counties,  of  men  of  ail  ranks, ... 
even  fuch  as  held  offices  of  truft  under  the  eftablifhed 
government,  who  frequented  the  Epifcopal  chapels  in 
preference  to  the  pariih  churches. 

Hitherto  the  Epifcopalians  had  been  fafely  c^ndudl- 
ed  through  all  dangers  and  difficulties  by  the  prudence 
of  Hr  Rofe,  the  deprived  bifhop  of  Edinburgh  ;  but 
foon  after  his  death,  which  happened  on  the  2Cth  of 
March  1720,  divifions  broke  out  among  them,  which 
threatened  to  prove  more  fatal  to  their  church  than  any 
perfection  to  which  they  had  yet  been  fubje&ed.  For 
reafons  which  will  be  feen  afterwards,  it  is  proper  to 
trace  thofe  divifions  from  their  fource.  ^ 

No  native  of  Britain,  who  knows  any  thing  of  the  Sources  of 
hiftory  of  his  country,  can  be  ignorant,  that  Hr  San-  divifion 
croft,  the  archbilhop  of  Canteibury,  and  five  other  bi-?0?^^' 
fhops,  were  at  the  Revolution  deprived  of  their  fees  ^fcopali* 
by  an  a&  of  parliament ;  becaufe,  like  the  Scotch  bi- ans. 
ffiops,  they  could  not  bring  themfelves  to  transfer  to 

King 
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•  King  William  and  Queen  Mary  that  allegiance  which 
'  they  had  fo  lately  fworn  to  King  James.  As  thole 
^prelates  were  extremely  popular  for  the  vigorous  oppo- 
lition  which  they  had  given  to  fome  of  the  Popifh  pro¬ 
jects  of  the  late  king,  and  as  a  number  of  inferior  cler¬ 
gymen,  of  great  eminence  for  piety  and  learning,  were 
involved  in  the  fame  fate  with  them;,  it  need  not  excite 
great  furprife,  that  a  fweeping  deprivation,  which,  in 
all  its  circumftances,  was  perhaps  without  a  precedent 
in  ecclefiaftfc?.l  hiftory,  produced'  a  fchifm  in  the  church 
^f  England.  The  deprived  clergy,  confidering  the 
bifhops  who  were  placed  in  the  fees  thus  vacated  as  .in¬ 
truders,  and  all  who  adhered  to  them  as  fchifmatics, 
opened  feparate  chapels  under  the  authority  of  the  pri¬ 
mate  and  his  nonjuring  fuffragans;  and  contended,  that 
•they  and  their  adherents  conttituted  the  only  orthodox 
•and  catholic  branch  of  the  church  in  England. 

Both  churches,  however,  made  ufe  of  the  fame  litur¬ 
gy  ;  and  during  the  lives  of  the  deprived  prelates,  there 
was  no  other  apparent  difference  in  their  worfhip.than 
what  neceffarily  refuited  from  their  paying  allegiance 
to  different  fovereigns.  But  this  uniformity  was  not  of 
long  duration.  The  bifhops,  who  had  been  poffefled 
•of  fees  before  the  Revolution,  were  fcarcely  dead,  when 
their  fucceffors,  being  under  no  civil  reftraint,  found, 
in  the  principles  which  they  had  brought  with  them 
from  the  eftablithment,  the  means,  not  only  of  dividing 
their  own  little  church,  but  like  wife  of  fowing  the  feeds 
of  diffenfion  among  their  brethren  in  Scotland. 

It  has  been  obferved  elfewhere  *,  that  in  the  church 
of  England  there  are  three  opinions  refpe&ing  the  na¬ 
ture  and  end  of  the  Lord’s  Supper,  which,  in  oppofi- 
tion  to  each  other,  have  been  all  patronifed  by  men  of 
great  eminence  for  theological  learning.  It  appears, 
-indeed,  from  the  firll  liturgy  fet  forth  by  authority  in 
the  reign  of  King  Edward  VI.  that  the  reformers  of 
'that  church  from  the  errors  of  popeiy  unanimoufly 
-held  the  Lord's  Supper  to  be  a  euchariftical  facrifice  ; 
•and  this  opinion,  which  has  been  adopted  by  great 
numbers  in  every  age  fince,  feems  to  have  been  the  mofl 
.  prevalent  of  the  three  among  thofe  clergy  who  were 
deprived  of  their  livings  at  the  Revolution.  It  is  in¬ 
deed  countenanced  by  feveral  paffages  in  the  prefent  or¬ 
der  for  the  adminiftration  of  the  Lord’s  Supper  ;  and 
therefore,  though  there  are  other  things  in  that  order 
which  cannot  be  eafily  reconciled  to  it,  archbifhop  San- 
croft  and  his  fuffragans,  whatever  their  own  opinions 
might  be,  chofe  not  to  widen  the  breach  between  them* 
Tdves  and  the  eftabliihment,  by  deviating  in  the  fmalleft: 
degree  from  the  form  in  which  they  had  been  accuftom- 
ed  to^elebrate  that  facrament.  Their  fucceffors,  ho w- 
ever,  in  office,  were  men  of  different  difpoiitions.  Con¬ 
i’ dering  theinfelves  as  totally  unconnected  with  the 
ftate,  arid  no  longer  bound  by  the  aft  of  uniformity, 
one  party,  at  the  head  of  which  was  bifhop  Collier, 
the  celebrated  ecclefiaftical  hiftorian  (a),  judged  it  pro¬ 
per  to  make  fuch  alterations  in  the  communion  office 
-as  might  render  it  more  fuitable  to  their  own  notions 
of  the  Loid’s  Supper,  and  bring  it  nearer,  both  in  mat¬ 
ter  and  form,  to  the  molt  ancient  liturgies  of  the  Chri- 
ffian  church. 
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Of  4,he  propofed  alterations,  fome  were  perhaps  pro-Epifcr 
per  in  their  circundlances  ;  whilft  others,  to  fp.y  the 
beft  of  them,  were  certainly  neediefs,  if  not  inexpedient. 
They  w’ere  accordingly  all  oppofed  by  another  power¬ 
ful  party  of  nonjurors  ;  and  the  queftions  in  diipute 
were  ^referred,  iirft  to  Dr  Rofe,  the  deprived  bifhop  of 
Edinburgh,  and  afterwards  to  Dr  Atterbury  and  Dr 
Potter,  the  bifhops  of  Rochefter  and  Oxford.  What 
judgment  the  two  Englifh  prelates  gave  in  this  conti o- 
verfy  wre  know  not  ;  but  that  of  bifhop  Rofe  did  him 
much  honour.  Declining  the  office  of  umpire  between 
the  parties,  he  recommended  mutual  forbearance  and 
occafional  communion  with  each  other,  according  to 
either  form  ;  and  employed  a  gentleman,  well  verfed  in 
ecclefiaftical  literature,  to  prove  that  fuch  a  compliance 
of  bifhops  with  each  other’s  innocent  prejudices  was 
not  uncommon  in  the  pureft  times. 

7  hefe  difputes  among  the  Englifh  nonjurors,  and 
the  appeal  which  was  made  to  Dr  Rofe,  drew,  more 
clofely  than  hitherto  it  had  been  drawn,  the  attention 
of  the  Scotch  Epifcopal  clergy,  not  only  to  their  own 
liturgy,  which  had  been  authorifed  by  King  Charles  L 
but  likewife  to  the  moil  ancient  liturgies  extant,  as  well 
as  to  what  the  fathers  of  the  firfl  three  centuries  have 
taught  concerning  the  nature  of  the  Lord’s  Supper. 

The  confequence  was,  that  fuch  of  them  as  were  fcho- 
lars  foon  difeovered,  that  the  Scotch  communion  office 
approached  much  nearer  to  the  molt  ancient  offices  than 
the  Englifh  ;  and  a  powerful  party  was  formed  for  re¬ 
viving  the  ufe  of  it  in  Scotland. 

Had  thofe  men  aimed  at  nothing  farther,  it  is  pro¬ 
bable  they  would  have  met  with  very  little  oppofition. 
Their  opponents,  who,  in  general,  were  lefs  learned 
than  they,  were  fo  ftrongly  attached  to  the  houfe  of 
Stuart,  that  they  would  have  adopted  almoft  any  thingRevil 
fandlioned  by  the  royal  martyr’s  authority ;  but  theanci£  j 
advocates  for  the  Scotch  office  knew  not  where  to  flop.  ^Cs’ 
They  wifhed  to  introduce  fome  other  ufages  of  the  pri¬ 
mitive  church  ;  fuch  as  the  commemoration  of  the  faith¬ 
ful  departed,  and  the  mixture  of  the  euchariftic  cup 
(See  Supper  of  the  Lord>  ny  2,  and  3.  EncycL) ;  and 
their  brethren,  perceiving  no  authority  from  Charles  I. 
for  thefe  things,  and  being  accuftomed  to  confider  them 
as  Popifh  practices,  a  violent  controverfy  was  ready  to 
burft  forth  about  what  every  enlightened  mind  mult 
.confider  as  matters  of  very  little  importance. 

That  the  euchariftic  cup  was  in  the  primitive  church 
.mixed  with  a  little  water,  is  a  fadl  incontrovertible  ; 
that  the  practice  was  harmlefs  and  decent,  it  is  wonder¬ 
ful  that  any  man  fhould  deny  :  but  that  fuch  a  mix¬ 
ture  is  ejfential  to  the  facrament,  we  cannot  believe,. for 
the  reaions  affigned  in  the  article  referred  to  ;  and 
therefore  it  ought  furely  to  have  been  110  obje<fl  of  con¬ 
tention. 

That  the  faithful  departed  were  commemorated  in 
•the  primitive  church  long  before  the  invention  of  pur¬ 
gatory,  is  Jtnown  to  every  fdiolar  ;  that  in  thofe  days 
fuch  a  commemoration  tended  to  invigdiate  the  faith 
and  the  charity  of  Chriftians,  it  would,  in  our  opinion, 
be  very  eafy  to  prove;  and  that  at  prefent  every  Chri- 
flian  prays  in  private  for  his  deceafed  friends,  we  have 

proved 


(a)  This  very  learned,  though  violent  man,  of  whom  the  reader  will  find  fome  account  in  the  Encyclopedia , 
was,  with  Dr  Hickes  and  others,  confecrated’by  the  deprived  prelates,  for  the  purpofe  of  preferving  the  Epif- 
.jCopal  fuccefiien  in  what  they  conildcied  as  tue  true  church  of  England. 
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fcopacy  proved  elfewhere  by  arguments,  of  the  confutation  of 

"Y-"*'4  which  we  are  under  no  apprehcnfion  (See  GRREK-church 
in  this  Supplement )  :  but  we  fee  not  the  necejfity  of  in¬ 
troducing  fuch  prayers  into  public  wo  r  {hip  at  any  pe¬ 
riod  ;  and  we  perceive  impropriety  in  doing  it  at  a  pe¬ 
riod  when,  from  various  cTcumftances,  they  may  caufe 
weak  brethren  to  err.  But  thofe  who  pleaded  for  the 
revival  of  this  praftice  in  the  beginning  of  the  current 
century,  were  blinded  by  their  very  erudition  (b)  ;  and 
thofe  who  oppofed  it  feem  not  to  have  been  acquainted 
with  the  workings  of  a  benevolent  and  devout  mind,  or 
indeed  to  have  known  in  what  the  efTence  of  a  prayer 
confifts. 

The  ancient  ufages,  however,  were  not  the  only  fub- 
jefts  which,  on  the  death  of  bifhop  Rofe,  furnifhed 
matter  for  controverfy  among  the  Scotch  Epifcopalians. 
That  excellent  prelate,  together  with  the  deprived  arch- 
bifhop  of  Glafgow,  and  the  deprived  bilhop  of  Dun- 
blain,  had,  from  time  to  time,  as  they  faw  occafion, 
raifed  to  the  Epifcopal  dignity  fome  of  the  mod  defer¬ 
ring  Prefbyters  of  the  church  ;  but  it  was  refolved,  for 
what  reafon  we  do  not  very  well  know,  that  none  of 
the  new  bifhops  fhould  be  appointed  to  vacant  diocefes 
din  ing  the  life  of  any  one  prelate  who  had  pollened  a 
legal  eftablifhment ;  fo  that  bifhop  Rofe,  who  furvived 
ail  his  brethren,  was  for  feveral  years  the  ecclefiaftical 
governor  of  the  whole  Epifcopal  church  in  Scotland. 
On  his  death,  therefore,  though  there  were  four  bifhops 
in  Scotland,  and  two  Scotch  bifhops  refidirg  in  Lon¬ 
don,  there  was  not  one  of  thofe  prelates  who  could 
claim  to  himfelf  the  authority  of  a  dioctfan  over  any 
portion  of  the  Catholic  church.  This  they  at  firft  1111a- 
r.imoufly  acknowledged  ;  and  one  of  them,  in  the  name 
of  himfelf  and  his  brethren,  recommended  to  the  clergy 
of  the  diocefe  of  Edinburgh  to  eleft ,  after  the  primitive 
plan,  a  fuccefTor  to  their  late  venerable  diocefan.  The 
advice  was  followed  ;  the  ckfticn  was  made,  and  ap¬ 
proved  by  the  bifhops  :  and  Dr  Fuliarton,  the  bifhop 
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chofen,  became  bifhop  of  Edinburgh,  by  the  fame  means  Epifcopacy., 
and  the  fame  authority  as,  in  the  primitive  church,  St 
Cyprian  became  bifhop  of  Carthage,  or  Cornelius 
bifhop  of  Rome. 

The  clergy  in  other  di drifts,  following  the  example 
of  thofe  in  Edinburgh,  diocefan  Epifcopacy  was  about 
to  be  revived  throughout  all  Scotland  upon  principles 
purely  ecclefiaftical,  when  fome  of  the  bifhops,  whom 
Dr  Rofe  had  left  behind  him  merely  for  preferving  the 
Epifcopal  fucceftion,  conceived  a  new  and  very  extras 
ordinary  conftitution  for  the  Scotch  Epifcopal  church.  7 
Whether  they  were  envious  of  their  colleagues,  and  of-  College  of 
fended  that  none  of  the  eleftions  had  fallen  upon  them;  hi  {hops, 
whether  they  were  fo  ignorant  as  not  to  know  that  di¬ 
ocefan  Epifcopacy  had  fubfifted  long  before  the  con- 
verfion  of  the  Roman  empire,  in  abfolute  independence 
on  the  date;  or  that  they  were  aftuated,  as  there  is 
reafon  to  fufpeft,  by  fome  political  piinciple  which 
they  could  not  with  Safety  avow;  —fa  it  was,  that  they 
oppofed  diocefan  Epifcopacy  of  every  kind,  and  pro- 
pofed  to  govern  the  whole  Scotch  church  by  a  college 
of  bilhops.  Againfl  this  unprecedented  Scheme  the 
more  learned  bifhops  oppofed  all  their  influence  ;  and 
being  exceedingly  difagreeable  to  the  inferior  clergy, 
it  was  very  foon  abandoned  by  its  authors  themfelves, 
who,  after  fome  acrimonious  controverfy,  were  glad  to 
come  to  an  agreement  with  their  diocefan  brethren*  g 

Of  this  agreement,  or  ccntordate  as  it  was  called,  the  Thofe  divl- 
following  were  the  principal  articles:  1.  “  That  the  fions  heal- 
Scotch  or  Englifh  liturgy,  and  no  other,  might  bee'b 
indifferently  ufed  in  the  public”  fervice  ;  and  that  the 
peace  of  the  church  fhould  not  be  difturbed  by  the  in- 
troduftion  of  any  of  the  ancient  ufages  which  had  late¬ 
ly  excited  fuch  diffen lions.  2.  That  no  man  fhould 

thenceforward  be  confecrated  a  bifhop  of  the  Scotch 
church  without  the  confent  and  approbation  of  the  ma¬ 
jority  of  the  bifhops.  3.  That  the  bifhops,  by  a  ma¬ 
jority  of  voices,  fhould  choofe  one  of  their  number  to 
_ _ _  prefide. 
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(b)  Paradoxical  as  this  aflertion  may  at  fir  ft  fight  appear,  nothing  is  more  certain  than,  that  erudition*  an* 
even  faience,  if  partially  cultivated,  is  as  likely  to  blind  as  to  enlighten  the  underft lading.  When  a  man  de¬ 
votes  all  his  time,  and  all  his  attention,  to  one  purfuit,  he  contrafts  fuch  afondmfi  for  it,  as  gradually  toconfi- 
der  it  as  the  only  valuable  purfuit,  which  will  infallibly  lead  to  truth,  and  to  nothing  but  truth  ;  and  in  this  dii~ 
pofition  of  mind,  he  13  ready  to  embrace  the  rnoft  extravagant  abfurdity  to  which  it  may  conduft  him.  Of  this 
the  reader  will  find  one  very  ftriking  inftance  in  page  547  of  this  volume,  where  the  celebrated  Euler  appears 
fa  devoted  to  his  darling  analyfis,  as  to  place  implicit  confidence  in  it,  even  when  he  himfelf  feems  fenfible  that 
it  had  led  him  to  a  conclufion  contrary  to  common  fenfe,  and  the  nature  of  things.  That  Dr  Bentley  was  a 
very  eminent  philologift,  is  univeifally  known  ;  .that  his  emendatory  criticifms  on  the  Chaffics  are  often  happy, 
no  man  will  deny  ;  and  yet,  milled  by  his  favourite  purfuits,  he  never  pronounces  more  dogmatically  than  when 
the  dogma  which  he  utters  is  untenable.  We  appeal  to  his 1  ciiticifmf  on  Milton.  Perhaps  there  is  not  a  man 
alive  who  will  refufe  to  Dr  Warbwton  the  praife  of  learning  and  ingenuity.  The  addrefs  with  which  he  de¬ 
tects  the  double  doftrines  of  the  ancient  philofophers,  is  fametimes  almoft  aftonifhing  ;  yet,  milled  by  his  own. 
ardour  in  this  purfuit,  he  difeovers  hidden  meanings  everywhere,  and  has  found  a  rational  iyftem  of  religion  in. 
fome  of  the  ancient  myfteries,  where  there  is  every  reafon  to  believe  that  nothing  in  reality  was  to  be  found  but 
atheifm  and  vice.  Juft  fo  it  is  with  the  ardent  reader  of  the  Chriftian  fathers.  If  he  devote  all  his  time  to 
the  ftudy  of  their  writings,  he  not  only  becomes  enamoured  of  his  employment,  but  acquires  gradually  fuch  a 
veneration  for  the  ckarafter  of  his  mafters  (and  venerable  they  undoubtedly  are),  as  renders  him  afraid  to  queL 
tion  any  thing  which  they  advance,  and  unable  to  diftinguiih  between  their  teftimony,  which  is  defervirig.  of  all 
credit,  and  their  reafonings,  which  are  often  ineonclufive.  We  truft  it  is  needlefs  to  difclaim  any  wifh  to  dif- 
courage,  by  this  note,  the  ftudy  either  of  the  Chriftian  fathers,  the  Greek  philosophers,  philological  criticiim, 
or  the  modern  analyfis  ;  we  only  wifh  to  difluade  men  of  letters  from  devoting  their  whole  time  to  any  one  purfuit 
whatever;  for  they  may  depend  upon  it,  that  fuch  partial  ftudies  contraft  the  mind.  One  of  the  moft  eminent 
mathematicians  at  prefent  in  England  is  reported  to  have  declared  his  contempt  of  tty  Paradife  Lojl ,  becaufe  he 
found  in  it  nothing  dm 0 njlrated  l  .  * 
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Bpifcopacy.  prefide  in  the  meetings  of  his  brethren,  and  to  convo- 
"v"™'  cate  fuch  meetings  when  he  judged  them  necefTary : 
that  this  prefident  fhould  be  flyled  Primus  Epif copus, 
or  more  fhortly  Primus  ;  but  that  he  fhould  not  pof- 
fefs  metropolitical  power,  or  claim  any  kind  of  jurifdio 
tion  without  the  bounds  of  his  own  diocefe  or  diftrift. 
4.  That  upon  the  vacancy  of  any  diocefe  or  didri&, 
the  prefbyters  fhould  neither  ele£,  nor  fubmit  to,  ano¬ 
ther  bifhop,  without  receiving  a  mandate  by  the  Pri¬ 
mus,  iffued  with  the  confent  of  the  majority  of  his  col¬ 
leagues. M 

This  concordate  was  in  1731-2  fubferibed  by  all  the 
bifhops  then  in  Scotland,  who  immediately  became  dio- 
cefans,  and  thought  no  more  of  the  college  fyftem.  It 
was  afterwards,  with  a  few  additions,  for  afeertaining 
more  precifely  the  prerogatives  of  the  Primus  ;  for  re¬ 
gulating  the  condudl  of  fynods  ;  for  exempting  bifhops 
from  the  jurifdi&ion  of  other  bifhops,  in  whofe  didri<ds 
they  might  chance  to  refid e  ;  and  for  preventing  infe¬ 
rior  clergymen  from  deferting  their  congregations,  or 
removing  from  one  diftrid  to  another,  without  the  con- 
fent  of  the  bifliops  of  both — thrown  into  the  form  of 
canons  ;  and  tliefe  canons  have  continued  to  be  the 
code  of  the  Scotch  Epifcopal  church  down  to  the  pre- 
fent  day. 

The  members,  and  more  efpecially  the  clergymen  of 
this  church,  had  always  been  confidered  as  unduly  at- 
tached  to  the  family  of  Stuart ;  and  though  there  was 
undoubtedly  at  firft  fome  ground  for  that  fufpicion, 
the  writer  of  this  article  knows,  from  the  molt  incon¬ 
trovertible  evidence,  that  it  was  continued  too  long, 
and  carried  by  much  too  far.  Jacobitifm  was  impu¬ 
ted  to  the  fociety  as  its  diflinguifhing  tenet ;  but  the 
members  of  that  fociety  have  at  all  times  contended,  that 
their  diflinguifhing  tenets  were  the  apodolical  inftitution 
of  Epifcopacy,  and  in  die  exercife  of  thofe  powers  which 
are  purely  fpiritual,  the  independency  of  the  church  upon 
the  date.  In  politics,  indeed,  they  have  \inanimoufly 
maintained,  that  the  only  ruler  of  princes  or  legiflaiures 
is  God,  and  not  the  people.  They  are,  of  courfe,  no 
friends  to  the  fafhionable  doArine  of  refiftance,  which 
they  believe  to  be  not  only  condemned  in  exprefs  terms 
by  Chrifl  and  two  of  his  apoftles,  but  to  be  alfo  the 
fource  of  that  anarchical  tyranny  which  is  at  prefen t 
deluging  Europe  with  blood.  They  confider  a  limited 
monarchy,  like  that  of  Britain,  as  the  mod  perfeA  form 
of  civil  government  which  the  world  has  ever  feen  ;  an 
hereditary  monarchy  is  infinitely  preferable  to  one  that  is 
ele&ive  :  and  with  refpedt  to  the  title  of  the  monarch, 
when  they  take  a  retrofpe&ive  view  of  the  origin  of  all 
civil  governments,  they  cannot  but  look  upon  a  per¬ 
manent  and  unqueftioned  eftablifhment  as  an  indication 
of  the  plan  and  determination  of  Providence  furnifhing 
the  bed  right  to  a  crown  which  any  modern  fovereign 
can  claim. 

Surely  thefe  are  harmlefs  opinions ;  and  yet  the  worfhip 
of  thofe  who  held  them  was,  in  1746  and  1748,  laid  un¬ 
der  fuch  redraints  as  were  calculated  to  produce  difaffec- 
tion  where  it  did  not  previoufly  exid.  Two  laws  were 
then  ena&ed  againd  the  Scotch  Epifcopalians  ;  which, 
under  the  pretence  of  eradicating  their  attachment  to  the 
lioufe  of  Stuart,  were  fo  contrived  as  to  preclude  fuch 
of  their  clergy  as  were  willing  to  pay  allegiance  to  the 
reigning  fovereign,  and  to  pray  for  the  royal  family  by 
name,  from  reaping  the  fmaileft  benefit  from  their  loyal- 
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ty.’  The  experiment  was  tried  by  fome  of  them  ?  ofEpifcopa: 
whom  one  venerable  perfon,  who  was  never  fufpe&ed  of 
undue  attachment  to  the  houfe  of  Stuart,  is  dill  alive;  but 
he,  and  his  complying  brethren,  had  their  chapels  burnt, 
and  were  themfelves  imprifoned,  as  if  they  had  been 
the  mod  incorrigible  Jacobites.  This  was  a  kind  of 
perfecution  which,  fince  the  Reformation,  has  had  no 
precedent  in  the  annals  of  Britain.  A  pried  of  the 
church  of  Rome,  by  renouncing  the  errors  of  Popery, 
has  at  ail  times  been  qualified  to  hold  a  living  in  Eng¬ 
land  ;  a  diffenting  minider,  of  whatever  denomination, 
might  at  any  time  be  admitted  into  orders,  and  rife  to 
the  highed  dignities  of  the  Englifli  church; — but  while 
the  laws  of  1746  and  1748  remained  in  force,  there 
was  nothing  in  the  powder  of  a  Scotch  Epifcopal  cler¬ 
gyman  to  do  from  which  he  could  reap  the  fmalleit  be¬ 
nefit.  By  taking  the  oaths  to  government,  he  was  not 
qualified  to  hold  a  living  in  England,  or  even  to  enjoy 
a  toleration  in  Scotland  ;  arid  his  clerical  charadler  be¬ 
ing  acknowledged  by  the  Englifh  bifhops,  he  could  not 
by  thofe  prelates  be  canonically  reordained. 

Upon  the  clergy,  however,  thofe  law3  of  uncommon 
rigour  were  not  long  rigoroufly  executed.  After  a  few 
years,  the  burning  of  chapels,  and  the  imprifoning  of 
miniders,  were  occurrences  far  from  frequent  ;  but  the  it 
laws  to  which  we  allude  affe&ed  likewife  the  political ToieratiC 
privileges  of  fuch  laymen  as  frequented  the  Epifcopal 
chapels  ;  and  in  that  part  of  their  operation,  thole  laws 
were  never  relaxed  till  1792,  when  they  were  wholly 
repealed,  and  the  Epifcopalians  in  Scotland  tolerated 
like  other  well  affe&ed  diffenters  from  the  national  eda¬ 
blifhment.  I3 

While  Epifcopacy  was  the  edablifhed  form  of  church  Faith  of  I 
government  in  Scotland,  the  clergy  of  that  church  fub-  tlie,  ^co*c 
feribed  a  confefiion  of  faith  dimmed  up  in  twenty-five^1^ 
articles,  which  the  reader  will  find  in  the  hidory  attri¬ 
buted  to  John  Knox.  It  is  fufficient  to  obferve  in  this 
place,  that  in  cffentials  it  differs  little  from  the  articles 
of  mod  other  reformed  churches ;  and  in  every  thing 
which  does  not  immediately  relate  to  papijiry ,  it  is  mo¬ 
derate  and  unexceptionable  ;  perhaps  more  fo  than  the 
prefent  confefiion  of  either  of  the  Britilh  churches- 
During  the  period  which  intervened  between  the  Re¬ 
volution  and  the  year  1792,  no  fubfcription  was  in¬ 
deed  required  from  Scotch  Epifcopali an  clergymen  to 
any  fummary  of  Chridian  doctrine  ;  but  at  their  ordi¬ 
nations,  thofe  clergy  folemnly  profeffed  their  belief  of 
all  the  canonical  books  of  the  Old  and  New  Tefta- 
ments  ;  declared  their  perfuafion  that  thofe  books  con¬ 
tain  fufficiently  all  do<Etrines  necefTary  to  falvation, 
through  faith  in  Jefus  Chrid;  and  were  obliged  to 
read  daily  in  their  chapels  the  Englifh  book  of  Com¬ 
mon  Prayer,  which  contains  the  Apodles,  Nicene,  and 
Athanafian  creeds.  But  now  thofe  clergymen  are  en¬ 
joined  by  a£l  of  parliament  to  fubferibe  the  39  ar¬ 
ticles  of  the  church  of  England;  fo  that  the  princi¬ 
ples  of  their  faith  are  well  known.  No  doubt  there 
are  differences  of  opinion  among  them  about  the  fenfe 
of  fome  of  thofe  articles ;  and  it  is  well  known  that 
there  are  fimilar  differences  among  the  Englifh  clergy 
themfelves  :  but  there  is  every  reafon  to  believe,  that 
the  faich  of  the  Scotch  Epifcopalians  has,  in  every 
important  point,  been  at  all  times  orthodox. 

We  are  aware,  that  they  have  been  reprefen  ted  as 
unfriendly  to  the  Englifh  iervice  ;  but  fuch  a  reprefen- 

tation 
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Station  appears  to  be  either  a  wilful  falfehood, 

^  ‘Z-  offspring  of  ignorance.  The  only  reformed  liturgy 
that  ever  had  the  fan&ion  of  a  civil  eftablifhment  in 
'he,  vor-  Scotland,  is  the  Book  of  Common  Prayer ,  and  Admini - 
f  ration  of  the  Sacraments ,  and  other  parts  of  Divine  Ser - 
v/V*  authorifed  by  King  Charles  T.  In  that  book,  the 
order  of  admini llration  of  the  Lord’s  Supper  differs  in 
fome  particulars  from  the  Englifh  order,  and  is  unquef- 
tionably  better  adapted  to  the  opinions  of  thofe  who 
confider  that  holy  ordinance  either  as  an  euchariftical  fa- 
criftce,  or  as  a  feafl  upon  a  facrifice.  In  the  one  or 
other  of  thefe  lights,  tlie  Lord's  Supper  is  viewed  by  a 
great  majority  of  the  Scotch  Epifcopalians  ;  and  of 
courfe  the  Scotch  communion  office  is  ufed  in  a  great 
majority  of  their  chapels :  but  it  is  not  ufed  in  them 
all.  Their  bifhops,  who,  when  in  England,  communi¬ 
cate  with  the  eftablifhed  church,  leave  the  inferior  cler¬ 
gy  at  liberty  to  ufe  either  the  Englifh  or  the  Scotch 
form,  as  is  mod.  agreeable  to  themfelves  and  to  the 
people  among  whom  they  minifter  ;  and  to  filence  the 
clamour  of  fymbolizing  with  the  church  of  Rome, 
which  was  fome  years  ago»eitlier  ignorantly  or  malici 
oufly  raifed  againft  them,  they  altered  the  arrangement 
of  the  Scotch  prayer  of  confecration,  fo  as  not  only  to 
bring  it  nearer  to  the  moft  primitive,  forms,  but  alfo  to 
make  it  abfolutely  i  neon  fi  {lent  with  the  real  prefence, 
as  taught  either  by  the  church  of  Rome  or  by  the  Lu¬ 
theran  churches.  On  this  fubjeeft,  fee  Greek-CHVRCH , 
n°  1 7.  in  this  Supplemeht .  • 

Thus  have  we  given  a  fhort  view  of  the  diflinguiffi- 
ifjten  Jng  principles  of  what  muff  fureiy  be  confidered  as  a 
^3ad,very  refpe<ftahle  fociety  of  Chriftians,  and  the  only  re¬ 
formed  Epifcopal  fociety  in  that  part  of  Great  Britain 
called  Scotland.  There  are,  indeed,  chapels  in  Scotland 
dlftinA  from  the  church  of  which  we  have  been  treat- 
jug,  where  the  Englifh  liturgy  is  read  by  clergymen 
who  have  received  Epifcopal  ordination  either  in  Eng¬ 
land  or  in  Ireland  ;  but  thofe  chapels  being  all  inde¬ 
pendent  of  each  other,  and  under  the  infpeftion  of  no 
bifhop,  the  perfons  who  frequent  them  feem  to  be  ra¬ 
ther  CongregatiOnalifts  than  Epifcopalians,  and  certain¬ 
ly  do  not  conftitute  what  can,  with  any  propriety,  be 
called  an  Epifcopal  church. 

EQUANT,  in  aftronomy,  a  fanciful  circle,  intro¬ 
duced  into  feience  to  remove  fome  of  the  defe&s  of  the 
Ptolemaic  fyftem  of  the  univerfe.  In  this  artificial 
fyftem  of  epicycles  and  eccentric  circles,  the  idea  of  cir¬ 
cular  and  equable  motion  was  by  no  means  abandoned  $ 
but  while  each  of  the  heavenly  bodies  revolved  in  its 
own  orb,  the  centre  of  that  orb  was  fuppofed  to  be  car¬ 
ried  at  the  fame  time  round  the  circumference' of  ano¬ 
ther  circle.!  The  more  obvious  inequalities  were  thus 
explained  with  a  geometrical  precifion.  With  all  its 
nice  combination,  however,  of  circles,  the  fyftem  was 
foon  found  to  have  defers  ;  to  remove  which,  the  fine 
contrivance  of  the  equant  was  introduced.  Though 
the  angular  motion  of  a  planet  viewed  from  the  earth 
was  confeffed  to  be  unequal,  a  point  could  be  conceived 
from  which  it  would  be  feen  .to  move  with  perfe&  uni¬ 
formity.  That  point  was  made  the  centre  of  the  e- 
quant,  and  lay  at  the  fame  diftance  from  the  centre  of 
the  eccentricity  on1  the  one  fide,  as  the  earth  was  re¬ 
moved  on  the  other.  “  Nothing  (fays  Dr  Smith, 
from  whom  this  account  of  the  equant  is  taken)  can 
more  evidently  (hew,  how  much  the  repofe  and  tranquil** 
Suppl.  Vol.  I.  Part  II. 
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or  the  lity  of  the  imagination  is  the  ultimate  end  of  philo fo-  Equation 
phy,  than  the  invention  of  this  equalizing  circle.” 

EQUATION  of  a  curve.  See  Algebra  ( En - 
cycl.)  Part  III.  chap.  ii. 

Secular  E<ou avion,  in  aftronomy..  See  Astronomy* 
in  this  Supplement,  n°  2^  —  q8. 

EQUICURVE  circle,  the  fame  with  Circle  of 
Curvature ,  which  fee  in  this  Supplement. 

ERGE  r  r  EL  kanb]  Tr  Abyffi?i3n  fllrubs ,of 
ERGETT  y’dimmo  f  Mimosa,  which 

3  ic€)  Ancycl. 

ERKOOM,  an  Abyffinian  bird,  part  of  a  large  tribe, 

“in.  which  (fays  Mr  Bruce)  the  greateft  variety  lies  in 
his  beak  and  horn.  The  horn  he  wears  fometimes  upon 
the  beak  and  fometimes  upon  the  forehead  above  the 
root  of  die  beak.”  This  bird  is  by  naturaliits  called  the 
Indian  crow  or  raven  ;  and  our  author,  though  he 
feems  to  think  this  chffification  improper,  admits  that 
he  has  one  chara&eriftic  of  the  raven  ;  he  walks,  and 
does  not  hop  or  jump  in  the  manner  that  many  others 
of  that  kind  do  ;  but  then  he  at  times  runs  with  very 
great  velocity,  and,  in  running,  very  much  refemblcs 
the  turkey  or  buftard  when  his  head  is  turned  from, 
you. 

The  colour  of  the  eye  of  this  bird  is  of  a  dark  brown, 
or  rather  reddifh,  eaft,  but  darker  ft  ill  as  it  approaches 
the  pupil;  lie  has  very  large  eyelafiies,  both  upper  and 
lower,  but  especially  his  upper.  From  the  point  of 
the  beak  to  the  extremity  of  the  tail  is  three  feet  ten 
inched  ;  the  breadth,  from  one  point  of  the  wing  to 
the  other  extended,  is  fix  feet,  and  the  length  twenty- 
two  inches  ;  the  length  of  the  neck  ten  inches,  and  its 
thicknefs  three  inches  and  a  half ;  the  length  of  the 
beak,  meafuring  the  opening  near  the  head  ftraight  to 
the  point,  ten  inches  ;  and  from  the  point  of  the  beak 
to  the  root  of  the  horn,  feven  inches  and  three  eighths. 

The  whole  length  of  the  horn  is  three  inches  and  a  half. 

The  length  of  the  horn,  from  the  foot  to  the  extre¬ 
mity  where  it  joins  the  beak,  is  four  inches.  The 
thicknefs  of  the  beak  in  front  of  the  opening  is  one 
inch  and  feven  eighths.  The  thicknefs  of  the  horn  in 
front  is  one  inch  and  five  eighths.  The  horn  in  height, 
taken  from  the  upper  part  of  the  point  to  the  beak, 
two  inches.  The  length  of  the  thighs  feven  inches, 
and  that  of  the  legs  fix  inches  and  five  eighths.  The 
thicknefs  in  profile  feven  lines,  and  in  front  four  lines 
and  a  half.  It  has  three  toes  before  and  one  behind, 
but  they  are  not  very  ftrong,  nor  feemingly  made  to 
tear  up  carcafes.  The  length  of  the  foot  to  the  hinder 
toe  is  one  inch  fix  lines,  the  innermoft  is  one  inch 
feven  lines,  the  middle  two  inches  two  lines,  and  the 
laft  outer  one  two  inches  one  line.  This  bird  is  all  of 
a  black,  or  rather  black  mixed  with  foot- colour  ;  the 
large  feathers  of  the  wing  are  ten  in  number,  milk- 
white  both  without  and  within.  The  tip  of  his  wings 
reaches  very  nearly  to  his  tail ;  his  beak  and  head  mea¬ 
led  together  are  eleven  inches  and  a  half,  and  his 
head  three  inches  and  a  quarter.  At  his  neck  lie  has 
thofe*  protuberances  like  the  Turkey-cock,  which  are 
light-blue,  but  turn  red  upon  his  being  chafed,  or  in 
the  time  the  hen  is  laying. 

The  erkoom,  though  not  eafily  raifed,  flies  (ffays 
our  author)  both  ftrong  and  far.  It  has  a  rank  fmell, 
and  is  laid  in  Abyffinia  to  feed  upon  dead  carcafes. 

This,  however,,  he  thinks  a  miftakc,  as  he  never  faw  it 
4  k  following 


E  T  O  .[  6: 

following  the  army,  nor  approaching  a  dead  carcafe  ; 
and  3  often  as  he  had  occafion  to  open  this  bird,  he 
found  m  its  ftomach  nothing  but  the  green  icarabeus 
or  beetle  It  builds  in  large  thick  trees,  always,  if  it 
can,  near  churches ;  has  a  Covered  neft  like  that  or  a 
magpie,  but  four  times  as  large  as  the  eagle’s.  It  places 
its  nefl  firm  upon  the  trunk,  without  endeavouring  to 
make  it  high  from  the  ground  :  the  entry  is  always  on 

the  eaft  fide.  ■  f . 

ETON  is  a  place  which,  on  account  of  its  college, 
ft ould  not  be  omitted  in  a  repofitory  of  arts,  feienees, 
and  literature  ;  and  as  no  notice  is  taken  of  it  in  the 
Encyclopedia,  we  {hall  deviate  for  once  from  the  plan 
which  we  had  laid  down  for  this  Supplement,  and 
which  is,  not  to  admit  into  it  deferiptions  of  places  in 
our  own  ifland  that  may  be  vilited  by  the  greater  part 
of  our  readers  with  little  trouble. 

Though  in  a  different  county,  namely,  Buckingham- 
fhire,  Eton  may  be  faid  to  be  one  and  the  fame  town 
with  Windfor,  for  which  fee  Encycl.  It  is  pleafantly 
fit  u  a  ted  on  the  hanks  of  the  1  hames,  in  a  delightful 
valley,  which  is  of  a  remarkably  healthy  foil.  Its  col- 
lege  was  founded  by  Henry  VI.  for  the  fupport  of  a 
provofl  and  feven  fellows,  one  of  whom  is  vice  pro voft, 
and  for  the  education  of  feventy  King’s  fcholars,  as 
thofe  are  called,  who  are  on  the  foundation.  Thefe, 
when  properly  qualified,  are  ele£Ied,  on  tnc  firft  iuef- 
day  in  Auguft,  to  king’s  college  Cambridge,  but  they 
are  not  removed  till  there  are  vacancies  in  the  college, 
and  then  they  are  called  according  to  feniority  ;  and 
after  they  have  been  three  years  at  Cambridge,  they 
claim  a  fellowfhip.  Befides  thofe  on  the  foundation, 
there  are  feldom  lefs  than  three  hundred  fcholars,  and 
often  many  more,  who  board  at  the  maflers  houfes,.  or 
within  the  bounds  of  the  college.  The  fchool  is  divi¬ 
ded  into  upper  and  lower,  and  each  of  thefe  into  three 
claffes.  To  each  fchool  there  is  a  mafter  and  four 
afiiftants  or  uftiers.  The  revenue  of  the  college  is  about 
L.  5000  a* year.  Here  is  a  noble  library,  and  in  the 
great  court  is  a  fine  llatue  of  the  founder,  ere&ed  at 
the  expence  of  a  late  provoft  Dr  Godolphm  dean  of 
St  Paul’s.  The  chapel  is  in  a  good  ftyle  of  Gothic  ar- 
chite&ure.  The  fchools  and  other  parts,  which  are 
in  the  other  ftyle  of  building,  are  equally  well,  and  feem 
like  the  defign  of  Inigo  Jones. 

At  Eton  there  is  a  lingular,  and  we  think  a  laudable, 
feftival,  called  the  Montem ,  celebrated  triennially  (for¬ 
merly  duennially)  by  the  fcholars  of  the  fchool  upon 
Whit-Tuefday.  The  following  account  of  this  feftival, 
taken  from  the  Monthly  Magazine,  will  probably  be 
acceptable  to  many  of  our  readers. 

It  commences  by  a  number  of  the  fenior  boys  taking 
poft  upon  the  bridges  or  other  leading  places  of  all  the 
avenues  around  Windfor  and  Eton  foon  after  the  dawn 
of  day.  Thefe  youths  fo  polled  are  chiefly  the  beft 
figures,  and  the  mod  adive  of  the  ftudents  ;  they  are 
all  attired  in  fancy  dieffes  of  filks,  fatins,  dec.  and  forne 
jichly  embroidered,  principally  in  the  habits  or  fafhion 
of  running  footmen,  with  poles  in  their  hands ;  they 
are  called  fait- bearers,  and  demand  fait,  i.  e.  a  contribu¬ 
tion  from  every  paffenger,  and  will  take  no  denial. . 

When  the  contribution  is  given,  which  i&  ad  libitum , 
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a  printed  paper  is  delivered  with  their  motto  and  the  Et 
dute  of  the  year,  which  palfes  the  bearer  free  through  — ' 
all  other  falt-bearers  for  that  day,  and  is  as  follows,  viz. 

Pro  more  et  monte, 

1799.  (a) 

Vivant  Rex  et  Regina/’ 

Thefe  youths  continue  thus  collecting  their  fait  at 
all  the  entrances  for  near  feven  miles  round  Windfor 
and  Eton,  from  the  dawn  of  day  until  about  the  clofc 
of  the  proceflion,  which  is  generally  three  o’clock  in 
the  afternoon. 

The  proceflion  commences  about  twelve  o’clock  ft 
noon,  and  confifts  of  the  Queen’s  and  other  bards  of 
mu fic  ;  feveral  (landards  borne  by  different  ftudents  ; 
all  the  Etonian  boys,  two  and  two,  dreffed  in  officers 
uniforms ;  thofe  of  the  king’s  foundation  wearing  blue, 
the  others  fcarlet  uniforms,  Iwords,  &e. 

The  Grand  Standard-bearer. 

The  Captain,  or  Head  Boy  of  Eton  School. 

The  Lieutenant,  or  Second  Boy. 

His  Majefty,  attended  by  the  Prince  of  Wales,  and 
other  male  branches  of  the  royal  family  on  horleback, 
with  their  fuite. 

The  Queen  and  Princefles  in  coaches,  attended  by 
their  fuite. 

Band  of  mu  lie,  followed  by  a  great  concourfe  of  the 
Nobility  and  Gentry  in  their  carriages  and  on  horfe- 
back. 

The  proceflion  commences  in  the  great  fquare  at 
Eton,  and  proceeds  through  Eton  to  Slough,  and  round 
to  Salt  Hill,  where  the  boys  all  pafs  the  king  ancf 
queen  in  review,  and  afeend  the  Montem  :  here  an  ora¬ 
tion  is  delivered,  and  the  grand  ftandard  is  dilplayed 
with  much  grace  and  activity  by  the  ftandard  beaier* 
who  is  generally  feie&ed  from  among  the  fenior  boys. 

There  are  two  extraordinary  falt-bearers  appointed 
to  attend  the  king  and  queen,  who  are  always  attired 
in  fanciful  habits,  in  manner  of  the  other  falt-bearers 
already  deferibed,  but  fuperbly  embroidered.  Thefe 
falt-bearers  carry  each  an  embroidered  bag,  which  not 
only  receives  the  royal  fait,  but  alfo  whatever  is  colle£t- 
ed  by  the  out-ftationed  falt-bearers.  The  donation  of 
the  king  and  queen,  or,  as  it  is  called  upon  this  occa- 
fion,  the  royal Jalt,  is  always  fifty  guineas  each  ;  the 
Prince  of  Wales  thirty  guineas  ;  all  the  other  princes 
and  princefles  twenty  guineas  each.  As  foon  as  this 
ceremony  is  performed,  the  royal  family  return  to- 
Windfor.  The  boys  are  all  fumptuoufly  entertained  at 
the  tavern  at  Salt  Hill  ;  and  the  beautiful  gardens  at 
that  place  are  laid  out  for  fuch  ladies  and  gentlemen  as 
choofe  to  take  any  refreftiments,  the  different  bands  of 
mafic  performing  all  the  time  in  the  gardens. 

About  fix  o’clock  in  the  evening  all  the  boys  return 
in  the  fame  order  of  proceflion  as  in  the  morning  (with 
the  exception  only  of  the  royal  family),  and,  marching 
round  the  great  fquare  in  Eton  fchool,  are  difmiffed. 
The  captain  then  pays  his  refpe&s  to  the  royal  family 
at  the  queen’s  lodge,  Windfor,  previous  to  his  depar¬ 
ture  for  King’s  College,  Cambridge  ;  to  defray  which 
expence,  the  produce  of  the  montem  is  prefented  to 
him;  and  upon  Whit-Tuefday,  in  the  year  1796,  it 
amounted  to  more  than  1000  guineas.  The  day  con¬ 
cludes 


(a)  Or  whatever  the  year  may  be. 


:  }®r* 


jire- 

I r* 


E  U  D 

eludes  by  a  brilliant  difplay  of  beauty 
{liion,  a  promenade  on  Windfor  Terras,  bands  of  mufic 
pet  forming,  Sec.  and  the  feene  highly  enlivened  and  en¬ 
riched  by  the  affable  condefcenfion  of  the  royal  family, 
who  indifcriminatelv  mix  with  the  company,  and  parade 
the  Terrace  till  nearly  dark. 

Spontaneous  EVAPORATION.  See  Weather., 
no  i  7,  &c.  EncycL 

EUDIOMETER,  an  inftrument  for  ascertaining 
the  ptinty  of  the  atmofplierical  air.  Many  have  been 
the  contrivances  of  chemifts  for  this  purpofe  (fee  Eu¬ 
diometer,  EncycL)  ;  but  perhaps  the  bed  eudiometer 
is  that  of  Morveau  (or  Guyton ,  as  he  now  choofes  to 
call  himfelf),  of  which  mention  has  been  made  in  Che¬ 
mistry,  n°  420.  in  this  Supplement.  The  following 
fhort  defeription  will  make  the  nature  and  ufe  of  this 
inftrument  plain  to  every  reader. 

AB,  (Plate  XXVIII.)  reprefents  a  fmall  glafs  retort 
with  a  long  neck  ;  its  whole  capacity  being  from  feven 
to  nine  folid  inches-  It  muft  be  chofen  of  fuch  a  cur¬ 
vature  that,  when  the  neck  is  fet  upright,  the  bulb  may 
form  at  its  lower  part  a  cavity  to  retain  the  matters  in¬ 
troduced.  The  extremity  of  the  neck  of  this  retort 
is  ground  with  emery  to  enter  the  glafs  tube  CD, 
which  i?  open  at  both  ends,  and  about  12  or  15  inches 
in  length.  The  retort  then  clofes  the  tube  in  the  man¬ 
ner  of  a  ground  Hopper,  and  intercepts  all  external  com¬ 
munication.  A  cylindrical  glafs  veflel  F  is  provided, 
of  the  form  of  a  common  jar,  in  which  the  glafs  tube 
CD  may  be  entirely  plunged  beneath  the  level  of  the 
water.  Laftly,  the  fulphuret  of  potafh  is  prepared  and 
broken  into  pieces  fufficiently  fmall  to  be  introduced 
into  the  retort.  Thefe  are  to  be  inclofed,  dry  and  even 
hot,  in  a  bottle  for  ufe.  Thefe  conftitute  the  whole 
apparatus  and  preparation  of  materials. 

When  it  is  required  to  examine  an  aeriform  fluid,  by 
feparating  its  oxygen,  two  or  three  pieces  of  the  ful¬ 
phuret,  of  the  fize  of  a  pea,  are  put  into  the  retort.  It 
is  then  filled  with  water,  taking  care  to  incline  it  fo  that 
all  the  air  may  pafs  out  from  the  bulb.  The  orifice  of 
the  retort  is  then  to  be  clofed,  and  inverted  into  the 
pneumatic  tube,  in  order  that  the  gas  propofed  for  exa¬ 
mination  may  be  transferred  into  it  in  the  ufual  manner. 
By  an  eafy  manoeuvre  of  alternately  inclining  the  re¬ 
tort  in  different  diredlions,  all  the  water  is  made  to  flow 
out  of  the  bulb  in  which  the  fulphuret  remains.  When 
this  is  done,  the  retort  is  placed  in  the  vertical  fituation, 
and  its  extremity  introduced  into  the  tube  of  glafs  CD, 
which  muft  always  be  under  water.  A  fmall  lighted 
taper  is  then  to  be  placed  under  the  bulb.  To  fupport 
the  retort  in  its  pofition,  the  jar  is  provided  with  a 
wooden  cover,  in  which  there  is  a  notch  to  receive  it. 

The  firft  impreflion  of  the  heat  dilates  the  gafeous 
fluid  fo  much  that  it  defcend3  almoft  to  the  bottom  of 
the  tube,  which  is  difpofed  cxprefsly  for  its  reception  ; 
otherwife  the  partial  efcape  would  prevent  an  accurate 
determination  of  its  change  of  bulk.  But  as  foon  as 
the  fulphuret  begins  to  boil,  the  water  quickly  rifes,  not 
only  in  the  inferior  tube,  but  likewife  in  the  neck  of 
the  retort,  notwithftandmg  the  application,  and  even 
the  incrcafe  of  the  heat. 

If  the  fluid  be  abfolutely  pure  vital  air,  the  abforp- 
tion  is  total.  In  this  cafe,  to  prevent  the  rupture  of 
the  veflel  by  too  fudden  refrigeration,  the  afeent  cf  the 
water  muft  be  rendered  flower,  either  by  removing 
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rank,  and  fa-  the  taper,  or  by  increafing  the  perpendicular  height ; 

which  will  not  prevent  the  abforption  from  continuing 
while  any  gas  remains  which  is  proper  to  fupport  conn 
bullion. 

If  the  fluid  be  common  air,  or  oxygen  mixed  with 
any  other  gas,  the  quantity  of  water  which  has  entered 
the  retort  muft  be  accurately  meafured  after  the  cooling. 

It  reprefents  the  volume  of  air  abforbed.  Care  muft  be 
taken  to  inclofe  the  remaining  gas  under  the  fame  pref- 
fure,  by  plunging  the  retort  to  the  level  of  the  line  at 
which  the  inclofed  water  refts,  before  the  orifice  is 
(topped. 

This  operation  of  meafuring,  which  is  very  eafy  when 
meafuring  veffels  are  at  hand,  may  be  habitually  per¬ 
formed  by  a  flip  of  paper  pafted  on  the  neck  of  the  re¬ 
tort,  upon  which  divifions  are  drawn  from  obfervation, 
and  which  muft  be  covered  with  varnilh  to  defend  it 
from  the  adlion  of  the  water. 

EUDOXUS  of  Gnidus  was  a  celebrated  philofopher 
of  the  fchool  of  Pythagoras.  His  firft  preceptor  was 
Archytas,  by  whom  he  was  inftru&ed  in  the  principles 
of  geometry  and  philofophy.  About  the  age  of  twenty- 
three  he  came  to  Athens ;  and  though  his  patrimony 
was  fmall,  by  the  generous  aflillance  of  Theomedon  a 
phyfician,  he  was  enabled  to  attend  the  fchools  of  the 
philofophers,  particularly  that  of  Plato.  The  liberality 
of  his  friends  afterwards  fupported  him  during  a  vifit  to 
Egypt,  where  he  was  introduced  by  Agefilaus  to  king 
Nedlanebis  II.  and  by  him  to  the  Egyptian  prielis.  It 
has  been  faid  that  he  accompanied  Plato  into  Egypt; 
but  this  is  inconfiftent  with  chronology  ;  for  Nedtane- 
bis  IL  reigned  in  Egypt  from  the  fecond  year  of  the 
hundred  and  fourth  Olympiad,  to  the  fecond  year  of 
the  hundred  and  leventh ;  and  it  was  before  Plato  open* 
cd  his  fchool,  that  is,  before  the  ninety  eighth  Olym¬ 
piad,  about  the  fortieth  year  of  his  age.  that  he  viiited 
Egypt.  Eudoxus  is  highly  celebrated  by  the  ancients 
for  his  (kill  in  aftronomy  ;  but  none  of  hh  writings  on 
this  or  any  other  fubjedt  are  extant.  Aratus,  who  has 
deferibed  the  celeltial  phenomena  in  verfe,  is  laid  to 
have  followed  Eudoxus.  He  flouriftied  about  the  nine- 
ty-feventh  Olympiad,  and  died  in  the  filty-third  year 
of  his  age.  Enfield's  Hlfi.  of  Philofophy . 

EVECTION  is  ufed  by  fome  altronomers  for  the 
libration  of  the  moon,  being  an  inequality  in  her  mo¬ 
tion,  by  which,  at  or  near  the  quadratics,  (he  is  not  in 
a  line  drawn  through  the  centre  of  the  earth  to  the  fun, 
as  fhe  is  at  the  fyzygies,  or  coujiindlion  and  oppofition, 
but  makes  an  angle  with  that  line  of  about  2°  5  P.  The 
motion  of  the  moon  about  her  axis  only  is  equable  ; 
which  rotation  is  performed  exadlly  in  the  fame  time  as 
fhe  revolves  about  the  earth  ;  for  which  reafon  it  is  that 
fhe  turns  always  the  fame  face  towards  the  earth  nearly, 
and  would  do  fo  exactly,  were  it  not  that  her  monthly 
motion  about  the  earth,  in  an  elliptic  orbit,  is  not  e- 
quable;  cn  which  account  the  moon,  feen  from  the 
earth,  appears  to  librate  a  little  upon  her  axis,  iome- 
times  from  eaft  to  weft,  and  iometimes  from  welt  to 
eaft  ;  or  fome  parts  in  the  eallern  limb  of  the  moon  go 
backwards  and  forwards  a  fmall  l'pace,  and  fome  that 
were  confpictious,  are  hid,  and  then  appear  again. 

The  term  eveflion  is  ufed  by  fome  aftronomers  to 
denote  that  equation  of  the  moon’s  motion  which  i3 
proportional  to  the  fine  of  double  the  diilance  of  the 
moon  from  the  fun,  diminifhed  by  the  moon’s  anorria- 
4  L  2  ly. 
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This  equation  is  not  yet  accurately  determined;  had  already  long  remarked,  that  every  plate  of  glafs  or  Enp'U 
fome  ftate  it  at  i°  $or9  others  at  i°  i6'9  See.  It  is  the  metal  emitted  various  tones  according  as  it  was  held  ’~v  ^ 
greateft  of  all  the  moon’s  equations,  except  the  equation  and  (truck  in  different  places  ;  and  he  was  defirou3  to 


of  the  centre.  Hutton's  Dittionary 

EVENLY  even  number.  See  Number,  Encycl. 

Evenly-  Odd  Number.  See  Number,  Encycl. 

EVOLVENT,  in  the  higher  geometry,  a  term  ufed 
by  fome  writers  for  the  involute  or  curve  refulting  from 
the  evolution  of  a  curve,  in  contradiftin£lion  to  that 
evolute,  or  curve  fuppofed  to  be  opened  or  evolved.  See 
Evol'ute  and  Involute,  -JSuppL  . 

EVOLUTE,  in  the  higher  geometry,  a  curve  firft 
prepofed  by  Huyghe'ns,  and  fince  much  fludied  by  ma¬ 
thematicians.  It  is  any  curve  fuppofed  to  be  evolved 
or  opened,  by  having  a  thread  wrapped  clofe  upon  it, 
faftened  at  one  end,  and  beginning  to  evolve  or  unwind 
the  thread  from  the  other  end,  keeping  the  part  evol¬ 
ved  or  wound  off  tight  ftretched  ;  then  this  end  of  the 
thread  will  deferibe  another  curve,  called  .the  involute. 
Or  the  fame  involute  is  deferibed  the  contrary  way,  by 
wrapping  the  thread  upon  the  evolute,  keeping  it  al¬ 
ways  ftretched.  For  the .  Involution  and  Evolu¬ 
tion  of  Curves,  fee  Involution  in  this  Supplement. 

Imperfect  Evolute9  a  name  given  by  M.  Reaumur 
to  a  new  kind  of  evolute.  The  mathematicians  had 
hitherto  only  confidered  the  perpendiculars  let  fall  from 
the  involute  on  the  convex  fide  of  the  evolute  but  if 
other  lines  not  perpendicular  be  drawn  upon  the  fame 
point?,  provided  they  be  all  drawn  under  the  fame  an¬ 
gle,  the  effeft  will  (till  be  the  fame  ;  that  is,  the  oblique 
lines  will  all  interfedi  in  the  curve,  and  by  their  inter- 
fedtions  form  the  infinitely  fmall  fides  of  a  new  curve, 
to  which  they  would  be  fo  many  tangents.  Such  a 
curve  is  a  kind  of  evolute,  and  has  its  radii  ;  but  it  is 
an  imperfect  one,  fince  the  radii  are  not  perpendicular 
to  the  firft  curve  or  involute. 

EUPHON,  a  mufical  inftrument  invented  lately  by 
Ur  Chladai  of  Wittenberg,  well  known  by  his  various 
publications  on  philofophical  fubje&s,  efpecially  the  the¬ 
ory  of  mufical  founds.  The  euphon  confifts  of  fortyr 
two  immoveable  parallel  cylinders  of  glafs  of  equal 
length  and  thicknefs ;  but  its  conftrudlion,  tone,  and 
the  method  of  playing  it,  are  totally  different  .from  thofe 
of  the  harmonica,  with  which  indeed  it  has  nothing  in 
common  but  the  glafs.  See  Harmon i.c a,  Encycl. 

Ur  Chladni  gives  the  following  account'of  his  inven¬ 
tion.  In  his  19th  year  he  began  to  learn  to  play  the 
harpfichord  ;  and  he.  afterwards  read  a  great  many  of 
the  principal  works  on  the  theory  of  mufic,  by  which 
he  found  that  the  phyfico-mathematical  part  of  that 
fcfence  was  far  more  defe&ive  than  other  branches  of 
natural  philofophy.  Being  therefore  poffeffed  with  an 
idea  that  his  time  could  not  be  better  employed  than 
in  endeavouring  to  make  difeoveries  in  this  department, 
he  accordingly  tried  various  experiments  on  the  vibra¬ 
tions  of  firings  and  the  different  kinds  of  vibration  in 
cylindric  pieces  of  wood,  firft  difeovered,  through  cal¬ 
culation,  .by  the  elder  Euler;  and  found,  that  though 
a  great  deal  had  been  faid  on  the  nature  of  thefe  elaftic 
bodies,  yet  the  manner  of  vibration  and  the  proportion 
of  tones  in  other  elaftic  .bodies,  which  do  not  proceed, 
as  in  the  former,  in  ftraight  lines,  but  depend  on  the 
vibration  of  whole  furfaces,  were  totally  unknown,  and 
that  the  little  which  had  been  written  on  that  fubjedl, 
by  fome  authors,  did  not  correfpond  with  nature.  He 


difeover  the  caufe  of  this  difference,  which  no  one  liad 
ever  examined.  He  fixed  in  a  vice  the  axle  of  a  brafs 
plate  which  belonged  to  a  poliftiing  machine,  and  found, 
that  by  drawing,  the  bow  of  a  violin  over  it,  he  produ¬ 
ced  very  different  tones,  which  were  (Longer  and  of 
longer*  duration  than  thofe  obtained  merely  by  lin¬ 
king  it. 

'  'I  he.obfervation,  that  not  only  firings  but  alfo  other 
elaftic  bodies  may  be  made  to  produ.ee  founds  by  draw¬ 
ing  a  violin  bow  over  them,  Ur  Chladni  does  not  give 
as  a  difeovery  of  his  o\yn  ;  as  the  fo  called  iron  violin 
has  been  long  known,  and  as  he  had  read  of  an  inftru¬ 
ment  conftruded  in  Italy  *,  where  glafs  or  metal  bells*  fn. 


weie  made  to  found  by  means  of  two  or  more  violin bdiliil 
bows  drawn  over  them.  But  the  idea  of  employing 
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this  inftrument  to  examine  vibrating  .tones  was  firft  en¬ 
tertained  by  himfelf.  Having  accurately  remarked  theMaZZ 
tones  produced  by  the  abovementioned  met,al  plate,  he 
found  that  they  gave  a  progreffion  which  corrtfponded 
with  the  fquares  of  2,  3,  4,  &c. 

Not  long  before  he  liad  read,  in  the  Trar>fa£tions  of 
the  Royal  Society  of  Gottingen,  the  obfervations  of 
Mr  Lichtenberg  on  the  phenomena  produced  by  ftrew- 
ing  pounded  refin  over  a  glafs  plate  or  cake  of  refin, 
and  he  repeated  many  of  his  experiments.  This  led 
him  to  the  idea*  that,  perhaps,  the  various  vibratory 
movements  of  fuch  a  plate  would  be  difeovered  by  a  di* 
verfity  of  phenomena,  if  he  ftrewed  over  it  fand  or  any¬ 
thing  of  the  like  kind.  By  this  experiment  there  was 
produced  a  ftar-formed  figure  ;  and  the  author,  having 
continued  his  refearclies,  publifhed  the  relult  of  them  in 
a  woik  entitled,  Uifcoveries  refpeding  the  Theory  of 
Sound,  printed  at  Leipfic  in  1787. 

Whilft  he  was  employed  an  thefe  investigations,  he 
refolved  to  invent  a  new  mufical  inftrument  pand  he  be¬ 
gan  to  -confider  whether  it  might  not  be  poflible  by 
rubbing  glafs  tubes  in  a  ftraight  line,  with  the  wet  fin¬ 
gers,  to  produce  founds,  in  the  fame  manner  as  is  done 
in.  the  harmonica  by  rubbing  them  circularly.  That 
glafs  tubes,  like  thofe  in  liis  euphon,  would  not  merely 
by  fuch  rubbing  emit  any  tones,  lie  had  long  known 
by  theory  and  experience and  he ‘therefore  applied 
himfelf  to  the  folutiort  of  the, difficult  queftion,  in  what 
manner  the  inftrument  ought  to  be  conftru&ed  lo  an- 
fwer  the  intended  purpofe  ?  After  various  fruitlefs  at¬ 
tempts  for  a  year  and  a  half,  during  which  his  imagi¬ 
nation  was  fo  full  of  the  idea,  that  fometimes  in  his 
dreams  he  thought  he  (aw  the  inftrument  and  heard  its 
tones,  that  is,  like  thofe  of  the  harmonica,  but  with 
more  diftin&nefs  and  lefs  confufion,  he  at  length,  in  a 
ftate  between  (leeping  and  waking,  obtained  a  folution 
of  the  problem  which  had  given  fo  much  employment 
to  his  thoughts.  On  the  ftcond  of  June  1789,  being 
tired  with  walking,  he  fat  down  on  a  chair,  about  nine 
in  the  evening,  to  enjoy  a  (hort  (lumber  ;  but  fcarcely 
had  he  clofed  his  eyes  when  the  image  of  an  inftru¬ 
ment,  fuch  as  he  wiftied  for,  feemed  to  prefent  itfelf 
before  him,  and  terrified  him  fo  much  that  he  awoke  as 
if  he  had  been  ftiuck  by  an  eledlric  (hock.  He  imjne~ 

<d lately  darted  up  in  ,a  kind  of  enthuliafm  ;  and  made  a 
leries  of  experiments,  which  convinced  him  that  what  he 
had  feen  was  perfe&ly  right,  and  that  he  had  it  now  in 

his 
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ion.  .his  power  to  carry  his  defign  into  execution.  He  made 
his  experiments  and  conftrudied  his  firft  inftrument  in 
fo  private  a  manner,  that  no  perfon  knew  any  thing  of 
them.  On  the  8th  of  March  1790  his  firft  inftrument 
of  this  kind  was  completed  ;  and  in  a  few  days  lie  was 
able  to  play  on  it  fome  eafy  pieces  of  mufic.  It  was 
now  neceftary  to  give  to  this  inftrument,  as  it  was  en¬ 
tirely  new,  a  new  name;  and  that  of  euphon ,  which  fig- 
nifies  an  inftrument  that  has  a  pleafant  found,  appeared 
to  him  the  mofl  proper. 

,  It  was  not,,  however,  brought  to  perfe&ion  at  once, 
for  he  made  a  fecond  inftrument  which  was  an  improve¬ 
ment  of  the  firft,  and  a  third  which  was  an  improve¬ 
ment  of  the  fecond.  In  found,  indeed,  and  particularly 
in  the  higher  tones,  the  firft  was  equal  to  either  of  the 
other  two ;  but  the  conftruCtion  was  deficient  in 
ftrength,  fo  that  every  week  fome  hours  were  neceftary 
to  keep  it  in  proper  repair;  and  it  was  impoftible  to 
convey  it  the  diftance  of  a  mile  without  almoft  totally 
deftroying  it.  l)r  Chladni  alfo,  for  want  of  better 
tubes,  employed  thofe  ufed  for  thermometers,  and  mark¬ 
ed  the  whole  Arid  half  tones  by  a  coating  of  fealing-wax 
on  the  under  fide  ;  but  as  the  wax,  owing  to  the  moi- 
fture  and  vibration,  often  cracked  and  flew  off,  it  was 
attended  with  danger  to  the  eyes.  It  was  therefore 
extremely  difficult  to  give  to  the  conftrudlion  of  the 
inftrument  fufficient  ftrength  ;  but  this  the  inventor  at 
length  accomplifhed,  fo  that  his  new  euphon  cannot  be 
injured  or  put  out  of  tune  either  by  play  ing  or  by  car¬ 
riage.  The  third  inftrument  was  fomewhat  different 
from  the1  firft  and  fecond ;  as  the  fore  part,  which  in  the 
ttwo  former  rofe  upwards  with  an  oblique  angle,  flood 
at  light  angles,  fo  that  it  could  be  tranfported  with 
eafe  in  a  particular  carriage  made  for  that  purpofe.  In- 
ftead  of  the  thermometer  tubes  nfed  in  the  firft,  the 
Dodlor  now  employs  tubes  of  different  colours.  In  the 
fecond  inftrument  thofe  for  the  whole  tones  were  of 
dark  green,  glafs ;  but  he  ufed  for.the  half  tones,  in 
both,  a  milk  white  kind  of  glafs.  In  a  word,  the 
euphon  has  fome  refemblance  to  a  fmall  writing- defk. 
When  opened,  the  abovementioned  glafs  tubes,  of  the 
thicknefs  of  the  barrel  of  a  quill  and  about  16  inches 
long,  are  feen  in  a  horizontal  pofition.  They  are  wet- 
,ted  with  water,  by  means  of  a  fponge,  and  ftroked  with 
the  wet  fingers  in  the  direction  of  their  length,  fo  that 
the  increafe  of  the  tone  depends  merely  on  the  ftronger 
or  weaker  prefture,  and  the  flower  or  quicker  move¬ 
ment  of  the  fingers.  The  number  of  tubes  at  prefent 
is  forty* two.  In  the  back  part  there  is  a  perpendicular 
founding-board  divided  in  the  middle,  through  which 
the  tubes  pafs.  It  appears  therefore  that  the  euphon 
ought  not  to  be  confideied  as  an  altered  or  improved 
harmonica,  but  as  a  totally  new  and  different  inftru- 
ment.  In  regard  to  fvveetnefs  of  found,  it  approaches 
.very  near  to  the  harmonica  ;  but  it  has  feveral  advantages 
which  no  unprejudiced  perfon,  who  examines  both  in- 
ftruments,  will  deny. 

1.  It  is  Ampler,  both  in  regard  to  its  conftrudlion  and 
the  movement  neceftary  to  produce  the  found,  as  nei¬ 
ther  turning  nor  ftamping  is  required,  but  merely  the 
movement  of  the  finger.  2.  It  produces  its  found 
fpeedier  ;  fo  that  as  foon  as  it  is  touched  you  may  have 
the  tone  as  full  as  the  inftrument  is  capable  of  giving 
it;  whereas,  in  the  harmonica,  the  tones,  particularly 
the  lower  ones,  muff  be  made  to  increafe  gradually. 
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3.  It  has  more  diflindlnefs  in  quick  paffages,  becaufe  Euphon* 
the  tones  do  not  refound  fo  long  as  in  the  harmonica,  ' 
where  the  found  of  one  low  tone  is  often  heard 'when 
you  wifh  only  to  hear  the  follcnving  tone.  4.  The  uni- 
fon  is  purer  than  is  generally  the  cafe  in  the  harmonica, 
where  it  is  difficult  to  have  perfe&  glaftes,  which  in 
every  part  give  like  tones  with  mathematical  exaHnefs. 

It  is  however  as  difficult  to  be  tuned  as  the  harmo¬ 
nica.  5. It  does  not  afftdl  the  nerves  of  the  performer; 
for  a  perfon  fcarcely  feels  a  weak  agitation  in  the  fingers ; 
whereas  in  the  harmonica,  particularly  in  concords  of  the 
lower  notes,  the  agitation  extends  to  the  arni3,  and  even 
through  the  whole  body  of  the  performer.  6.  t  he  ex¬ 
pence  of  this  inftrument  will  be  much  lefs  in  future  than 
that  of  the  harmonica.  7.  When  one  of  the  tubes 
breaks,  or  any  other  part  is  deranged,  it  can  be  foon 
repaired,  and  at  very  little  expence  ;  whereas,  when  one 
of  the  glaftes  of  the  harmonica  breaks,  it  requires  much 
time,  and  is  very*  difficult  to  procure  another  capable  of 
giving  the  fame  tone  as  the  former,  and  which  will  cor- 
refpond  fuffieiently  with  the  feries  of  the  reft. 

EUPHORBIA  (See  EncycL ).  Of  this  plant  three 
new  fpecies  were  difeovered  by  Le  Vaillant  during  his 
laft  travels  into  the  interior  parts  of  Africa.  The  firft, 
which  he  calls  the  Cucumber*Eupiiorbia,  adheres  topjarc 
the  earth  no  otherwife  than  by  a  few  {lender  roots.  It xx Vlir. 
rifes  to  the  height  of  nine  or  ten  inches  only  ;  and  ex- fig.  1. 
a&lyr  reft  rubles  a  cucumber,  of  which  it  has  the  bent 
fhape.  It  contains  abundance  of  milky  jui'ce,  which 
appeared  to  him  as  cauftic  as  that  of  the.  great  euphor¬ 
bia.  Its  colour,  which  is  a  yellowifh.  green,  tinted  with 
a  beautiful  (hade  of  violet  towards  the  root,  gives  it  a 
very  attradlive  appearance:  but  woe  betide  the  man  who 
fhould  be  tempted  to  eat  of  it!  as  it  is  a  virulent  poifon. 

The  fecond,  to  which  he  gave  the  name  of  the  Melon-  Fig. 
ribbed  Euphorbia,  does  not  rife  more  than  three  or 
four  inches  from  the  ground,  to  which  it  adheres  by  a 
colled  ion  of  fibrous  roots,  iftuing  from  feveral  tubercles 
difpofed  in  the  manner  of  a  crown.  The  Item  forms  a 
flatted  globe  excavated  at  the  fummit,  and  has  ribs  like 
the  apple  which  in  France  is  called  calville  blanche . 

Thefe  ribs  are  elevated,  thick,  and  convex,  have  a 
greenifh  colour,  and  are  marked  with  brown  tranfverfal 
bands.  From  the  fummit  of  the  ribs  iftue  feveral  little 
tufts  of.pedunculate  flowers.  The  third  he  called  the 
Caterpillar-Euphorbia,  becaufe  when  he  firft  found  £qg  ^a. 
it,  he  thought  he  perceived  on  it  feveral  beautiful  cater¬ 
pillars.  The  delcription  of  it  in  a  few  words  is  as  fol¬ 
lows:  From  a  very  large  tuberous  root,  which  here  and 
there  throws  out  a  few,  thready  fibres,  iftue  feveral  ftalks 
almoft  of  the  length  of  the  finger:  they  creep  along  the 
ground,  are  twiittd,  wdody,  destitute  of  leaves,  and  fur- 
11  ifhed  with  feveral  rows  of  round  tubercles,  each  guards 
ed  by  two  prickles. 

All  thefe  kinds  of  euphorbia  are  to  be  dreaded,  the 
laft  two  in  particular;  becaufe  being  low  and  mixed 
with  the  herbage  like  muffirooms,  animals,  as  they  feed, 
run  the  rifle  of  eating  them  with  their  pailure.  Our 
author  confirms  the  account  which  has  been  given  in 
the  Encyclopedia  of  the  favages  poifoning  the  refervoirs 
of  water  with  this  plant  in  order  to  procure  the  game 
which  ftiall  drink  of  it.  To  effedl  the  death  of  the 
animal,  it  is  neceftary  that  the  poifon  reach  the  blood 
and  mingle  with  it  Yet,  inconceivable  as  it  in  a)  be, 
the  animal,  though  poifon  ed,  is  not  the  lefs  wholefome 
1  food3 
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E11  Pyle  food,  as  our  author  fays  he  has  experienced.  However 
r  .11  great  may  be  the  proportion  of  euphorbia  thrown  into  a 
—  *  pond  of  water,  lie  is  perfuaded  that  it  never  diffufes  itfelf 

through  the  whole  msfs.  It  is  his  opinion,  that  the 
poifon  is  a  refinous  juice,  which,  being  from  its  nature 
incapable  of  combining  with  water,  fvvims  on  the  fur- 
face,  and  there  forms  a  finning  greenifh  oil,  which  with 
f  a  little  attention  may  be  difcerned  by  the  naktd  eye 
when  the  furface  is  fmooth.  I  tried  (fays  he)  the  qua¬ 
lities  of  this  oil  on  myfelf,  taking  w'th  a  ftraw,  from 
the  furface  of  the  bafin,  a  fmgle  drop,  which  I  put  upon 
my  tongue;  and  it  gave  me  that  kind  of  burning  pain 
which  a  cauftic  occafions.  I  then  took  up  fome  water 
from  the  refervoir  in  the  hollow  of  my  hand,  and  blow¬ 
ing  off  the  oily  fluid  which  fwam  on  the  furface,  I  dip¬ 
ped  the  end  of  my  tongue  into  the  remainder,  but  could 
Hot  perceive  in  it  the  flighted  tafte  different  from  that 
of  water  itfelf.  He  feems  to  think  that  milk  is  an  an¬ 
tidote  to  the  poifon  of  euphorbia  ;  becaufe  he  fqtieezed 
fome  of  the  juice  into  a  bafon  of  milk  and  gave  it  to 
an  ape,  which  fwallowed  part  of  it  without  the  lead 
injury.  He  confeffes,  however,  that  the  dofe  was 
trifling. 

EUSTYLE,  is  the  bed  manner  of  placing  columns, 
with  regard  to  their  didance  ;  which,  according  to  Vi¬ 
truvius,  fhould  be  four  modules,  or  two  diameters  and 
a  quarter. 

EXCENTRIC,  or  Excentric  Circle,  in  the  an¬ 
cient  Ptolomaic  adronomy,  was  the  very  orbit  of  the 
planet  itfelf,  which  it  was  fuppofed  to  defcribe  about  the 
earth,  and  which  was  conceived  excentric  with  it;  called 
alfo  the  deferent. 

Indead  of  thefe  excentric  circles  round  the  earth,  the 
moderns  make  the  planets  defcribe  elliptic  orbits  about 
the  fun;  which  accounts  for  all  the  irregularities  of  their 
motions,  and  their  various  didances  from  the  earth,  Sc c. 

,  more  juftly  and  naturally. 

Excentric,  or  Excentric  Circle ,  in  the  new  adrono¬ 
my,  is  the  circle  defcribed  from  the  centre  of  the  orbit 
of  a  planet,  with  half  the  grcated  axis  as  a  radius  ;  or  it 
is  the  circle  that  circumfcribes  the  elliptic  orbit  of  the 
planet. 

EXCHANGE.  See  Encycl.  under  that  word,  and 
like  wife  under  Bills  of  Exchange ,  where  the  antiquity 
of  fuch  bills,  efpecially  among  the  Chinefe,  is  mention¬ 
ed.  In  Profeflbr  Beckmann’s  hidory  ofjnventions  the 
-  reader  will  find  an  ordinance  of  the  year  1  394  concern¬ 
ing  the  acceptance  of  bills  of  exchange,  and  alfo  copies 
of  two  bills  of  the  year  1404,  which  fufficiently  prove 
that  the  method  of  tranfadling  bulinefs  by  bills  of  ex¬ 
change  was  fully  eftablifhed  iV  Europe  fo  early  as  the 
fourteenth  century  ;  anck  that*  the  prefent  form  and 
terms  were  even  then  ufed.  The  ordinance,  which  was 
iflued  by  the  city  of  Barcelona,  decreed  that  bills  of  ex¬ 
change  fhould  be  accepted  within  twenty  four  hours 
after  they  were  prefented,  and  that  the  acceptance  fhould 
be  written  on  the  back  of  the*  bill. 

But  there  are  queflions  relating  to  bills  of  exchange 
of  much  greater  importance  than  their  antiquity  ;  and 
thefe  q ue fi Ions  are  not  yet  decided.  For  infiance, 
Ought  a  bill  of  exchange  to  be  confidered  by  the  law 
merely  as  a  depofit  belonging  to  the  drawer,  and  fuccef- 


fively  confided  to  the  remittees?  or  fhould  it  be  confix 
dered  as  transferable  property ,  at  all  times  absolutely 
vefted  in  the  holder,  whole  negledb  therefore,  when  it 
vitiates  the  value,  falls  wholly  on  himfelf? 

In  a  work  publifhed  1798  by  Profeffor  Bufch  of 
Hamburgh,  entitled,  Additions  to  the  Theoretical  and 
P radical  Delineation  of  Commerce  (a),  the  reader  will 
find  fome  arguments,  which,  to  fay  the  leaft  of  them, 
are  certainly  plaufible,  to  prove  that  bills  of  exchange 
ought  to  be  at  all  times  confidered  as  the  abfolute  pro¬ 
perty  of  the  holder.  This  theory  is  then  applied  to 
the  difficult  and  ftill  unfettled  cafe  of  the  holder  of  a 
bill  having  many  indorfements,  where  the  drawer, 
drawee,  and  early  indorfers,  have  all  failed.  It  is  evi¬ 
dent  that,  if  the  holder  proves  under  each  bankruptcy 
the  whole  amount  of  the  bill,  he  will  receive  much  more 
than  his  due.  May  he  make  his  ele&ion  where  to 
prove  the  whole  demand,  and  where  to  prove  the  refi- 
due  ?  Or  ought  he  not  (which  feems  moft  equitable)  to 
be  compelled  to  prove  his  debt  againft  his  immediate 
predeceflbr  only  ? — the  aflignees  of  that  predecefior 
'proving,  in  their  turn,  in  like  manner  (each  party  once 
*on!y),  back  to  the  drawer.  This  is  a  cafe  of  great  im¬ 
portance  .to  difpunters,  and  the  reader  will  find  fome 
.judicious  obfervaiions  on  it  in  the  ProfefioPs  work. 

EXEGESIS,  or  Exegetica,  in  algebra,  is  the  find¬ 
ing,  either  in  numbers  or  lines,  the  roots  of  the  equa¬ 
tion  of  a  problenj,  according  as  the  problem  is  either 
numeral  or  geometrical. 

EXPECTATION  of  Life,  in  the  do&rine  of  life 
annuities, ds  the  fhare,  or  number  of  years  of  life,  which 
a  perfon  of  a  given  age  may,  upon  an  equality  of  chance, 
exped.  to  enjoy. 

By  the  expe&ation  or  fhare  of  life,  fays  Mr  Simpfon 
(Seled  Exercifes,  p.  273),  is  not  here  to  be  underftood 
that  particular  period  which  a  perfon  hath  an  equal 
-  chance  of  furviving  ;  this  lafl  being  a  different  and  more 
Ample  confideration.  The  expedition  of  a  life,  to  put 
it  in  the  moft  familiar  light,  may  be  taken  as  the  num¬ 
ber  of  years  at  which  the  purchafe  of  an  annuity,  grant¬ 
ed  upon  it,  without  difeount  of  money,  ought  to  be  va¬ 
lued.  Which  number  of  years  will  differ  more  or  lefs 
from  the  period  abovementioned,  according  to  the  dif¬ 
ferent  degrees  of  .mortality  to  which  the  feveral  ftages 
of  life  are  incident.  Thus  it  is  much  more  than  an 
equal  chance,  according  to  the  table  of  the  probability 
of  the  duration  of  life  which  the  fame  author  has  given 
us,  that  an  infant,  juft?  come  into  the  world,  arrives 
not  to  the  age  of  ten  years  ;  yet  the  expe&ation  or 
fhare  of  life  due  to  it,  upon  an  average,  is  near  twenty 
years.  The  reafon  of  which  wide  difference  is  the  great 
excefs  of  the  probability  of  mortality  in  the  firfl  tender 
years  of  life,  above  that  refpe&ing  the  more  mature  and 
flronger  ages.  Indeed  if  the  numbers  that  die  at  every 
age  were  to  be  the  fame,  the  two  quantities  above  fpe- 
cified  wrould  alfo  be  equal  ;  but  when  the  faid  numbers 
become  continually  lefs  and  lefs,  the  expe&ation  tnufl 
of  confequence  be  the  greater  of  the  two. 

EXPONENTIAL  Calculus,  the  method  of  dif¬ 
ferencing',  or  finding  the  fluxions  of  exponential  quanti¬ 
ties,  and  of  fumming  up  thofe  differences,  or  landing 
their  fluents. 
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(a)  Profeffor  Bufch  publifhed  in  1792  a  work  entitled  A  Theoretical  and  P radical  Delineation  of  Commerce. 
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h  en  Exponential  Curve ,  is  that  whofe  nature  is  defined 
1  or  expreffed  by  an  exponential  equation  ;  as  the  curve 
denoted  by  ax  —  y,  or  by  xx  =  y* 
j  Exponential  Equation,  is  one  in  which  is  contain, 
ed  an  exponential  quantity ;  as  the  equation  ax  =  b ,  or 
.*cx  =r  ab ,  &c. 

Exponential  Quantity,  is  that  whofe  power  is  a 
variable  quantity  ;  as  the  expreflion  a x,  or  xx.  Expo¬ 
nential  quantities  are  of  feveral  degrees  and  orders  ac¬ 
cording  to  the  number  of  exponents  or  powers,  one  over 
another. 

EXTRA- Con stellar y  Stars,  fuch  as  are  not 
properly  included  in  any  conflellation. 

EXTRA-Mundane  Space,  is  the  infinite,  empty, 
void  fpace,  which  is  by  fome  fuppofed.to  be  extended 
beyond  the  bounds  of  the  univerfe,  and  confequently  in 
which  there  is  really  nothing  at  all.  The  phrafe  extra - 
mundane  fpace  has  been  fo  long  in  ufe  among  our  befl 
writers,  that  it  is  now  impoflible  to  banifh  it  from  the 
language  ;  and  yet  it  has  been  the  fource  of  fome  ex¬ 
travagant  miftakes.  Many  philofophers  conlider  fpace 
as  Something  real,  diflinct  both  from  body  and  mind  ; 
and  no  lefs  a  man  than  Dr  Clarke  confide  red  it  as  an 
attribute  of  the  Deity.  Yet  wc  think  nothing  more 
evident,  than  that  if  body  had  never  existed,  fpace  would 
never  have  been  thought  of ;  and  if  this  be  fo,  extra- 
mundane  fpace,  inftead  of  denoting  any  real  thing,  or 
attribute  infinitely  extended,  can  mean  nothing  more 
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than  the  poffibiliiy  of  enlarging  the  corporeal  univeife, 
however  widely  extended  it  may  be.  See  Metaphysics 
[Eticycl. ),  Part  II.  ch.  iv. 

EXTRADOS,  the  outfide  of  an  arch  of  a  bridge., 
vault,  See.  See  Arch  in  this  Supplement. 

EXTREMES  Conjunct,  and  Extremes  Disjunct, 
in  fpherical  trigonometry,  are,  the  former  the  two  circu¬ 
lar  parts  that  lie  next  the  affumed  middle  part;  and  the 
latter  are  the  two  that  lie  remote  from  the  middle  part. 
Thefe  were  terms  applied  by  Lord  Napier  in  his  uni- 
verfal  theorem  for  refolving  all  right-angled  and  quad- 
rantal  fpherical  triangles,  and  publifhed  in  his  Logarithm 
morum  Cancnis  Defcriptia,  an.  1614.  In  this  theorem, 
Napier  condenfes  into  one  rule,  in  two  parts,  the  rules 
for  ail  the  cafes  of  right  angled  fpherical  triangles, 
which  had  been  feparately  demonflrated  by  Pitifcus, 
Lanfbergius,  Copernicus,  Regiomontanus,  and  others. 
In  this  theorem,  negledriog  the  right  angle,  Napier  calls 
the  other  five  parts  circular  parts,  which  are,  the  two 
legs  about  the  right  angle,  and  the  complements  of  the 
other  three,  viz.  of  the  hypothenufe,  and  the  two  oblique 
angles.  Then  taking  any  three  of  thefe  five  parts,  one 
of  them  will  be  in  the  middle  between  the  other  two, 
and  thefe  two  are  the  extremes  conjundl  when  they  are 
immediately  adjacent  to  that  middle  part,  or  they  are 
the  extremes  disjunft  when  they  are  each  feparated  from 
the  middle  ,one  by  another  part. 
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ce,  TpACE  or  FA9A0E,  in  archite&nre,  is  fometijnes  ufed 
rmnry.  X  for  the  front  or  outward  part  of  a  building,  which 
|r’~~  immediately  prefents  itfelf  to  the  eye  ;  or  the  fide  where 
the  chief  entrance  is,  or  r.ext  the  ilreet,  8c c. 

FALCONRY  is  a  fpecies  of  fport,  about  the  an* 
tiquity  of  which  there  has  been  fome  difpute.  Un¬ 
der  the  word  Hawking  ( Encycl .)  we  have  deduced 
what  we  thought  fufficient  evidence  of  its  being  pra&i- 
fed  among  the  Thracians,  and  likewife  among  the  Bri¬ 
tons  before  the  invaiion  of  this  ifiand  by  the  Romans. 
Flavius  Blondus,  however,  and  Laurentius  Valla,  both 
writers  of  the  15th  century,  and  the  latter,  one  of  the 
mod  learned  men  of  his  time,  affirm  that  no  nation  or 
people  were  accuftomed  to  catch  either  land  or  water- 
fowls  with  any  rapacious  bird  trained  for  the  purpole. 

We  were  pleafed  to  fee  our  own  opinion,  fo  different 
from  this,  completely  eflablifhed  by  the  learned  labours 
of  Prof e For  Beckmann.  So  early  (fays  he)  as  the  time 
of  Ctefias  (and  he  refers  to  the  page  and  edition  of  his 
author)  hares  and  foxes  were  hunted  in  India  by  means 
An'u  °f  rapacious  birds.  The  account  ©f  Ariflotle  *,  how- 
ix.  ever,  is  flill  more  to  the  purpofe,  and  mere  worthy  of 
fy*  notice.  u  In  Thrace  (fays  he)  the  men  go  out  to 
catch  birds  with  hawks.  The  men  beat  the  reeds  and 
bufhes  which  grow  in  marfhy  places,  in  order  to  raife 
the  fmall  birds,  which  the  hawks  purfue  and  drive  to 
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the  ground,  where  the  fowlers  kill-  them  with  poles.3’  Falconry, 
The  fame  account  is  to  be  found  in  another  book  aferi-  — — y— 
bed  alfo  to  Ariflotle  ;  and  which  appears,  at  any  rate, 
to  be  the  work‘of  an  author  not  much  younger.  Re-  * 
fpe&ing  Thrace,  which  is  fuuated  above  Amphipolis, 
a  wonderful  thirg  is  told,  which  might  appear  incredi¬ 
ble  to  thofe  who  had  never  heard  it  before.  It  is  faid 
that  boys  go  out  into  the  fields,  and  purfue  birds  by 
the  afiiftance  of  hawks.  When  they  have  found  a  place 
convenient  /or  their  purpofe,  they  call  the  hawks  by 
their  names,  which  immediately  appear  as  foon  as  they 
hear  their  voices,  and  chafe  the  birds  into  the  bufhes, 
where  the  boys  knock  them  down  with  flicks  and  feize 
them.  What  is  flill  more  wonderful,  when  thefe  hawks 
lay  hold  of  any  birds  themfelves,  they  throw  them  to 
the  fowlers  ;  but  the  boys,  in  return,  give  them  fome 
(hare  of  the  prey.  I)e  mirabtUbus  aufcultat.  cap.  128. 

In  this  pafTage,  there  are  two  additions  which  render 
the  circumflance  flill  more  remarkable.  The  firfl  is, 
that  the  falcons  appeared  when  called  by  their  names  ; 
and  tHe  fecond,  that  of  their  own  accord  they  brought 
to  the  fowlers  whatever  they  caught  themfelves.  No¬ 
thing  is  here  wanting  but  the  fpaniel  employed  to  find 
out  game,  the  hood  which  is  put  upon  the  head  of  the 
hawk  while  it  Hands  on  the  hand,  and  the  thong  ufed; 
for  holding  it,  to  form  a  fhort  description  of  falconry 
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as  ftill  pvadlifed.  Oar  falconers,  when  they  have  taken* 
the  bird  from  the  hawk,  .give  him,  in  return,  a  fmall 
fhare  of  it ;  and  in  the  like  manner  the  Thracian  hawks 
received  fome  part  of  their  booty. 

Other  writers  after  Ariftotle,  fiich  as  Antigonus, 
JElian,  Pliny,  and  Phile,  have  alfo  given  an  account  of 
^his  method  of  fowling.  JElian,  who  feldom  relates 
any  thing  without  fome  alteration  or  addition,  fays,  that 
in  Thrace  nets  were  ufed,  into  which  the  birds  were 
driven  by  the  hawks ;  and  in  this  he  is  followed  by  the 
poet  Phile.  iElian,  alfo,  in  another  place  defcrihes  a 
manner  of  hunting  with  hawks  in  India,  which,  as  we 
are  told  by  feveral  travellers,  is  ft  ill  pra&ifed  in  Perfia, 
where  it  is  well  underftood,  and  by  other  eaftern  na¬ 
tions. 

The  Indians  (fays  he)  hunt  hares  and  foxes  in  the 
following  manner :  They  do  not  employ  dogs,  but 
eagles,  crows,  and,  above  all,  kites,  which  they  catch 
when  young,  and  train  for  that  purpofe.  They  let 
loofe  a  tame  hare  or  fox,  with  a  piece  of  flefh  faftened 
to  it,  and  fuffer  thcfe  birds  to  fly  after  it,  in  order  to 
feize  the  flefh,  which  they  are  fond  of,  and  which,  on 
their  return,  they  receive  as  the  reward  of  their  labour. 
When  thus  inftru&ed  to  purfue  their  prey,  they  are 
fent  after  wild  foxes  and  hares  in  the  mountains  ;  thefe 
they  follow  in  hopes  of  obtaining  their  ufual  food,  and 
foon  catch  them  and  bring  them  back  to  their  mafters, 
as  we  are  informed  by  Ctefias.  Inftead  of  the  flefh, 
however,  which  was  faftened  to  the  tame  animals,  they 
receive  as  food  the  entrails  of  the  wild  ones  which  they 
have  caught. 

It  feems,  therefore,  that  the  Greeks  received  from  In¬ 
dia  and  Thrace  the  ftrft  information  refpedling  the  me¬ 
thod  of  fowling  with  birds  of  prey  ;  but  it  does  not  ap¬ 
pear  that  this  pra&ice  was  introduced  among  them  at 
a  very  early  period.  In  Italy,  however,  it  mult  have 
been  very  common,  for  Martial  and  Apuleius  fpeak  of 
it  as  a  thing  every  where  known  ;  the  former  calls  a 
hawk  the  fowler’s  fervant. 

The  Profeflor  traces  the  hiftory  of  this  art  with  great 
learning  down  to  the  prefent  time.  It  was  carried  to 
the  higheft  perfection  at  the  principal  courts  of  Europe 
(he  fays)  in  the  12th  century,  when  the  ladies  kept 
hawks,  which  were  as  much  fondled  by  thofe  who 
wifhed  to  gain  their  favour  as  lap-dogs  are  at  prefent. 
Among  the  oldeft  writers  on  falconry  as  an  art  he 
reckons  Demetrius,  who  about  the  year  1270  was  phy- 
fician  to  the  Emperor  Michael  Paleologus.  His  book, 
written  in  Greek,  was  firft  printed  at  Paris  in  1612 
with  a  Latin  tranfladon  ;  bat  its  precepts  (fays  our  au¬ 
thor)  would  be  thought  of  very  little  value  at  prefent. 
For  an  account  of  the  modern  art  of  falconry  fee  Ency¬ 
clopedia.* 

FALK  (John  Peter),  known  to  the  world  as  one  of 
the  fcientific  travellers  employed  by  the  late  Emprefs 
of  Ruflia  to  explore  her  vaft  dominions,  was  born  in 
Weftrogothia,  a  province  in  Sweden,  about  the  year 
1 7  27.  He  ftudied  medicine  in  the  univerfity  of  Upfal, 
and  went  through  a  courfe  of  botany  under  the  cele¬ 
brated  Linnaeus,  to  whofe  fon  he  was  tutor.  He  pu¬ 
blicly  defended  the  differtation  (a)  which  that  famous 
botanift  had  compofed  on  a  new  fpecies  of  plants,  which 
fee  called  ajlromeria . 


(  a)  In  the  colle&ion  known  under  the 


In  the  year  1760,  he  was  fo  deeply  affe&ed  with 
depreffion  of  fpirits,  that  M.  de  Linne,  in  the  view  of 
obliging  him  to  take  exercife  and  diflipation,  fent  him 
to  travel  over  the  ifland  of  Gothland,  to  make  a  collec¬ 
tion,  of  the  plants  it  produces,  and  the  various  kinds 
of  corals  and  co'-?.llines  which  the  fea  leaves  on  its 
fhores.  This  voyage  was  attended  with  no  diminu¬ 
tion  of  his  diftemper,  which  found  a  continual  lupply 
of  aliment  in  a  fanguiue  melancholy  temperament,  in 
a  too  fedentary  way  of  life,  and  in  the  bad  ftate  of  his 
finances. 

Profeflor  Forfkael  having  left  Upfal  for  Copenhagen 
in  1760,  Falk  followed  him  thither,  in  the  delign  6f 
applying,  by 'the  advice  of  M.  de  Linne,  to  be  appoint¬ 
ed  affiftaut  to  M.  Forfkael  in  his  famous  journey  thro* 
Arabia;  hut,  notwithftanding  all  the  pains  that  M. 
CELr,  and  feveral  other  men  of  literary  reputation  at 
Copenhagen,  took  in  his  behalf,  his  application  failed, 
as  the  lociety  that  were  to  go  on  that  important  exoe- 
dition  was  already  formed.  Obliged,  with  much  dif- 
content,  to  return,  he  herborifed  as  lie  travelled,  , and 
enriched  the  Flora  Suecica  with  feveral  new  difeo- 
veries. 

A  man  in  office  at  St  Peterfburgh  having  written 
to  M.  Linne  to  fend  him  a  dire&or  for  his  cabinet  of 
natural  hiftory,  M.  Falk  accepted  the  poft,  which  led 
him  to  the  chair  of  profeflor  of  botany  at  the  apothe¬ 
caries  garden  at  St  Peterfburgh,  a  place,  that  had  been 
long  vacant.  His  hypochondriac  complaint  ftill  conti¬ 
nued  to  torment  him.  When  the  Imperial  academy 
of  fciences  was  preparing  in  1768  the  plan  of  its  learn¬ 
ed  expeditions,  it  took  M.  Falk  into  its  fervice,  though 
his  health  was  uncertain.  He  was  recalled  in  1771; 
but  having  got  only  to  Kafan  in  1773,  there  ob¬ 
tained  permiftion  to  go  and  ufe  the  baths  of  Kifliar, 
from  which  he  returned  again  to  Kafan  at  the  end  of 
'  the  year,  with  his  health  apparently  better. 

But  his  difeafe  foon  returned  with  redoubled  vio¬ 
lence.  From  the  month  of  December  1773,  he  had 
never  quitted  his  bed,  nor  taken  any  other  nourifhment 
than  bread  dried  in  the  Swedifh  manner  (knaekebreed), 
of  which  he  fcarcely  took  once  a  day  fome  mouthfuls 
dipped  in  tea.  At  firft  he  received  the.  vifits  of  a  few 
friends  ;  but  afterwards  denied  himfelf  to  them,  and 
was  reduced  to  the  ftri&eft  folitude.  When  M.  Geor- 
gi,  member  of  the  fociety  of  natural  Hiftory  at  Berlin, 
who  had  been  deftined  to  affift  and  relieve  the  profeflor 
in  the  duties  of  his  expedition,  went  to  fee  him  on  this 
occafion,  nothing  feemed  left  of  him  but  a  fkeleton  of 
a  wild  and  terrifying  afpedt.  The  few  words  he  drew 
from  him  confifted  in  complaints,  occafioned  by  a  lioft 
of  difeafes  which  kept  his  body  in  torture,  and  threw 
him  into  the  moll  cruel  fieepleffnefs.  The  laft  evening 
M.  Georgi  kept  him  company  till  midnight.  Pie  fpokc 
little,  and  faid  nothing  that  could  give  reafon  to  fuf- 
peft  the  delign  he  was  meditating.  His  hunter,  and 
at  the  fame  time  his  trufty  fervant,  offered  to  fit  up 
with  him  the  night ;  but  he  could  not  be  perfuaded  to 
confent. 

M.  Georgi  being  requefted  the  next  day,  March  31, 
to  come  to  the  lodging  of  the  unfortunate  gentleman,  he 
found  him  lying  before  his  bed,  covered  with  blood  ; 
befide  him  lay  a  razor,  with  which  he  had  given  him- 
_ ___  felf 
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fo,  felf  a  flight  wound  in  the  throat,  the  fatal  piilol,  and  a  moved  to  the  univerfity  of  Cambridge,  where  he  devo-  Farmer, 

jier*  powder-horn;  all  together  prefenting  a  tremendous  fpec-  ted  himfelf  chiefly  to  claffical  learning  and  the  belles  — 
tacle.  He  had  put  the  muzzle  of  the  piflol  againft  his  lettres.  In  1757,  he  was  admitted  to  the  degree  of 
throat,  and  reding  the  pommel  upon  his  bed,  he  dif-  bachelor  of  arts;  in  1760,  to  that  of  mader  of  arts; 
charged  the  contents  in  fuch  a  manner,  that  the  ball,  a  bachelor  of  divinity  in  1767,  and  a  do&or  of  divinity 
having  gone  through  his  head,  had  duck  in  the  cieling.  in  1775*,  in  which  year  he  was  alfo  elected  mader  of 
His  foldier  had  feen  him  dill  fitting  up  in  his  bed  at  Emanuel  on  the  deceafe  of  Dr  Richardfon,  and  prin- 
four  o’clock,  at  which  time  he  ufually  fell  into  a  fhort  cipal  librarian  on  the  deceafe  of  Dr  Barnardifton. 

{lumber.  In  his  chamber  was  found  a  note  written  the  The  didurbances  in  America  having  by  this  time  be- 
evening  before,  betraying  throughout  the  didrafted  come  ferious,  the  univerfity  of  Cambridge,  with  num- 
llate  of  his  mind,  but  nothing  declaratory  of  his  defign,  berlefs  other  loyal  bodies,  voted  an  addrefs  to  the  king, 
or  that  was  of  any  importance,  approving  of  the  meafures  adopted  by  government  to 

M.  Falk,  like  all  hypochondriac  perfons,  was  not  reduce  the  faftious  colonids  to  their  duty.  The  ad- 
very  communicative,  and  on  certain  occafions  was  dif-  drefs,  however,  was  not  carried  unanimoufly.  It  was,  of 
trudful.  But,  at  the  fame  time,  he  was  of  a  fedate  courfe,  oppofed  by  J ebb,  fo  well  known  for  his  free 
temper,  complaifant,  and  upright,  which  made  it  a  very  opinions  in  politics  and  religion,  and  by  fome  others,  of 
eafy  matter  to  bear  with  him,  and  fecure  to  him  the  in-  whom  one  man,  a  member  of  the  caput,  carried  his 
diligence  of  all  his  acquaintance.  His  extreme  fobriety  oppofition  fo  far,  as  a&ually  to  refufe  the  key  of  the 
had  enabled  him  to  make  fome  favings  from  his  pay,  place  which  contained  the  feal  neceflary  on  fuch  occa- 
though  he  was  very  beneficent  ;  it  was  not,  therefore,  fions.  In  this  emergency,  Dr  Farmer,  who  was  then 
indigence  that  drove  him  to  this  a£t  of  violence.  He  vice-chancellor,  is  faid  to  have  forced  open  the  door 
was  of  a  cold  conftitution,  preferring  folitude  and  quiet  with  a  (ledge-hammer  ;  an  exploit  which  his  democrati- 
to  fociety,  to  the  company  of  his  friends,  and  to  ordi-  cal  biographers  affeft  to  ridicule,  by  calling  it  his  courts 
nary  amufements,  which  yet  he  did  not  fhun,  except  fy  zeal,  and  the  occafion  of  all  his  fubfequent  prefer- 
in  the  latter  period  of  his  life.  As  to  religion,  he  fhew-  ments. 

ed  on  all  occafions  more  refpe&  for  it  than  any  flrong  If  it  be  indeed  true,  that  he  broke  the  door  in  pieces 
effufions  of  zeal.  It  was  folely  to  be  aferibed  to  the  with  his  own  hands,  his  condufl  mud  be  acknowledged 
violence  of  his  diftemper,  and  the  weaknefs  of  mind  to  have  been  not  very  decorous  ;  but  if  the  office  which 
which  it  brought  on,  that  led  him  to  put  a  period  to  he  filled  be  taken  into  confideratfon,  we  apprehend  it 
his  days.  The  fate  of  this  unfortunate  fcholar  was  ge-  would  be  as  difficult  to  prove  that  conduct  effen  daily 
nerally  and  juftly  lamented.  wrong,  as  to  vindicate  the  obftinate  arrogance  of  him 

His  papers  were  found  in  the  greateft  diforder.  They  who  occafioned  it.  The  feal  was  the  property  of  the 
contain,  however,  very  ufeful  and  important  relations,  univerfity,  of  which  this  outrageous  fupporter  of  the 
He  particularly  made  it  his  bufinefs  to  inquire  about  bill  of  rights  was  but  an  individual  member.  The  uni- 
the  Ivirguifes,  and  other  Tartarian  nations  ;  and  as  he  verfity  had  refolved  that  it  fhould  be  employed  for  a 
frequently  remained  for  the  fpace  of  nine  months  toge-  certain  purpofe,  which  it  was  the  duty  of  the  vice-chan- 
ther  in  the  fame  place,  he  was  enabled  to  procure  fa*  cellor  to  carry  into  effeft  ;  and  fince  the  feal  was  re- 
tisfa&ory  notions  concerning  the  objedls  of  his  invefti-  fufed  to  him,  he  had  no  alternative  but  to  get  poflef- 
gations.  The  Imperial  academy,  in  1774,  appointed  fion  of  it  by  force.  We  hope,  however,  that  he  em- 
Profeffor  Laxmann  to  arrange  his  manuferipts  in  order  ployed  a  fervant  to  break  the  door  ;  and,  indeed,  as 
for  publication  ;  which  was  done  accordingly.  vice  chancellor,  he  mult  have  had  fo  many  fervants  at  his 

FARMER  (Richard  D.  D.),  fo  well  known  as  one  command,  that  it  is  not  conceivable  he  would  wield  the 
of  the  commentators  on  Shakefpeare,  was  a  man  of  fuch  fledge  hammer  himfelf. 

pleafing,  though  Angular  manners,  that  we  regret  the  Some  time  after  this,  he  was  made  a  prebendary  of 
very  imperfedl  account  which  we  muft  give  of  his  life.  Canterbury,  we  believe  through  the  recommendation  of 
One  of  us,  who  had  the  pleafure  of  being  a  little  known  Lord  North,  then  premier  ;  and  it  was  at  Canterbury 
to  him,  has  been  fo  much  delighted  with  the  natural  that  the  writer  of  this  (ketch  had  the  happinefs  of  be- 
eafe  and  pleafantry  of  his  converfation,  that  we  made  ing  introduced  to  him,  and  witneffing  his  hofpital  ty* 
all  the  inquiries  which  we  judged  requifite  to  enable  us  After  enjoying  his  prebend  for  feveral  years,  he  refign- 
to  draw  up  fuch  a  biographical  (ketch  of  this  agreeable  ed  it  on  being  preferred,  by  the  prefent  premier,  to  a 
man  as  might  be  acceptable  to  our  readers,  and  not  un-  refidentiaryffiip  of  St  Paul’s ;  and  we  have  reafon  to 
worthy  of  his  chara&er ;  but  thefe  inquiries  were  made  in  believe,  that  he  declined  a  bifhopric,  which  was  offered 
vain.  Thofe  to  whom  we  applied  knew  little  more  of  the  to  him  as  a  reward  for  the  conllitutional  principles 
incidents  of  his  life  than  what  we  had  previoufly  found  which  he  was  at  pains  to  propagate,  not  only  in  his 
in  a  mifcellany,  of  which  the  writers  feem  to  confider  college,  but,  as  far  as  his  influence  went,  through  the 
it  as  a  principle  of  duty  to  vilify  the  chara&er  of  every  whole  univerfity. 

perfon,  who,  like  Dr  Farmer,  is  the  friend  of  order,  It  has  been  faid,  that  the  delights  of  the  pipe  and  the 
and  the  enemy  of  fudden  or  rapid  innovations.  To  bottle  in  Emanuel  parlour  outweighed,  in  his  eftima- 
that  mifcellany,  therefore,  we  muff  be  beholden  for  tion,  the  dazzling  fplendor  of  the  mitre  ;  but  he  had 
many  fa&s ;  but  we  (hall  certainly  copy  none  of  its  other  and  better  reafons  for  preferring  a  private  to  a 
malevolence.  public  fiation.  In  early  life,  at  leaft  before  he  was  ad- 

Dr  Farmer  was  born  at  Leicefter  1735  ;  but  what  vanced  in  years,  he  had  felt  the  power  of  love,  and  had 
was  the  ftation  of  his  father  we  have  not  learned.  Of  fuffered  fuch  a  difappointment  as  funk  deep  in  his  mind, 
his  fchool  education  he  received  part,  perhaps  the  and  for  a  time  threatened  his  underftanding.  From 
whole,  in  his  native  town  ;  and  from  fchool  he  was  re-  that  period,  though  he  retained  his  faculties  entire,  he 
Sup pl.  Vol.  1.  Part  II.  4M  acquired 
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acquired  fome  peculiarities  of  manner;  of  which  lie  was 
fo  tar  confeious,  as  to  be  fenfiblc  that  they  would  hard¬ 
ly  become  the  charafler  of  a  bifhop  :  being  likewifc 
flrongly  attached  to  dramatic  entertainments,  which,  if 
we  mi  (lake  not,  the  Englifh  bifhops  never  witnefs,  and 
delighting  in  clubs,  where  he  could  have  rational  con- 
Verfation  without  ftate  or  ceremony  of  any  kind  —  he 
very  wifely  preferred  his  refidentiary (hip  to  the  higheft 
dignity  in  the  church.  A t  the  time  of  his  death, 
which  happened  in  the  autumn  of  1797,  he  was  a  fel- 
low  of  the  Royal  and  Antiquarian  Societies,  mafter  of 
Emanuel  college,  principal  librarian  of  the  public  libra¬ 
ry  in  tbe  univerfity,  one  of  the  canons  refidentiary  of 
St  Paul’s,  chancellor  of  the  diocefe  of  Lichfield  and 
C  oventry,  and  prebendary  of  Worcefter. 

Though  a  good  claflical  fcholar,  Dr  Farmer  has  been 
celebrated  only  for  that  kind  of  literature  which  is  con¬ 
nected  with  the  Englifh  drama,  and  having  a  ftrong 
predeliAion  for  old  Englifh  writers,  he  ranked  high 
among  the  commentators  upon  Shaktfpeare.  His  ‘  Ef- 
fay  upon  the  Learning  of  Shakefpeare,”  dedicated  to 
Mr  Cradock,  the  intelligent  refident  of  Gumley-Hall 
in  Leicefterfhire,  has  patted  through  feveral  editions. 
This  eflay  was,  in  fad,  the  firft  foundation  of  his  fame, 
which  an  unconquerable  indolence  prevented  him  from 
carrying  to  that  height  to  which  the  exeicife  of  his  li¬ 
terary  talents  could  not  have  failed  to  raife  it.  So  great 
indeed  was  his  love  of  eafe,  that  after  havingannounced 
for  fubfcriptions  a  hiftory  of  Leicefterfhire,  and  a&ual- 
ly  begun  to  print  it,  rather  than  fubmit  to  the  fatigue 
of  carrying  it  through  the  prefs,  he  returned  the  fub- 
fcriptions,  and  prcfented  the  MSS.  and  plates  to  Mr 
Nichols,  the  refpeClable  printer  of  the  Gentleman’s 
Magazine,  who  has  fince  carried  on  the  hiftory  with  a 
degree  of  fpirit,  ability,  and  induftry,  perhaps  unpre¬ 
cedented  in  this  department  of  literature. 

Indolence  and  the  love  of  cafe  were  indeed  the  Doc¬ 
tor’s  chief  charaCteriftics;  and  to  them,  with  the  dif- 
appointment  already  mentioned,  may  be  attributed  a 
want  of  propriety  in  his  external  appearance,  and  in 
the  ufual  forms  of  behaviour  belonging  to  his  ftatiow. 
The  prevailing  features  of  his  charadler  diftinguiftied 
themfelves  by  feveral  oddities  :  There  were  three  things, 
it  was  laid,  which  the  mafter  of  Emanuel  loved,  viz. 
old  port,  old  clothes,  and  old  books ;  and  three  things 
which  no  one  could  perfuade  him  to  perform,  viz.  to 
rife  in  the  morning,  to  go  to  bed  at  night,  and  to  fettle 
an  account.  When  in  Cambridge,  if  an  old  houfe 
were  pulled  down,  the  mafter  of  Emanuel  was  always 
there  in  an  old  blue  great  coat,  and  a  rufty  hat.  When 
in  London,  he  was  fure  to  be  found  in  the  lame  garb 
at  an  old  book  ftall,  or  Handing  at  the  corner  of  a  dirty 
lane,  poring  through  his  glafs  at  an  old  play  bill. 

This  chara&er  is  not  drawn  by  a  friendly  pencil  ; 
but  it  is  neverthelefs  not  unjuft.  His  inattention  to 
the  common  decencies  of  drefs  and  behaviour  was  noto¬ 
rious,  infomuch  that,  in  the  company  of  ftrangers,  the 
eccentiicity  of  his  appearance  and  of  his  manners  made 
him  fometimes  be  taken  for  a  perfon  half  crazed.  'The 
writer  of  this  (ketch  faw  him  one  morning  at  Canter¬ 
bury  drefled  in  ftockings  of  unbleached  thread,  brown 
breeches,  and  a  wig  not  worth  a  (hilling  ;  and  when 
a  brother  prebendary  of  his,  remarkable  for  elegance  of 
manners,  and  propriety  of  drefs,  put  him  in  mind  that 
they  were  to  attend  en  the  archbifhop,  Dr  Farmer  re- 
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plied,  that  it  had  totally  efcaped  him  ;  but  be  went 
home,  and  drefled  himfelf  like  a  clergyman  That  he 
fat  late  reading,  and  occaflonally  drinking  brandy  and  , 
water,  cannot  be  denied  ;  and  it  is  literally  true,  that ' 
he  could  not  eafily  be  prevailed  upon  to  fettle  his  ac¬ 
counts.  His  accounts  with  fome  of  his  pupils,  when 
tutor  of  his  college,  were  never  fettled  to  the  day  of  his 
death  ;  and  the  young  gentlemen  not  unfrequently  took 
advantage  of  this  unconquerable  indolence  to  borrow  of 
him  confiderable  fums,  well  knowing  that  there  was  little 
chance  of  a  demand  being  ever  made  upon  their  pa¬ 
rents.  One  gentleman,  in  particular,  told  a  friend  of 
ours,  who  was  himfelf  a  penfioner  of  Emanuel,  that 
when  he  left  that  college,  he  was  near  fifty  pounds  in 
debt  to  Dr  Farmer  ;  “  a  debt  (faid  he)  which  I  would 
have  fcrupuloufly  paid,  but,  after  repeated  folicitations, 

I  could  get  no  bill  from  him.” 


fVtr.i 

Fafri; 

non. 


Having  been  a  warm  partizan  of  government  du¬ 
ring  the  American  war,  it  will  readily  be  believed  that 
Dr  Farmer  was  the  determined  enemy  of  levellers  and 
anarchifts.  He  was  fuch  a  Whig  as  thofe  who  placed 
King  William  on  the  throne  ;  and  of  courfe  deemed  a 
violent  Tory  by  our  prefent  republicans,  of  whom,  to 
fay  the  truth,  he  could  hardly  fpeak  with  temper.  By 
his  enemies  he  is  admitted  to  have  been  a  man  of  gene- 
rofity.  As  he  obtained  money  eafily,  fo  he  parted  with 
it  eafily.  Whilft  he  v/as  always  ready  to  relieve  diftrefs, 
his  bounty  was  frequently  bellowed  on  the  patronage 
of  learned  men  and  learned  publications.  He  was,  ac¬ 
cordingly,  a  favourite  with  all  good  men  who  knew 
him.  In  his  own  college  he  was  adored  ;  in  the  uni¬ 
verfity  he  had,  for  many  years,  more  influence  than  any 
other  individual ;  and,  with  all  his  eccentricities,  his 
death  was  a  lofs  to  that  learned  body,  which,  in  the 
opinion  of  fome  of  its  members,  will  not  foon  be  made 


up. 

FASCINATION,  the  art  of  bewitching,  enchant¬ 
ment,  an  unfeen  inexplicable  influence.  Under  the 
title  Serpens  ( Encycl.  n°  22.)  we  have  mentioned  fe- 
ve^al  inftances  of  the  fafeinating  power  of  the  rattle- 
fnake,  which  were  related  by  men  of  character,  and 
certainly  gained  fome  degree  of  credit  among  men  of 
feienee.  In  Vaillant’s  New  Travels  into  the  Interior 
Parts  of  Africa,  an  account  is  given  of  fimilar  inftances 
of  falcination  by  African  fervants,  fome  of  them  wit- 
netted  by  himfelf,  and  others  reported  to  him  by  men 
of  veracity 

On  the  confines  of  the  European  colony,  at  a  place 
called  Swart-Zarul,  our  traveller  faw  a  fhrike  on  the 
branch  of  a  tree,  tremble  as  if  in  convulfions,  whilft  it 
uttered  the  moft  piercing  cries  of  diftrefs.  Clofei*  at¬ 
tention  led  him  to  difeover  upon  the  next  branch  of 
the  fame  tiee  a  large  ferpent,  that,  with  ftretched-out 
neck,  and  fiery  eyes,  though  perfe&ly  (till,  was  gazing 
on  the  poor  animal.  He  (hot  the  ferpent  ;  but,  in  the 
mean  time,  the  bird  had  died.  Having  meafured  the 
diftance  between  the  place  where  the^  fhrike  was  fetn 
in  convulfions  and  that  occupied  by  the  ferpent  when 
it  was  fhot,  he  found  it  to  be  three  feet  and  a  half ; 
which  convinced  him  and  his  attendants  that  the  bird  had 
not  died  either  from  the  bite  or  the  poifon  of  its  ene¬ 
my.  Indeed  he  flripped  it  before  the  whole  company, 
and  made  them  obferve  that  it  was  untouched,  and  had 
not  received  the  flighted  wound. — In  another  diftrid 
of  Africa,  during  the  courfe  of  the  fame  travels,  he 
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]  na-  faw  a  fmall  moufe  die  in  convulfions,  occafioned  by  the 
;  fafcinating  power  of  a  ferpent,  at  the  diftance  of  two 
u  1  yards  from  it  ;  and  when  tie  confulted  his  Hottentots 
upon  this  incident,  they  expreffed,  he  fays*  no  fort  of 
zftonifhment,  but  afiured  him  that  the  ferpent  had  the 
faculty  of  attra&ing  and  fafcinating  fuch  animals  as  it 
wifhed  to  devour. 

We  have  already  had  occafion  to  remark  how  re- 
gardlefs  this  author  is  of  inconfiftencies  in  his  narra¬ 
tive  ;  and  we  perceive  fomething  like  an  iriconfiftency 
in  the  narratives  before  us.  Though  his  Hottentots 
expreffed  no  furprife  at  the  fafcinatioii  of  the  moufe, 
and  declared  that  nothing  was  more  common,  he  fays 
exprefsly,  that  to  thofe  who  witneffed  the  fafcination 
of  the  (hrike,  the  fadl  appeared  fo  extraordinary,  that 
they  could  hardly  believe  it,  even  after  they  had  feen  it. 

The  mod  wonderful  inftance  of  fafcination  which 
we  have  anywhere  met  with,  was  that  of  a  Captain  in 
the  Dutch  fervice  at  the  Cape,  who,  after  affuring  our 
traveller  that  it  is  an  event  which  happens  very  fre¬ 
quently,  proceeded  thus  :  u  My  teftimony  ought  to 
have  the  more  weight,  as  I  had  once  nearly  become  my- 
felf  a  vi&im  to  this  fafcination  While  in  garrifon  at 
Ceylon,  and  amufing  myfelf,  like  you,  in  hunting  in  a 
marfh,  I  was,  in  the  courfe  of  my  fport,  fuddenly  fei- 
zed  with  a  convulfive  and  involuntary  trembling,  differ¬ 
ent  from  any  thing  I  had  ever  experienced,  and  at  the 
fame  time  was  ftrongly  attra&ed,  and  in  fpite  of  myfelf, 
to  a  particular  fpot  of  the  marfh.  Directing  my  eyes 
to  this  fpot,  I  beheld,  with  feelings  of  horror,  a  fer¬ 
pent  of  an  enormous  fize,  whofe  look  inftantly  pierced 
wie.  Having,  however,  not  yet  loft  all  power  of  motion, 
I  embraced  the  opportunity  before  it  was  too  late,  ar.d 
faluted  the  reptile  with  the  contents  of  my  fufee.  The 
report  was  a  talifman  that  broke  the  charm.  All  at 
once,  as  if  by  a  miracle,  my  convulfion  ceafed  ;  T  felt 
myfelf  able  to  fly  ;  and  the  only  inconvenience  of  this 
extraordinary  adventure  was  a  cold  fweat,  which  was 
doubtlefs  the  effect  of  my  fear,  and  of  the  violent  agi¬ 
tation  my  fenfes  had  undergone.” 

This  inftance  of  fafcination  differs  in  one  very  mate¬ 
rial  circumftance  from  the  two  fomewhat  fimilar  inftan- 
ces  mentioned  in  the  Encyclopedia .  In  both  thefe, 
the  eyes  of  the  perfors  fafcinated  were  fixed  on  the 
eyes  of  the  fnakc ;  but  here  the  Dutch  Captain  was 
ftrongly  attraded  towards  the  ferpent  before  he  faw,  or 
even  fufpe&ed  that  fo  formidable  an  enemy  was  in  his 
neighbourhood.  If  the  ftory  therefore  be  true,  the  ef¬ 
fect  which  he  defcribes  could  not  poflibly  have  been 
the  effed  of  fear,  but  of  fome  nnfeen  influence  on  his 
whole  nervous  fyftem. 

The  fubjed  has  of  late  attraded  the  attention  of 
men  of  fcience,  whofe  local  fituation  gives  them  an  op¬ 
portunity  of  making  experiments  upon  different  fer- 
pents,  with  a  view  to  afcertain  whether  they  really  pof- 
fef3  or  not  this  moft  unaccountable  of  ail  powers.  In 
the  year  1796  was  printed  at  Philadelphia  a  Memoir 
concerning  the  Fafcinating  Faculty  which  has  leen  afcru 
led  to  the  Raitlefnake ,  and  other  American  Serpents ,  by 
Benjamin  Smith  Barton,  M.  D.  Profeffor  of  natural 
hiftory  and  botany  in  the  univerfity  of  Pennfylvania  In 
this  memoir,  the  manner  in  which  the  fafcinating  power 
is  fuppofed  to  be  exerted  is  thus  ftated  by  the  ingeni¬ 
ous  profeffor  : 


“  The  fnake,  whatever  its  foecies  may  be,  lying  at  Fafcilu- 
the  bottom  of  the  tree  or  bufli  upon  which  the  bird  tion>  4 
or  fquirrtl  fits,  fixes  Its  eyes  upon  the  animal  it  deligus 
to  fafcinate  or  enchant.  No  fooner  is  this  done,  than 
the  unhappy  animal  is  unable  to  make  its  efcape.  It 
now  begins  to  utter  a  moft  piteous  cry,  which  is  well 
known  by  thofe  who  hear  it,  and  underftand  the  whole 
machinery  of  the  bufinefs,  to  be  the  cry  of  a  creature  en¬ 
chanted.  If  it  is  a  fquirrel,  it  runs  up  the  tree  for  a  fhort 
diftance,  comes  down  again,  then  runs  up,  and,  laftly, 
comes  lowerdown.  ‘  On  that  occalion  (fays  an  honeft,but 
rather  credulous  writer  *),  it  has  been  obferved,  that  *  Prcfejor 
the  fquirrel  always  goes  down  more  than  it  goes  up.’  Peter  Kalwl 
The  fnake  ft  ill  continues  at  the  root  of  the  tree,  with 
its  eyes  fixed  on  the  fquirrel,  with  whicli  its  attention 
is  fo  entirely  taken  up,  that  a  perfon  accidentally  ap¬ 
proaching,  may  make  a  confiderable  noife  without  the 
fnake’s  fo  much  as  turning  about.  The  fquirrel,  as 
before  mentioned,  comes  always  lower  and  at  laft  leaps 
down  to  the  fnake,  whofe  mouth  is  already  wide  open 
for  its  reception.  The  poor  little  animal  then,  with  a 
piteous  cry,  runs  into  the  fnake’s  jaws,  and  is  fwallow- 
ed  at  once,  if  it  be  not  too  big  ;  but  if  its  fize  will  not 
allow  it  to  be  fwallowed  at  once,  the  fnake  licks  it  fe- 
veral  times  with  its  tongue,  and  fmoothens  it,  and  by 
that  means  makes  it  fit  for  fwallowing.” 

From  Dr  Barton’s  memoir,  it  appears  that  the  North 
American  Indians  are.  by  no  means  of  one  opinion  re- 
fpe&ing  the  fafcinating  power  of  the  rattle- fnake.  Some 
intelligent  friends  of  his,  well  acquainted  vdth  the  man¬ 
ners,  religious  opinions,  and  f  iperltitious  prejudices  of 
thofe  people,  informed  him,  that  though  they  had  of¬ 
ten  heard  the  Indians  fpeak  of  the  ingenuity  of  thefe 
reptiles  in  catching  birds,  fquirrels,  &c.  they  did  not 
recoiled  having  ever  heard  them  fay  that  fnakes  charm 
birds.  On  the  other  hand,  however,  a  Mohegan  In¬ 
dian  told  the  Docftor  himfelf,  that  the  Indians  are  of 
opinion,  that  the  rattle  fnake  can  charm,  or  bewitch, 
fquirrels  and  birds,  and  that  it  does  this  with  its  rattle, 
which  it  fhakes,  thereby  inviting  the  animals  to  defcend 
from  the  trees,  after  which  they  are  eafily  caught.  Ac¬ 
cording  to  this  Indian,  his  countrymen  do  not  think 
that  the  fnake,  in  any  manner,  accomplifhes  the  bufi¬ 
nefs  with  Its  eyes.  A  Choktah  Indian  affured  the  Doc¬ 
tor,  that  the  rattle-fnake  dees  charm  birds,  See.  ;  but 
he  was*  honeft  enough  to  confefs,  that  he  did  not  know 
in  what  manner  it  does  it.  The  interpreter,  through 
whom  the  conyerfation  vva9  carried  on  with  this  Indian, 
faid  that  the  fnake  charms  by  means  of  its  rattle. 

This  opinion  of  the  interpreter  was  the  opinion  of 
Dr  Mead.  That  eminent  naturalift,  controverting, 
about  fifty  years  ago,  the  common  opinion,  that  Provi¬ 
dence  has  fumiftied  the  rattle-fnake  with  its  rattle  to 
give  warning  to  travellers,  was  the  ftiift  who  afferted 
that  this  Angular  appendage  is  given  to  the  animal  to 
terrify  fquirrels  and  fmall  birds,  which  are  then  fo  ftu- 
pified  by  the  fight  of  fo  formidable  an  enemy,  that  at 
length  they  drop  down,  and  become  its  prey  ;  a~d  that 
this  is  what  the  Indians  call  fafcination .  The  lame 
opinion  has  been  adopted  by  profeft’er  Blumenbach  of 
Gottingen,  who,  in  his  Manual  of  Natural  Hiftory, 
thus  expreffes  himfelf  on  this  curious  fubjedl : 

“  That  fquirrels,  fmall  birds,  Sec.  fall  down  fponta- 
neoufty  from  trees  into  the  mouth  of  the  rattle-fnake, 

4  M  2  lying 
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Fafeina-  lying  below  them,  is  an  undifputed  fad  ;  and  is  the 
ti<>n’  lefs  furprifing,  as  the  like  phenomena  have  been  re- 
marked  in  regard  to  other  fnakes,  and  alfo  toads,  hawks, 
and  cats ;  all  of  which,  in  certain  circumftances,  as  ap¬ 
pears,  have  the  power  of  drawing  towards  them  fmall 
animals,  merely  by  fixing  their  eyes  ftedfaftly  on  them. 
In  regard  to  the  rattle-fnake,  this  effed  is  produced  by 
the  rattle  in  its  tail,  the  hilling  noife  of  which  makes 
fquirrels,  & c.  whether  through  curiofity,  miftake,  or 
terror,  feem  to  approach  the  animal  as  it  were  fponta- 
neoufly.  At  any  rate,  I  know,  from  the  information 
of  intelligent  eye-witnefies,  that  it  is  a  common  ftrata- 
gem  of  the  young  favages  in  America  to  conceal  them- 
felves  in  the  bufhes,  where  they  imitate  the  hilling  noife 
of  the  rattle-fnake,  and  by  thefe  means  attrad  fquirrels* 
which  they  are  then  enabled  to  catch.” 

To  this  opinion  Dr  Barton  oppofes  an  infuperable 
ebje&ion.  It  is,  that  this  fafcinating  power  is  by  no 
means  peculiar  to  the  rattle-fnake.  With  regard  to 
the  ftratagem  of  the  favages,  he  thinks  that  Dr  Blu- 
menbach  has  been  impofed  upon  ;  as  neither  he,  nor 
any  other  perfon  of  whom  he  made  the  inquiry,  ever 
heard  of  fuch  a  ftratagem.  The  young  Indians,  he 
fays,  place  a  reed  crofs-wife  in  their  mouth,  and  by  a 
tremulous  motion  of  the  lips,  imitate  the  cry  of  young 
birds;  by  which  means  they  entice  the  old  ones,  fo  that 
they  can  eafily  {hoot  them  :  And  this  pradice  may  have 
given  rife  to  the  ftory  of  their  imitating  the  hiding 
noife  of  the  rattle-fnake. 

Some  have  fuppofed  that  ferpents,  under  certain  cir- 
cumftances,  emit  from  their  bodies  a  ftupifying  vapour; 
and  that  it  is  this  vapour  which  produces  the  effed 
called  fafctnation  ;  But  againft  this  opinion  Dr  Barton 
alleges  the  following  arguments  :  “I  know,  indeed 
(fays  he),  that  in  fome  of  the  larger  fpecies  of  ferpents, 
inhabiting  South  America  and  other  countries,  there 
is  evolved  in  the  ftomach,  during  the  long  and  tedious 
procefs  of  digeftion  in  thefe  animals,  a  vapour  or  a 
gas,  whofe  odour  is  intenfely  fetid.  I  have  not,  how¬ 
ever,  found  that  this  is  the  cafe  with  the  rattle-fnake, 
and  other  North  American  ferpents,  that  I  have  exa¬ 
mined.  But  my  own  obfervations  on  this  head  have 
not  been  very  minute.  I  have  made  inquiry  of  fome  per- 
fons  (whofe  prejudices  againft  the  ferpent  tribe  are  not 
fo  powerful  as  my  own),  who  are  not  afraid  to  put  the 
heads  and  necks  of  the  black  fnake,  and  other  ferpents 
that  are  deftitute  of  venomous  fangs,  into  their  mouths, 
and  have  been  informed,  that  they  never  perceived  any 
difagreeable  fmell  to  proceed  from  the  breath  of  thefe 
animals.  I  have  been  prefent  at  the  opening  of  a  box 
which  contained  a  number  of  living  ferpents,  and  al¬ 
though  the  box  had  been  fo  clofe  as  to  admit  but  a 
very  fmall  quantity  of  frefh  air,  although  the  obferva- 
tion  was  made  in  a  fmall  warm  room,  I  did  not  per¬ 
ceive  any  peculiarly  difagreeable  effluvium  to  arife  from 
the  bodies  of  thefe  animals.  I  am,  moreover,  inform- 
Amtrhan  ec^  ky  a  mem^er  this  fociety  *,  who  has,  for  a  confi- 
hilofophi -  derable  time,  had  a  rattle-fnake  under  his  immediate 
cal  Society,  care,  that  he  has  not  obferved  that  any  difagreeable  va¬ 
pour  proceeds  from  this  reptile.  On  the  other  hand, 
however,  it  is  afferted  by  fome  creditable  perfons  of  my 
acquaintance,  that  a  moll  offenlive  odour,  fimilar  to 
that  of  flefh  in  the  laft  ftage  of  putrefadion,  is  conti¬ 
nually  emanating  from  every  part  of  the  rattle-fnake, 
and  fome  other  fpecies  of  ferpents.  This  odour  qx- 
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tends,  under  certain  circumftances,  to  a  confiderable 
diftance  from  the  body  of  the  animal.  Mr  William 
Bartram  allures  me,  that  he  has  obferved  i  horfes  to  be 
fenfible  of,  and  greatly  agitated  by  it,,  at  the  diftance  of 
forty  or  fifty  yards  from  the  fnake.  They  {hewed  (he 
fays)  their  abhorrence  by  fnoiting,  winnowing,  and 
llarting  from  the  road,  endeavouring  to  throw  their  ri¬ 
ders,  in  order  to  make  their  efcape.’  This  fad,  rela¬ 
ted  by  a  man  of  rigid  veracity,  is  extremely  curious ; 
and,  in  an  efpecial  manner,  deferves  the  attention  of 
thofe  writers  who  imagine  that  this  fetid  emanation 
from  ferpents  is  capable  of  afFeding  birds,  at  fmall  di- 
ftances,  with  a  kind  of  afphyxy.  It  even  gives  fome  co¬ 
lour  of  probability  to  the  ftory  related  by  Metrodorus, 
and  preserved  in  the  Natural  Hiftory  of  Pliny  j  ^  a! 

Some  experiments,  however,  which  were  made  in  Cap.  14, 
Philadelphia  a  little  before  the  Dodor  compofed  his 
memoir,  feem  to  have  been  deciiive  not  only  as  to  the 
fetor,  but  as  to  every  thing  which  refembles  fafeina- 
tion  in  the  rattle-fnake.  Birds  which  were  put  into  a 
cage  which  contained  a  rattle-fnake,  flew  or  ran  from 
the  reptile,  as  though  they  were  fenfible  of  the  danger 
to  which  they  were  expofed.  The  fnake  made  many 
attempts  to  catch  the  birds,  but  could  feldom  fucceed. 
When  a  dead  bird  was  thrown  into  the  cage,  the  fnake 
devoured  it  immediately.  He  foon  caught  and  devour¬ 
ed  a  living  mole,  an  animal  much  more  lluggilh  than 
the  bird.  Dr  Barton  himfelf  faw  a  fnow-bird  (fee  Em- 
berize  EticycL )  in  a  cage  with  a  large  rattle-fnake. 

The  little  animal  had  been  thus  imprilbned  for  feveral 
hours  when  he  fir  ft  faw  it,  but  it  exhibited  no  figns  of 
fear.  It  hopped  about  from  the  floor  of  the  cage  to 
its  rooft,  and  frequently  perched  on  the  fnake’s  back. 

Its  chirp  was  nowife  tremulous,  but  perfedly  natural. 

It  ate  the  feeds  which  were  put  into  the  cage ;  and  by 
its  whole  actions  moll  evidently  demonftrated  that  its 
fituation  was  not  uneafy. 

Having  thus  difpofed  of  the  dodrines  of  fome  of  his 
predecefiors,  Dr  Barton  proceeds  to  fay  :  “  The  refult 
of  not  a  little  attention  to  the  fubjed  has  taught  me, 
that  there  is  but  one  wonder  in  the  bulinefs; — the  won¬ 
der  that  the  ftory  ftiould  ever  have  been  believed  by  a 
man  of  underftanding  and  of  obfervation.”  Fafcina- 
tion,  we  are  informed,  is  almoft  entirely  limited  to  birds 
that  build  low,  and  <l  in  almoft  every  inftance,  I  found 
that  the  fuppofed  fafcinating  faculty  of  the  ferpent  was 
exerted  upon  the  birds  at  the  particular  feafon  of  their 
laying  their  eggs,  of  their  hatching,  or  of  their  rearing 
their  young,  Itill  tender  and  defencelels.  I  now  began 
to  fufped,  that  the  cries  and  fears  of  birds  fuppofed  to 
be  fafeinated  originated  in  an  endeavour  to  proted  their 
neft  or  young.  My  inquiries  have  convinced  me  that 
this  is  the  cafe.” 

The  rattle-fnake,  which  is  the  lazieft  of  all  the  fer¬ 
pent  tribe,  never  moves  in  a  fpiral  manner  or  climbs  up 
trees  ;  but  the  black- fnake,  and  fome  other  fpecies  of 
the  genus  coluber,  do.  When  impelled  by  hunger,  and 
incapable  of  fatisfying  it  by  the  capture  of  animals  on  the 
ground,  they  begin  to  glide  up  trees  or  bullies  upon  which 
a  bird  has  its  neft.  The  bird  is  not  ignorant  of  the  fer- 
pent’s  objed.  She  leaves  her  neft,  whether  it  contains 
egg 8  or  young  ones,  and  endeavours  to  oppofe  the  rep¬ 
tile’s  progrefs.  In  doing  this,  fhe  is  aduated  by  the 
ftrength  of  her  inftindive  attachment  to  her  eggs,  or 
of  affedion  to  her  young.  Her  cry  is  melancholy,  her 
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motions  are  tremulous.  She  expofes  herfelf  to  the  mod 
imminent  danger.  Sometimes  fhe  approaches  fo  near 
the  reptile  that  he  feizes  her  as  his  prey.  But  this  is 
far  from  being  univerfally  the  cafe.  Often  {he  compels 
the  ferpent  to  leave  the  tree,  and  then  returns  to  her 
neft. 

It  is  a  well-known  fa£I,  that  among  fome  fpecics  or 
birds,  the  female,  at  a  certain  period,  is  accuftomed  to 
compel  the  young  ones  to  leave  the  neft  ;  that  is,  when 
the  young  have  acquired  fo  much  ftrength  that  they 
are  no  longer  entitled  to  all  her  care.  But  they  Ml 
claim  fome  of  her  care.  Their  flights  are  aukward, 
and  foon  broken  by  fatigue.  They  fall  to  the  ground, 
where  they  are  frequently  expofed  to  the  attacks  of  the 
ferpent,  which  attempts  to  devour  them.  In  this  fitua- 
tion  of  affairs,  the  mother  will  place  herfelf  upon  a  branch 
of  a  tree  or  bufli,  in  the  vicinity  of  the  ferpent.  She  will 
dart  upon  the  ferpent,  in  order  to  prevent  the  deft  ruc¬ 
tion  of  her  young  ;  but  fear,  the  iiiftinA  of  felf-prefer- 
vation,  will  compel  her  to  retire.  She  leaves  the  fer¬ 
pent,  however,  but  for  a  fhort  time,  and  then  returns 
again.  Oftentimes  fhe  prevents  the  deftru&ion  of  her 
young,  attacking  the  fnake  with  her  wings,  her  beak, 
or  her  claws  Should  the  reptile  fucceed  in  capturing 
the  young,  the  mother  is  expofed  to  lefs  danger.  For, 
whilft  engaged  in  fwallowing  them,  he  has  neither  in¬ 
clination  nor  power  to  feize  upon  the  old  one.  But 
the  appetite  of  the  ferpent-tribe  is  great :  the  capacity 
of  their  ftomachs  is  not  lefs  fo.  The  danger  of  the 
mother  is  at  hand  when  the  young  are  devoured.  The 
fnake  feizes  upon  her  :  and  this  is  the  cataftrophe,  which 
ciowns  the  tale  of  fafeination  ! 

FAUSSE-Braye,  in  fortification,  an  elevation  of 
earth,  about  three  feet  above  the  level  ground,  round 
the  foot  of  the  rampart  on  the  outflde,  defended  by  a 
parapet  about  four  or  five  fathoms  diftant  from  the  up¬ 
per  parapet,  which  parts  it  from  the  berme  and  the 
edge  of  the  ditch.  The  fauffe-braye  is  the  fame  with 
what  is  otherwife  called  Chemindes  rondes ,  and  Bajfe  en¬ 
ceinte;  and  its  ufe  is  for  the  defence  of  the  ditch. 

FEATHER-edged,  is  a  term  ufedby  workmen  for 
fuch  boards  as  are  thicker  on  one  edge,  or  fide,  than  on 
the  other. 

FELTING,  the  method  of  working  up  wool  or 
hair  into  a  kind  of  cloth  or  fluff,  without  cither  fpin- 
ning  or  weaving  it.  In  this  country  felting  is  little 
pra£tifed  except  in  hat-making  ;  and  as  nine- tenths  of 
thofe  who  are  employed  in  the  manufacturing  of  hats 
know  nothing  of  the  principles  on  which  they  proceed, 
the  following  obfervatione  on  the  mechanifm  of  felting 
muff  to  them  be  both  agreeable  and  ufeful.  They  are 
by  M.  Monge,  and  taken  from  the  Annales  de  Chemis. 

If  we  examine,  in  a  microfcope,  human  hair,  wool, 
the  hair  of  a  rabbit,  hare,  beaver,  &c.  however  great 
the  magnifying  power  of  the  inftrurr.ent  may  be,  the 
furface  of  each  hair  appears  perfectly  fmooth  and  even ; 
or  at  leaft,  if  any  inequalities  are  to  be  perceived,  they 
feem  rather  to  arife  from  fome  difference  In  the  colour 
and  tranfparency  of  particular  parts  of  thefe  fubftances 
than  from  the  irregularity  of  their  furfaces ;  for  their 
image,  when  viewed  by  a  folar  microfcope,  is  termina¬ 
ted  by  even  lines,  without  any  roughnefs.  Fhe  fur- 
face  of  thefe  obje<fts,  however,  is  by  no  means  fmooth  ; 
on  the  contrary,  it  appears  to  be  formed  either  of  la¬ 
mella  which  cover  each  other  from  the  root  to  the 
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point,  pretty  much  in  the  fame  manner  as  the  feales  of 
a  fifli  cover  the  animal  from  the  head  to  the  tail ;  or, 
more  probably,  of  zones  placed  one  over  the  other,  like 
what  is  obferved  in  the  ftru&ure  of  horns :  to  this  con¬ 
formation  it  is,  that  the  fubftances  here  treated  of  owe 
their  difpoiition  to  what  is  called  felting. 

If,  with  one  hand,  we  take  hold  of  a  hair  by  the 
root,  and  draw  it  between  two  fingers  of  the  other, 
from  the  root  towards  the  point,  we  are  hardly  fenfible 
of  any  fri&ion  or  refiftance,  nor  can  we  diftinguifh  any 
found  ;  but  if,  on  the  contrary,  we  hold  the  hair  at  the 
point,  and  draw  it  between  the  fingers,  from  the  point 
towards  the  root,  wc  are  fenfible  of  a  refiftance  which 
did  not  exift  in  the  former  cafe ;  a  fort  of  tremulous 
motion  is  likewife  produced,. which  is  not  only  per¬ 
ceptible  to  the  touch,  but  may  alfo  be  diftinguifhed  by 
the  ear. 

It  is  evident  therefore,  that  the  texture  of  the  fur- 
face  of  a  hair  is  not  the  fame  from  the  root  towards  the 
point  as  from  the  point  towards  the  root ;  and  that  a 
hair,  when  grafped,  muff  offer  more  refiftance  in  Aiding 
or  moving  prcgrefiively  towards  the  point  than  towards 
the  root  ;  i.  e.  in  moving  with  its  point  foremoft. 

If  a  hair,  after  being  taken  hold  of  by  the  fore  fin¬ 
ger  and  thumb,  be  rubbed  by  them,  in  the  longitudinal 
direction  of  the  hair,  a  progreflive  motion  takes  place, 
and  this  motion  is  always  towards  the  root.  This  eftedt 
does  not  at  all  depend  on  the  nature  of  the  fkin  of  the. 
fingers  or  its  texture  ;  for  if  the  hair  be  turned,  fo  that, 
the  point  is  placed  where  the  root  was,  the  movement 
then  becomes  contrary  to  what  it  was  before  ;  that  is  to 
fay,  it  is  always  dire&ed  towards  the  root. 

What  is  obferved,  in  the  above  inftance,  is  entirely 
analogous  to  what  happens  when  country  children,  by 
way  of  fport,  introduce  an  ear  of  rye  or  barley  between, 
the  wrift  and  the  fhirt,  the  points  of  the  beards  of  which 
are  dire&ed  outwards.  By  the  various  motions  of  the. 
arm,  this  ear,  fometimes  catching  againft  the  fhirt, 
fometimes  againft  the  fkin,  takes  a  progreflive  motion 
backwards,  and  foon  gets  up  to  the  arm-pit.  It  is 
very  clear  that  this  effedl  is  produced  by  the  beards  of 
the  ear,  and  indeed  chiefly  by  the  afperities  upon  thofe 
beards  ;  which,  being  all  diredled  to'wards  the  point, 
do  not  permit  the  car  to  move  in  any  other  direction, 
than  towards  that  part  to  which  it  was  united  to  the. 
ftalk.  There  is  no  doubt  that  it  is  the  fame  with  re- 
fpedt  to  hair  ;  and  that  its  furface  is  befet  with  afperi- 
ties,  which,  being  laid  one  upon  the  other,  and  turned, 
towards  the  points,  permit  no  motion  but  towards  the 
root. 

A  tight  knot,  made  in  the  middle  of  a  hair,  is  very 
difficult  to  untie  by  the  ufual  means,  on  account  of  the 
extreme  thinnefs  of  the  hair;  but  if  we  place  the  hair 
in  the  bend  of  the  hand,  fo  that  the  knot  is  in  a  line 
with  the  little  finger,  and,  after  grafping  the  hair  by 
clofing  the  hand,  we  ftrike  the  fift  feveral  times  againft 
the  knee,  the  afperities  of  one  end  of  the  hair  being 
now  in  a  contrary  dire&ion  to  thofe  of  the  other,  each 
of  the  ends  recedes  a  little,  one  of  them  one  way,  the 
other  the  contrary  way ;  the  knot  is  thereby  opened* 
and,  by  introducing  a  pin  into  the  eye  which  is  formed* 
it  is  very  eafy  to  finifh  untying  it. 

Thefe  obfervatlons,  which  it  would  be  ufelefs  to  muL 
tiply,  relate  to  long  hair,  that  having  been  taken  as  an 
example  j  but  they  apply  with  equal  propriety  to  wool*, 
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pvHn*.  furs,  and  In  general  to  every  kind  of  animal  hair.  The 
furface  of  all  thefe  is  therefore  to,  be  confidered  as  com 
poftd  of  hard  lamella  placed  one  upon  another,  like 
tiles,  from  the  root  to  the  point ;  which  lamella  allow 
the  progreffive  motion  of  the  hair  towards  the  root,  but 
prevent  a  fnr.ilar  motion  towards  the  point. 

From  what  has  been  faid,  it  is  eafy  to  explain  why 
the  contact  of  woollen  fluffs  is  rough  to  the  Ik  in,  while 
that  of  linen  or  cotton  cloths  is  fmooth  ;  the  reafon  is, 
the  afperities  upon  the  furface  of  the  fibres  of  the  wool 
(notwithftanding  the  flexibility  of  each  particular  fibre), 
by  fixing  themfelves  in  the  fkin,  produce  a  difagreeabie 
fenfation,  at  leafl  till  we  are  accuftomed  to  it  ;  where¬ 
as  the  furface  of  the  fibres  of  hemp  or  flax,  of  which 
linen  is  made,  being  perfedly  fmooth.  do  not  canfe  any 
fuch  fenfation.  It  is  alfo  evident,  that  the  injury  arifing  to 
wounds  or  fores,  from  the  application  of  wool,  does  not 
proceed  from  any  chemical  property,  but  is  occafioned 
folely  by  the  conformation  of  the  furface  of  the  fibres  ; 
the  afperities  of  which  attach  themfelves  to  the  raw 
and  expofed  flefh,  which  they  ftimulate  and  irritate  to 
fuch  a  degree  as  to  produce  inflammation. 

This  conformation  is  the  principal  canfe  of  that  dif- 
pofition  to  what  is  called  felting,  which  the  hair  of  all 
animals  in  general  poffeffes. 

The  hatter,  by  finking  the  wool  with  the  ilrirrg  of 
his  bow  (fee  Hat,  ErtcycL ),  feparates  the  hairs  from 
each  other,  and  caufes  them  to  fpring  up  in  the  air  ; 

'  the  hairs  fall  again  on  the  table,  in  all  poffible  direc¬ 
tions,  fo  as  to  form  a  layer  of  a  certain  thicknefs,  arid 
the  workman  covers  them  with  a  cloth,  Which  he  prefles 
with  his  hands,  moving  them  backwards  and  forwards 
in  various  directions.  This  preffure  brings  the  hairs 
againfl  each  other,  and  multiplies  their  points  of  con- 
tad  ;  the  agitation  of  them  gives  to  each  hair  a  pro- 
.  grefllve  motion  towards  the  root ;  by  means  of  this  mo- 
tion  the  hairs  are  twilled  together,  and  the  lamella  of 
each  hair,  by  fixing  themfelves  to  thofe  of  other  hairs 
which  happen  t-o  be  direded  the  contrary  way,  keep 
the  whole  in  that  comp3&  flate  which  the  preffure 
makes  it  acquire.  In  proportion  as  the  mafs  becomes 
compad,  the  preffure  of  the  hands  fhould  be  increafed,; 
not  only  to  make  it  more  clofe,  but  alfo  to  keep  up  the 
progreffive  motion  and  twiflingof  the  hairs,  which  then 
takes  place  with  greater  difficulty  :  but  throughout  the 
whole  of  this  operation,  the  hairs  fix  themfelves  only 
to  each  other,  and  not  to  the  cloth  with  which  they 
are  covered,  the  fibres  of .  which,  as  we  have  already 
faid,  are  fmooth,  and  have  not  that  difpofition  to  felt- 
ing  which  we  have  deferibed  above. 

It  may  not  be  amifs  here  to  explain  why  that  hair 
which  is  intended  for  making  hats  is  always  cut  off 
-  with  a  iharp  inflrument  (although  that  cannot  be  done 
without  lofing  a  part  of  its  length),  and  not  plucked 
•ut  by  the  roots,  as  might  be  done  after  foftening  the 
Ikin :  the  reafon  is,  the  bulb  of  the  hair,  which  in  the  lat¬ 
ter  cafe  would  come  out  with  it,  would  render  that  end 
which  was  fixed  in  the  fkin  thick  and  obtufe ;  and  it 
would  confequentiy  be  left  difpofed  to  introduce  itfelf 
among  the  contiguous  hairs,  and  to  contribute  by  its 
progreffive  motion  to  the  contexture  of  the  mafs. 

The  above- deferibed  conformation  .of  the  furface  of 
hairs  and  wool  is  not  the  only  caufe  which  produces 
their  difpofition  to  felting.  It  is  not  fufficient  that 
-very  hair  polfeffes  the  feretnentioned  tendency  to  move 


progreflively  towards  the  root,  and  that  the  inclined  la -  Fei:irl 
rnella,  by  hooking  thtmielvcs  to  each  other,  preferve  the  *«gUfj 
mafs  in  that  flate  10  which  compreffion  lias  brought  it;  — v*  < 
but  it  is  alfo  ntceffary  that  the  hairs  fhould  not  be 
ftraight,  like  needles  ;  if  they  were  fo,  prtffing  and  rub¬ 
bing  them  together  would  merely  caufe  them  to  conti¬ 
nue  their  progreffive  motion,  without  changing  their 
diredion  ;  and  the  effed  of  thofe  operations  would  only 
be  to  make  them  move  from  the  centre  of  the  mafs, 
without  producing  any  compadnefs  in  it.  Every  hair 
mufl  therefore  be  twifled  or  curled  in  fuch  a  manner 
that  the  extremity  which  is  towards  the  root  may  be 
difpofed  to  change  Its  diredion  perpetually,  to  twill 
itfelf  about  other  hairs,  and  to  incline  towards  itfelf  a- 
gain,  m  cafe  it  fhould  be  determined  thereto  by  any 
change  in  the  pofition  of  the  reft  of  its  length.  It  is 
becaufe  wool  has  naturally  this  crooked  form  that  it  is 
fo  proper  for  felting,  and  that  it  may  be  made  ufe  of 
for  that  purpofe  without  undergoing  any  previous  pre¬ 
paration. 

Tut  the  hairs  eff  the  beaver,  the  rabbit,  the  hare,  See . 
being  naturally  ftraight,  cannot  be  employed  alone  in 
felting  till  they  have  undergone  a  preliminary  operation  ; 
which  confhls  in  rubbing  or  combing  them,  before  they 
are  taken  Off  the  fkin,  with  a  brufh  dipped  in  a  folution 
of  mercury  in  aquafortis  (nitric  acid).  This  liquor, 
ading  only  on  one  fide  of  the  fubflance  of  the  hairs, 
changes  their  diredion  from  a  right  line,  and  gives 
them  that  difpofition  to  felting  which  wool  naturally 
poffeffes. 

When  the  hairs  are  not  intended  to  enter  into  the 
body  of  the  mafs,  but  are  only  to  be  employed  in  ma¬ 
king  a  fort  of  external  coating,  fuch  as  is  fometimes 
given  to  the  outer  furface  of  hats,  the  operation  juft 
mentioned  need  not  be  performed ;  but  the  felc  on 
which  they  are  to  be  fixed  being  finiftied,  the  hair  is 
uniformly  fpread  upon  the  furface  to  which  the  coating 
is  to  be  applied  ;  and,  being  covered  with  a  cloth,  it  is 
preffed  with  the  hands,  and  agitated  for  a  certain  time. 

By  thefe  means,  the  hairs  introduce  themfelves,  by  the 
root,  a  certain  depth  into  the  felt,  and  are  there  fixed 
by  their  lamella  in  fuch  a  manner  as  not  to  be  eafily  ex- 
traded.  A  particular  diredion  is  afterwards  given  to 
them  by  means  of  a  brufh,  and  they  are  made  to  keep 
this  diredion  by  having  a  hot  iron  paffed  over  them. 

If  the  agitation  were  continued  for  a  longer  time,  thefe 
hairs,  not  having  their  ftraightnefs  deftroyed  by  the  ope¬ 
ration  before  deferibed,  would  pafs  entirely  through 
the  felt,  going  out  at  the  oppolite  furface,  as  each 
hair  follows  exadly  the  diredion  it  acquired  at  the  be¬ 
ginning. 

It  is  owing  to  the  very  fame  circumftances  which 
make  y/ool  and  hair  capable  of  felting,  that  woollen 
cloth  is  thickened  by  fulling.  See  Fulling  in  this 
Supplement. 

tERGUSSON  (Robert),  who  at  an  early  period  of 
life  obtained  a  confiderable  degiee  of  celebrity  as  a 
Scottifh  poet,  was  born  at  Edmbuigh  on  the  5th  of 
September  1750,  according  to  a  manufeript  account  of 
him  with  which  we  have  been  favoured  by  a  relation. 

In  the  biographical  fketch  prefixed  to  the  Perth  edition 
of  his  poems  he  is  faid  to  have  been  born  in  1751. 

#  ^ls  father  William  Ferguffon  poffeffed,  as  well  as 
himfelf,  fome  talents  for  poetry  ;  but,  marrying  early, 

?nd  being  wifer  than  his  fon,  he  abandoned  the  mufes 

for 
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for  trade,  and  was  employed  in  different  mercantile 
boufes,  firft  in  Aberdeen  and  afterwards  in  Edinburgh. 
At  the  time  of  his  death  he  tvas  an  accountant  in  the 
British  linen  hall  ;  but  never  acquired  any  thing  like 
opulence. 

During  the  years  of  infancy  and  childhood,  the  con- 
fiitution  of  our  poet  was  fo  weak,  that  little  hopes  were 
entertained  of  his  arriving  at  manhood.  By  the  care, 
however,  and  attention  of  his  parents,  he  gradually  ac¬ 
quired  ftrength,  and  at  the  age  of  fix  was  put  to  an 
Englifh  fchool,  where  his  proficiency  in  reading  and  re¬ 
citing  was  uncommonly  great.  At  the  age  of  feven  he  was 
fent  to  the  high  fchool  of  Edinburgh,  where  he  continued 
four  years,  and  with  very  little  labour  made  a  rapid  pro- 
grefs  in  the  knowledge  of  the  Eatin  tongue  ;  but  for 
fome  reafon  or  other  he  was  removed  from  the  high 
fchool  to  the  grammar  fchool  of  Dundee,  whence,  after 
two  years,  he  was  fent  to  the  univerfity  of  St  Andrews. 
A  gentleman  of  the  name  of  Ferguffon  had  left  bmrfaries 
in  that  univerfity  for  the  education  of  two  boys  of  the 
fame  name;  and  Mr  William  Ferguffon  having  with  diffi¬ 
culty  obtained  one  of  them  for  his  fon,  was  induced  to 
educate  him  at  St  Andrews  in  preference  to  Edin¬ 
burgh. 

Though  at  no  period  of  his  life  a  fevere  ftuaent,  our 
poet’s  attainments  in  fcience  were  fuch  as  to  keep  alive 
in  the  univerfity  the  hopes  which  had  been  formed  of 
him  at  fchool ;  and  he  was  confeffedly  the  firft  mathe¬ 
matician  of  his  (landing.  On  this  account  we  are  told 
that  he  became  the  favourite  of  Dr  Wilkie,  who  was 
then  profeffor  of  natural  philofophy  in  the  univerfity  of 
St  Andrews  ;  but  it  is  not  improbable  that  the  Doftor 
valued  him  as  much  for  his  poetical  genius  as  for  his 
(kill  in  geometry;  for  Wilkie  was  a  poet  himfelf,  and 
Mr  Ferguffon  had  already  written  feveial  fmall  poems 
which  attia&ed  confiderable  notice,  as  well  from  the 
profeffors  as  from  his  fellow- ft udents.  But  whatever 
was  the  bond  of  union,  Dr  Wilkie  patronifed  the 
youthful  poet ;  and  the  poet  (hewed  afterwards  that  he 
was  not  ungrateful.  Upon  the  Do&or’s  death,  he  pub- 
lifhed,  in  the  Scottifh  dialed,  a  beautiful  eclogue  to  his 
memory,  in  which  the  peculiar  merits  of  that  eccentric 
genius  are  appreciated  with  great  judgment.  See 
Wilkie,  in  this  Supplement. 

During  the  laft  winter  that  he  refuted  in  St  An¬ 
drews,  our  poet  had  colteded  mateiials  for  a  tragedy 
on  the  death  of  Sir  William  Wallace,  and  had  even 
completed  two  ads  of  the  play  ;  but  having  feen  a  fi- 
milar  work  on  the  fame  fubfed,  he  abandoned  his  de- 
fgn  ;  “  becaufe  (faid  he  to  a  friend)  whatever  I  pub- 
lilh  (hall  be  original,  and  this  tragedy  might  be  confi- 
dered  as  a  copy.” 

Having  On i (bed  his  ftudies  at  the  univerfity,  he  re¬ 
turned  to  Edinburgh  without  refolving  on  any  perma¬ 
nent  employment.  His  father  had  defigned  him  for 
the  church  ;  but  he  was  now  dead,  and  our  author 
turned  a  deaf  ear  to  the  intreaties  of  his  mother,  and 
of  every  other  friend  who  endeavoured  to  perfuade  him 
to  fulfil  his  father’s  intention.  He  was  then  advifed  to 
(ludy  phyfic  ;  but  he  declined  it,  becaufe,  lie  faid,  that, 
when  reading  the  defeription  of  difeafee,  he  fancied  that 
he  felt  the  fymptoms  of  them  all  in  himfelf.  I  o  the 
law,  however,  he  could  not  ftart  the  fame  objection  ; 
and  he  began  to  ftudy  it,  but  made  no  progrefs.  At 
this  his  relation  and  the  editor  of  his  poems  exprefs  no 


furprife  ;  for,  according  to  them,  it  was  a  ftudy  the  Ferguffon. 
moft  improper  for  h’m,  as  it  could  not  be  expected  that  — v~— ^ 
a  genius  fo  lively  would  fubmit  to  the  drudgery  of  that 
dry  and  fedentary  profeffioti. 

That  the  law  was  a  very  improper  proftffion  for  a 
man  of  his  narrow  fortune  is  indeed  true  ;  but  we  truft 
that  his  two  biographers  will  not  conlider  us  as  intend¬ 
ing  any  offence  to  them,  if  we  embraee  the  prefent  op¬ 
portunity  of  expofmg  the  folly  of  a  very  common  re¬ 
mark,  that  a  lively  genius  cannot  fubmit  to  what  is  ab- 
furdly  called  a  dry  ftudy.  We  might  inftance  different 
lawyers  at  our  own  bar,  who,  with  great  poetical  ta¬ 
lents  in  their  youth,  have  rifen  to  the  fummit  of  their 
pfofeffion  ;  but  to  avoid  perfonal  diftindions  at  home, 
we  fhall  take  our  examples  from  England.  The  genius  - 
of  the  late  Earl  of  Mansfield  was  at  lead  as  lively  as 
that  of  Mr  Ferguffon,  and  if  he  had  pleafed  he  could 
have  been  equally  a  poet  ;  yet  he  fubmitted  to  the 
drudgery  of  ftudying  a  lawftill  drier  than  that  of  Scot¬ 
land.  To  the  fine  tafte  of  Atterbury  biftiop  of  Ko- 
chefter,  and  to  his  claffical  compofitions  -both  in  profe 
and  verfe,  no  man  is  a  ftranger  who  is  at  all  conveifant 
in  Englifti  literature:  yet  that  elegant  fcholar  and  poet, 
after  he  had  rifen  to  the  dignity  of  Dean  of  Carlifle, 
fubmitted  to  the  drudgery  of  ftudying,  through  the 
medium  of  barbarous  Latin,  the  eccleiiaftical  law  of 
England  from  the  earlieft  ages  ;  and  declared,  that  by- 
dint  of  perfeverance  he  came  in  time  to  relifn  it  as  much 
as  the  ftudy  of  Homer  and  Virgil.  Whatever  be 
thought  of  Milton’s  political  principles,  no  man  can 
read  his  controverfial  writings,  and  entertain  a  doubt 
but  that  he  could  have  fubmitted  to  the  drudgery  of 
ftudying  the  law. 

The  truth  is,  and  it  is  a  truth  of  great  importance, 
that  a  man  of  real  vigour  of  mind  may  bring  himfelf  to  *■« 
delight  in  any  kind  of  ftudy  which  is  nfeful  and  ho¬ 
nourable.  Such  men  were  Lord  Mansfield,  the  Bifhop 
of  Rochefter,  and  Milton  ;  but,  whether  through  fome 
radical  defe&  in  his  nervous  fyftem,  or  in  conlcquence 
of  early  diffipation,  Mr  Fergullbn,  with  many  eftimable 
qualities,  was  fo  utterly  deftitute  of  this  mental  vigour, 
that  rather  than  fubmit  to  what  his  friends  call  drud¬ 
gery,  he  feems  to  have  looked  with  a  wilhful  eye  to  > 
fome  finecure  place. 

With  this  view  lie  paid  a  vifit  to  an  uncle  who  lived 
near  Aberdeen,  a  man  of  great  learning  and  in  opulent 
circumftances,  in  hopes  that,  by  his  interell,  he  might  be 
fettled  in  a  poll  fuitable  to  his  merit :  But  how  delufive 
were  his  hopes!  His  uncle  indeed  received  him  with 
every  mark  of  affe£lion  ;  but  his  fondnefs  gradually 
cooled,  and  at  the  end  of  fix  months,  he  ordered  him 
abruptly  to  leave  his  houfe,  without  having  endeavoured 
to  procure  for  him  any  fettkment. 

To  a  mind  like  Ferguffon’s,  feelingly  alive,  fuch  treat- 
ment  from  fo  near  a  relation,  to  whom  lie  had  always 
behaved  with  becoming  refpeeft,  muft  have  been  dread¬ 
fully  galling.  Stung  with  indignation,  he  returned  to 
his  mother’s  at  Edinburgh  ;  and  as  foon  as  he  recovered 
from  a  fevere  illnefs,  brought  upon  him  by  difappoint- 
ment  and  the  fatigue  of  his  journey,  lie  compoied  two 
elegies  ;  one  on  “  The  Decay  of  Friendfhip,”  and  the 
other  Againft  Repining  at  Fortune,”  both  occafion- 
ed  by  his  adventure  in  the  North.  How  much  he  felt 
the  dafhing  of  his  hopes,  is  apparent  from  the  following 
pathetic  lines  in  the  Decay  cf  Friendfuip : 

But, 
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Terguflon.  But,  ah  t  thefe  youthful  fportive  hours  are  fled, 
Thefe  fcenes  of  jocund  mirth  are  now  no  more 

No  healing  (lumbers  ’tend  my  humble  bed. 

No  friends  condole  the  forrows  of  the  poor. 

And  what  avail  the  thoughts  of  former  joy  ? 

What  comfort  bring  they  in  the  adverfe  hour  ? 

Can  they  the  canker-worm  of  care  deftroy, 

Or  brighten  fortune’s  difcontented  lour? 

So  deftitute  was  he  at  this  period,  that  he  fubmitted 
to  copy  papers  in  the  commiflary  clerk’s  office,  we  be¬ 
lieve  at  fo  much  the  (beet ;  but  not  liking  the  employ¬ 
ment,  and  quarrelling  with  the  commiflary  clerk-depute, 
he  foon  left  the  office  in  difguft. 

Hitherto  he  had  lived  rather  in  obfcurity  ;  and  hap¬ 
py  had  it  been  for  him,  if  in  that  obfcurity  he  had  been 
fuffered  to  remain  :  happy  had  it  been  for  him,  had  his 
converfation  been  lefs  fafcinating,  and  his  company  lefs 
courted  by  the  frolic  and  the  gay.  Poffefling  an  in- 
exhaullible  fund  of  wit,  the  bed  good  nature,  much 
modefty,  and  great  goodnefs  of  heart,  he  was  viewed 
with  affe&ion  by  all  to  whom  he  was  known  ;  but  his 
powers  of  fong,  and  almoft  unrivalled  talents  for  mi- 
mickry,  led  him  oftener  into  the  company  of  thofe  who 
wifhed  for  him  merely  to  enliven  a  focial  hour,  than  of 
fuch  as  by  their  virtue  were  inclined,  and  by  their  in¬ 
fluence  were  able,  to  procure  him  a  competent  fettle- 
ment  for  life.  The  confequence  of  this  was  great  laxity 
of  manners.  His  moral  principles  indeed  were  never 
corrupted,  nor,  as  we  have  reafon  to  believe,  his  faith 
in  revelation  fhaken  ;  but  there  is  no  doubt  but  that, 
courted  as  he  was  by  the  fyren  voice  of  pleafure,  he 
yielded  to  many  temptations,  and  in  the  hours  of  ebriety 
committed  adions  which,  in  hk  cooler  moments,  he  re¬ 
flected  on  with  abhorrence. 

His  confcience  was  Indeed  frequently  roufed.  Be¬ 
ing  on  a  vifit  to  a  friend  at  Haddington,  and  fauntering 
one  day  near  the  church- yard,  he  was  accofted  by  a 
clergyman,  who  feemed  to  be  no  ft  ranger  to  the  kind  of 
life  which  he  led.  This  judicious  divine  contrived  to  draw 
his  attention  to  the  fhortnefs  of  time,  the  length  of 
eternity,  death  and  judgment,  and  the  awful  ftate  that 
awaits  the  wicked  in  an  unfeen  world  ;  and  the  conver¬ 
fation  made  a  deep  imprefiion  on  his  mind.  It  feemed, 
however,  to  be  effaced  from  his  memory  by  the  difiipa- 
tion  of  Edinburgh,  till  it  was  recalled  with  double  effed 
by  the  following  accident : 

In  the  room  adjoining  to  that  in  which  he  dept  was  a 
ftarling,  which  being  feized  one  night  by  a  cat  that 
had  found  its  way  down  the  chimney,  awaked  Mr  Fer- 
guffon  by  the  moft  alarming  fereams.  Having  learned 
the  caufe  of  the  alatm,  he  began  ferioufly  to  reflect  how 
often  he,  an  immortal  and  accountable  being,  had  in 
the  hour  of  intemperance  fet  death  at  defiance,  though 
it  was  thus  terrible  in  reality  even  to  an  unaccountable 
and  finlefs  creature.  This  brought  to  his  recolledion 
the  converfation  of  the  clergyman,  which,  aided  by  the 
folemnity  of  midnight,  wrought  his  mind  up  to  a  pitch 
of  remorfe  that  almoft  bordered  on  frantic  defpair. 
Sleep  now  forfook  his  eyelids  ;  and  he  rofe  in  the  morn¬ 
ing,  not  as  he  had  formerly  done,  to'  mix  again  with 
the  focial  and  the  gay,  but  to  be  a  reclufe  from  fociety, 
and  to  allow  the  remembrance  of  his  paft  follies  to  prey 
upon  his  vitals.  All  his  vivacity  now  forfook  him  ; 
thofe  lips  which  were  formed  to  give  delight,  were  clo- 
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fed  as  by  the  hand  of  death  ;  and  “  on  his  countenance  Fer?u:1( 
fat  horror  plum’d.”  Fermi H 

From  this  ftate  of  gloomy  defpondency,  however,  he  tio|J 
began  gradually  to  recover  ;  and,  except  that  a  fettled  v  * 
melancholy  was  vifible  in  his  countenance,  his  health 
was  completely  reftored,  when  one  evening  he  fell  and 
cut  his  head  fo  dreadfully,  that  from  the  lofs  of  blood 
he  became  delirious.  In  this  deplorable  ftate  he  conti¬ 
nued  for  feveral  months,  till,  being  quite  exhaufted  by 
want  of  deep  and  conftant  fpeaking,  he  expired  on  the 
1 6th  of  Odober  1774.  He  was  interred  in  the  Ca- 
nongate  church-yard,  where  his  friends  ereded  a  mo¬ 
nument  to  his  memory,  which  has  been  fince  removed 
to  make  way  for  a  larger  and  more  elegant  monument 
by  his  enthufiaftic  admirer  the  late  poet  Burns. 

Thus  died  Robert  Ferguffon,  a  young  man  of  the 
brighteft  genius  and  of  the  bed  heart,  who,  had  he  joined 
prudence  to  his  uncommon  talents,  mult  have  rifen  t & 
great  eminence  in  the  republic  of  letters;  but,  as  a  late 
juvenile  poet  has  obferved  of  him - 

Complete  alike  in  head  and  heart, 

But  wanting  in  the  prudent  part, 

He  prov’d  a  poet’s  lot. 

Of  his  poems  no  general  charader  can  be  given.  The 
fubjeds  of  them  are  fometimes  uncommon  and  generally 
local  or  temporary.  They  are  of  courfe  very  unequal. 

But  fuch  of  them  as  are  in  the  Scottifh  dialed  have 
been  univerfally  admired  by  his  countrymen  ;  and  when 
it  is  confidered  that  they  were  corapofed  amidft  a  round 
of  diflipation,  they  will  be  allowed  to  furnilh  complete 
evidence  of  his  genius  and  his  tafte. 

FERMAT  (Peter),  who  was  counfellor  of  the  par¬ 
liament  of  Touloufe  in  France,  flourifhed  in  the  17th 
century,  and  died  in  1663.  He  was  a  man  of  great 
talents,  and  a  very  general  fcholar ;  but  being  con¬ 
temporary  and  intimately  conneded  with  Des  Cartes, 
Merfenne,  Torricelli,  and  Huygens,  he  was  naturally 
led  to  devote  much  of  his  time  to  the  mathematical 
fciences.  He  was  (fay3  Dr  Hutton), a  firft  rate  mathe¬ 
matician,  and  poffeffed  the  fineft  tafte  for  pure  and  ge¬ 
nuine  geometry,  which  he  contributed  greatly  to  im¬ 
prove,  as  well  as  algebra. 

Fermat  was  author  of,  r.  A  Method  for  the  Qua¬ 
drature  of  all  forts  of  Parabolas.  —2.  Another  on  Maxi- 
mums  and  Mini  mu  ms  :  which  ferves  not  only  for  the 
determination  of  plane  and  folid  problems,  but  alfo  for 
dravving  tangents  to  curve  lines,  finding  the  centres  of 
gravity  in  folids,  and  the  refolution  of  queftions  con¬ 
cerning  numbers  :  in  fhort,  a  method  very  fimilar  to  the 
fluxions  of  Newton - 3.  An  Introdu&ion  to  Geome¬ 

tric  .Loci,  plane  and  folid. — 4.  A  Treatife  on  Spheri¬ 
cal  Tangencies  :  where  he  demonft rates  in  the  folids, 
the  fame  things  as  Vieta  demonftrated  in  planes.— -5’.  A 
Reftoration  of  Apollonius’s  two  books  on  Plane  Loci. 

— ;6.  A  General  Method  for  the  dimenfion  of  Curve 
Lines.  Behdes  a  number  of  other  fmaller  pieces,  and 
many  letters  to  learned  men  ;  feveral  of  which  are  to  be 
found  in  his  Opera  V aria  Mathematical  printed  at 
Touloufe,  in  folio,  1679. 

FERMENTATION  is  a  chemical  procefs  which 
has  been  already  confidered  in  the  Encyclopaedia ,  and 
will  be  again  refumed  in  this  Supplement  under  the  title 
Animal  and  Vegetable  Substances,  In  this  place  we 
mean  nothing  more  than  to  give  fuck  diredions,  prin- 
1  -  cipally 
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yin  ita#  cipally  from  Mr  Bichardfon  of  Hull,  for  the  proper  fer- 
1  •  mentation  of  malt  liquors  as  have  not  been  fully  detail- 
"“*ed  in  the  article  Brewihg  ( Encyc /.). 

This  author  controverts,'  we  do  not  think  very  fuc- 
cefsfully,  the  conclufions  drawn  by  Mr  Henry  from  the 
experiments,  of  which  the  reader  will  find  an  account 
in  the  article  Fermentation  (Encyc!.)  ;  but  it  is  not 
his  theory  with  which  we  are  at  prefent  concerned,  but 
his  practice  as  that  of  an  experienced,  and  enlightened 
brewer.  Having  treated  of  Worts,  and  the  proper  me¬ 
thod  of  boiling  them,  for  which  fee  Wort  in  this  Sup¬ 
plement,  and  having  given  an  hiftorical  view  of  the  procefs 
-of  fermentation,  of  which  a  pretty  accurate  abridge¬ 
ment  is  inferted  in  the  articles  Brewing  and  Fer¬ 
mentation  ( Etitycl. ),  he  proceeds  thus: 

“  The  agency  of  air,  in  the  bufinefs  of  fermentation, 
is  very  powerful ;  but  as  all  fermentable  fubje&s  have  an 
abundant  fupply,  we  are  rather  to  provide  for  the  egrefs 
of  their  own,  than  to  fuffer  the  admifilon  of  the  exter¬ 
nal  air,  by  which  a  great  number  of  the  fine,  volatile, 
oleaginous  parts  of  the  fubjedl  would  be  carried  off, 
arid  a  proportionate  injury  in  flavour  and  fpirituofity 
fuftained.  Hence  fuch  a  covering  fhould  be  provided 
for  the  gyle*tun  as  would  barely  allow  the  efcape  of  the 
common  air  produced  by  the  operation  ;  whilft  the  gas, 
or  fixed  air,  from  its  greater  denfity,  refting  upon  the 
furface  of  the  beer  the  whole  depth  of  the  curb,  pre¬ 
vents  the  a&ion  of  the  external  air,  and  confequently 
the  efcape  of  thofe  fine  and  valuable  parts  juft  men¬ 
tioned. 

“  But  towards  the  conclufion  of  vinous  fermentation, 
this  aerial  covering  begins  to  lofe  its  efficacy ;  which 
points  out  the  necefiity  of  then  getting  the  beer  into 
calks  as  foon  as  poffible,  that  the  confequences  may  be 
prevented,  of  expofing  fb  large  a  furface,  liable  to  fo 
copious  an  evaporation.  Amongft  thefe,  a  lofs  of  fpi¬ 
rituofity  is  not  the  leaft  ;  for  this  evaporation  is  more 
and  more  fpirituous,  as  the  a&ion  approaches  the  com¬ 
pletion  of  vinous  fermentation  ;  and  that  once  obtained, 
the  lofs  becomes  ftill  more  confiderable,  if  ftill  expofed 
to  the  air ;  whence  it  might  be  termed  the  diftillation 
of  Nature,  in  which  fhe  i8  fo  much  fuperior  to  art,  that 
the  ethereal  fpirit  rifes  pure  and  unmixed,  whilft  the 
higheft  rectification  of  the  ftill  produces  at  beft  but  a 
compound  of  aqueous  and  fpirituous  parts. . 

“  Nor  is  this  entirely  conjecture.  Experience  teaches 
us,  that  we  cannot  produce  fo  ftrong  a  beer  in  fummer, 
ceteris  paribus,  as  in  winter ;  the  reafon  is,  not  becaufe 
the  ad  ion  of  fermentation  does  not  realize  fo  much  fpi¬ 
rit  in  warm  weather,  but  becaufe  the  fermenting  liquor, 
after  the  perfection  of  vinofity,  continues  fo  long  in  a 
ftate  of  rarefaCtion,  that  the  fpirituous  parts  are  difiipa- 
ted  in  a  much  greater  degree  at  that  time  than  at  any 
other,  in  a  fimilar  ftate  of  progrefiion.  And  this  doc¬ 
trine  of  natural  diftillation  feems  to  account  for  that  in- 
treafe  of  ftrength  obtainable  from  long  prefervation,  in 
well  clofed  calks,  and,  more  particularly  fo,  in  glafs 
bottles ;  for  Nature,  in  her  efforts  to  bring  about  her 
grand  purpofe  of  revolving  every  compound  into  its  firft 
principles,  keeps  up  a  perpetual  internal  ftruggle,  as  well 
as  an  external  evaporation  ;  and  if  the  latter  be  effe&u- 
ally  prevented,  the  former  mult  be  productive  of  addi¬ 
tional  fpirituofity,  fo  long  as  the  aCtion  keeps  within  the 
pale  of  vinous  fermentation. 

“  Jn  order  to  maintain  a  due  regulation  of  the  ferment- 
Supf  l.  Vol.  I.  Part  II. 
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ing  power,  and  to  anfwer  the  feveral  purpofes  of  the 
operation,  a  fcrupulous  attention  to  the  degree  of  heat  at 
which  the  aCtion  commences,  and  a  particular  regard 
to  the  quality  and  quantity  of  the  ferment  employed, 
are  indifpenfably  neceffary.”  The  degree  of  heat  muft 
be  afcertained  by  the  thermometer,  and  regulated  by 
experience  :  the  quantity  of  yeaft  can  be  afcertained 
only  by  the  intention  of  the  artift  ;  but  of  the  quality 
of  that  fubftance  we  (hall  treat  under  Yeast  in  this 
Supplement . 

FEZZAN  is  a  kingdom  in  the  anterior  of  Africa, 
placed  in  the  vaft  wildernefs  as  an  ifland  in  the  ocean. 
The  following  account  of  it  was  given  to  Mr  Lucas 
the  African  traveller  by  an  old  fhereef,  a  native  of  Fez- 
zan  ;  and  that  account  was  confirmed  by  the  governor 
of  Mefurata,  who  had  himfelf  vifited  Fezzan,  and  who, 
having  treated  the  traveller  with  great  kindnefs,  ought 
not  to  be  fufpeCted  of  having  wantonly  deceived  him. 

According  to  this  account,  Fezzan  is  lituated  to  the 
fouth  of  Mefurata  (fee  Mesurata  in  this  Suppl. ),  and 
the  traveller  from  the  latter  place  to  the  former  arrives 
in  eight  days  at  Wadan,  where  refrefhments  are  procu¬ 
red  for  the  caravan.  From  thence  in  five  hours  they 
reach  the  defart  of  Soudah,  where  no  vegetable  is  feen 
to  grow  but  the  talk,  a  tree  from  which  the  lemon-co¬ 
loured  wood  is  taken  which  forms  handles  for  tools. 
The  paffage  of  the  defart  takes  up  fome  days,  when 
the  traveller  finds  a  rniferable  village,  producing  nothing 
but  dates,  brackifh  water,  and  Indian  corn  ;  from  this 
village  a  day’s  journey  condu&s  to  the  town  of  Sebbah, 
where  are  the  remains  of  an  ancient  caftle,  and  other 
venerable  ruins,  and  in  four  days  more  he  reaches  Mour- 
zouk,  the  capital  of  Fezzan. 

This  city  is  fituated  on  the  banks  of  a  fmall  river, 
furrounded  by  a  high  wall  for  defence,  and  is  diftant 
from  Mefurata  390  computed  miles.  Eaftward  of 
Mourzook  is  the  town  of  Queela,  in  which  are  the  re¬ 
mains  of  ancient  buildings  ;  the  fize  of  the  cifterns,  and 
the  conftru&ion  of  the  vaulted  caves,  exhibit  inftances 
of  ancient  fplendor.  South  of  which  place  is  Jermah, 
diftinguifhed  by  numerous  and  maje.ftic  ruins,  on  which 
are  many  inferiptions.  Teffouwa  lies  eaftward,  near 
which  was  a  river  which  the  fhereef  remembers,  but  is 
now  overwhelmed  in  the  moving  fands.  N.  E.  from 
Mourzouk,  diftant  about  12c  miles,  is  the  large  town 
of  Temmifwa,  where  the  caravans  of  pilgrims  from  Bor- 
nou  and  Nigritia,  by  way  of  Cairo  to  Mecca,  provide 
their  (lores  for  the  defart. 

In  the  town  or  province  of  Mendrah  is  a  large  quan¬ 
tity  of  trona ,  a  fpecies  of  foffil  alkali,  that  floats  on  the 
furiace  or  fettles  on  the  banks  of  its  fpreading  lakes, 
great  quantity  of  which  is  fent  to  Tripoli  and  fhipped 
for  Turkey,  Tunis,  and  Morocco  ;  at  the  latter  place  it 
is  ufed  as  an  ingredient  in  the  red  dye  of  the  leather. 
Mendrah  is  about  60  miles  fouth  of  Fezzan.  The  ter¬ 
ritory  of  Fezzan  extends  but  little  weft  ward,  being 
confined  by  barren  mountains.  The  fmaller  towns  of 
this  kingdom  are  faid  to  be  about  one  hundred  ;  thefe 
towns  are-  chiefly  inhabited  by  hufbandmen  and  fhep- 
herde ;  in  every  town  a  market  is  regularly  held  ;  mut¬ 
ton  and  goat’s  flefh  are  fold  by  the  quarter,  ufually  from 
thirty-two  to  forty  grains  of  gold,  or  from  four  to  five 
(hillings  Englifh.  The  flefh  of  camels  is  dearer,  and  di¬ 
vided  into  fmaller  parts. 

The  houfes  are  of  clay,  with  flat  roofs  compofed  of 
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branches  of  trees,  on  which  earth  is  laid  ;  this  is  fuffi- 
r  cient  in  a  climate  where  it  never  rains.  The  heats  in 
fummer,  from  April  to  November,  are  intenfc,  and  the 
hot  winds  blow  from  the  fouth' eaft,  fouth,  and  fouth- 
weft,  with  fuch  violence  as  to  threaten  fuffocation;  when 
it  changes  to  the  weft  or  north- weft  a  reviving  freftinefs 
enfues. 

The  drefs  of  the  inhabitants  is  like  that  of  the  Moors 
of  Barbary,  confiding  of  a  large  pair  of  trowlers,  a 
fhirt  which  hangs  over  the  trowfers,  a  kind  of  waiftcoat 
without  fleeves,  and  a  jacket  with  tight  fteeves ;  over 
the  jacket  is  a  loofe  robe  which  reaches  below  the  knee, 
a  girdle  of  crimfon,  and  a  long  cloth  called  a  barrakon 
or  alhaicque ,  like  a  highland  plaid,  is  worn  ;  ftockings 
of  leather,  laced  like  half  boots,  and  flippers  ;  on  the 
head  a  red  cap  and  turban  ;  fometimes  over  the  whole 
they  throw  a  long  cloak  with  a  hpod,  called  a  bur - 
noofe .  In  fummer  they  throw  off  all  but  the  fhiit  and 
the  cap. 

The  people  bear  very  high  degrees  of  heat,  but  any 
cold  affedls  them  fenfibly.  Their  difeafes  are  chiefly 
of  the  inflammatory  and  putrid  kind  ;  the  fmall  pox  is 
common.  Their  old  women  are  their  principal  phyfi- 
cians.  For  pains  in  the  head  they  cup  and  bleed  ;  for 
thofe  in  the  limbs,  they  bathe  in  the  hot  lakes.  They 
have  a  multitude  of  noxious  and  loathfome  animals  ;  the 
air  is  crowded  with  mofquitos,  and  their  perfons  are 
over- run  with  the  vermin  which  affed  the  beggars  of 
Europe. 

In  their  perfons  they  incline  to  the  negro,  of  a  deep 
fwarthy  complexion,  with  curly  black  hair  ;  they  are 
tall,  but  indolent,  inadive,  and  weak.  In  their  com,, 
mon  intercourfe,  diftindion  of  rank  feems  to  be  for¬ 
gotten  ;  rich  and  poor,  mafter  and  man,  converfe,  eat, 
and  drink,  together ;  they  are,  however,  generous  and 
hofpitable. 

An  extenfive  plain  compofes  the  kingdom  of  Fezzan  ; 
the  foil  is  generally  a  light  fand,  the  Springs  are  abun¬ 
dant,  and  few  regions  in  Africa  exhibit  a  richer  vege¬ 
tation.,  The  land  produces  the  talk,  the  white- thorn, 
date  trees,  the  olive  and  lime,  apricot,  pomegranate, 
and  fig  :  Indian  corn  and  barley  are  the  favourite  ob- 
jeds  of  cultivation,  of  wheat  there  is  little  raifed.  The 
tame  animals  art,  the  fheep,  cow,  goat,  and  camel ; 
and  the  wild  are,  the  oflrich,  antelopes  of  various  kinds, 
one  of  which  is  called  the  huadee,  which  when  chafed 
plunges  With  addrefs  from  a  precipice,  and  lights  on  its 
hams. 

The  food  of  the  lower  clafs  confifts  of  flour  of  In¬ 
dian  corn,  fealbned  with  oil  and  fruit ;  thofe  of  fuperior 
rank  eat  wheat  bread  and  flefh.  FeZzan  produces 
tnuch  fait ;  the  water  ha3  in  general  a  mineral  tafte,  blit 
the  favourite  beverage  13  a  liquor  from  the  date  tree, 
which  acquires,  when  fermented,  an  intoxicating 
ftrength.  In  religion  they  are  rigid  Mahomedans,  but 
tolerant.  Their  government  monarchical  ;  their  pre fen t 
lung  is  defcended  from  one  of  the  fhereefs  of  Taffilet, 
who  about  400  years  fince  obtained  the  crown.  Till 
the  prefent  century  the  kingdom  was  independent,  when 
the  Baftiaw  of  Tripoli  conquered  and  made  it  tributary  ; 
the  reigning  fovereign  has  nearly  thrown  off  this  yoke. 
In  Fezzan,  the  defendants-  of  the  prophet  are  highly 
privileged,  their  property  and  perfons  are  inviolable  ; 
they  are  exempt  from  certain  punifhments.  This  clafa 
are  in  general  either  princes  or  merchants.  . 


The  revenue  1*3  compofed  of  a  tax  on  towns  and  vil. 
lages,  a  tax  on  every  camel  load  of  goods  (except  pro¬ 
tons)  which  enters  the  capital,  fines  for  offences 
lands  of  perfons  dying  without  heirs,  and  a  tax  on  gar¬ 
dens  and  date  trees.  Gold  dull  by  weight  is  the  chief 
medium  of  payment ;  but  for  convenience  they  are  fur- 
niihed  with  fmall  papers  of  gold  duft  of  different  va¬ 
lues,  from  two  xarbes  or  one  and  a  half  upwards  ;  for 
fm after  articles  corn  or  flour  are  ufed  as  a  medium.  One 
grain  of  gold  is  equal  to  i^-d.  fterling.  The  Fezzan 
grain  is  the  fame  as  in  England. 

The  juft  ice  of  the  fovereign  is  highly  extolled;  fmaft 
offences  are  puniftied  by  the  baftinado,  and  the  punifli- 
ments  increafe  to  fine,  imprifonment,  and  death.  Trull- 
ing  to  their  natural  defence,  their  towns  are  without 
guard,  and  they  have  no  {landing  forces.  The  only 
war  the  fhercef  remembered  was  undertaken  againft  a 
people  inhabiting  the  mountains  of  Tibefti,  which  is 
feparated  from  the  people  of  Fezzan  by  a  wide  and 
fandy  defart.  Thefe  people  are  wild  and  favage,  and 
had  plundered  a  caravan  belonging  to  the  king,  who 
fent  an  army  of  between  3  and  4000  men  againft  and 
fubdued  them.  The  country  of  thefe  people  produces 
much  fenna.  The  vales  of  Tibefti  are  faid  to  be  fertile 
in  corn  and  pafture  for  cattle,  particularly  camels* 
The  people  live  in  huts,  and  profefs  various  religions, 
feme  the  Mahomedan,  others  are  attached  to  their  an* 
cient  idolatry. 

The  people  of  Fezzan  carry  on  a  confiderable  trade 
with  Tripoli,  Bornou,  NIg.ri.tia,  &c.  At  the  end  of 
G&ober,  when  the  heats  are  abated,  the  caravans  de¬ 
part  from  Mourzouk  in  fmaft  parties  of  ten  or  twelve, 
unlefs  in  time  of  war.  They  lay  in  provisions  of  dates, 
meal,  and  mutton  falted,  dried  in  the  fun,  and  boiled  in 
oil  or  fat.  The  merchants  have  agents  in  the  chief 
towns,  to  whom  they  fend  the  Haves  they  purchafe*. 
The  caravans  to  Tripoli  carry  the  trona,  fenna,  gold 
and  Haves  brought  from  the  foutliern  countries ;  and  in 
return  bring  back  cutlery,  woollen,  filks,  dollars,  cop¬ 
per,  and  brafs. 

That  to  Bornon  carries  brafs  and  copper,  for  the 
currency  of  the  country,  imperial  dollars,  and  various 
manufadures  ;  but  of  their  own  produce  only  a  prepara¬ 
tion  ot  dates,  and  meal  of  Indian  corn,  and  they  take  in 
return  Haves,  gold  duft,  and  civet. 

#  To  Caftina,  an  empire  in  Nigritia,  they  carry  cow¬ 
ries,  brafs  to  make  rings  and  bracelets,  horfes,  feveral 
kinds  of  manufactures,  and  the  Gooroo  nuts  ;  and  in 
return  take  gold  duft,  Haves,  cotton  cloth,  dyed  goats 
fkins,  hides,  fenna,  and  civet,  for  the  countries  fouth  of 
the  Niger,  where  alfo  they  convey  fabre  blades  and 
Dutch  knives,  coral,  brafs  beads,  looking  glaffes,  dollars,. 
See.  and  receive  back  gold  duft,  Haves,  cotton  cloth9, 
goat  fkins,  Gooroo  nuts,  cowries,  and  ivory. 

A  caravan  of  pilgrims  fets  ouc  likewife  in  the  au¬ 
tumn  of  every  fecond  or  third  year  from  Mourzouk, 
the  capital  of  Fezzan,  to  Mecca.  They  proceed  to 
Temeffa,  over  the  mountain  of  Ziltan,  and  thence  to 
Sibbul,  a  place  fubjed  to  Tripoli ;  and  thence  nearly  in 
a  line  with  the  Mediterranean  fea  to  Cairo,  and  thence 
to  Mecca  by  the  cuftomary  route. 

As  not  one  celeftial  observation  has  been  taken  to 
determine  any  latitude  between  Benin  and  Tripoli,  all 
the  pofitions  are  fixed  by  eftimation,  reckoning  fifteen 
or  fixteen  miles  for  a  day^  journey.  Mr  Rennell  places 
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fa?  tf.  Mburzouk,  the  capital  of  Fer.zan,  In  lat.  27 ®.  20',  or 
^  ^  260  miles  from  Mafurata. 

FIGURATE  Numbers  are  fucli  as  do  or  may  re- 
prefetit  fome  geometrical  figure,  fuch  as  a  triangle, 
pentagon,  or  pyramid,  Se c.  Thefe  numbers  are  treated 
of  at  great  length  by  Madam  in  in  his  Fluxions  ;  Simp- 
fon  in  his  Algebra  5  and  Malcolm  in  his  Arithmetic ; 
hut  the  following  account  of  them  by  Dr  Hutton  is  as 
perfpicuous  as  any  tiiat  we  have  feen  : 

Figurate  numbers  are  diftinguiffecd  into  orders,  ac¬ 
cording  to  their  place  in  the  fcale  of  their  generation, 
being  all  produced  one  from  another,  viz.  by  adding 
continually  the  terms  of  any  one,  the  fucceffive  fums  are 
the  terms  of  the  next  order,  beginning  fiom  the  fir  ft 
order,  which  is  that  of  equal  units  1,  1,  1,  1,  &c. ;  then 
the  2i  order  confifts  of  the  fucceffive  fums  of  thofe  of 
the  I ft  order,  forming  the  arithmetical  progreffion  I, 
2,  3,  4,  See.  ;  thofe  of  the  3d  order  are  the  fucceffive 
fums  of  thofe  of  the  2d,  and  are  the  triangular  num¬ 
bers  1,  3,  6,  10,  15,  Sec.  ;  thofe  of  the  4th  order  are 
the  fucceffive  fums  of  thofe  of  the  3d,  and  are  the  py¬ 
ramidal  numbers  1,  4,  10,  20,  35,  &c- $  and  fo  on,  as 
below : 


Order,  Name* 

) .  Equals. 

2.  Arithmetical, 

3.  Triangulars, 

4.  Py  rami  dais, 

5.  2d  Pyramidals, 

6.  3d  Pyramidals, 

7.  4th  Pyramidals, 


Numbers . 


If 

If 

L 

L 

L 

Sec. 

If 

2, 

3» 

4f 

5’ 

Sec. 

If 

6, 

10, 

i5> 

See* 

If 

4* 

10, 

20, 

35> 

Sc  c. 

If 

5> 

35> 

7 0, 

Sec. 

If 

6, 

21, 

56, 

126, 

Sec. 

If 

7f 

0° 

84, 

210, 

Sec. 

The  above  are  all  confidered  as  different  forts  of  tri¬ 
angular  numbers,  being  formed  from  an  arithmetical 
progreffion  whefe  common  difference  is  1 .  But  if  that 
common  difference  be  2,  the  fucceffive  fums  will  be 
the  ferie8  of  fquare  numbers:  if  it  be  3,  the  feries  will 
be  pentagonal  numbers,  or  pentagons  ;  if  it  be  4,  the 
feries  will  be  hexagonal  numbers,  or  hexagons  ;  and  fo 
on.  Thus : 


Arithme¬ 
tic  als. 

1  ft  Sumsy  or 
Polygons. 

2d  Sums ,  or 
2d  Polygons. 

b  2f  3f  4> 

Tri.  j,  3,  6,  10 

i,  4,  10,  20 

1>  3>  5>  7> 

Sqrs.  I,  4,  9,  16 

L  5>  i4f  3° 

L  4>  7*  10, 

Pent.  1,5,  12,  22 

1,  6,  18,  40 

L  5>  9> 

Sac. 

Hex.  I,  6,  15,  28 

1*  7,  22,  50 

And  the  reafon  of  the  names  triangles,  fquares,  pen¬ 
tagons,^  hexagons,  Sic.  is,  that  thofe  numbers  may  be 
placed  in  the  form  of  thefe  regular  figures  or  polygons, 
as  here  below.: 

Triangles* 

13  6  10 


3  0  0 
O  O 


I 

o 


4 


o  o 

u  o 


Squares . 
9 

000 
000 
O  <0  o 


1 6 

o  o  o  • 

O  o  o  O 

d  ®  °  Q 

'•  0  Q  O 


X 


© 


i 


Pentagons* 

5  12 

000 


o  « 

O  o 


o 


Hexagons. 

6 


©  o 


0  0 

o 


Fiyiir*te, 

Filter. 


But  the  figurate  numbers  of  any  order  may  aEo  be 
found  without  computing  thofe  of  the  preceding  or¬ 
ders;  which  is  done  by  taking  the  fucceffive  prcdudls 
of  as  many  of  the  terms  of  the  arithmeticals  1,  2,  3,  4, 
5,  Sac.  in  their  natuial  order,  as  there  are  units  in  the 
number  which  denominates  the  order  of  figurates  re¬ 
quired,  and  dividing  thofe  produ&s  always  by  the  fir  ft 
product.  Thus  the  triangular  numbers  are  found  by  di¬ 
viding  the  produ&s  I  X  2,  2  X  3,  3  X  4,  4  X  5,  Sic* 
each  by  the  fir  ft  prod.  1X2;  the  firfl  pyramids  by  di¬ 
viding  the  products  1X2X3,  2  x  <  x  4f  3  X  4  X5, 
See.  by  the  firfl  1X2X3.  And  in  general,  the  figu¬ 
rate  numbers  of  any  order  n ,  are  found  by  fubflituting 
fucceffive ly  1,  2,  3,  4,  5,  See.  inflead  of  x  in  this  general 
x  .  x  +  1  .  .v  +  2  .  *  -p  3  .  Sec. 
expVeflbn  -  -  — — — • — - - - 7—77^7;  where  the 

fadlors  in  the  numerator  and  denominator  are  fuppofed 
to  be  multiplied  together,  and  to  be  continued  till  the 
number  in  each  be  Ids  by  i  than  that  which  exprefles 
the  order  of  the  figurates  required. 

FILTER  (See  Encycl .)  It  is  well  known  that 
veflels  made  of  a  particular  kind  of  porous  ftone  are 
employed  as  filtering  bafins  for  freeing  water,  intended 
to  be  drunk,  from  various  kinds  of  impurity.  In  fea 
voyages  fuch  filtering  bafins  mu  ft  be  highly  ufeful  ; 
and  they  are  frequently  found  ufeful  at  land  where  no 
water  can  be  had  but  from  ftagnant  pools,  or  fprings 
flowing  through  clay.  The  ftone,  however,  of  which 
they  are  made  is  not  every  where  to  be  found  ;  and 
therefore,  different  perfons  have  endeavoured  to  employ 
the  art  of  the  poster  to  fupply  their  place. 

In  the  year  179°  a  patent  was  granted  to  a  female 
potter,  for  her  invention  of  the  following  compofition 
for  this  purpofe  ;  viz.  four  equal  parts,  out  of  nine  equal 
parts,  of  tobacco-pipe  clay  ;  and  five  equal  part6.  out 
of  nine  equal  parts,  of  coarfe  fea,  river,  drift,  or  pit 
fand  ;  thefe  two  materials,  in  the  above  proportions, 
are  fufficient  for  the  purpofe  of  making  fmall  bafins, 
and  other  vdfels,  to  contain  a  quantity  not  exceeding 
one  gallon  of  water,  or  other  liquid.  But  the  compo¬ 
fition,  when  confined  to  thefe  two  materials,  and  in 
thefe  proportions,  often  flies  or  cracks  in  the  fire,  if 
larger  bafins,  or  other  veflels,  are  attempted  to  be  made 
with  it.  She,  therefore,  in  the  fecond  inftance,  com- 
pofes  her  filtering  bafins  of  equal  parts  of  tobacco-pipe 
clay  and  coarfe  fea,  river,  drift,  or  pit  fand  ;  in  the 
third  infiance,  of  three  equal  parts,  out  of  nine  equal 
parts,  of  tobacco  pipe  clay  ;  one  equal  part,  out  of  nine 
equal  parts,  of  Stourbridge  clay,  or  clay  from  the  fur- 
face  of  coal-mines,  or  any  other  clay  of  the  fame  quali¬ 
ty;  one  equal  part,  out  of  nine  equal  parts,  of  Windfor, 
4  N  2  or 
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Filter,  or  other  loam,  of  the  fame  quality  with  Windfor  loam; 
and  four  equal'  parts,  out  of  nine  equal  parts,  of  coarfe 
river,  fea,  drift,  or  pit  fand.  Or,  in  the  fourth  in- 
flance,  of  four  equal  parts,  out  of  eight  equal  parts,  of 
tobacco-pipe  clay  ;  three  equal  parts,  out  of  eight  e« 
qual  parts,  of  coarfe  fea,  river,  drift,  or  pit  fand  ;  and 
one  equal  part,  out  of  eight  equal  parts,  of  that  burnt 
ground  clay  of  which  crucibles  are  made. 

If  the  lady  who  invented,  or  pretends  to  have  in¬ 
vented,  thefe  bafins,  have  a  right  to  her  patent,  far  be 
it  from  us  to  wiih  our  readers  of  any  defcription  to  in- 
croach  upon  it  ;  but  as  the  ufe  of  the  materials  of  which 
her  bafins  are  made  was  known  to  potters  before  fhe 
was  born,  they  may  certainly  compound  thefe  materials 
an  proportions  different  from  hers,  without  doing  her 
any  legal  injury.  As  fhe  varies  her  own  proportions 
fo  much,  we  think  it  probable  that  fome  proportion 
differing  a  little  from  them  all,  may  anfwer  the  purpofe 
of  filtering  veffels  equally  well  ;  and  it  is  almolt  need- 
lefs  to  add,  that  with  this  precaution  any  potter  may 
make  fuch  veffels,  for  which  he  would  undoubtedly 
have  a  great  demand. 

A  patent  has  likewife  been  granted  to  Mr  Jofhua 
Collier  of  Southwark  for  a  very  ingenious  contrivance 
for  filtering  and  fweetening  water,  oil,  and  all  other 
liquids.  Of  this  contrivance,  which  combines  the  ap¬ 
plication  of  machinery  with  the  antifeptic  properties  of 
charcoal  (See  Chemistry  N°  34.  Supplement ),  we  fhall 
give  a  detailed  account. 

Fifh  oil  is  one  of  the  liquids  which  he  had  it  parti¬ 
cularly  in  view  to  free  from  all  its  impurities  in  fmell, 
tafte,  and  colour  ;  and  the  chemical  procefs  employed 
by  him  for  this  purpofe  confids  in  pouring  a  quantity 
of  any  fpecies  of  filh  oil,  or  a  mixture  of  different  forts 
of  fifh  oil,  into  any  convenient  veffel,  which  is  to  be 
heated  to  the  temperature  of  no  or  120  degrees  of 
Fahrenheit’s  fcale,  and  then  adding  of  cauflic  mineral 
alkali,  of  the  fpecific  gravity  ^commonly  defcribed  as 
I.25,  or  of  fuch  flrength  that  a  phial  containing  iooo 
grains  of  diftilled  water  will  contain  1250  grains  of 
thefe  lees,  a  quantity  equal  to  four  parts  of  the  100  by 
weight  of  the  quantity  of  oil ;  the  mixture  is  then  to 
be  agitated,  and  left  to  (land  a  fuffieient  time  for  the 
falts  and  fediments  to  fubfide  ;  it  is  then  drawn  off  into 
another  veffel,  containing  a  fuffieient  quantity  of  frefh 
burnt  charcoal,  finely  powdered,  or  any  other  fub- 
dance  poffeffing  antifeptic  properties,  in  a  powdered  or 
divided  date,  with  an  addition  of  a  fmall  proportion  of 
diluted  fulphuric  acid,  fuffieient  only  to  decompofe  the 
fmall  quantity  of  faponaceous  matter  fiill  fufpended  in 
the  oil,  which  appears  by  the  oil  becoming  clear  at  the 
furface:  the  contents  of  this  veffel  are  alfo  agitated,  and 
the  coaly  faline  and  aqueous  particles  left  to  fubfide  ; 
after  which  the  oil  is  paffed  through  proper  drainers, 
herein  after  defcribed,  and  is  thereby  rendered  perfect¬ 
ly  tranfparent  and  fit  for  ufe. 

The  principle  of  the  improved  (trainers,  or  filtering 
machines,  confids  in  the  means  applied  to  combine  hy- 
droftatic  preffure,  which  increafes  according  to  the  per¬ 
pendicular  height  of  the  fluid,  with  the  mode  of  filter¬ 
ing  per  afeen/um,  thereby  procuring  the  new  and  pecu¬ 
liar  advantage  that  the  fluid  and  its  fediment  take  op- 
polite  directions.  A  great  advantage  attending  this 
invention  is,  that  the  dimenfions  of  the  chamber  in 
which  the  fediment  is  received,  may  be  varied,  while  the 


filtering  furface  remains  the  fame.  To  adapt  the  ma*  Kite: 
chines  not  only  to  the  purpofe  of  families,  work-houfes,  — ri 
hofpitals,  public  charities,  the  navy,  or  the  merchant 
fervice,  but  alfo  to  all  the  purpofes  of  oil-men,  of  diftil- 
lers,  of  the  laboratory,  the  brewery,  &c.  chambers  of 
various  capacities  muft  be  provided  for  the  fediment 
and  precipitated  matter.  With  refpeCl  to  the  oil-trade, 
the  fpace  required  is  very  great,  efpecially  for  fperma- 
ceti,  or  Brafil  bottoms.  In  the  various  purpofes  of 
the  laboratory,  no  limits  can  be  fixed,  but  all  dimen¬ 
fions  will  be  occafionally  required  :  in  didilleries  and 
breweries  they  may  be  fmaller  in  proportion  ;  and  in 
that  defigned  for  water  and  for  domeftic  life,  a  very 
fmall  chamber- will  be  fuffieient.  When  water  is  to  be 
fweetened,  or  freed  from  any  putrid  or  noxious  par¬ 
ticles,  it  paffes,  in  its  way  to  the  filtering  chamber, 
through  an  iron-box,  or  cyliuder,  containing  charcoal 
finely  powdered,  or  any  other  antifeptic  fubilance  info* 
luble  in  water,  the  water  being  forced  into  it  by  hy¬ 
dro  flatic  preffure,  through  a  tube  of  any  fuffieient 
height.  This  box  has  two  apertures  to  receive  and  de¬ 
liver  the  fluid,  and  thefe  are  opened  and  clofed  by  cock?, 
or  ferews,  or  any  other  method  ufed  for  fuch  purpofes, 
and  being  affixed  to  the  machine  by  other  ferews,  may 
be  eafily  detached  from  the  fame.  Thus,  whenever  the 
charcoal  begins  to  lofe  its  antifeptic  properties,  the  box 
is  removed  and  heated  till  it  is  red  hot ;  by  whieh 
means  the  foreign  matter  efcapes  through  the  fmall  a- 
pertures,  after  which  the  box  is  cooled,  and  the  char¬ 
coal  becomes  fweet,  pure,  and  equally  fit  for  ufe  as  at 
firft,  though  the  procefs  be  ever  fo  often  repeated. 

Another  part  of  the  invention  confids  in  fiiteiing 
machines  in  the  form  of  frills,  in  which  charcoal  may 
be  repeatedly  burned  after  any  fluid  fubftances  have 
paffed  through  it,  for  the  purpofe  of  freeing  them  ei¬ 
ther  from  putrid  or  noxious  particles,  or  of  difchargtng 
their  colouring  matter  ;  which  filtering  dills  are  fo  con¬ 
trived,  that  the  fluid  may  pafs  through  in  any  quanti¬ 
ty,  without  difplacing  the  charcoal :  the  part  of  the 
fluid  remaining  interfperfed  among  the  charcoal,  may 
be  driven  over  by  heat,  and  be  employed  for  many  in¬ 
ferior  purpofes  of  the  arts  or  manufa&ures.  Laftly, 
the  heat  may  be  railed  fo  as  to  purify  the  charcoal,  as 
has  been  before  defcribed  in  the  machines  for  water.  I 
The  flue  of  thofe  dills  is  fo  confrru&ed  that  water  may 
be  employed  to  cool  them  without  the  Iofs  of  time  re- 
quifite  for  theii  gradually  parting  with  their  heat  to 
the  furrounding  atmofphere,  fo  as  to  be  fit  for  a  fubfe- 
quent  operation. 

But  it  was  not  merely  to  the  purifying  of  oils  and 
various  liquids  that  Mr  Collier  turned  his  attention. 

To  his  filtering  apparatus  are  attached  indrumeiits  for 
afeertaining  the  comparative  qualities  of  oils,  which  de¬ 
pend  in  part  on  the  principle  of  their  fpecific  gravities; 
ipermaceti  oil,  contraded  with  other  fifh  oils,  being  as 
875  to  920.  For  this  purpofe,  a  glafs  veffel  of  any 
convenient  fhape,  is  made  ufe  of,  furnifhed  with  a 
bubble  alfo  of  glafs,  and  a  thermometer.  If  the  oil  is 
pure,  this  bubble  finks,  when  the  mercury  rifes  to  a 
certain  dandard,  by  the  application  of  the  hand,  or  a- 
ny  other  heat  to  the  veffel  containing  the  oil.  If  the 
fpermaceti  oil  is  impure,  the  bubble  will  dill  float, 
though  it  is  of  the  temperature  required ;  and  the  de¬ 
gree  of  impure,  or  foreign  matter,  will  be  fhewn  by  the 
date  of  the  thermometer  at  which  the  bubble  finks. 

*  To 
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fall  of  finely  powdered  and  lifted  charcoal,  through 
the  head  of  which  the  fluid  paffes  into  any  receiver. 
D,  A  fire  place  of  any  conllru&ion  to  drive  over  the 
fluid  remaining  interfperfed  among  the  charcoal,  and 
alfo  to  purify  the  charcoal  by  an  increafe  of  temperature 
when  required.  E,  A  ccck  to  let  water  into  the  flues 


flat 

u 


To  determine  what  tendency  oils  ufed  for  burning 
J  have  to  congeal  in  cold  weather,  a  freezing  mixture  is 
put  in  a  phial  of  thin  glafs,  or  any  other  convenient 
veflel ;  into  this  a  thermometer  is  immerfed,  and  a  tingle 
drop  of  the  oil,  under  experiment,  buffered  to  tall  on 

°f  *S  '"‘JLlbT.hl  "“Su“r;  ,"o'»oUh”fw.ra7;.'(or'V5ibr«q.imt  op^tio, 

SJi;  thermometer  at  whet  *%.  4-  The  trial  «Uk  ■’ “ 

point  of  temperature  the  oil  becomes  fluid,  and  runs 
down  the  fide  of  the  glafs. 

A  Ihort  defcription  of  this  apparatus  will  make  its 
principles  plain  to  every  reader.  A  (fig.  !■) 's  the 
cittern,  into  which  the  water  or  other  liquor  to  be  fil¬ 
tered  is  put.  B  B.  is  a  tube  opening  into  the  bottom 
of  the  cittern  A,  and  bent  along  the  bottom  of  the  ma¬ 
chine  conveying  the  fluid  into  CCC  the  filtering 
chamber,  which  is  covered  with  eather  bound  down 
round  its  circular  rim,  and  through  which  leather  the 
water  is  percolated.  D  D,  The  bafon  nfing  above 
the  level  of  the  chamber  and  receiving  the  filtered  li 
quor.  E,  The  fpout  by  which  it  r uns  off  into  a  pitch¬ 
er  or  other  veffel.  F,  Another  fpout  furmihed  with  a 
cock  to  draw  off  the  foul  water  from  the  chamber  when 
peceffary.  GGG,  The  air  tube,  which  begins  above 
the  level  of  the  chamber,  is  covered  with  a  button, 
which  faves  the  leather  from  being  cut,  and  has  a  tmall 
lateral  aperture  for  the  air  to  be  carried  off.  lh.s 
pipe  paffes  along  the  bottom  and  up  the  fide,  and  ri- 
fing  above  the  level  of  the  water  in  the  cittern,  is  th^re 
doled,  exceota  fmall  lateral  aperture  through  which 
the  air  efcapes.  H,  A  guard  or  rim  with  crofs  bars 
put  over  the  leather  to  keep  it  from  being  forced  up 

by  the  water.  It  is  fattened  down  by'  means  o  two  t^e  material,  that  the  flame  difappeared  where- 

notches  on  oppofite  Tides  of  t  e  guar  >  Y^  thg  ever  t[ie  mixture  fell,  and  that  the  faline,  metallic,  and 
.  locks  into  two  ftaples  rivetted  into  the  •  earthy  matters  formed  an  impenetrable  lute  round  the  hot 

f  1  bd  flidinc  down  to  covet  the  water  which  p^evented  the  accefs  of  the  air, 
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FUIE.  See  that  article  Encycl.  and  Caloric  and 
Combustion,  Chemistr y~  Index  in  this  Suppl. 

Extinction  of  FIRE  is  fometimes  a  matter  of  fo 
much  confequence,  that  every  thing  which  promifes  to 
be  effectual  for  that  purpofe  is  worthy  of  attention. 
In  the  nineteenth  number  of  Mr  Nicholfon’s  Journal  oi 
Philofophy ,  Chemiftry,  and  the  Arts,  we  have  the  fol- 
lowing  compofition  for  extinguilhing  fire,  invented  by 
M.  Von  Aken. 

Burnt  alum  -  -  pounds  30 

Green  vitriol  powdered  4° 

Cinabrefe  or  red  ochre  in  powder  -  20 

Potters’  clay,  or  other  clay,  alfo  powdered  200 

Wafer  -  .  -  .  ’  ..  ?3°, 

With  40  meafures  of  this  mixture  an  artificial  hre 
was  extinguifhed  under  the  dire&ion  of  the  inventor 
by  three  perfons,  which  would  have  required  the  labour 
of  20  men  and  1500  meafures  of  common  water.  Sig. 
Fabbroni  was  commifiioned  to  examine^  the  value  oi 
this  invention,  and  found  in  his  comparative  trials  with 
engines  of  equal  power,  worked  by  the  fame  number  of 
men,  that  the  mixture  extinguifhed  the  materials  in 
combuftion  in  one  fixth  partlefs  time,  and  three  eighths 
lefs  of  fluid  than  when  common  water  was  ufed.  He  ob-. 
ferved,  as  might  indeed  have  been  imagined  from  the  na* 


bafon.  I,  The  lid  Aiding  down  to  coyer  the  water 
from  dull,  and  fufpended  at  pleafure  by  means  of 
K  K,  two  fprings  on  each  tube  for  that  purpofe.  L.  M 
N  O,  A  cylindrical  box  containing  charcoal,  which 
is  connefted  with  the  above  by  means  of  the  tube  F, 
and  a  continuation  of  the  tube  B;  L  M,  1  he _ water 
tube  B  continued  below  the  charcoal  apparatus,  io  that 
the  fluid  may  pafs  through  the  fame  into  the  cylinder, 
from  whence  it  enters  the  chambers  at  P,  fo  as  to  be 
filtered  through  the  leather  as  before  defenbed.  K  K, 
Collars  which  may  be  unferewed  at  pleafure,  fo  as  to 
detach  the  charcoal  apparatus  whenever  the  charcoal 
requires  to  be  purified  by  heat,  b  S,  Two  cocks  to 
direa  the  fluid  through  the  charcoal  cylinder  or  imme¬ 
diately  into  the  filtering  chamber.  . 

Pip*  2.  A,  A  tub  or  ciftern  containing  the  oil  to  b 
filtered,  and  Applying  a  tube  of  fufficient  heigh^for 
the  hydioftatic  preffure  to  operate.  B  B,  A  mam 
tube  of  wood,  tin,  leather,  or  cloth,  to  which  any 
number  of  bags,  of  the  fize  and  ihape  of  corn  facks,  or 
any  C  C,  convenient  fize  or  fhape  may  be  conne&ed. 
Thefe  are  bound  to  DDD,  ftraight  double  won 
bars,  furnifhed  with  a  hinge  at  one  end  and  a  ferew  at 
the  other,  by  opening  which  the  bags  may  be  emptied. 
F,  A  trough  underneath,  made  to  receive 

oil  from  the  receivers  E  E  E.  ,  • u 

Fig.  3.  A,  A  funnel  calk  or  ciftern,  into  which  the 

fluid?.  p«.  which  p.ll..  down.  B,  A  S’ 

the  fame,  through  which  it  enters.  C,  An i  iron  ft  , 
or  Hill  of  any  other  fubftance  capable  of  fuftammg  heat, 


and  confequently  the  renewal  of  the  deftruftive  procefs. 

This  recipe,  Mr  Nicholfon  informs  us,  is  taken  from 
the  85th  N°  of  the  Giornale  Letterario  di  Napoli,  in 
which  it  was  inferted  in  the  form  of  a  letter  from  big. 
Fabbroni  to  Sig.  D.  Luigi  Targioni  of  Naples  ;  and 
the  author  of  the  letter  eftimates  the  price  of  the  com. 

pofition  at  about  one  halfpenny  per  pound. 

The  reafon  afligned  by  Mr  Nicholfon  for  giving  this 
abridged  account  a  place  in  his  valuable  work,  will  be 
admitted  by  him  and  the  public  as  a  fuflicient  reafon  for- 
our  adopting  it  into  our’s.  It  is,  that  fuch  inventions 
arc  worthy  of  the  attention  of  plulofophers  and  econo¬ 
mitts,  even  though  in  the  firll  applications  they  may 
prove  lefs  advantageous  than  their  inventors  may  be 
difpofed  to  think.  It  is  fcarcely  probable  that  this 
practice  in  the  large  way,  with  an  engine  throwing  up¬ 
wards  of  200  gallons  (value  about  L. 3,  10s.)  each  mi¬ 
nute,  would  be  thought  of  or  adopted,  or  that  a  fuf- 
ficient  ftore  of  the  materials  would  be  kept  in  readi- 
nefs  ;  fince  at  this  rate  the  expenditure  for  an  hour 
would  demand  a  provifion  to  the  amount  of  L.  2 10, 
fterling.  But  in  country  places  the  procefs,  or  fome 
variation  of  it,  might  be  applied  with  fuflicient  profit 
in  the  refult ;  more  efpecially  if  it  be  coniidered  that 
common  fait  or  alum,  or  fuch  faline  matter  as  can  be 
had  and  mixed  with  the  water,  together  with  clay,, 
chalk,  or  lime,  ochreous  earth  or  common  mud,  or  even 
thefe  laft  without  any  fait,  may  anfwer  the  purpofe  of 

the 


Fire. 


F  I  R 


J 


F  I  R 


Dr  Chhf  f  i  V;  flu',ds>  itmuft  at  »™plibnrtt. 

lJr  Chiadm  thinks  alio,  that  the  greater  oart  of  the  ' 
.^SMs  .as  they  arc  called,  are  nothing  elfe  than 
fire-balls;  winch  differ  only  from  the  latter  in  this,  that 
the  r  peculiarly  great  velocity  carries  them  pad  the 
earth  at  a  greater  diftance,  fo  that  they  a-e  not  To 
ftrongly  attracted  by  ir  as  to  fall  down  ;  and  therefore 

Z  :?"P3S1  :rh!  h%h.  of  the  a, mo! 
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.  t!.ie  lute  with  more  or  lefs  effeft,  and  extingnifh  an  ac- 

cidental  fire  with  much  greater  fpecd  and  certainty 
than  clear  water  would  do. 

F ikk -Balls  are  meteors,  of  which  fome  account  has 
been  given  in  the  Encyclopedia,  as  well  as  of  various 
hypothefes  which  have  been  fiamed  refpeCiing  their  na¬ 
ture  and-  their  origin.  Since -that  article  was'publiftied 

is&si ttzsszx,  'sjszi  $  serr  t*  *7  •*,  «  c= 

*“*  5  and  7-  .  He  Juppofa,  that  fire-balls,  inftead  of  being  collec-  fh"‘I  A  l°  fud,.a  diila"«  the  ea.th 

tions  of  the  elc&rical  fluid  floating  in  the  highefl  re¬ 
gions  of  our  atmdphere,  are  maffes  of  very  denfe  mat- 
-ter  formed  in  ferdiftant  parts  of  fpace,  and  fabieded 
to  fimilar  laws  w.th  the  planets  and  comets.  He  en- 
ceavours  to  prove,  that  their  component  parts  mufl  be 
denfe  and  heavy  ;  hecaufe  their  eourfe  fhews,  in  lo  ap- 
parent  a  manner,  the  effe&s  of  gravity  ;  and  hecaufe 
them  rnafs,.  though  it  diftends  to  a  monftrous  fize,  re¬ 
tains  fufficient  confiftency  and  .weight  to  continue  an 
exceedingly  rapid  movement  through  a  very  large  fpace 
without  being  decompofed  or  di ffolved,  notwithftand 

Inn  ♦•dflUnnArt  ~  C  a.  ^  r  ?  -r-  - 


much  rarefied  for  the  exifU 


that  the  air  becomes  too 
ence  of  fire. 

.  The  &ronnds  °n  «'hich  Dr  Chladni  fupnorts  this  oni 
n.on  are  various  relations,  well  authenticated,  of  the  mo’ 
twns  of  thofe  meteors,  and  the  phenomena  which  ac 
company  them  burftmg.  Befides  thofe  mentioned  in  the' 
Encyclopedia,  he  lays  a  particular  ftrefs  on  the  account 
which  he  received  from  M.  Boudin,  Profeflbr  of  „hi- 
nfophy  at  1  au,  of  a  remarkable  fiery  meteor  fecn  in 

S  that  darMen4t;-°f  Jl,Iy-  179=  °'>  evening 

f  M  ?  .^*  ^&l,din  vas  ln  the  court  of  the  caftle 


ing  the  refiftance  of  the  atmofphere.  It  feems  to  him  1,-  'i”'““V"'‘V‘‘  tne  atmolphere  being  perfea- 

probable,  that  this  fubftance  is  by  the  efFeft  of  fire  re-  ed  by  a  w^IitiVhVfe  h  ' I  therafelv«  Ground- 

d need  to  a  tough  fluid  condition  ;  becaufe  its  form  ap-  moon  then  fliininl  ’  vr  'C  ’  °!’^,Iled  t!lat  °f  tJie  full 
pears  fomet.mes  round  and- fometimes  elongated,  and  wards’  e  Kf  g ^  0n  IookiaX  “P- 
as  ns  extending  till  it  burfts,  as  well  as  the  Lltilig  it-  £e?J’  thaT  thei'r  Ze"ith>  -a 

fdf,  allows  us  to  fuppofe  a  previous  capability  of  ex-  equal  in lemnh  to  f  n  t!\m°on,  and  with  a  tail 
tenfion  by  daft, c  fluidity.  At  any  rate  it  appears  to  U„d V  ^  ^  d!amcter  ^ 

be  certain,  that  fuch  denfe  matter  at  fo  great  a  height  -----  -  d  the-tai1  were  of  a  Pa>e  white  co. 

is  not  collefied  from  particles  to  be  found  in  our  atmo¬ 
lphere,  or  can  be  thrown  together  into  large  maffes  by 
any  power  with  which  we  are  acquainted  ;  that  no 
power  with  which  we  are  acquainted  is  able  to  give 
to  fuch  bodies  fo  rapid  a  projeCtile  force  in  a  direction 
almoft  parallel  to  the  horizon  ;  that  the  matter  does 


nsUredeXCephlt}d  P°-u  °f  ^  laUer’  ^^wls  almoft 


x  - - ,  iiiaiici  does 

not  rife  upwards  from  the  earth,  but  exifts  previouflv 

in  fn/*  - _ 2  _ n  i  1  *  ■> 


Scarcely  (fays  M.  Baudin)  had  we  looked  at  it 
for  two  feconds  when  it  divided  itfelf  into  feveral 
portions  of  confiderable  fize,  which  we  few  fell  n  d  f 
ferent  direftions,  and  almoft  with  the  fame  appearance 
as  the  burftmg  of  a  bomb.  All  thefe  different  frag! 


in  the  celeftial  regions,  and  muft  have  been  conveyed  11,  8  ^  Al1 

thence  to  our  earth.  In  the  opinion  of  Dr  Chladnf  in  fellim^  Tff,  thea'r;  and  f°meofthem, 

the  following  is  the  only  theory  of  this  phenomenon  obfein^  ttZ'  ^  colour  which  I  had 

that  agrees  with  all  the  accounts  hitherto  tLn.  J&l  !  "  d.  "  ^  P01nt  of  the  tail. 


that  agrees  with  all  the  accounts  hitherto  given,  which 
is  not  contrary  to  nature  in  any  other  refpea,  and 
which  befides  feems  to  be  confirmed  by  -various  maffes 
iound  on  the  f pot  where  fire- balls  fell. 

As  earthy,  metallic,  and  other  particles  form  the 
principal  component  parts  of  our  planets,  among  which 
iron  is  the  prevailing  part,  other  planetary  bodies  may 
therefore  confift  of  fimilar,  or  perhaps  the  fame  com¬ 
ponent  parts,  though  combined  and  modified  in  a  very 
different  manner.  There  may  alfo  be  denfe  matters  ac¬ 
cumulated  in  (mailer  maffes,  without  being  in  immediate 
connection  with  the  larger  planetary  bodies  difperfed 
throughout  infinite  fpace  ;  and  which,  being  impelled 
either  by  fertm  projecting  power  or  attraction,  continue 

to  mrive  until  fliPtr  'm.vrnnA  _ A  r 


-  ~  had 

,1m  .11  the  the  Z”b*b« 

I  remarked  only  thofe  which  proceeded  in  a  direction 

» "d  which  «p.f« 

“  About  two  minutes  and  a  half,  or  three  minutes 
after  we  heaidadreadlu1  dap  of  thunder,  or  rather 

firSlff t’  36  fcvera'larffe  P'ec«  of  ordnance  had  been 

£ thf  fe  gk  •  J'*6  C°nCuffion  of  atmofphere 
by  this  Jhock  was  fo  great,  that  we  all  though*  an 

earthquake  had  taken  place.  The  windows  (hook  in 
and  fome  of  them,  which  probably  were 
la^-to  and  not  clofely  (hut,  were  thrown  open.7  We 
were  informed  next  day,  that  in  fome  of  the  houfes  at 
Houga,  a  fmall  town  about  half  a  mile  diftant  from 


to  m6ve  until  they  approach  the  earth  or  fome  other  Morme’s  thT  lcitche”  ^  n  '3  f  8  m,le  diftant  fr0i" 
body,  When,  being  overcome  by  its  attractive  force  (helves  •  ’fo  that  th!"  U  f'h  've.re  thrown  from  the 
they  immediately  fall  dowm.  By  their  exceeding  L  pe°pk  C0I:cf»*d  there  had  been 


.they  immediately  fall  down.  By  their  exceedingly 
great  velocity,  till  iheveafed  by  the  attraction  of  the 
earth  and  the  violent  friAion  in  the  atmofphere,  a  ftrong 
eleCtncity  and  heat  muft  neceffarily  be  excited;  by 
which  means  tliey  are  reduced  to  a  flaming  and  melted 
condition,  and  great  quantities  of  vapotir  and  different 
-ainds  cf  gafes  are  thus  difengaged,  which -diftend  the  li¬ 
quid  rnafs  to  a  tr.on [irons  fize.  till,  by  a  (till  farther  ev. 


an  earthquake  But  as  no  movement  was  obferved  in 
the  ground  below  our  feet,  I  am  inclined  to  think  that 
a.l  thefe  effects  were  produced  merely  by  the  violent 
concuflion  of  the  atmolphere,  7  7  C 

“  We  proceeded  into  the  garde,,  while  the  noife  ft, 11 
imntmued  and  appeared  to  be  in  a  perpend, cnla,  di- 
leCtion  above  us.  tome  time  arter,  when  it  had  ceafed 
we  heard  a  hollow  bOifc,  Which  leemed  to  roll  ££ 

<3 

the 


Pir  I 
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.  j.  the  chain  of  the  Pyrenees  in  echoes,  for  the  diftance  of 
fifteen  miles.  It  continued  about  four  minutes,  beco- 
ming  gradually  more  remote,  and  always  weaker  ;  and 
at  the  fame  time  we  perceived  a  ftrong  fmell  of  fulphur. 

“  While  we  were  endeavouring  to  point  out  to  fome 
perfons  prefent  the  place  where  the  meteor  had  divided 
itfelf,  we  obferved  a  fmall  whitifh  cloud,  which  arofe 
perhaps  from  the  vapour  of  it,  and  which  concealed 
from  us  the  three  ftars  of  the  Great  Bear,  lying  in  the 
middle  of  thofe  forming  the  femicircle.  With  fome 
difficulty,  however,  we  could  at  laft  diftinguifh  thefe 
flars  again  behind  the  thin  cloud.  There  arofe,  at  the 
fame  time,  a  frefh  gentle  breeze. 

“  From  the  time  that  elapfed  between  theburfling  of 
the  ball  and  the  explosion  which  followed,  I  was  incli¬ 
ned  to  think,  that  the  meteor  was  at  the  height  of  at 
lead  feven  or  eight  miles,  and  that  it  fell  four  miles  to 
the  north  of  Mormes.  The  latter  part  of  my  conjec¬ 
ture  was  foon  confirmed  by  an  account  which  we  re¬ 
ceived,  that  a  great  many  ftones  had  fallen  from  the 
atmofphere  at  Juliac,  and  in  the  neighbourhood  of  Bar- 
botan.  Ore  of  thefe  places  lies  at  the  diftance  of 
about  four  miles  to  the  north  of  Mormes,  and  the 
other  at  about  the  diftance  of  five  to  the  north-north- 
weft.” 

M.  de  Carrits  Barbotan,  the  friend  who  was  with 
the  Profefibr  in  the  court  and  garden  of  Mormes  when 
the  meteor  firft  at t rafted  their  attention,  was  at  Juliac 
two  days  afterwards,  and  confirmed  to  him  the  truth  of 
this  circumftancc.  It  appeared,  like  wife,  from  the  ac¬ 
count  of  feveral  intelligent  perfons,  highly  worthy  of 
credit,  that  the  meteor  burft  at  a  little  difiance  from 
Juliac,  and  that  the  ftones  which  fell  were  found  lying 
in  a  fpace  almoll  circular,  about  two  miles  in  diameter. 
They  were  of  various  liy.es.  Some  were  fieri  to  fall , 
which,  when  found,  weighed  18  or  20  pounds,  and 
which  had  funk  into  the  earth  from  two  to  three  feet. 
M.  de  C.  Barbotan  transmitted  one  weighing  1  8  pounds 
to  the  academy  of  fciences  ?t  Paris ;  and  M.  Baudin 
was  told,  that  fome  were  found  which  weighed  even 
50  pounds.  He  examined  a  fmall  one,  and  found  it 
very  heavy  in  proportion  to  its  fize  :  it  was  black  on 
the  outfide;  of  agreyifh  colour  m  the  infide,  and  inter- 
fperfed  with  a  number  of  fmall  fhining  metallic  par¬ 
ticles.  On  ftriking  it  with  a  piece  of  fteel,  it  produced 
a  few  fmall  dark  red  fparks,  not  very  lively.  A  mine- 
ralogift,  to  whom  a  like  piece  of  ftone  from  the  fame 
meteor  was  fhewn  at  Paris,  deferibed  it  as  a  kind  of 
grey  flag  mixed  with  calcareous  fpar,  the  furfaee  of 
which  exhibited  vitrified  blackifh  calx  of  iron.  The 
Profefibr  was  told  alio,  that  fome  ftones  were  found  to¬ 
tally  vitrified. 

Such  (fay3  Dr  Chladni)  is  the  account  given  by 
Baudin  of  this  meteor ;  the  phenomena  of  which  he 
endeavours  to  explain  from  accumulations  in  the  upper 
part 6  of  the  atmofphere. 

According  to  all  the  obfervations  hitherto- made  with 
any  accuracy  on  fire-balls,,  the  height  at  which  they 
were  firft  perceived  was  always  very  confiderable,  and 
by  comparing  the  angles  under  which  they  were  feen 
from  different  points,  often  19  German  miles,  and  even 
more  ;  their  velocity,  for  the  molt  part,,  feveral  miles  in 
a  fecond ;  and  their  fize  always  very  great,  often  a* 
quarter  of  a  mile,  and  even  more,  in  diameter.  They 
were  all  feen  to  fall  moftly  in  an  oblique  direftion  ;  not 
z 


one  of  them  ever  proceeded  upwards.  All  of  them  Fire. 

have  appeared  under  the  form  of  a  globular  mafs,  fome-  - v— 

times  a  little  extended  in  length  and  highly  luminous  ; 
having  behind  it  a  tail,  which,  according  to  every  ap¬ 
pearance,  was  eompofed  of  flames  and  fmoke.  All  of 
them  burft  after  they  were  feen  to  move  through  a  large 
fpace,  fometimes  over  feveral  diftrifts,  with  an  explofion 
which  fhook  every  thing  around.  In  every  inftance 
where  there  has  been  an  opportunity  of  obferving  the 
fragments  that"  fell  after  they  burft,  and  which  fome¬ 
times  have  funk  to  the  depth  of  feveral  feet  into  the 
earth,  they  were  found  to  confift  of  fcorious  mattes, 
which  contained  iron  in  a  metallic  or  calcined  ftate, 
pure,  or  elfe  mixed  with  different  kinds  of  earth  and 
fulphur.  All  the  ancient  and  modern  accounts,  writ¬ 
ten  partly  by  naturalifts  and  partly  by  others,  are  fo 
effentialiy  fimiiar,  that  the  one  feems  to  be  only  a  re¬ 
petition  of  the  other.  This  conformity  in  accounts, 
the  authors  of  which  knew  nothing  of  thofe  given  by 
others,  and  who  could  have  no  intereft  in  fabricating 
fimiiar  tales,  can  fcarcely  have  arifen  from  accident  or 
fiftion,  and  gives  to  the  related  fafts,  however  inexpli¬ 
cable  many  of  them  rnay  feem,  every  degree  of  credi¬ 
bility. 

In  the  third  volume  of  Pallas’s  Travels,  we  have  an 
account  of  a  mafs  of  iron  difeovered  by  him  in  Siberia, 
which  Dr  Chladni  confiders  as  having  been  undoubted¬ 
ly  a  fire-ball,  or  the  fragment  of  a  fire-ball.  This  pro¬ 
blematical  mafs  was  found  between  Krafnojarftc  and  A- 
bekanfk  in  the  high  fiate  mountains,  quite  open  and 
uncovered.  It  weighed  1600  pounds;  had  a  very  ir¬ 
regular  and  fomewhat  compreffed  figure  like  a  rough 
granite  ;  was  covered  externally  with  a  ferruginous 
kind  of  cruft;  and  theinfide  confifted  of  malleable  iron, 
brittle  when  heated,  porous  like  a  large  fea  fponge, 
and  having  its  interftices  filled  with  a  brittle  hard  vitri¬ 
fied  fubftance  of  an  amber  yellow  colour.  This  texture 
and  the  vitrified  fubftance  appeared  uniformly  through¬ 
out  the  whole  mafs,  and  without  any  traces  of  flag  or 
artificial  fire. 

Dr  Chladni  ffiews,  with  a  great  deaf  of  ingenuity, 
that  this  mafs  neither  originated  by  the  wet  method, 
nor  could  have  been  produced  by  art,  the  burning  of  a 
foreft,  by  lightning,  or  by  a  volcanic  eruption.  It  ap¬ 
pears  to  him,  therefore,  in  the  higheft  degree  probable, 
that  it  is  of  the  fame  nature  with  fire-balls,  or,  as  they 
have  fometimes  been  called,  flying  dragms ,  The  Tar¬ 
tars,  as  we  are  informed  by  Pallas,  confidered  this  mafe 
as  a  facred  relic  which  had  dropped  down  from  hea¬ 
ven  ;  and  this  circumftance  Dr  Chladni  confiders  as  no 
flight  confirmation  of  his  opinion,  which  he  farther  fup- 
ports  by  the  following  reafonings  : 

“  I.  As  fire-balls  confift  of  denfe  and  heavy  fubftances, 
which,  by  their  exceedingly  quick  movement,  and  the 
friftion  thence  excited  by  the  atmofphere,  become  elec¬ 
tric,  are  reduced  to  a  ftate  of  ignition,  and  melted  by 
the  heat,  fo  that  they  extend  to  a  great  fixe,  and  burft  ; 
it  thence  follows,  that  in  places  where  fragments,  pro¬ 
duced  by  the  burfting  of  a  fire-ball,  have  been-  found, 
fubftances  endowed  with  all  thefe  properties  mult  alfo 
have  been  found.  Iron,  however,  the  principal  compo¬ 
nent  part  of  all  the  mattes hitherto  found  (and  he  fpeaks 
of  many  beftdes  that  of  Pallas),  poffeffes  all  thefe  pro¬ 
perties  in  a  very  eminent  degree.  The  weight  and 
toughnefs  of  the  principal  component  parts  of  fire-balls, 

^  which 
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which  mull  he  very  confiderable,  fince,  with  the  great- 
eft  poffible  diftention,  they  retain  confidence  enough  to 
proceed  with  the  utmoft  velocity  through  fuch  an  im- 
menfe  fpace  without  decompofition  of  their  mafs,  and 
without  their  progref8  being  obftrudted  by  the  refin¬ 
ance  of  the  air,  agree  perfectly  well  with  melted  iron  ; 
their  dazzling  white  light  has  by  many  obfeivers  been 
compared  to  that  of  melted  iron  ;  iron  alfo  exhibits  the 
fame  appearances  of  flaming,  fmoking,  and  throwing 
out'fparks,  and  all  thefe  phenomena  are  mod  beautiful 
when  they  take  place  in  vital  air.  Of  the  extenfion  by 
.  elaftic  fluids  expanded  by  the  heat,  and  of  the  contrac¬ 
tion  which  follows  from  cold,  traces  may  be  difcovered 
in  the  internal  fpongy  nature  of  the  iron  mafles  which 
have  been  found,  and  in  the  globular  depreflions  of  the 
exterior  hard  cruft  ;  the  latter  of  which  gives  us  reafon 
to  fuppofe,  that  in  thefe  places  there  have  been  air- 
bubbles,  which,  on  cooling,  funk  down.  The  mixture 
of  fulphur  found  in  various  mafles,  agrees  alfo  exceeding¬ 
ly  well  with  the  phenomena  of  fire-balls,  and  efpecially 
with  the  great  inflammability  of  fulphur  in  very  thin 
impure  air  ;  for  it  is  well  known,  that  fulphur  in  an 
.  air-pump  will  take  fire  in  air  in  which  few  other  bodies 
could  do  the  fame.  In  regard  to  thofe  mafles  in  which 
no  fulphur  was  fourd,  this  may  have  arifen  from  the 
fulphur  efcaping  in  vapour,  fince  fome  time  after  the 
appearance  of  fire  balls  a  ftrong  fmell  of  fulphur  has 
been  perceived.  The  brittlenefs  of  the  Siberian  iron 
mafs  when  heated,  may  arife  from  fome  fmall  remains 
of  fulphur,  which  may  perhaps  be  the  caufe  of  the  fa¬ 
cility  with  which  fragments  of  this  mafs,  as  well  as  of 
another  found  at  Aix-la  Chapelle,  could  be  roafted. 

“  2.  The  whole  texture  of  the  mafles  betrayed  evident 
figns  of  fufion.  This,  however,  cannot  have  been  oc- 
cafloned  by  any  common,  natural,  or  artificial  iire  ;  and 
particularly  for  this  reafon,  becaufe  iron  fo  malleable  is 
not  fulible  in  fuch  Are,  and  when  it  is  ftifed  with  the 
addition  of  inflammable  matters,  lofes  its  malleability, 
and  becomes  like  common  raw  iron.  The  vitrified  fub- 
flance  in  the  Siberian  mafs  is  equally  incapable  of  be¬ 
ing  fuled  in  a  common  fire.  The  fire,  then,  mull  have 
been  much  ftronger  than  that  produced  by  the  com¬ 
mon,  natural,  and  artificial  means  ;  or  the  fufion  mull 
have  been  eflefled  by  the  force  of  exceedingly  ftrong 
eleftricity  ;  or  perhaps  both  caufes  may  have  been  com¬ 
bined  together. 

if  3.  It  is  totally  incomprehenfible  how,  on  the  high 
(late  mountains,  where  the  Siberian  mafs  was  found,  at 
a  confiderable  diftance  from  the  iron  mines  ;  in  the 
chalky  foil  of  the  extend ve  plains  of  America,  where 
for  a  hundred  miles  around  there  are  no  iron  mines, 
and  not  even  fo  much  as  a  ftone  to  be  found  ;  and  at 
Aix  la-Chapelle,  where,  as  far  as  the  author  knows, 
there  are  no  iron  works — fo  many  ferruginous  particles 
could  be  colle&ed  in  a  fmall  fpace  as  would  be  necef- 
fary  to  form  mafles  of  1600,  15,000,  and  17,000,  up 
to  33,600  pounds.  This  circumftance  fliews,  that 
thefe  mafles  could  as  little  have  been  fuftd  by  lightning 
as  by  the  burning  of  a  foreft  or  of  foffile  coal.  Thefe 
mafles  were  found  quite  expofed  and  uncovered,  and 
not  at  any  depth  in  the  earth,  where  we  can  much 
more  readily  admit  fuch  an  accumulation  of  ferruginous 
particles  to  have  been  melted  by  the  effedls  of  light¬ 
ning. 

“  Should  it  be  afked,  how  fuch  mafles  originated,  or 


by  what  means  they  were  brought  into  fuch  an  infu-  p; 
lated  pofition  ?  this  queftion  would  be  the  fame  as  if  it  w 
were  alked  how  the  planets  originated.  Whatever  hy- 
pothefes  we  may  form,  we  mud  either  admit  that  the 
planets,  if  we  except  the  many  revolutions  which  they 
may  have  undergone,  either  on  or  near  their  furface, 
have  always  been  fince  their  firft  formation,  and  ever 
will  be  the  fame  ;  or  that  nature,  a&ing  on  created 
matter,  poflefles  the  power  to  produce  worlds  and  whole 
fyftem8,  to  deftroy  them,  and  from  their  materials  to 
form  new  ones.  For  the  latter  opinion  there  are,  in¬ 
deed,  more  grounds  than  for  the  former,  as  alternations 
of  dellruftion  and  creation  are  exhibited  by  all  orga- 
'  nifed  and  unorganifed  bodies  on  our  earth  ;  which  gives 
us  reafon  to  fufpe£t  that  nature,  to  which  greatnefs  and 
fmallnefs,  confidered  in  general,  are  merely  relative  terms, 
can  produce  moie  effe&s  of  the  fame  kind  on  a  larger 
feale.  But  many  variations  have  been  obferved  on  di- 
flant  bodies,  which,  in  fome  meafure,  render  the  lail 
opinion  probable.  For  example,  the  appearing  and 
total  difappearing  of  certain  flars,  when  they  do  not 
depend  upon  periodical  changes.  If  we  now  admit 
that  planetary  bodies  have  ftarted  into  exiftence,  we 
cannot  fuppofe  that  fuch  an  event  can  have  otherwife 
taken  place,  than  by  conje&uring  that  either  particles 
of  matter,  which  were  before  difperfed  through  infinite 
fpace  in  a  more  foft  and  chaotic  condition,  have  unit¬ 
ed  together  in  large  mafles  by  the  power  of  attra&ion  5 
or  that  new  planetary  bodies  have  been  formed  from 
the  fragments  of  much  larger  ones  that  have  been  bro¬ 
ken  to  pieces,  either  perhaps  .by  fome  external  ftiock, 
or  by  an  internal  explofion.  Let  whichever  of  thefe 
hy  pothefes  be  the  trueft,  it  is  not  improbable,  or  at 
leafl  not  contrary  to  nature,  if  we  fuppofe  that  a  large 
quantity  of  fuch  material  particles,  either  on  account 
of  their  too  great  diftance,  or  becaufe  prevented  by  a 
ftronger  movement  in  another  dire&ion,  may  not  have 
united  themfelves  to  the  larger  accumulating  mafs  of  a 
new  world  ;  but  have  remained  infulated,  and,  impelled 
by  fome  fhock,  have  continued  their  courfe  thiough 
infinite  fpace,  until  they  appioached  fo  near  to  fome 
planet  a3  to  be  within  the  fphere  of  its  attra&ion,  and 
then  by  falling  down  to  occafion  the  phenomena  before 
mentioned.” 

Whether  Chladni  be  a  pliilofopher  of  the  French 
fchool  we  know  not  ;  but  fome  parts  of  his  theory 
tend  ftrongly  towards  materialifm  ;  and  the  arguments 
by  which  he  attempts  to  prop  thofe  parts  are  peculiar¬ 
ly  weak.  When  he  talks  of  Nature  producing  worlds, 
he  either  fubftitutes  Nature  for  Nature’s  God,  or  ut¬ 
ters  jargon  which  has  no  meaning.  In  what  fenfe  the 
word  Nature  1*8  ufed  by  every  pliilofopher  of  a  found 
mind,  we  have  elfewhere  been  at  fome  pains  to  fliew 
(fee  River,  n°  116.  Nncycl.)  ;  but  how  abfurd  would 
it  be  to  fay,  that  the  fyftem  of  general  laws,  by  which 
the  Author  and  Governor  of  the  univerfe  conne&s  to¬ 
gether  its  various  parts,  and  regulates  all  their  opera¬ 
tions,  poflefles,  independently  of  him,  “  the  power  to 
produce  worlds  and  whole  fyftems,  to  deftroy  them, 
and  from  their  materials  to  form  new  ones  !” 

As  Chladni  admits,  or  talks  as  if  he  admitted,  the 
creation  of  matter,  it  would  be  wrong  to  impute  to 
him  this  abfurdity  ;  but  if  by  Nature  he  means  God, 
and  he  can  confidently  mean  nothing  elfe,  we  beg  leave 
to  affirm,  that  it  is  dire  ft ly  contrary  to  every  notion 

which 
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which  we  can  form  of  Nature  in  this  fenfe ,  u  to  fuppofe 
•  that  a  large  quantity  of  material  panicles,  either  on  ac¬ 
count  of  their  dijlance ,  or  becaufe  prevented  by  a  Jlrong- 
er  movement  in  another  dire&ion,  have  not  united  them- 
felves  to  the  larger  accumulating  mafs  of  a  new  world, 
but  remained  inhibited,  and  impelled  by  fome  (hock, 
have  continued  their  courfe  through  infinite  fpace,  &c.” 

Is  there  any  diftance  to  which  God  cannot  reach,  or 
any  movement  fo  Arong  as  to  refifi  his  power?  Our 
author’s  language  is  indeed  confnfed,  and  probably  his 
ideas  were  not  very  clear.  When  he  fpeaks  of  the  par- 
ticks  of  matter  being  at  firfl  difperfed  through  infinite 
fpace,  and  afterwards  united  by  the  power  of  attrac¬ 
tion,  he  revives  the  queftion  which  wa3  long  ago  dif- 
cufled  between  Newton  and  Bentley,  and  difcufTed  in 
fuch  a  manner  as  fhould  have  filenced  for  ever  the  bab¬ 


blings  of  thofe  who  form  worlds  by  attraction. 

“  The  hypothecs  (fays  Newton)  of  matter’s  being 
at  firfl  evenly  fpread  through  the  heavens,  is,  in  my  opi¬ 
nion,  inconfiftent  with  the  hypothefis  of  innate  gravity 
without  a  fupernatural  power  to  reconcile  them  ;  and 
therefore  infers  a  Deity.  For  if  there  be  innate  gravi¬ 
ty,  it  is  impoflible  now  for  the  matter  of  the  earth,  and 
all  the  planets  and  ftars,  to  fly  up  from  them,  and  be¬ 
come  evenly  fpread  through  all  the  heavens,  without  a 
fupernatural  power  ;  and  certainly  that  which  can  never 
be  hereafter  without  a  fupernatural  power,  could  never 
be  heretofore  without  the  fame  power.”  Dr  Chladni, 
indeed,  does  not  fay  that  his  particles  of  matter  were 
evenly  difperfed  through  infinite  fpace  ;  but  fuch  muft 
be  his  meaning,  if  he  has  any  meaning:  for  matter  un¬ 
evenly  difperfed  muft,  by  an  innate  attra&ion,  be  united 
as  foon  as  it  exifts,  and  fo  united  as  not  to  leave  Small 
fragments  of  it  to  wander,  we  know  not  why,  through 
the  tracklefs  void.  Turn  matter  on  all  Tides,  make 
it  eternal  or  of  late  produClion,  finite  or  infinite,  there 
can  be  no  regular  fyflem  produced  but  by  a  voluntary 
and  meaning  agent  ;  and  therefore,  if  it  be  true  that 
fire- balls  are  mades  cf  denfe  matter,  coeval  with  the  pla¬ 
netary  fyflem,  exifling  in  the  celeftial  regions,  and 
thence  conveyed  to  our  earth,  they  mud  have  been 
formed,  and  their  motions  imprefied  upon  them,  by  the 
Author  of  Nature  for  fome  wife  purpofe,  though  by 
us  that  purpofe  may  never  be  difeovered.  One  thing 
feem3  pretty  clear,  that  wherever  they  may  be  formed, 
the  phenomena  attending  their  burfling,  account  fuffici- 
ently  for  the  notions  of  thunderbolts  which  have  been 
generally  entertained  in  all  ages,  and  in  every  country. 

Greek- Fire  (fee  IVild-FiRE,  EncycL).  In  the  fecond 
volume  of  Mr  Nicholfon’s  Philofophical  Journal,  we 
have  the  following  receipt  for  making  this  compofition, 
taken  from  fome  manuferipts  of  Leonard  de  Vinci,  who 
flouriflied  in  the  end  of  the  fifteenth  and  beginning  of 
the  fixteenth  centuries,  and  who  appears  to  have  advan¬ 
ced  far  before  his  contemporaries  in  phyfieal  fcier.ce. 
Take  the  charcoal  of  willow,  nitre,  brandy,  refin,  ful- 
phur,  pitch,  and  camphor.  Mix  the  whole  together 
over  the  fire.  Plunge  a  woollen  cord  in  the  mixture, 
and  form  it  into  balls,  which  may  afterwards  be  pro¬ 
vided  with  fpikes.  Thefe  halls,  being  fet  on  fire,  are 
thrown  into  the  enemy’s  vettels.  It  is  called  the  Gr^ek 
fire,  and  is  a  lingular  compofition,  for  it  burns  even  up¬ 
on  the  water.  Callinicus  the  architect  taught  this  com¬ 
pofition  to  the  Romans  (of  Conftantinople),  who  de¬ 
rived  great  advantage  front  it,  particularly  under  the 
Sutpl.  Vol.  I.  Part  II. 
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emperor  Leo,  when  the  Orientals  attacked  Conftanti- 
nople.  A  great  number  of  their  veffels  were  burned 
by  means  of  this  compofition. 

The  compofition  of  the  Greek  fire  thus  given  by 
Vinci  is  found  in  nearly  the  fame  words  in  fome  of  the 
writings  of  Baptifia  Porta;  whence  it  appears  that  both 
authors  derived  their  information  from  the  fame  fource. 
A  compofition  which  burnt  without  accefs  to  the  at- 
mofphere  could  not  fail  to  fill  the  minds  of  our  fore¬ 
fathers  with  wonder ;  but  the  modern  difeoveries  in 
chemiftry  have  difclofed  the  fecret,  by  fhewing,  that 
the  combu (lion  is  carried  on  by  means  of  the  oxygen 
contained  in  the  nitre. 

Rafant  or  Razant  Fire,  is  a  fire  from  the  artillery 
and  fmall  arms,  dire&ed  parallel  to  the  hoiiz;on,  or  to 
thofe  parts  of  the  works  of  a  place  that  are  defended. 

Running  Fire  is  when  ranks  of  men  fire  one  after 
another ;  or  when  the  lines  of  an  army  are  drawn  out 
to  fire  on  account  of  a  vi&ory  ;  in  which  cafe  each  fqua* 
drou  or  battalion  takes  the  fire  from  that  on  its  right,, 
from  the  right  of  the  firfl:  line  to  the  left,  and  from  the 
left  to  the  right  of  the  fecond  line,  & c. 

FISHING,  the  art  of  catching  fifli.  See  Angling, 
Fishery,  and  Fishing,  &c.  EncycL 
.  Cbinefe  Fishing .  We  venture  to  give  this  appella- 
tion  to  fome  very  ingenious  contrivances  of  the  people 
of  China  for  catching  in  their  lakes,  not  only  fifli,  but 
water- fowl.  For  the  purpofe  of  catching  fifli  they  have 
trained  afpecies  of  pelican,  refembling  the  common  cor- 
vorant,  which  they  call  the  Leu-tze ,  or  fifhing  bird.  It 
it  brown,  with  a  white  throat,  the  body  whitifh  beneath, 
and  fpotted  with  brown  ;  the  tail  is  rounded,  the  iridej 
blue,  and  the  bill  yellow.  Sir  George  Staunton,  who, 
when  the  embatty  was  proceeding  on  the  fouthern 
branch  of  the  great  canal,  faw  thofe  birds  employed, 
tells  us,  that  on  a  large  lake,  clofe  to  the  eaft  fide  of 
the  canal,  are  thoufands  of  fmall  boats  and  rafts,  built 
entirely  for  this  fpecies  of  hfliery.  On  each  boat  or 
rr.ft  are  ten  or  a  dozen  birds,  which,  at  a  fignal  from 
the  owner,  plunge  into  the  water  ;  and  it  is  aflonifhing 
to  fee  the  enormous  fizeo'f  fifli  with  which  they  return, 
grafped  within  their  bills.  They  appeared  to  be  fj  welt 
trained,  that  it  did  not  require  either  ring  or  cord  abo^t 
their  throats  to  preveut  them  from  fwallowing  any  por¬ 
tion  of  their  prey,  except  what  their  mailer  was  pleafed 
to  return  to  them  for  encouragement  and  food.  The 
boat  ufed  by  thefe  fifhermen  is  of  a  remarkable  light 
make,  and  is  often  carried  to  the  lake,  together  with 
the  fifhing  birds,  by  the  men  who  are  there  to  be  fup- 
ported  by  it.  r 

The  fame  author  faw  the  fifhermen  bufy  on  the  nreat 
lake  Wee  chaung-hee;  and  he  gives  the  following  ao 
eount  cf  a  very  fingular  method  pra&ifed  by  them  for 
catching  the  fifh  of  the  lake  without  the  aid  of  birds 
of  net,  or  of  hooks.  * 

To  one  fide  cf  a  boat  a  flat  board,  painted  white, 
is  fixed,  at  an  angle  of  about  45  degrees,  the  edge  h 
chning  towards  the  water.  On  moonlight  nights  tk» 
boat  is  fo  placed  that  the  painted  board  is  turned  to 
the  moon,  from  whence  the  rays  of  light  ftrikice  on  the 
whitened  furface,  give  to  it  the  appearance  of°mov,W 
water  ;  on  which  the  fifh  being  tempted  to  leap  as  oil 
their  element,  the  boatmen  railing  with  a  firing  th~ 
board,  turn  the  fifli  into  the  boat.  ^ 

Water  fowl  are  much  fought  after  by  the  Chinefe, 

^  <J  and 
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Fiftula.  and  are  taken  upon  the  fame  lake  by  the  following  in- 
Uw genious  device.  Empty  jars  or  gourds  are  fuffered  to 
float  about  upon  the  water,  that  fuch  objedts  may  be¬ 
come  familiar  to  the  birds.  The  fifherman  then  wades 
into  the  lake  with  one  of  thofe  empty  veflels  upon  his 
head,  and  walks  gently  towards  a  bird  ;  and  lifting  up 
his  arm,  draws  it  down  below  the  furface  of  the  water 
without  any  difturbance  or  giving  alarm  to  the  reft, 
feveral  of  whom  he  treats  in  the  fame  manner,  until  he 
fills  the  bag  he  had  brought  to  hold  his  prey.  The 
contrivance  itfelf  is  not  fo  lingular,  as  it  is  that  the  fame 
cxa&ly  ihould  have  occurred  in  the  new  continent,  as 
Ulloa  afferts,  to  the  natives  of  Carthagena,  upon  the 
lake  Cienega  de  Tefias. 

FISTULA  Lachrymalis  is  a  difeafe  which,  in  all 
its  ftages,  has  been  treated  of  in  the  article  Surgery, 
chap.  xiv.  EncycL  A  work,  however,  has  been  lately 
publifhed  by  James  Ware  furgeon,  in  which  there  is 
the  defcription  of  an  operation  for  its  cure  confiderably 
different  from  that  moft  commonly  ufed,  and  which, 
while  it  is  fimple,  the  author’s  experience  has  afcertain- 
cd  to  be  fuccefsful. 

In  the  cure  of  this  difeafe,  which  is  very  troublefome, 
and  not  very  uncommon,  it  is  a  well  known  pradlice  to 
infert  a  metallic  tube  in  the  nafal  dud!  of  the  lachrymal 
canal :  but  the  advantage  derived  from  this  operation 
is  not  at  all  times  lafting.  Among  other  caufes  of 
failure,  Mr  Ware  notices  the  lodgment  of  infpiftated 
mucus  in  the  cavity  of  the  tube.  To  remedy  this  de- 
fed!,  he  recommends  the  following  operation. 

t(  If  the  difeafe  has  not  occaiioned  an  aperture  in  the 
lachrymal  fac,  or  if  this  aperture  be  not  fituated  in  a 
right  line  with  the  longitudinal  diredlion  of  the  nafal 
dud!,  a  pundhire  fhould  be  made  into  the  fac,  at  a  fmall 
diftance  from  the  internal  junaure  of  the  palpebrae,  and 
neaily  in  a  line  drawn  horizontally  from  this  junaure 
towards  the  nofe  with  a  fpear-pointed  lancet.  The 
blunt  end  of  a  filver  probe,  of  a  iize  rather  fmaller  than 
the  probes  that  are  commonly  lifed  by  furgeons,  fhould 
then  be  introduced  through  the  wound,  and  gently, 
but  fteadily,  pufhed  on  in  the  direaion  of  the  nafal 
dua,  with  a  force  fufficient  to  overcome  the  obftruc- 
tion  in  this  canal,  and  until  there  is  reafon  to  believe 
that  it  has  freely  entered  into  the  cavity  of  the  nofe. 
The  pofition  of  the  probe,  when  thus  introduced,  will 
be  nearly  perpendicular  ;  its  fide  will  touch  the  upper 
edge  of  the  orbit  ;  and  the  fpace  between  its  bulbous 
end  in  the  nofe  and  the  wound  in  the  fkin  will  ufually 
be  found,  in  a  full-grown  perfon,  to  be  about  an  inch 
and  a  quarter,  or  an  inch  and  three-eighths.  The 
probe  is  then  to  be  withdrawn,  and  a  filver  ftyle,  of  a 
fize  nearly  fimilar  to  that  of  the  probe,  but  rather  fmal¬ 
ler,  about  an  inch  and  tliree-eighths  in  length,  with  a 
flat  head,  like  that  of  a  nail,  but  placed  obliquely,  that 
it  may  fit  clofe  on  the  fkin,  is  to  be  introduced  through 
the  dud!,  in  place  of  the  probe,  and  to  be  left  conftant- 
ly  in  it.  For  the  firft  day  or  two  after  the  ftyle  has 
been  introduced,  it  is  fometimes  advifable  to  wafh  the 
eye  with  a  weak  faturnine  lotion,  in  order  to  obviate 
any  tendency  to  inflammation  which  may  have  been 
excited  by  the  operation ;  but  this  in  general  is  fo 
flight,  that  our  author  has  rarely  had  occafion  to  life 
any  application  to  remove  it.  The  ftyle  fhould  be  with¬ 
drawn  once  every  day  for  about  a  week,  and  after¬ 
yards  every  fecond  or  third  day.  Some  warm  water 


fhould  each  time  be  injed!ed  through  the  dud!  into  the  Fill 
nofe,  and  the  inftrument  be  afterwards  replaced  in  the  fli 
fame  maimer  as  before.  Mr  Ware  formerly  ufed  to 
cover  the  head  of  the  ftyle  with  a  piece  of  diachylon 
plafter  fpread  on  black  filk,  but  has  of  late  obviated 
the  neceflity  for  applying  any  plafter  by  blackening 
the  head  of  the  ftyle  with  foaling  wax. 

“  The  effed!  (fays  he)  produced  by  the  ftyle,  when 
introduced  in  the  way  above  mentioned,  at  firft  gave 
me  much  furprife.  It  was  employed  with  a  view  fimi- 
lar  to  that  with  which  Mr  Pott  recommends  the  intro- 
dudlion  of  a  bougie  ;  viz.  to  open  and  dilate  the  nafal 
dud!,  and  thus  to  eftablifh  a  paffage,  through  which  the 
tears  might  afterwards  be  conveyed  from  the  eye  to  the 
nofe.  1  exped!ed,  however,  that  whilft  the  ftyle  con¬ 
tinued  in  the  dud!  the  obftrud!ion  would  remain,  and  of 
courfe  that  the  watering  of  the  eye,  and  the  weaknefs 
of  the  fight,  would  prove  as  troublefome  as  they  had 
been  before  the  inftrument  was  introduced.  I  did  not 
imagine  that  any  eflential  benefit  could  refult  from  the 
operation  until  the  ftyle  was  removed,  and  the  paffage 
thereby  opened.  It  was  an  agreeable  difappointiiient 
to  me  to  find  that  the  amendment  was  much  more  ex¬ 
peditious.  The  watering  of  the  eye  almoft  wholly 
ceafed  as  foon  as  the  ftyle  was  introduced  $  and  in  pro¬ 
portion  as  the  patient  amended  in  this  refpedl,  his  fight 
alfo  became  more  ftrong  and  ufeful.  The  ftyle,  there¬ 
fore,  feems  to  ad!  in  a  twofold  capacity  :  firft,  it  di¬ 
lates  the  obftrud!ed  paffage ;  and  then,  by  an  attrac¬ 
tion  fomewhat  fimilar  to  that  of  a  capillary  tube,  it 
guides  the  tears  through  the  dud!  into  the  nofe. 

“  The  wound  that  I  ufually  make  into  the  fac,  if 
the  fupperative  procefs  has  not  formed  a  fuitable  aper¬ 
ture  in  this  part,  is  no  larger  than  is  juft  fufficient  to 
admit  the  end  of  the  probe  or  ftyle  ;  and  this,  in  gene¬ 
ral,  in  a  little  time,  becomes  a  fiftulous  orifice,  through 
which  the  ftyle  is  paffed  without  occafioning  the  fmalleft 
degree  of  pain.  The  accumulation  of  matter  in  the  la¬ 
chrymal  fac,  which,  previous  to  the  operation,  is  often 
copious,  ufually  abates  foon  after  the  operation  has  been 
performed  ;  and,  in  about  a  week  or  ten  days,  the  treat¬ 
ment  of  the  cafe  becomes  fo  eafy,  that  the  patient  him- 
felf,  or  fome  friend  or  fervaut  who  is  coiiftantly  with 
him,  is  fully  competent  to  do  the  whole  that  is  necef- 
fary.  It  confifts  folely  in  withdrawing  the  ftyle  two  or 
three  times  in  the  week,  occafionally  injedting  fome 
warm  water,  and  then  replacing  the  inftrument  in  the 
fame  way  in  which  it  was  done  before. 

“  It  is  not  eafy  to  afeertain  the  exad!  length  of  time 
that  the  ftyle  fhould  be  continued  in  the  dud!.  Some 
have  worn  it  many  years,  and,  not  finding  any  inconve¬ 
nience  from  the  inftrument,  are  ftill  afraid  and  unwilling 
to  part  from  it.  Others,  on  the  contrary,  have  difufed 
it  at  the  end  of  about  a  month  or  fix  weeks,  and  have 
not  had  the  fmalleft  return  of  the  obftrud!ion  afterwards.’’ 

The  author  relates  fo  many  fuccefsful  cafes  of  this 
operation,  that  we  thought  it  our  duty  to  record  his 
method  in  this  Supplementary  volume  of  our  general 
repofitory  of  arts  and  fciences  ;  for  a  fuccefsful  prad!ice, 
as  well  in  furgery  as  in  phyfic,  muft  reft  on  the  bafis  of 
experience. 

Oblique  or  Second  FLANK,  or  Flank  of  the 
Curtain ,  is  that  part  of  the  curtain  from  whence  the 
face  of  the  oppolite  baft  ion  can  be  feen,  being  contain¬ 
ed  between  the  lines  rafant  and  fichant,  or  the  greater 

and 
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k  and  lefs  lines  of  defence  ;  or  the  part  of  the  curtain  be¬ 
tween  the  flank  and  the  point  where  the  fichant  line  of 
defence  terminates. 

Covered ,  Low,  or  Retired  Flank,  is  the  platform  of 
the  cafemate,  which  lies  hid  in  the  baftion,  and  is  other* 
wife  called  the  orillon. 

Fichant  Flank ,  is  that  from  whence  a  cannon  play¬ 
ing,  fires  diredlly  on  the  face  of  the  oppofite  baftion. 

Rafant  or  Ra%ant  Flank,  is  the  point  from  whence 
the  line  of  defence  begins,  from  the  conjun&ion  of  which 
with  the  curtain  the  (hot  only  rafeth  the  face  of  the 
next  baftion,  which  happens  when  the  face  cannot  be 
difcovered  but  from  the  flank  alone. 

FLIE  or  Fly,  that  part  of  the  mariner’s  compafs 
■on  which  the  thirty-two  points  of  the  wind  are  drawn, 
and  over  which  the  needle  is  placed,  and  fattened  under¬ 
neath.  #  e 

FLOATING  Bodies  are  fuch  as  fwim  on  the  iur- 
face  of  a  fluid,  of  which  the  moft  important  are  fhips 
and  all  kinds  of  veffels  employed  in  war  and  in  com¬ 
merce.  Every  feaman  knows  of  how  much  confequence 
it  is  to  determine  the  {liability  of  fuch  veffels,  and  the 
pofitions  which  they  aflume  when  they  float  freely  and 
at  reft  on  the  water.  To  accomplifh  this,  it  is  neceflary 
to  ftate  the  principles  on  which  that  {{.ability  and  thefe 
pofitions  depend  ;  and  this  has  been  done  with  fo  much 
ingenuity  and  fcience  by  George  Atwood,  Efq, 
F.  R.  S.  in  the  Philofophical  Tranfaftions  for  the  year 
1796,  that  we  are  perfuaded  a  large  clafs  of  our  readers 
will  thank  us  for  inferting  an  abftrad  of  his  memoir  in 
this  place. 

A  floating  body  is  preffed  downwards  by  its  own 
weight  in  a  vertical  line  that  pafles  through  its  centre 
of  gravity  ;  and  it  is  fuftained  by  the  upward  preffure 
of  a  fluid,  a&ing  in  a  vertical  line  that  pafles  through 
the  centre  of  gravity  of  the  immerfed  part ;  and  unlefs 
thefe  two  line3  be  coincident,  fo  that  the  two  centres 
of  gravity  may  be  in  the  fame  verticle  line,  the  folid 
will  revolve  on  an  axis,  till  it  gains  a  pofition  in  which 
the  equilibrium  of  floating  will  be  permanent.  Hence 
it  appears  that  it  is  neceflary,  jn  the  firft  place,  to  af- 
certain  the  proportion  of  the  part  immerfed  to  the 
whole ;  for  which  purpofe  the  fpecific  gravity  of  the 
floating  body  muft  be  known  ;  and  then  it  mutt  be  de¬ 
termined,  by  geometrical  or  analytical  methods,  in  what 
pofitions  the  folid  can  be  placed  on  the  furface  of  the 
fluid,  fo  that  the  two  centres  of  gravity  already  men¬ 
tioned  may  be  in  the  fame  vertical  line  when  a  given 
part  of  the  folid  is  immerfed  under  the  furface  of  the 
fluid.  When  thefe  preliminaries  are  fettled,  fomethiug 
ftill  remains  to  be  done.  Pofitions  may  be  affumed  in 
which  the  circumftances  juft  recited  concur,  and  yet 
the  folid  will  aflume  fome  other  pofition  in  which  it 
will  permanently  float.  If  a  cylinder,  e .  g.  haying  lts 
fpecific  gravity  to  that  of  the  fluid  on  which  it  floats 
as  2  to  4,  and  its  axis  to  the  diameter  of  the  bafe  as  2 
to  1,  be  placed  on  the  fluid  with  its  axis  vertical,  it 
will  fink  to  a  depth  equal  to  a  diameter  and  a  half  of 
the  bafe.;  and  while  its  axis  is  preferved  in  a  verti¬ 
cal  pofition  by  external  force,  the  centres  of  gravity  of 
the  whole  folid  and  of  the  immerfed  part  will  remain  in 
the  fame  vertical  line  :  but  when  the  external  force  that 
fuftained  it  is  removed,  it  will  decline  from  its  upright 
pofition,  and  will  permanently  float  with  its  axis  hori¬ 
zontal.  If  the  axis  be  fuppofed  to  be  half  of  the  dia- 
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meter  of  the  bafe,  and  be  placed  vertically,  the  folid 
will  link  to  the  depth  of  three-eighths  of  its  diameter  ; 
and  in  that  pofition  it  will  float  permanently.  If  the 
axis  be  made  to  incline  to  the  vertical  line,  the  folid 
will  change  its  pofition  until  it  fettles  permanently  with 
the  axis  perpendicular  to  the  horizon. 

Whether,  therefore,  a  folid  floats  permanently,  or 
overfets  when  placed  on  the  furface  of  a  fluid,  fo  that 
the  centre  of  gravity  of  the  folid  and  that  of  the  part 
immerfed  fhall  be  in  the  fame  vertical  line,  it  is  faid  to 
be  in  a  pofition  of  equilibrium  ;  and  of  this  equilibrium 
there  are  three  fpecies,  viz.  the  equilibrium  of  {lability, 
in  which  the  folid  floats  permanently  in  a  given  pofi¬ 
tion  ;  the  equilibrium  of  inftability,  in  which  the  folid, 
though  the  two  centres  of  gravity  already  mentioned 
are  in  the  fame  vertical  line,  fpontaneoufly  overfets,  nn- 
lefs  fupported  by  external  force  ;  and  the  equilibrium 
of  indifference,  or  the  infenfible  equilibrium,  in  which 
the  folid  refts  on  the  fluid  indifferent  to  motion,  with¬ 
out  tendency  to  right  itfelf  when  inclined,  or  to  incline 
itfelf  farther. 

If  a  folid  body  floats  permanently  on  the  furface  of 
a  fluid,  and  external  force  be  applied  to  incline  it  from 
its  pofition,  the  refiftance  oppofed  to  this  inclination  is 
termed  the  {lability  of  floating.  Among  various  float¬ 
ing  bodies,  fome  lofe  their  quiefeent  pofition,  and  fome 
gain  it,  after  it  has  been  interrupted,  with  greater  fa¬ 
cility  and  force  than  others. 

Some  fhips  at  fea  (e.  g.)  yield  to  a  given  impnlfe  of 
the  wind,  and  fuffer  a  greater  inclination  from  the  per¬ 
pendicular  than  others  As  this  refiftance  to  heeling 
or  pitching,  duly  regulated,  has  been  deemed  of  impor¬ 
tance  in  the  conftrudlion  of  veffels,  feveral  eminent  ma¬ 
thematicians  have  inveftigated  rules  for  determining 
the  {lability  of  fhips  from  their  known  dimenfions  and 
weight,  without  recurring  to  aftual  trial.  To  this 
clafs  we  may  refer  Bouguer,  Euler,  Fred.  Chapman, 
and  others  ;  who  have  laid  down  theorems  for  this  pur¬ 
pofe,  founded  on  a  fuppofition  that  the  inclinations  of 
fhips  from  their  quiefeent  pofitions  are  evanefeent,  or, 
in  a  pra&ical  fenfe,  very  fmall. 

“  But  fhips  at  fea  (fays  our  ingenious  author)  are 
known  to  heel  through  angles  of  xo°,  20°,  or  e^en 
30°,  and  therefore  a  doubt  may  arife  how  far  the  rules, 
demonftrated  on  the  exprefs  condition  that  the  angles 
of  inclination  are  of  evanefeent  magnitude,  fhould  be 
admitted  as  pra&ically  applicable  in  cafes  where  the 
inclinations  are  fo  great.’  ’ — “  If  we  admit  that  the 
theory  of  ftatics  can  be  applied  with  any  effeft  to  the 
pra&ice  of  naval  archite&ure,  it  feems  to  be  neceflary 
that  the  rules,  inveftigated  for  determining  the  {lability 
of  veffels,  fhould  be  extended  to  thofe  cafes  in  which 
the  angles  of  inclination  are  of  any  magnitude  likely  to 
occur  in  the  practice  of  navigation.” 

A  folid  body  placed  on  the  furface  of  a  lighter  fluid, 
at  the  depth  correfponding  to  the  relative  gravities, 
caunot  change  its  pofition  by  the  combined  actions  of 
its  weight  and  the  preffure  of  the  fluid,  except  by  re¬ 
volving  on  fome  horizontal  axis  which  pafles  through 
the  centre  of  gravity  :  but  as  many  axes  may  be  drawn 
through  this  point  of  the  floating  body  in  a  direction 
parallel  to  the  horizon,  and  the  motion  of  the  folid  re- 
fpe&s  one  axis  only,  this  axis  muft  be  determined  by 
the  figure  of  the  body  and  the  particular  nature  of  the 
cafe.  When  this  axis  of  motion,  as  it  is  called,  is  de. 
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“  the  petitions  of  permanent  floating  will  be  obtained, 


firft  by  finding  the  £  veral  pofitions  of  equilibrium 
through  which  the  folid  may  be  conceived  to  pafs, 
while  ;t  revolves  round  the  axis  of  motion  ;  and  fecond- 
ly,  by  determining  in  which  of  tliofe  pofitions  the  e- 
quilibtium  is  permanent,  and  in  which  of  them  it  is 
momentary  and  uriftable.” 

Such  as  we  have  now  briefly  dated  are  the  general 
principles,  on  which  are  founded  Mr  Atwood’s  invef- 
tigations  for  determining  the  pofitions  afluraed  by  ho¬ 
mogeneous  bodies,  floating  on  a  fluid  furface  ;  and  al- 
fo  for  determining  the  liability  of  fhips  and  of  other 
floating  bodies.  We  cannot  farther  accompany  him 
in  his  elucidation  of  them,  in  the  problems  to  the  dilu¬ 
tion  of  which  they  lead,  and  in  the  important  pradi- 
cal  purpofes  of  naval  architedure  to  which  they  are  re¬ 
ferred  The  whole  paper,  comprehending  no  Ms  than 
85  pages,  is  curious  and  valuable  ;  it  abounds  with  a- 
iialytical  and  geometrical  difquifitions  of  the  mod  ela¬ 
borate  kind  ;  and  it  ferves  to  enlarge  our  acquaintance 
with  a  fabjed  that  is  not  only  highly  interefting  to  the 
fpeculative  mathematician,  but  extremely  ufeful  in  its 
pradical  application. 

With  this  latter  view,  the  author  feems  to  have  di¬ 
rected  his  attention  to  the  various  objects  of  inquiry 
vhich  this  article  comprehends.  They  are  fuch  as  in¬ 
timately  relate  to  the  theory  of  naval  architedure,  fo 
far  as  it  depends  on  the  pure  laws  of  mechanics,  and 
they  contribute  to  extend  and  improve  this  theory. 
The  union  of  thofe  principles  that  are  deduced  from 
the  laws  of  motion,  with  the  knowledge  which  is  de¬ 
rived  Tom  obfervation  and  experience,  cannot  fail  to 
eftablifh  the  art  of  conftrufting  veffels  on  its  true  bafis, 
and  gradually  to  lead  to  farther  improvements  of  the 
greateft  importance  and  utility.  To  this  purpofe,  the 
siutlior  obfeives,  that 

“  If  the  proportions  and  dimenflons  adopted  in  the 
conftruCtion  of  individual  veffels  are  obtained  by  exad 
geometrical  menfurations,  and  calculations  founded  on 
them,  and  observations  are  made  on  the  performance  of 
thefe  veffels  at  fea  ;  experiments  of  this  kind,  fnfficient- 
ly  diverflfied  and  extended,  feem  to  be  the  proper 
grounds  on  which  theory  may  be  effedually  applied  in 
developing  and  reducing  to  fyftem  thofe  intricate,  fub- 
til,  and  hitherto  unperceived  caufes,  which  contribute 
to  impart  the  greateft  degree  of  excellence  to  veffels  of 
every  fpecies  and  defeription.  Since  naval  architedure 
is  reckoned  amongft  the  pradical  branches  of  fcience, 
every  voyage  may  be  confidered  as  an  experiment,  or 
rather  as  a  feries.  of  experiments,  from  which  ufeful 
truths  are  10  be  inferred  towards  perfecting  the  art  of 
conftru&ing  veffels  :  but  inferences  of  this  kind,  con- 
iiftently  with  the  preceding  remark,  cannot  well  be 
obtained,  except  by  acquiring  a  perfeCt  knowledge  of 
all  the  proportions  and  dimenflons  of  each  part  of  the 
fhip  ;  and  fecondly,  by  making  and  recording  fufficiant- 
ly  numerous  obfervatious  on  the  qualities  of  the  veflel, 
in  all  the  varieties  of  fituation  to  which  a  fhip  is  ufual- 
)y  liable  in  the  praCtice  of  navigation.” 

In  the  valuable  mifcellany  entitled  the  Philofophical 
Magazine,  there  is  a  paper  on  this  fuhjeCl  by  Mr  John 
George  Englifh,  teacher  of  mathematics  and  mechani¬ 
cal  philofophy  ;  which,  as  it  is  not  long,  and  is  eaiily 
under  flood;  we  (hall  take  the  liberty  to  tranferibe. 
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u  However  operofe  and  difficult  the  calculations  ne- 
ceffary  to  determine  the  liability  of  nautical  veffels- mav, 
in  fome  cafes,  he,  yet  they  all  depend,  fays  this  author, 
upon  the  four  following  Ample  and  obvious  theorems, 
accompanied  with  other  well  known  flereometricai  and 
ftatical  principles. 

“  Theorem  1.  Every  floating  body  difplaces  a  quanti¬ 
ty  of  the  fluid  in  which  it  floats,  equal  to  its  own 
weight  :  and  confequently,  the  fpeciflc  gravity  of 
the  fluid  will  be  to  that  of  the  floating  body,  as  the 
magnitude  of  the  whole  ft  to  that  of  the  part  immer- 
fcd. 

“  Theorem  2.  Every  floating  body  is  impelled  down¬ 
ward  by  its  own  eflfntial  power,  a  Cling  in  the  direClioa 
of  a  vertical  line  palling  through  the  centre  of  gravity 
of  the  whole  ;  and  is  impelled  upward  by  the  re-a&ioa 
of  the  fluid  which  fupports  it,  aCling  in  the  direction 
cf  a  vertical  line  puffing  through  the  centre  of  gravity 
of  the  part  immerfed  :  therefore,  unlefs  thefe  two  lines 
are  coincident,  the  floating  body  thus  impelled  muft 
revolve  round  an  axis,  either  in  motion  or  at  reft,  until 
the  equilibrium  is  reftored, 

“  Theorem  3.  If  by  any  power  whatever  a  veffel  be 
defkded  from  an  upright  pofitfon,  the  perpendicular 
diftance  between  two  vertical  lines  pairing  through  the 
centres  of  gravity  of  the  whole,  and  of  the  part  immer¬ 
fed  refpedively,  will  be  as  the  ft  ability  of  the  veffel, 
and  which  will  be  pofitive,  nothing,  or  negative,  accor¬ 
ding  as  the  metacentre  is  above,  coincident  with,  or 
below,  the  centre  of  gravity  of  the  veflel. 

“  Theorem  4.  The  common  centre  of  gravity  of  any 
fyftem  of  bodies  being  given  in  pofition,  if  any  one  of 
thefe  bodies  be  moved  from  one  part  of  the  fyftem  to 
another,  the  correfponding  motion  of  the  common 
centre  of  gravity,  eftimated  in  any  given  direClion,  will 
be  to  that  of  the  aforefaid  body,  eftimated  in  the  fame 
direction,  as  the  weight  of  the  body  moved  is  to  that 
of  the  whole  fyftem. 

From  whence  it  is  evident,  that  in  order  to  afeer- 
tain  the  (lability  of  any  veffel,  the  pofition  of  the 
centres  of  gravity  of  the  whole,  and  of  the  part  im¬ 
merfed,  muft  be  determined  ;  with  which,  and  the  di¬ 
menflons  of  the  veil'd,  the  line  of  floatation,  and  angle 
of  defledion,  the  ftability  or  power  either  to  right  it- 
felf  or  overturn,-  may  be  found. 

“  In  fhips  of  war  and  merchandife,  the  calculations 
neceflary  for  this  purpofe  become  unavoidably  very  o- 
perofe  and  troublefbme  ;  but  they  may  be  much  facili¬ 
tated  by  the  experimental  method  pointed  out  in  the 
New  Tranfadions  of  the  Swedilh  Academy  of  Scien¬ 
ces,  firft  quarter  of  the  year  1787,  page  48. 

“  In  river  and  canal  boats,  the  regularity  and  fim- 
plicity  of  the  form  of  the  veffel  itfelf,  together  with  the 
compad  difoofition  and  homogeneal  quality  of  the 
burden,  render  that  method  for  them  unneceflary,  and 
make  the  requifite  calculations  become  very  eafy.  Vef¬ 
fels  of  this  kind  are  generally  of  the  fame  tranfverfe 
fedion  thronghont  their  whole  length,  except  a  fmall 
part  in  prow  and  llern,  formed  by  fegments  of  circles 
or  other  Ample  curves  ;  therefore  a  length  may  eafily 
be  afligned  fuch,  that  any  of  the  tranfverfe  fedions  be¬ 
ing  multiplied  thereby,  the  produd  will  be  equal  to 
the  whole  folidity  of  the  veflel.  The  form  of  the  fec- 
tion  A  BCD  is  for  the  mod  part  either  redan- 
gular,  as  in  fig.  1.  trapezoidal  as  in  fig.  2.  or  mix- 
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tilineal  as  in  fig.  3.  in  all  which  MM  reprefents 
the  line  of  floatation  when  upright,  and  EF  that  when 
inclined  at  any  angle  MXE  ;  alfo  G  reprefents  the 
centre  of  gravity  of  the  whole  veffel,  and  R  that  of  the 
part  immerfed. 

<•  If  the  veffel  be  loaded  quite  up  to  the  line  AB, 
and  the  fpecific  gravity  of  the  boat  and  burden  be  the 
fame,  then  the  point  G  is  fimply  the  centre  of  gravity 
of  the  left  ion  ABCD  ;  but  if  not,  the  centres  of  gra¬ 
vity  of  the  boat  and  burden  mull  be  found  feparately, 
and  reduced  to  one  by  the  common  method,  namely,  by 
dividing  the  fum  of  the  momenta  by  the  fum  of  weights, 
or  areas,  which  in  this  cafe  are  as  the  weights.  The  point 
R  is  always  the  centre  of  gravity  of  the  feftion  MMCD, 
which,  if  confitling  of  different  figures,  muft  alfo  be  found 
by  dividing  the  fum  of  the  momenta  by  the  fum  of  the 
weights  as  common.  Thefe  two  points  being  found, 
the  next  tiling  neceffary  is  to  determine  the  area  of  the 
two  equal  triangles  MXE,  MXF,  their  centres  of  gra¬ 
vity  0,  0 ,  and  the  perpendicular  projefted  diftance  n  n 
cf  thefe  points  on  the  water  line  EF.  This  being 
done,  through  R  and  parallel  to  EF  draw  RTzza 
fourth  proportional  to  the  whole  area  MMCD,  either 
triangle  MXE  or  MXF,  and  the  diftance  n  n  ;  through 
T>  and  at  right  angles  to  RT  or  EF,  draw  TS  meet¬ 
ing  the  vertical  axis  of  the  vefiel  in  S  the  metacentrc  ; 
alfo  through  the  points  G,  B,  and  parallel  to  ST,  draw 
NGW  and  BV  ;  moreover  through  S,  and  parallel  to 
EF,  draw  WSV,  meeting  the  two  former  in  V  and 
W  ;  then-SW  is  as  the  liability  of  the  veffel,  which 
will  be  pofitive,  nothing,  or. negative,  according  as  the 
point  S  is  above,  coincident  with,  or  below,  the  point 
G.  If  now  we  fuppofe  W  to  re  prefect  the  weight  of 
the  whole  veffel  and  burden  (which  will  be  equal  to 
the  feftion  MMCD  multiplied  by  the  length  of  the 
veffel),  and  P  to  reprefent  the  required  weight  applied 
at  the  gunwale  B  to  fuftain  the  veffel  at  the  given 
angle  of  inclination  ;  wc  (hall  always  have  this  propor¬ 
tion  :  as  VS.:  SW  :  :  W  :  P  ;  which  proportion  is  ge¬ 
neral,  whether  SW  be  pofitive  or  negative  ;  it  muft 
only  in  the  latter  cafe  be  fuppofed  to  aft  upward  to 
prevent  an  overturn. 

“  In  the  reftangular  veffel,  of  given  weight  and  dimen- 
fions,  the  whole  procefs  is  fo  evident,  that  any  farther 
explanation  would  be  unneceffary.  In  the  trapezoidal 
veffel,  after  having  found  the  points  G  and  R,  let  AD, 
}3C  be  produced  until  they  meet  in  K.  Then,  hnce 
the  two  feftions  MMCD,  EFDC  are  equal,  the  two 
triangles  MMK,  EFK  are  alfo  equal ;  and  therefore  the 
reftangle  EK  X  KF  -zz  KM  X  KM  zz  KM1;  and 
fiuce  the  angle  of  inclination  is  fuppofed  to  be  known, 
the  angles  at  E  and  F  are  given.  Confequently,  if  a 
mean  proportional  be  found  between  the  fines  of  the 
angles  at  E  and  F,  we  fhall  have  the  following  propor¬ 
tions  : 

“  As  the  mean  proportional  thus  found  :  fine  Z-E  *.  : 
KM  :  KF,  and  as  the  faid  mean  proportional  :  fine 
L  F  :  :  KM  :  KE  ;  therefore  ME,  MF  become  known: 
from  whence  the  area  of  either  triangle  MXE  or  MXF, 
the  diftance  n  «,  and  all  the  other  requifites,  may  be 
found. 

“In  the  mixtilineal  feftion,  let  AB  zr  9  feet  zr  108 
inches,  the  whole  depth  zz  6  feet  =72  inches,  and 
the  altitude  of  MM  the  line  of  floatation  4  feet  or  48 
inches ;  alfo  let  the  two  curvelinear  parts  be  circular 
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quadrants  cf  two  feet,  or  2  \  inches  radius  each.  Then  I7!  ating' 
the  area  of  the  two  quadrants  zz  9 *4' 7 So 8  fquare  "*T-'V  *ri J 
inches,  and  the  diftance  of  their  centres  of  gravity  i.om 
the  bottom  zz  13*8177  inches  very  nearly;  alfo  the 
area  of  the  included  reftangle  a  l  ie  zz  1440  fquare 
inches,  and  the  altitude  of  its  centre  of  gravity  12 
inches ;  in  like  manner,  the  area  of  the  reftangle  AB 
c  d  will  be  found  zz  5  1  84  fquare  inches,  and  the  alti¬ 
tude  of  its  centre  of  gravity  48  inches :  therefore  we 
fhall  have 


JheTwoquad^H  90478cS  X  i3'Si77  =  12501-939660x6 

Moment. of  the?  _ »  v  . 

re<5tan.  ah  i  e  |  =  1«°*  X  11  =  I?l8° 

X  48  =3=148832* 


Moment,  of  the  5 r,c  . 

redan.  AB^  l  5lb4 
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“  Now  the  fum  of  the  momenta,  divided  by  the  fum 

P  ,  .  27861  V98966° 16 

of  the  areas,  will  give  - -  =  37*006- 

inches,  the  altitude  of  G,  the  centre  of  gravity  of  the 
feftion  ABCD  above  the  bottom.  In  like  manner, 
the  altitude  of  R,  the  centre  of  gravity  of  the  feftion 

MMCD,  will  be  found  to  be  equal 

zz  24*934  inches ;  and  confequently  their  difference, 
or  the  value  of  GR  zz,  12*072  inches,  will  be  found. 

Suppofe  the  veffel  to  heel  1 50,  and  we  lhall  have  the 
following  proportion  ;  namely,  As  radius  :  tangent  off 
1  :  :  MX  =  54  inches  :  14*469  inches  zz  ME  or 

MF ;  and  confequently  the  area  of  either  triangle  MXE 
or  MXF  —  390*663  fquare  inches.  Therefore, '  by 
theorem  4th,  as  4936*7808  :  390*663  :  :  72  zz  n  n  zz 
y  AB  :  5*6975  inches  zr  RT  ;  and,  again,  as  radius  : 
fine  of  1 50  : :  12*072  zr  GR  :  3*1  245  inches  zz  RN ; 
confequently  RT — RN  zz  5*6975 — 3*1245  =  2*573 
inches  zz  SW,  the  liability  required. 

“  Moreover,  as  the  fine  of  1 50  :  radius  r  :  5*6975  zz 
RT  :  22*013  zz  RS,  to  which,  if  we  add  24*934,  the 
altitude  of  the  point  R,  we  fliali  have  46*947  for  the 
height  of  the  metacentre,  which  taken  from  72,  the 
whole  altitude,  there  remains  25*053  ;  from  which,  and 
the  half  width  zz  54  inches,  the  diftance  BS  is  found 
m  59*529  inches  very  nearly,  and  the  angle  SBV  zz 
8o° — c6' — 42";  from  whence  SV  zz  58*645  inches. 

Again  :  Let  us  fuppofe  the  mean  length  cf  the  vef. 
fel  to  be  40  feet,  or  480  inches,  and  we  (hall  have  the 
weight  of  the  whole  veffel  equal  to  the  area  of  the  fcc- 
tion  MMCD  zz  4936*7808  multiplied  by  480  zr 
2369654*784.  cubic  inches  of  water,  which  weighs  ex* 
aftly  85708  pounds  avoirdupoife,  allowing  the  cubic 
foot  to  weigh  62*5  pounds. 

“  And,  finally,  as  SV  :  SW  (/.  f. )  as  58*645  :  2*573 
:  :  8^708  :  3760  +  ,  the  weight  on  the  gunwale  which 
will  fuftain  the  veffel  at  the  given  inclination.  There¬ 
fore  a  veffel  of  the  above  dimeniions,  and  weighing  38 
tons,  5  cwts.  28  lbs.  will  require  a  weight  of  1  ton, 
13  cwts.  64  lbs.  to  make  her  incline  15®. 

“  In  this  example,  the  deflefting  power  lias  been  fup¬ 
pofed  to  aft  perpendicularly  on  the  gunwale  at  B  ;~but 
if  the  veffel  is  navigated  by  fails,  the  centre  velique 
muft  be  found  ;  with  which,  and  the  angle  of  deflec¬ 
tion,  the  projefted  diftance  thereof  on  the  line  SV  may¬ 
be  obtained ;  and  then  the  power,  calculated  as  above, 

neceffary 


Fluent  neceffiary  to  be  applied  at  the  proje&ed  point,  will  be 
F  that  part  of  the  wind’s  force  which  caufes  the  veffiel  to 

t  J  \  heel.  And  converfely,  if  the  weight  and  dimenfions 
of  the  veffiel,  the  area  and  altitude  of  the  fails,  the  di¬ 
rection  and  velocity  of  the  wind  be  given,  the  angle  of 
defleCtion  may  be  found. ” 

FLUENT,  or  Flowing  Quantity,  in  the  doc¬ 
trine  of  fluxions,  is  the  variable  quantity  which  is  con- 
fidered  as  increafing  and  decreafing  ;  or  the  fluent  of 
a  given  fluxion,  is  that  quantity  whofe  fluxion  being 
taken,  according  to  the  rules  of  that  do&rine,  fhall  be 
the  fame  with  the  given  fluxion.  See  Fluxions, 
EncycL 

FLUIDS,  Motion  in.  See  Hydrostatics  and 
Resistance  of  Fluids  EncycL  and  MoticTn  in  this 
Supplement . 

FOGEDAR,  the  military  governor  of  a  fubordi- 
nate  diftridl  in  India,  who  has  fometimes  the  addition¬ 
al  office  of  collecting  the  revenues. 

FOLIATE,  a  name  given  by  fome  to  a  curve  of 
the  2d  order,  expreffied  by  the  equation  x*  y^zzaxy, 
being  one  fpecies  of  defective  hyperbolas,  with  one  a- 
fymptote,  and  confifling  of  two  infinite  legs  croffing 
each  other,  forming  a  fort  of  leaf.  It  is  the  42d  fpe¬ 
cies  of  Newton’s  Lines  of  the  3d  Order. 

FORCER,  in  Mechanics,  is  properly  a  pifton  with¬ 
out  a  valve.  For,  by  drawing  up  fuch  a  pifton,  the 
air  is  drawn  up,  and  the  water  follows  ;  then  pufhing 
the  pifton  down  again,  the  water,  being  prevented  from 
defeending  by  the  lower  valve,  is  forced  up  to  any 
height  above,  by  means  of  a  fide  branch  between  the 
two. 

FORDYCE  (James,  D.D.)  fo  well  known  to  feri- 
ous  readers  by  his  fermons  to  young  women  and  other 
fpecimens  of  pulpit  eloquence,  was  born  at  Aberdeen 
in  the  year  1720.  His  father  was  a  man  much  e- 
fteemed,  and  held,  more  than  once,  the  office  of  chief 
magiftrate  in  his  native  city  ;  and  his  mother  was  a  wo¬ 
man  of  good  fenfe,  amiable  temper,  and  exemplary  pie¬ 
ty.  This  refpe&able  pair  had  the  Angular  felicity  of 
tranfmitting  fuperior  talents  to  almoft  every  individual 
of  a  numerous  family  ;  of  one  of  which,  viz.  David 
Fordyce,  the  reader  will  find  fome  account  in  the  En~ 
cyclopedia. 

The  fubjedl  of  this  memoir,  who  was  their  fourth 
fori,  acquired,  as  well  as  his  brother,  the  rudiments  of 
claffical  learning  at  the  grammar  fchool  of  Aberdeen, 
whence  he  was  removed  to  the  Marifchal  college  and  u- 
niverfity  in  the  fame  city.  Having  completed  a  regu¬ 
lar  courfe  of  ftudy  both  in  philofophy  and  theology, 
he  was  licCnfed,  when  very  young,  according  to  the 
forms  of  the  church  of  Scotland,  to  be  a  preacher  of 
the  gofpel ;  and  was  foon  afterwards  preferred  to  the 
place  of  fecond  minifter  in  the  collegiate  church  of 
Brechin  in  the  county  of  Angus.  After  remaining 
there  for  fome  years,  he  received  a  prefentation  to  the 
church  of  Alloa  near  Stirling  ;  and  though  the  inhabi¬ 
tants  of  that  parifli  were  prepoffieffied  in  favour  of  ano¬ 
ther  minifter  whom  they  knew,  and  prejudiced  againft 
Mr  Fordyce  whom  they  did  not  know  ;  fo  narrow 
minded  and  totally  deftitute  of  tafte  was  his  colleague 
in  Brechin,  that  he  judged  it  expedient  to  hazard  the 
confequences  of  a  removal.  He  was  aware  that  he 
entered  on  his  new  charge  under  a  confiderable  degree 
popular  odium ;  but  he  thought  it  more  probable 


that  he  ffiould  be  able  to  overcome  that  odium,  than 
conciliate  the  affe&ions  of  a  four  fanatic.  In  this  ex¬ 
pectation  he  was  not  deceived.  The  prejudices  of  the 
good  people  in  Alloa  were  very  quickly  removed,  not 
more  by  the  able  and  impreffive  manner  in  which  he 
conduced  the  public  fervices  of  the  Lord’s  day,  than 
by  the  amiable  and  condefcending  fpirit  with  which  he 
performed  the  more  private  duties  of  vifiting  and  ca- 
tcchifing  in  the  different  diftriCts  of  his  pariffi  ;  duties 
which,  as  they  were  wont  to  be  performed  by  the 
Scotch  clergy,  contributed  much  more  than  preaching 
to  the  religious  inftruCtion  of  the  lower  daffies  of  the 
people. 

It  was  during  his  refidence  at  Alloa  that  Mr  Fordyce 
firft  diftinguifhed  himfelf  as  an  author  by  the  fuccefiive 
publication  of  the  three  following  fermons.  The  firft, 
upon  the  eloquence  of  the  pulpit,  was  annexed  to  “  the 
Art  of  Preaching'’  by  his  brother  David  ;  the  fecond, 
upon  the  methods  of  promoting  edification  by  public 
inftitutions,  was  preached  at  the  ordination  of  the  Rev. 
Mr  Gibfon  minifter  of  St  Ninian’s,  a  neighbouring 
parifti,  in  the  year  1754,  and  publiffied,  with  the 
charge  and  notes,  in  1755  J  anci  the  third,  upon  the  de- 
lufive  and  perfecting  fpirit  of  popery,  was  preached 
the  fame  year  before  the  fynod  of  Stirling  and  Perth  ; 
and  being  publiffied,  came  very  quickly  to  a  fecond  e- 
dition.  But  the  fermon  which  moft  ftrongly  arrefted 
the  attention,  both  of  the  audience  before  which  it  was 
delivered,  and  of  the  public  to  which,  in  1760,  it  was 
given  from  the  prefs,  was  that  on  the  folly,  infamy ,  and 
mifery  of  unlawful  pleafure ,  preached  before  the  Gene 
rat  Affembly  of  the  Church  of  Scotland.  The  choice  of 
fuch  a  fubjedl,  on  fuch  an  occafion,  excited  the  furprife 
of  all  his  hearers,  and  tempted  the  younger  part  of 
them  to  fmile  at  the  very  reading  of  the  text ;  but  this 
unfeafonable  mirth  was  foon  converted  into  ferioufnefs. 
The  pidlure  exhibited  in  this  fermon  is  the  work  of  a 
mafter  ;  and  we  have  been  affiured  by  a  friend  who 
heard  it  preached,  that  the  fpirit  and  elegance  of  the 
compofition  was  fo  feconded  by  the  folemnity  and  a- 
nimation  with  which  it  was  delivered,  that  it  made  a 
very  finking  impreffion,  not  only  upon  the  more  re- 
fpe&able  part  of  the  audience,  but  upon  minds  of  no* 
ted  levity  :  It  raifed  indeed  its  writer’s  fame  as  a  pul¬ 
pit-orator  to  an  unrivalled  eminence  among  his  brethren 
in  Scotland. 

About  this  time,  and  we  believe  in  confequence  of 
this  fermon,  Mr  Fordyce  received  from  the  univerfity 
of  Glafgow  a  diploma,  creating  him  Dodlor  in  Divi¬ 
nity  ;  and  if  there  is  yet  any  thing  honourable  in  aca¬ 
demical  degrees,  proftituted  as  they  have  long  been  by 
an  undiftinguiffiing  diftribution,  the  honour  could  not 
have  been  conferred  with  greater  propriety  on  any 
man  in  the  church  to  which  he  then  belonged. 

In  that  church  he  did  not  long  remain.  Soon  after 
the  publication  of  this  fingular  fermon,  and  his  confe- 
quent  acquifition  of  academical  honours,  he  accepted  of 
an  invitation  from  a  fociety  of  Proteftant  diffenters, 
who  had  their  place  of  meeting  in  Monkwelhftreet, 
London,  to  become  colleague  and  fucceffior  to  their 
pallor,  who  was  then  old  and  infirm,  and  who  died  in¬ 
deed  in  the  fpace  of  a  few  months.  This  gave  occa- 
fion  to  the  Dodfor  to  difplay  his  oratory  once  more 
both  from  the  pulpit  and  the  prefs  in  a  fermon  on  the 
death  of  Dr  Lawrence.  He  was  now  foie  pallor  to 
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j  yce.  the  congregation  of  Monkwell-ftreet ;  and  preached  for 
u  f— ■ jrjany  years,  with  great  powers  of  eloquence  and  fervor 
of  piety,  to  an  audience  always  crowded  and  often  over¬ 
flow^*  .  .  ,  .  , 

When  a  preacher  obtains,  with  or  without  merit, 
an  uncommon  fhare  of  popularity,  a  confiderable  pro- 
portion  ol  his  hearers  will  ever  confift  of  tliofe,  who 
are  guided  in  their  choice  rather  by  curiofuy  and  fa- 
fhion,  than  by  found  judgment.  The  attachments  of 
fuch  people  are  as  capricious  and  variable  as  their 
minds  ;  and  they  change  their  preacher  as  they  change 
their  drefs,  not  from  their  own  tafte,  for  in  general 
they  have  none  ;  but  from  the  defire  of  being  where 
others  are,  of  doing  what  others  do,  and  of  admiring 
what  others  admire.  Dr  Fordyce  appreciated  juflly 
the  value  of  fuch  mens  approbation,  and  knew  it  e- 
ventualiy  by  experience  ;  but  he  was  more  than  com- 
penfated  for  the  lofs  of  hearers  of  this  defcription  by 
the  fteady  adherence  of  others,  whofe  efleem  was  moft 
defirable,  becaufe  it  was  grounded  upon  the  didates  of 
a  found  underftanding. 

At  la  it,  about  Chriilmas  1782,  when  his  health, 
which  had  long  been  declining,  rendered  it  neceffary,  in 
liis  own  opinion,  and  in  the  opinion  of  his  phyficians,  to 
difcontinue  his  public  fervices,  he  refigned  his  charge 
in  Monkwell-ftreet,  'and  retired  to  a  villa  in  Hampffiire, 
in  the  neighbourhood  of  the  Earl  of  Bute,  who  ho¬ 
noured  him  with  his  friendfhip,  and  to  whofe  valuable 
library  he  had  free  accefs.  Afterwards  he  removed  to 
Bath,  where  having,  with  Chriftian  patience,  fuffered 
much  from  an  afthmatic  complaint,  to  which  he  had 
been  fubjed  for  fome  years,  on  the  ift  of  Odober 
1796  he  expired  without  a  groan. 

Were  we  to  hazard  an  opinion  of  Dr  Fordyce’s  intel¬ 
lectual  powers  from  fuch  a  perufal  of  his  works  as  we 
muft  acknowledge  to  have  been  liafty,  we  would  fay 
that  he  was  a  man  of  genius  rather  than  of  judgment  ; 
that  his  imagination  was  the  predominant  faculty  of 
his  mind  ;  and  that  he  was  better  fitted,  by  an  addrefs 
to  the  pafiions,  to  enforce  the  pradice  of  virtue,  than,  by 
the  exertions  of  liis  own  underltanding,  to  vindicate  fpe- 
culative  truth,  or  to  deted  the  fophiftry  of  error.  From 
this  remark,  we  cannot  be  fufpeded  of  a  wifh  to  leffen 
his  charader  in  the  public  efteem  ;  for  his  talents,  as 
they  appear  to  us,  are  furely  of  more  value  to  a  preach¬ 
er  than  thofe  which  are  perhaps  better  adapted  to  li¬ 
terary  or  fcientific  purfuits.  In  none  of  his  works  in¬ 
deed  do  we  perceive  any  evidence  either  of  profound 
fcience,  or  of  various  erudition  ;  though  we  doubt  not 
but  thofe  works  are  every  thing  which  their  author  in¬ 
tended  them  to  be.  Of  his  fermons  to  young  women, 
which  have  attraded  moil  general  notice,  it  would  be 
prefumptuous  in  us  to  give  a  charader  ;  for  though  wc 
Fat  down  many  years  ago  to  read  them,  we  could  not 
get  through  ;  and  we  have  never  made  a  fecond  at¬ 
tempt.  As  far  as  we  can  depend  upon  what  we  recoi¬ 
led  of  thefe  far-famed  difeourfes,  the  cenfure  pafTed  on 
them  by  Mrs  Wolftoncraft  feems  to  be  juft.  Their  au¬ 
thor,  however,  was  certainly  qualified  to  excel,  and  ac¬ 
tually  did  excel  as  a  preacher.  We  have  already  men¬ 


tioned  with  approbation  three  or  four  of  his  occafional 
fermons  ;  but  perhaps  the  finefl  fpecimen  of  pulpit  ora-  ^ 
tory  which  ever  fell  from  his  pen,  is  the  charge  which 
he  delivered  at  the  ordination  of  his  fucceffor  in  the 
meeting  of  Monkwell-ftreet.  It  is  indeed  one  of  the 
moft  valuable  difeourfes  of  the  kind  that  we  have  feen, 
and  {hould  be  read  with  attention  by  every  clergyman 
of  every  denomination,  who  wiffies  to  difeharge  his 
duty  with  credit  to  himfelf  and  with  advantage  to  his 
people. 

The  effed  of  Dr  Fordyce’s  addreffes  from  the  pul¬ 
pit  was  much  heightened,  not  only  by  an  adioa  and 
an  elocution,  which  he  ftudied  with  care  and  pradifed 
with  fuccefs  ;  but  by  the  figure  of  his  perfon,  which  was 
peculiarly  dignified,  and  by  the  expreflion  of  his  coun¬ 
tenance,  which  was  animated  at  all  times,  but  animated 
moft  of  all  when  lighted  up  by  the  ardor  of  liis  foul  in 
the  fervice  of  God.  By  fome  of  his  hearers,  it  was  obfer- 
ved  that,  on  many  occasions,  he  feemed  not  merely  to 
fpeak,  but  to  look  convidion  to  the  heart.  His  eye,  in¬ 
deed,  was  particularly  bright  and  penetrating,  and  he  had 
carefully  attended  to  the  effed  which  an  orator  may 
often  produce  upon  an  audience  by  the  judicious  ufe  of 
that  little,  but  invaluable  organ. 

With  refped  to  his  theological  fentiments,  we  are 
affured  (a) they  were  in  no  extreme,  but  liberal,  rational,, 
and  manly.  He  feems  to  have  been  untainted  by  that 
rage  of  innovation,  which  of  late  has  fo  completely  dif- 
figured  the  creed,  as  well  religious  as  political,  of  the 
great  body  of  Euglifh  diffenters.  The  confequence 
was,  that  he  lived  on  terms  of  friendfhip  with  men  of 
very  oppofite  fentiments  ;  with  Price  a  republican  and 
Arian,  and  with  Johnfon,  who,  though  he  hated  a 
whig  and  a  Prefbyterian,  refpeded  talents  and  worth 
wherever  he  found  them. 

We  {hail  conclude  this  fhort  {ketch  of  Dr  Fordyce's 
life  and  charader  with  the  following  lift  of  his  works, 
of  which  fome  have  been  tranflated  into  feveral  lan¬ 
guages.  J .  A  Sermon  and  Charge,  at  the  ordination 
of  the  Rev.  Mr  Gibfon  Minifter  of  St  Ninian’s,  1754. 
2.  Another  Ordination  Sermon  on  the  Eloquence  of 
the  Pulpit,  annexed  to  his  brother’s  “  Art  of  Preach¬ 
ings”  1754*  3-  A  Sermon  on  the  Spirit  of  Popery, 

1754.  4.  A  Sermon  on  the  Folly,  Infamy,  and  Mi- 

fery  of  Unlawful  Pleafure,  1760.  5.  A  Sermon  on 

the  Death  of  Dr  Lawrence,  1760.  6.  Sermons  to 

Young  Women,  2  vols.  1765.  7.  A  Sermon  on  the 

Charader  and  Condud  of  the  Female  Sex,  1  776.  8> 

Addreffes  to  young  meu,  2  vols.  1777.  9.  A  Charge 

at  the  Ordination  of  the  Rev.  James  Lindfey,  in 
Monkwell  ftreet,  1783.  10.  Addreffes  to  the  Deity, 

1785.  11.  Poems,  1786.  12.  A  Difcourfe  on  Pain, 

1791.  He  alfo  re-publifhed,  with  an  additional  charac¬ 
ter,  “  The  Temple  of  Virtue,  a  Dream,”  written  by 
his  brother  David. 

FORMULA,  a  theorem  or  general  rule  or  expref- 
fion,  for  refolving  certain  particular  cafes  of  fome  pro¬ 
blem,  &c.  So  is  +  id  is  a  general  formula  for  the 
greater  of  two  quantities  whofe  fum  is  s  and  difference 
and  is  —  i d  is  the  formula,  or  general  value,  for 


Fordyce* 

Formula. 


(a)  By  his  fucceffor  In  Monkwell-ftreet,  to  whofe  fermon,  preached  on  occafion  of  the  Doftor’s  death,  our 
readers  are  indebted  for  every  thing  valuable  in  this  Ihort  memoir. 


F  O  R 


Former. 


the  leis  quantity.  Alfo  V Jx  — 

~  general  value,  of  the  ordinate  to  a  circle,  whofe  diame¬ 
ter  is  <7,  and  abfcifs  x. 

FORS  TltR  (John  Reinhold,  LL.D.)  profeffor  of 
natural  hiftory  in  the  univerfity  of  Halle,  member  of 
the  academy  of  fciences  at  Berlin,  and  of  other  learned 
focieties,  was  born  at  Dirfchau,  in  Weft  Pruftia,  in  the 
month  of  October  1729,  and  was  formerly  a  Proto 
ftant  clergyman  at  Dantzick.  He  had  a  numerous  fa¬ 
mily,  and  the  emoluments  of  his  office  were  {lender. 
He  therefore  quitted  Dantzick,  and  v/ent,  firft  to  Rnf- 
fia,  and  thence  to  England,  in  queft  of  a  better  fettle- 
ment  than  his  own  country  afforded.  In  the  diffent- 
ing  academy  at  Warrington  he  was  appointed  tutor 
in  the  modern  languages,  with  the  occafional  office  of 
leCturing  in  various  branches  of  natural  hiftory.  For 
the  firft  department  he  was  by  no  means  well  qua¬ 
lified  j  his  extraordinary  knowledge  of  languages, 
ancient  and  modern,  being  unaccompanied  by  a  par¬ 
ticle  of  tafte  ;  and  his  ufe  of  them  being  all  barba¬ 
rous,  though  fluent.  As  a  natural  hiftorian,  a  critic, 
geographer,  and  antiquary,  he  ranked  much  high¬ 
er ;  but,  unfortunately,  thefe  were  acquifitions  of 
little  value  in  his  academical  department. 

At  length  he  obtained  the  appointment  of  naturalift 
and  pbtlofopber  (if  the  word  may  be  fo  ufed)  to  the  fe- 
cond  voyage  of  difeovery  undertaken  by  Capt.  Cook  ; 
and  from  1772  to  1775  he  accompanied  that  immortal 
navigator  round  the  world.  On  his  return  he  refided 
in  London,  till  the  improper  conduCt  of  himfelf  and 
his  fon  made  it  expedient  for  them  both  to  leave  the 
kingdom.  <  Fortunately  he  received  an  invitation  to 
Halle,  where,;  for  18  years,  he  was  a  member  of  the 
philofophical  and  medical  faculties.  Among  liis 
'works  are  :  An  Introduction  to  Mineralogy,  or, 
An  accurate  Claffification  of  Foffils  and  Minerals, 
fee. London,  ry68,  8vo.  A  Catalogue  of  the  Ani¬ 
mals  of  North  America,  with  ffiort  Directions  for  col¬ 
lecting,  preferving,  and  tranfporting  all  kinds  of  Na¬ 
tural  Curiofities,  London,  177  L  ovo.  Qbfervations 
made  during  a  Voyage  round  the  World,  on  Phyfical 
Geography,  &c.  London,  1778.  He  was  the  author 
of  a  great  many  produ&ions  in  Engliffi,  Latin,  or  Ger¬ 
man,  and  of  feveral  papers  in  the  Philofophical  Tranf- 
aCtions.  He  tranfiated  into  Engliffi,  Bougainville's 
Voyage  round  the  World,  and  Kalm's,  Boffu’s,  and 
.ReidfePs  Travels.  He  was  employed  like  wife,  when 
in  England,  111  the  Critical  Review  ;  and  he  wrote  va¬ 
rious  detached  papers  on  different  fubjeds,  which  have 
been  inferted  in  foreign  journals  and  the  tranfaCtions  of 
learned  academies. 

He  died  at  Halle  on  the  16th  of  December  1798, 
-in  the  70th  year  of  his  age. 

FORSTER  (George),  the  fon  of  the  preceding,  was 
born  at  Dantzick,  and  accompanied  his  father  to  Eng¬ 
land  when  he  was  about  twelve  years  of  age.  He  was  en¬ 
tered  a  ftudent  in  the  academy  at  Warrington,  and  foon 
acquired  a  very  pej  fed  ufc  of  the  Engliffi  tongue.  He  alfo 
diftinguiffied  himfelf  greatly  by  his  attainments  in  fcience 
and  literature  in  general;  adding  to  an  excellent  memory, 
quick  parts  and  a  fertile  imagination.  His  temper  was 
mild  and  amiable  ;  in  which  he  much  differed  from  his 
father,  one  of  the  molt  quarrelfome  and  irritable  of 
men  ;  by  which  difpofition,  joined  to  a  total  want  of 
prudence  in  common  concern^  he  loft  almoft  all  the 
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x  Is  the  formula,  or  friends  his  talents  had  acquired  him,  and  involved  him. 


felt  and  family  in  perpetual  difficulties. 

The  cafe  was  very  different  with  the  fuhjed  of  this 
memoir  ;  for  when  Dr  Fortier  was  appointed  naturalift 
to  captain  Cook,  his  fon,  through  the  intereft  of  the 
friends  whom  his  good  nature  had  made,  was  affociated 
with  him  in  his  office.  The  voyage  continued  during 
the  fpace  of  three  years  ;  and  on  their  return  the  two 
T orfters  publiffied  jointly  a  botanical  work  in  Latin, 
containing  the  characters  of  a  number  of  new  genera  of 
plants,  difeovered  by  them  in  their  circumnavigation. 
Thus  far  they  aCted  properly  in  the  fervice  of  govern¬ 
ment  for  the  advancement  of  fcience  ;  but  in  publiffi- 
ing  another  work  their  conduCt  was  not  proper. 

The  father  had  come  under  an  engagement  not  to 
publiffi  feDarately,  from  the  anthorifed  narrative,  any 
account  of  the  voyage  ;  and  this  engagement  he  and 
his  fon  were  determined  to  violate.  An  account  of 
the  voyage,  therefore,  was  publiffied  in  Engliffi  and 
German  by  George ;  and  the  language,  which  is  cor¬ 
real  and  elegant,  was  undoubtedly  his  ;  but  thofe  who 
knew  both  him  and  his  father,  are  fatisfied  that  the 
matter  proceeded  from  the  joint  ftock  of  their  obfer- 
vations  and  reflections.  Several  parts  of  the  work,  and 
particularly  the  elaborate  inveftigations  relative  to  the 
languages  fpoken  by  the  natives  of  the  South  Sea 
Iflands,  and  the  fpeculations  concerning  their  fuccef- 
five  migrations,  are  thought  to  be  ftrongly  impreffed 
with  the  genius  of  the  elder  Forftcr. 

That  a  work  thus  furreptitioufly  uffiered  into  the 
world  was  not  patronifed  by  thofe  with  whom  the  au. 
thors  had  fo  ungratefully  broken  faith,  could  excite  no 
wonder,  even  though  the  publication  itfelf  had  been  o- 
therwife  unexceptionable  ;  but  this  was  far  from  being 
the  cafe.  It  abounds  with  reflections  injurious  to  the  go¬ 
vernment  whofe  fervants  they  had  been,  and  not  juft  to 
the  navigators  employed  on  voyages  of  difeovery.  The 
younger  Forfter,  too,  had  fome  time  before  publiffied 
a  book  replete  with  factious  fentiments  ;  and  the  cold- 
nefs  with  which  he  and  his  father  were  both  treated 
in  confequence  of  fuch  conduCt,  determined  them  to 
leave  London. 

We  have  already  related  all  that  we  know  of  the  fa¬ 
ther,  who  was  recommended  to  our  notice  only  by 
his  connexion  with  the  illuftrious  Cook  ;  and  of 
the  fon,  there  is  a  ffiort  account  in  the  Monthly  Ma¬ 
gazine,  by  Charles  Pougenp,  fraught  with  thofe  im¬ 
pious  and  {editions  reflections  which  fo  fiequently  dif- 
grace  a  mifcellany,  which  would  otherwife  be  highly 
valuable.  According  to  this  author,  George  Forfter 
was  defirous  to  fettle  in  France.  Avaricious  of  glory, 
and  an  isolator  of  liberty,  Paris  was  the  city  moil  fuit- 
able  to  his  tafte  and  character  cf  any  in  Europe.  Not¬ 
withstanding  this,  he  was  foon  conftrained  to  leave  it  ; 
the  intereft  of  his  family  demanded  this  facrifice  ;  for  a 
learned  man,  who  fails  round  the  world,  may  enrich 

fortune.  He 


his  memory,  but  he  will  not  better  his 
was  accordingly  obliged  to  accept  the  place  of  profef- 
for  of  natural  hiftory  in  the  univerfity  of  Caffti.  But 
his  factious  fpirit  accompanied  him  whither  foe  ver  he 
went.  It  is  well  known,  that  the  petty  onnees  of 
Germany  have  long  been  in  the  pradice  of  hiring  out 
their  troops  to  more  opulent  fovereigns  engaged  in 
war.  This  pradice,  which  we  are  not  dffpoffd  to  de¬ 
fend,  not  only  Scandalized  our  Cofmopolite,  but  fo  ir¬ 
ritated 


FOR 

F<  ritated  his  temper  and  offended  kis  pride, 

^  ~~  Tooth,  the  Prince  of  Heffe- Cartel  would  not  by  him  be 
perfuaded  to  relinquish  it,  that  he  did  every  thing  in 
his  power,  ive  are  told,  to  withdraw  himfelf  from  a  Si¬ 
tuation  To  unfuitable  to  a  thinking  being,  Every  thing 
in  his  power  !  Did  the  Prince  retain  him  in  the  uni- 
verfity  contrary  to  his  inclination  ?  The  univerfity  of 
Caffel  mull  be  contemptible  indeed,  if  the  prelections 
of  fuch  a  man  as  George  Forfter  were  of  fuch  confe- 
quence  to  it. 

He  got  away,  however;  and  the  fenate  of  Poland 
having  offered  him  a  chair  in  the  univerfity  of  Wilna, 
Forfler  accepted  of  the  invitation.  But  although  this 
office  was  very  lucrative,  and  the  enlightened  patriots 
of  that  country  did  not  negled  to  procure  him  all  the 
literary  fuccours  of  which  he  flood  in  need,  he  could 
not  be  long  happy  in  a  femi- barbarous  nation,  in 
which  liberty  was  fuffered  to  exoire  under  the  intrigues 
of  Ruffia  and  Pruffia. 

On  this,  with  wonderful  confiflency,  the  man  who 
could  not  endure  the  defpotifrn  of  Heffe,  or  even  the 
ariftocracy  of  England,  accepted  of  the  propofitions  of 
that  friend  to  liberty  Catharine  TI  ;  who,  jealous  of  e- 
very  fpecies  of  glory,  wifhed  to  fignalize  her  reign,  by 
procuring  to  the  Ruffian  nation  the  honour  of  underta¬ 
king,  after  the  example  of  England  and  France,  a  ne  w 
voyage  of  difeovery  round  the  world.  Unfortunate¬ 
ly  for  the  progrefs  of  knowledge,  the  war  with  the 
Ottoman  Porte  occafioned  the  mifearriage  of  this  ufeful 
projed. 

But  Forfler  could  not  long  remain  in  obfeurity. 
The  different  publications  with  which  lie  occafionally 
enriched  natural  hiftory  and  literature,  encreafed  his 
reputation.  The  Eledor  of  Mentz  accordingly  ap¬ 
pointed  him  prefident  of  the  univerfity  of  the  fame 
name  ;  and  he  was  discharging  the  funClions  of  his  new 
office  when  the  French  troops  took  poffeffion  of  the 
capital.  This  philofophical  traveller,  who  had  fludied 
fociety  under  all  the  various  afpeds  arifing  from  diffe¬ 
rent  degrees  of  civilization  ;  who  had  viewed  man 
fimple  and  happy  at  Otaheite  ;  —  an  eater  of  human  flefh 
in  New  Zealand,  corrupted  by  commerce  in  England, 
depraved  in  France  by  luxury  and  atheifm,  in  Brabant 
by  fuperflition,  and  in  Poland  by  anarchy; — beheld 
with  wild  enthufiafm  the  dawnings  of  the  French  re¬ 
volution,  and  was  the  firft,  fays  M.  Pougens,  to  pro- 
mulgate  republicanifm  in  Germany. 

The  Mayencois ,  who  had  formed  themfelves  into  a 
national  convention,  fent  him  to- Paris,  in  order  to  fo- 
licit  their  reunion  with  the  French  republic.  But,  in 
the  courfe  of'his  million,  the  city  of  Mentz  was  be* 
fieged  and  retaken  by  the  Pruffia n  troops.  This  e- 
vent  occafioned  the  lofs  of  all  his  property  ;  and  what r 
was  fl.il!  more  difaflrous,  that  of  his  numerous  manu- 
fqripts,  which  fell  into  the  hands  of  the  Prince  of  Pruf¬ 
fia.  ,  -a 

4  Our  biographer,  after  condu&ing  hi$  hero  through 
thefe  feenes  of  public  life,  proceeds  to  give  us  a  view 
of  his  domeflic  habits  and  private  principles.  He  tells 
us,  that  he  formed  a  connedion  {whether  a  marriage 
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becaufe,  for-  honour,  as  they  are  certainly  the  guardians  of  domeflic  Forfler 
peace.  Mifs  Hayne  was  indignant  at  the  very  name 
of  duty .  With  Eloifa  fhe  lnd  taken  it  into  her  head, 
that 


Folfii. 
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or  not,  the  fludied  ambiguity  of  his  language  leaves  leafl  26  fathoms  long 


rather  uncertain)  with  a  young  woman  named  "There - 
fa  Hayney  who*  by’the  illumination  of  French  philofo- 
phy,  had  diverted  herfelf  of  all  the  prejudices  which, 
v*e  truft,  the  ladies  of  this  country  flill  confider  as  their 
SyppLuVot.  1.  Part  II. 


Love,  free  as  air,  at  fight  of  human  ties, 

Spreads  his  light  wings,  and  in  a  moment  dies. 

She  was  frank  enough,  however,  fays  our  author,  to 
acknowledge  the  errors  of  her  imagination  ;  and  from 
this  expreffion,  and  his  calling  her  afterwards  Forfler’a 
wife,  we  are  led  to  fuppofe  that  fhe  was  adually  mar¬ 
ried  to  him.  But  their  union,  of  whatever  kind,  was 
of  fhort  duration.  Though  the  lady  is  faid  to  have 
been  paffionately  attached  to  celebrated  names,  the  name 
of  George  Forfter  was  not  fufficient  to  fatfsfy  her. 
He  foon  ceafed,  we  are  informed,  to pleafe  her;  fhe 
therefore  transferred  her  affedions  to  another ;  and, 
as  was  very  natura.l  for  a  woman  who  was  indignant  at 
the  name  of  duty,  fhe  proved  falfe  to  her  hufband’s  bed. 
Forfter,  however,  pretended  to  be  fuch  a  friend  to  the 
modern  rights  of  men  and  women,  that  he  defended  the 
charader  of  his  riierefa  againft  crowds  who  condem¬ 
ned  her  condud.  Nay,  we  are  told,  that  he  coniider- 
ed  himfelf,  and  every  other  hufband  who  ceafes  to 
pleafe,  as  the  adulterer  of  nature .  He  therefore  la¬ 

boured  ftrenuoufly  to  obtain  a  divorce,  to  enable  The- 
refa  Hayne  to  tfpoufe  the  man  whom  fhe  preferred  to 
himfelf.  Strange,  however,  to  tell,  the  prejudices  even 
of  this  Cofmopolite  were  too  ftrong  for  his  principles. 
While  he  was  eudeavouiing  to  procure  the  divorce,  he 
made  preparations  at  the  fame  time,  by  the  rtudy  of 
the  oriental  languages,  to  undertake  a  journey  to  Thi¬ 
bet  and  Indoftan,  in  order  to  remove  from  that  part  of 
the  world,  in  which  both  his  heart  and  his  perfon  had 
experienced  fo  fevere  a  fhock.  But  the  chagrin  occa¬ 
fioned  by  his  misfortunes,  joined  to  a  fcorbutic  affec¬ 
tion,  to  which  he  had  been  long  fubjed,  and  which  he 
had  contraded  at  fea  during  the  voyage  of  circumna¬ 
vigation,  abridged  his  life,  and  prevented  him  from  rea- 
lifing  this  double  projed.  He  died  at  Paris,  at  the 
age  of  thirty-nine,  on  the  13th  of  February  1792. 

This  is  a  ftrange  tale  ;  but  we  truft  it  will  not  prove 
ufelefs.  The  latter  part  of  it  at  leafl  fhows,  that  when 
men  divert  themfelves  of  the  principles  of  religion,  they 
foon  degenerate  from  the  dignity  of  philofophers  to  the 
level  of  mere  fenfualifls  ;  and  that  the  woman  who  can,' 
in  defiance  of  decorum  and  honour,  transfer  her  affec¬ 
tions  and  her  perfon  from  man  to  mail,  ranks  no  higher 
in  the  fcale  of  being  than  a  female  brute  of  more  than 
common  fagacity.  It  fhews  likewife,  that  the  contempt 
of  our  modern  fages  for  thofe  partial  attachments  which 
unite  individuals  in  one  family,  is  a  mere  pretence  ;  that 
the  didates  of  nature  will  be  heard  ;  and  the  laws 
of  nature’s  God  obeyed.  George  Forfter,  though  he 
Was  fuch  a  zealous  advocate  for  liberty  and  equality,  a3 
to  vindicate  the  adultery  of  his  wife  ;  yet  felt  fo  fen- 
fibly  the  wound  which  her  infidelity  inftided  on  his  ho¬ 
nour,  that  he  could  not  fyrvive  it,  but  perifhed,  in  con- 
fequence,  in  the  flower  of  his  age.  '* 

Roval  FORT,  is  one  whofe  line  of  defence  is  at 

•  <•  1  H'l  yT' 


Star  Fort ,  is  a  fconce  or  redoubt, 'conftituted  byre- 
entering  and  faliant  angles,  having  commohlyTrom  five 
to  eightjpoints,  and  the  fides  flanking  each  other. 
FOSSIL-Meal,  otherwife  called  hie  latte,  ‘mineral* 
4  F  argaric. 
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FoflTil,  argaric,  and  guhr,  is,  according  to  M.  Fabbroni,  a  mix- 
Foulahs.  e(j  earth,  which  exhales  an  argillaceous  odour,  and 
throws  out  a  light  whitifh  fmoke  when  fprinkled  with 
water.  It  is  abundant  in  Tufcany,  where  it  is  em¬ 
ployed  for  cleaning  plate.  It  does  not  effervefee  with 
acids;  is  infufible  in  the  fire,  in  which  it  lofes  an  eighth 
part  of  its  weight,  though  it  becomes  fcarcely  diminifh- 
cd  in  bulk  ;  and,  according  to  the  analyfis  made  by  M. 
Fabbroni,  confifts  of  the  following  component  parts : 
filiceous  earth  55,  magnefia  15,  water  14,  argil  12, 
lime  3,  iron  1.  With  this  earth,  which  is  found  near 
Cadeldelpiano  in  the  territories  of  Sienna,  M.  Fabbro¬ 
ni  compofed  bricks  , which,  either  baked  or  unbaked, 
floated  in  water.  Hence  he  infers,  that  the  floating 
bricks,  which  Pliny  mentions  as  peculiar  to  Mafiiiua 
and  Calento,  two  cities  in  Spain,  mull  have  been  made 
of  fofiil  meal.  Bricks  made  of  that  fubltance  refill  wa¬ 
ter  exceedingly  well,  and  unite  perfe&ly  with  lime  ; 
they  are  fubjedl  to  no  alteration  either  by  heat  or  cold; 
and  about  a  twentieth  part  of  argil  may  be  added  with 
advantage  to  their  compofition,  without  depriving  them 
of  the  piopcrty  of  floating.  M.  Fabbroni  tried  their 
refinance,  and  found  it  very  little  inferior  to  that  of 
common  bricks  ;  but  it  is  much  greater  in  proportion 
to  their  lightnefs.  One  of  thefe  bricks,  feven  inches 
in  length,  four  and  a  half  in  breadth,  and  one  inch 
eight  lines  in  thicknefs,  weighed  only  1 4 £th  ounces ; 
whereas  a  common  brick  weighed  5  pounds  6^ths 
ounces. 

Bricks  of  foflil-meal  may  be  of  important  benefit  in 
the  conftruflion  of  reverberating  furnaces ;  as  they  arc 
fuch  bad  condudlors  of  heat,  that  ?.  perfon  may  bring 
one  half  of  them  to  a  red  heat,  while  the  other  is  held 
in  the  hand.  They  may  be  employed  alfo  for  buildings 
that  require  to  be  light;  for  conftru&ing  cooking  places 
on  board  fHips  ;  and  alfo  floating  batteries,  the  para¬ 
pets  of  which,  if  made  of  thefe  bricks,  would  be  proof 
againft  red  hot  bullets ;  and,  laftly,  for  conftru£ling 
powder  magazines. 

FOULAHS  or  Foolahs,  a  people  in  Africa,  in¬ 
habiting  a  country  on  the  confines  of  the  great  defert 
(fee  Sahara  in  this  Suppl.)  along  the  parallel  of  nine 
degrees  north.  They  partake  much  of  the  negro  form 
and  complexion  ;  but  have  neither  the  jetty  colour, 
thick  lips,  nor  erlfped  hair  of  the  negroes.  They  have 
alfo  a  language  diilindl  from  the  Mandinga,  which  is 
the  prevailing  one  in  this  quarter.  The  Foulahs  occu¬ 
py,  at  leafl  as  fovereigns,  feveral  provinces  or  kingdoms, 
interfperfed  throughout  the  tra&  .comprehended  be¬ 
tween  the  mountainous  border  of  the  country  of  Sierra 
Leona  on  the  weft,  and  that  of  Tombu&oo  on  the  eaft; 
as  alfo  a  large  traft  on  the  lower  part  of  the  Senegal 
liver  ;  and  thefe  provinces  are  infulated  from  each  other 
in  a  very  remarkable  manner.  Their  religion  is  Maho- 
medanifm  ;  but  with  a  great  mixture  of  Paganifm,  and 
with  lefs  intolerance  than  is  pra&ifed  by  the  Moors. 

The  principal  of  the  Foulah  dates  is  that  within 
Sierra  Leona  ;  and  of  which  Teemboo  is  the  capital. 
The  next  in  order  appears  to  be  that  bordering  on  the 
fouth  of  the  Senegal  river,  and  on  the  Jaloffs ;  this  is 
properly  named  Siratik.  Others  of  lefs  note  arc  Bon- 
dou,  with  Foota-Torra  adjacent  to  it,  lying  between 
the  rivers  Gambia  and  Falemd;  Foola-dooand  Brooko 
along  the  upper  part  of  the  Senegal  river ;  Waffela  be¬ 
yond  the  upper  part  of  the  Niger  y  and  Madina  lower 


down  on  the  fame  river,  and  joining  to  TombuSoo  on  Fonh 
the  weft.  Franc 

The  kingdom  of  the  Foulahs,  fitnated  between  the  **** 
upper  part  of  the  Gambia  river  and  the  coaft  of  Sierra 
Leona,  and  along  the  Rio  Grande,  is  governed  by  a 
Mahometan  fovereign  ;  but  the  bulk  of  the  people  ap¬ 
pear  to  be  Pagans.  From  the  circumftanccs  of  their 
long  hair,  their  lips,  and  comparatively  light  colour, 
Major  Rennel  is  decidedly  of  opinion,  that  the  Fou¬ 
lahs  are  the  Leucsethiops  of  Ptolemy  and  Pliny.  The 
former,  as  he  obferves,  places  the  Leucaethiops  in  the 
fituation  occupied  by  the  Foulahs  ;  and  by  the  name 
which  he  gave  them,  he  evidently  meant  to  dtferibe  a 
people  lefs  black  than  the  generality  of  the  Ethiopians, 
Hence  it  may  be  gathered,  that  this  nation  had  been 
traded  with,  and  that  fome  notices  refpe£ling  it  had 
been  communicated  to  Ptolemy.  It  may  alfo  be  re¬ 
marked,  that  the  navigation  of  Hanno  terminated  on 
this  coaft  5  and  as  this  was  alfo  the  term  of  Ptolemy’s 
knowledge,  it  may  juftly  be  fufpe&ed,  that  this  part 
of  the  coaft  was  deferibed  from  Carthaginian  materials. 

Thofe  who  have  perufed  the  Journal  of  MefTrs  Watt 
and  Winterbottom  through  the  Foulah  country  in 
1794,  and  recolle&  how  flattering  a  pi&ure  they  give 
of  the  urbanity  and  hofpitality  of  the  Foulahs,  will  be 
gratified  on  finding  that  this  nation  was  known  and 
diftinguifhed  from  the  reft  of  the  Ethiopians  at  a  re¬ 
mote  period  of  antiquity. 

The  contrail  between  the  Moorifh  and  Negro  cha¬ 
racters  is  as  great  as  that  between  the  nature  of  their 
refpedlivg  countries,  or  between  their  form  and  com¬ 
plexion.  The  Moors  appear  to  pofiefs  the  vices  of  the 
Arabs  without  their  virtues ;  and  to  avail  themfelves  of 
an  intolerant  religion,  to  opprtfs  ftr angers  :  whilil  the 
Negroes,  and  efpecially  the  Mandingas,  unable  to  com¬ 
prehend  a  dodirine  that  fubftitutes  opinion  or  belief  for 
the  focial  duties,  are  content  to  remain  in  their  humble 
ftate  of  ignorance.  The  hofpitality  fhewn  by  thefe 
good  people  to  Mr  Park,  a  deftitute  arid  forlorn  ftran. 
ger,  raifes  them  very  high  in  the  fcale  of  humanity : 
and  I  know  of  no  fitter  title,  fays  Mr  Rennel,  to  con¬ 
fer  on  them  than  that  of  the  Hindoos  cf  Africa  ,*  at  the 
fame  time,  by  no  means  intending  to  degrade  the  Ma- 
homedans  of  India  by  a  comparison  with'  the  African 
Moors. — See  Major  Rennel* s  Geographical  Hlujl rations 
of  Mr  Park* s  Journey ,  end  of  North  Africa  at  large , 
printed  for  the  African  Aflbciation. 

FRANCAIS  (Port  des),  the  name  given  by  Pe- 
roufe  to  a  bay,  or  r  ather  harbour,  which  he  undoubted¬ 
ly  difeovered  on  the  north -weft  coaft  of  America.  It 
is  fituated,  according  to  him,  in  58°  37'  N.  Lai.  and 
in  1 390  50'  W.  Long,  from  Paris.  When  the  two 
frigates  which  he  commanded  approached  it,  as  they 
were  ftretching  along  the  coaft  from  fouth  to  north, 
he  perceived  from  his  Ihip  a  great  reef  of  rocks,  behind 
which  the  fea  was  very  calm.  This  reef  appeared  to 
be  about  three  or  four  hundred  toifes  in  length  from 
eaft  to  weft,  and  to  be  terminated,  at  about  two  cabled 
length,  by  the  point  of  the  continent,  leaving  a  pretty 
large  opening ;  fo  that  Nature  feemed  to  have  made,  at 
the  extremity  of  America,  a  harbour  like  that  of  Tou¬ 
lon,  only  more  vaft  in  her  defigns  and  in  her  means  s 
this  new  harbour  was  three  or  four  leagues  deep. 

Some  officers,  who  had  been  difpatched  in  boats  to 
reconnoitre  this  harbour,  gave  a  report  of  it  extremely 
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p  :aN  favourable ;  and  on  the  3d  of  July  1786,  the  two  fri- 
^  —  gates  entered  it,  and  anchored  near,  its  mouth  in  three 
fathoms  and  a  half,  rocky  bottom.  The  bay,  however, 
was  quickly  founded,  and  much  better  anchoiing  ground 
difeovered  at  an  ifland  in  the  middle  of  it,  where  the 
fhips  might  ride  in  20  fathoms  water  with  muddy  bot¬ 
tom.  This  ground  was  taken  poffeffion  of,  an  obfer- 
vatorv  erefted  on  the  ifland,  which  was  only  a  mufktt 
(hot  from  the  fhips,  and  a  fettlement  formed  for  their 
flay  in  the  harbour.  From  a  report  made  by  one  of 
the  officers  who  had  penetrated  towards  the  bottom  of 
the  bay,  Peroufe  had  conceived  the  idea  of  finding  per¬ 
haps  a  channel  by  which  he  might  proceed  into  the  in¬ 
terior  of  America  ;  but  he  was  disappointed.  The 
bottom  of  the  bay,  indeed,  according  :o  him,  is  one  of 
the  moil  extraordinary  places  in  the  world.  It  is  a 
bafon  of  water,  of  a  depth  in  the  middle  that  could  not 
be  fathomed,  bordered  by  peaked  mountains  of  an  ex- 
cefiive  height,  covered  with  fnow,  without  a  blade  of 
grafs  upon  this  immenfe  collediion  of  rocks,  condemned 
by  Nature  to  perpetual  flerility.  “  1  never  (fays  he) 
faw  a  breath  of  air  ruffle  the  furface  of  this  water  ;  it  is 
never  troubled  but  by  the  fall  of  enormous  pieces  of  ice, 
which  continually  detach  themfelves  from  five  different 
glaciers,  and  which  in  falling  make  a  noife  that  refounds 
far  in  the  mountains.  The  air  is  in  this  place  fo  very 
calm,  and  the  filence  fo  profound,  that  the  mere  voice 
of  a  man  may  be  heard  half  a  league  off,  as  well  as  the 
noife  of  fome  fea  birds  which  lay  their  eggs  in  the  ca¬ 
vities  of  thefe  rocks.” 

It  was  at  the  extremity  of  this  bay  that  he  was  in 
hopes  of  finding  a  paffage  into  the  interior  of  America. 
He  imagined  that  it  might  terminate  in  a  great  river, 
of  which  the  courfe  might  lie  between  two  mountains; 
and  that  this  river  might  take  its  fource  in  the  great 
lakes  to  the  northward  of  Canada.  Two  channels 
were  indeed  found,  firetching,  the  one  to  the  eaft,  and 
,  the  other  to  the  weft  5  but  both  were  very  foon  termi¬ 
nated  by  immenfe  glaciers. 

In  Port  des  Frangais  the  variation  of  the  compafs 
is  28°  eaft,  and  the  dip  of  the  needle  74°.  The  fea 
rifes  there  feven  feet  and  a  half  at  full  and  change  of 
the  moon,  when  it  is  high  water  at  one  o’clock.  The 
fea  breezes,  or  perhaps  other  caufes,  a&  fo  powerfully 
upon  the  current  of  the  channel,  that  M.  Peroufe  faw 
the  flood  come  in  there  like  the  moft  rapid  river  ;  while, 
in  other  circumflances,  at  the  fame  period  of  the  moon, 
it  may  be  ftemmed  by  a  boat.  In  this  channel  he  loft 
two  fhallops  and  twenty  men.  In  his  different  excur- 
fions,  he  found  the  high  water  mark  to  be  about  15  feet 
above  the  furface  of  the  fea.  Thefe  tides  are  probably 
incident  to  the  bad  feafon.  When  the  winds  blow 
with  violence  from  the  fouthward,  the  channel  muft  be 
impracticable,  and  at  all  times  the  currents  render  the 
entrance  difficult  ;  the  going  out  of  it  alfo  requires  a 
combination  of  circumftances,  which  may  retard  the  de¬ 
parture  of  a  veffel  many  weeks  ;  there  is  no  getting  un¬ 
der  way  but  at  the  top  of  high  water  ;  the  breeze  from 
the  weft  to  the  north-weft  doe3  not  often  rife  till  to¬ 
ward  eleven  o’clock,  which  does  not  permit  the  taking 


advantage  of  the  morning  tide  ;  finally,  the  eafterly  Franca!*.^ 
winds,  which  are  contrary,  appeared  to  him  to  be  more  v 
frequent  than  thofe  from  the  weft,  and  the  vaft  height 
of  the  furrounding  mountains  never  permits  the  land 
breezes,  or  thofe  from  the  north,  to  penetrate  into  the 
road. 

As  this  port  poffeffes  great  advantages,  M.  Peroufe 
thought  it  a  duty  incumbent  on  him  to  make  its  in¬ 
conveniences  alfo  known.  It  feemed  to  him  that  this 
anchorage  is  not  convenient  for  thofe  fhips  which  are 
fent  out  at  a  venture  for  trafficking  in  fkins  ;  fuch  fhips 
ought  to  anchor  in  a  great  many  bays,  and  always 
make  the  fhorteft  ftay  poffible  in  any  of  them  ;  becaufe 
the  Indians  have  always  difpofed  of  their  whole  flock 
in  the  firfl  week,  and  all  loft  time  is  prejudicial  to  the 
interefts  of  the  owners  :  but  a  nation  which  ffiould  form 
the  projeCl  of  eftablifhing  factories  fimilar  to  thofe  of 
the  Englifh  in  Hudfon’s  Bay,  could  not  make  choice 
of  a  place  more  proper  for  fuch  a  fettlement.  A  Ample 
battery  of  four  heavy  cannon,  placed  upon  the  point  of 
the  continent,  would  be  fully  adequate  to  the  defence 
of  fo  narrow  an  entrance,  which  is  alfo  made  fo  difficult 
by  the  currents.  This  battery  could  not  be  turned  or 
taken  by  land,  becaufe  the  fea  always  breaks  with  fuch 
violence  upon  the  coaft,  that  to  difembark  is  impoffible. 

The  fort,  the  magazines,  and  all  the  fettlements  for 
commerce,  fhould  be  raifed  upon  Cenotaph  Ifland  (a), 
the  circumference  of  which  is  nearly  a  league  :  it  is  ca¬ 
pable  of  being  cultivated,  and  there  is  plenty  of  wood 
and  water.  The  ffiips  not  having  their  cargo  to  feek, 
but  being  certain  of  having  it  colle&ed  to  a  fingle  point, 
would  not  be  expofed  to  any  delay :  fomc  buoys,  placed 
for  the  internal  navigation  of  the  bay,  would  make  it  ex¬ 
tremely  fafe  and  eafy.  The  fettlement  would  form  pilots, 
who,'  better  verfed  than  we  are  in  the  fet  and  ftrength 
of  the  current  at  particular  times  of  tide,  would  enfure 
the  entrance  and  departure  of  the  fhips.  Finally,  conti¬ 
nues  the  author,  our  traffic  for  otters  (kins  has  been  fo 
very  confiderable,  that  I  may  fairly  prefume  there  could 
not,  in  any  part  of  America,  be  a  greater  quantity  of 
them  collected. 

The  climate  of  this  coaft  feemed  to  Peroufe  much 
milder  than  that  of  Hudfon’s  Bay  in  the  fame  latitude. 

Pines  were  meafured  of  fix  feet  diameter,  and  140  high; 
while  thofe  of  the  fame  fpecies  at  Prince  of  Wales’s 
Fort  and  Fort  York  are  of  a  dimenfion  fcarce  fufficient 
for  fludding  fail-booms.  Vegetation  is  alfo  very  vigo¬ 
rous  during  three  or  four  months  of  the  year  ;  and  our 
author  thinks,  that  Ruffian  corn,  as  well  as  many  com¬ 
mon  plants,  might  thrive  exceedingly  at  Port  des  Fran* 

<gais,  where  was  found  great  abundance  of  celery,  lu¬ 
pine,  the  wild  pea,  yarrow,  and  andive.  Among  thefe 
pot  herbs  were  feen  almoft  all  thofe  of  the  meadows 
and  mountains  of  France  ;  fuch  as  the  angelica,  the 
butter  cup,  the  violet,  and  many  fpecies  of  grafs  pro¬ 
per  for  fodder.  The  woods  abound  in  goofeberries, 
rafpberries,  and  ftrawberries  ;  cluflers  of  elder  trees,  the 
dwarf  willow,  different  fpecies  of  briar  which  grow  in 
the  fhade,  the  gum  poplar  tree,  the  poplar,  the  fallow, 
the  horn-beam ;  and,  finally,  fuperb  pines,  fit  for  the 
4  P  2  4  malls 


(a)  This  name  was  given  to  the  ifland’ in  the  bay  from  the  monument  ere&ed  on  it  to  the  memory  of  their 
unfortunate  companions. 
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perifh  for  want,  becaufe  the  chafe  cannot  be  fuccefsful, 
they  live  during  the  fummer  in  the  greateft  abundance’ 
as  they  can  catch  in  lefs  than  an  hour  a  fufficient  ouan’ 

titv  nf  fiOt  fm-  4.1. *  r  -t  ,  * 


M.  de  Martime re,  in  his  different  excurfions,  met  with 
only  three  plants  which  he  thought  new;  and  it  is 
well  known,  that  a  botanift  might  do  the  fame  in  the 
vicinity  of  Paris. 

The  rivers  were  filled  with  trout  and  falnlon  ;  and 
as  the  Indians  fold  thefe  fifh  to  the  French  in  greater 
quantities  than  they  could  confume,  they  had  very  little 
fi  thing  in  the  bay,  and  that  only  with  the  line.  They 
caught  feme  ling,  a  Tingle  thornback,  fome  plaice,  fie- 
tans  or  failans,  of  which  fome  were  more  than  i  oo 
pounds  in  weight  (b),  and  a  fifh  refembling  the  whi- 

tino*.  Vltlf  a  llttlf*  1  n  r  rr*>  V  „  1- _ .1  nr 


Peroufe  calls  thefe  fifh  capelans.  In  the  woods"  they 
met  with  bears,  martens,  and  fquirrels  ;  but  they  faw 
no  great  variety  of  birds,  though  the  individuals  were 
very  numerous. 

“  If  the  animal  and  vegetable  produftions  of  this 
country  reiemble  thofe  of  a  great  many  others,  its  ap¬ 
pearance  (fays  our  author )  can  be  compared  to  no¬ 
thing.  The  views  which  it  prefents  are  more  frightful 
than  thofe  of  the  Alps  and  the  Pyrenees  ;  but  at  the 
fame  time  fo  piftnrefque,  that  they  would  deferve  the 
vifits  of  the  curious,  were  they  not  at  the  extremity  of 
the  world.  The  primitive  mountains  of  granite  or 
fchiftus,  perpetually  covered  with  fnow,  upon  which 
are  neither  trees  nor  plants,  have  their  foundation  in 
the  fea,  and  form  upon  the  (bore  a  kind  of  quay;  their 
flope  is.  fo  rapid,  that  after  the  firft  two  or  three  hun¬ 
dred  toifes,  the  wild  goats  cannot  climb  them  ;  and  all 
the  gullies  which  feparate  them  are  immenfe  glaciers, 
of  which  the  tops  cannot  be  difeerned,  while  the  bafe 
is  wafted  by  the  fea.  At  a  cable’s  length  from  the 
hnd  there  is  no  bottom  at  lefs  than  160  fathoms.  The 
lides  cf  the  harbour  are  formed  by  fecondary  moun¬ 
tains,  the  elevation  of  which  does  not  exceed  from  8oo 
to  900  toifes  ;  they  are  covered  with  pines,  and  over- 
fpread  with  verdure,  and  the  fnow  is  only  feen  on  their 
fummits :  they  appeared  to  be  entirely  formed  of  fchif¬ 
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pofition  ;  they  ate  extremely  difficult  to  climb,  but  not 
altogether  inaccefilble. 

“  Nature  affigns  inhabitants  to  fo  frightful  a  country, 
who  as  widely  differ  from  the  people  of  civilized  coun¬ 
tries  as  the  feene  which  has  juft  been  deferibed  differs 
from  our  cultivated  plains  ;  as  rude  and  barbarous  as 
their  foil  is  rocky  and  barren,  they  inhabit  this  land 
only  to  deftroy  its  population  :  at  war  with  all  the  ani¬ 
mals,  they  defpife  the  vegetable  fubftances  which  grow 
around  them.  I  have  feen  (fays  our  author)  women 
and  children  eat  fome  rafpberries  and  ftrawberries  ;  but 
thefe  are  undoubtedly  viands  far  too  infipid  for  men, 
who  live  upon  the  earth  like  vultures  in  the  air,  or 
wolves  and  tigers  in  the  forefts. 

“  Their  arts  are  fomewhat  advanced,  and  in  this  re- 
Jpeft  civilization  has  made  conliderable  progrefs  ;  but 
that  which  foftens  their  ferocity,  and  poliftes  their 
manners,  is  yet  in  its  infancy.  The  mode  of  life  they 
purfue  excluding  all  kind  of  fubordination,  they  are 
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cuitom  of  wearing  in  the  lower  lip  an  elliptical  piece  of 
wood,  lightly  grooved  on  its  circumference  and  both 
its  Tides,  and  which  is  commonly  half  an  inch  thick, 
two  in  diameter,  and  three  in  length. 

T|lis  Angular  ornament,  befides  being  a  great  deform 
mity,  is  the  caufe  of  a  very  troublefome  as  well  as  dif- 
gufting  involuntary  flow  of  faliva.  This  appendage  is 
peculiar  to  the  women  ;  and  female  children  are  made 
to  undergo  the  preparatory  operations  from  the  time  of 
their  birth.  For  this  purpofe,  the  lower  lip  is  pierced 
with  a  kind  of  pin  of  copper  or  gold,  which  is  either 
left  in  the  opening,  or  its  place  fupplied  with  a  ring  of 
the  fame  material,  till  the  period  of  puberty.  The  aper¬ 
ture  is  then  gradually  enlarged,  by  fubftituting  firfl  a 
fmall  piece  of  wood  of  the  form  mentioned  above,  then 
a  larger  one  5  and  fo  on,  increasing  its  fize  by  degrees 
till  it  reaches  the  dimenfions  jull  ftated. 

“  This  extraordinary  cuftom  fhows  the  great  power 
of  dilatation  in  the  lip,  and  may  encourage  medical  prac- 
_ _  titioners 


tity  of  fifh  for  the  fupport  of  their  family  ;  they  re¬ 
main  idle  duiing  the  reft  of  the  day,  which  they  pafs 
at  play,  to  which  they  are  as  much  addicted  as  fome  of 
the  inhabitants  in  our  great  cities.  This  gaming  is 
the  great  fource  of  their  quarrels.  If  to  all  thefe  de- 
ftruftive  vices  they  (liould  unfortunately  add  a  know¬ 
ledge  of  the  ufe  of  any  inebriating  liquor,  M.  Peroufe 


Like  all  other  favages,  they  are  incorrigible  thieves* 
and  when  they  afTumed  a  mild  and  placid  appeara-ce’ 
the  Frenchmen  were  fure  that  they  had  ftolen  fome- 
thing.  Iron,  of  which  they  appeared  to  know  the  life 
and  of  courfe  the  value,  mod  excited  their  cupidity  j 
and  when  our  navigators  were  engaged  in  carefling  a 
child,  the  father  was  fure  to  feize  the  opportunity  of 
taking  up,  and  concealing  under  his  fkin-garment,  every 
thing  of  that  metal  which  lay  within  his  reach,  and  was 
not  too  heavy  to  be  carried  off. 

furgeon  major  of  one  of  the  frigates,  thus 
defcribes  thefe  people.  “  They  have  very  little  fimi- 
lanty  to  the  Californians  ;  they  are  taller,  ftouter,  of 
a  more  agreeable  figure,  and  greater  vivacity  of  expref- 
fion  :  they  are  alfo  much  their  fuperiors  in  courage  and 
fenfe.  They  have  rather  a  low  forehead,  but  more 
open  than  that  of  the  Southern  Americans;  their  eyes  are 
black  and  very  animated  ;  their  eyebrows  much  fuller; 
their  nofe  of  the  ufual  fize,  and  well  formed,  except 
being  a  little  widened  at  the  extremity;  their  lips  thin¬ 
ner ;  their  mou'h  moderately  large;  their  teeth  line 
and  very  even  ;  their  chin  and  ears  very  regular. 

Fhe  women  alfo  have  an  equal  advantage  over 
thofe  of  the  preceding  tribes  ;  they  have  much  more 

mildnefs  in  their  features,  and  grace  in  their  limbs. _ 

Their  countenance  would  be  even  very  agreeable,  if, 


,,  f.hi,s  k  a  'on£er  and  not  fo  fquare  as  the  turbet.  Its  back  Is  covered  with  fmall  feales  •  and 

thofe  which  are  taken  in  Europe  are  much  lefs  than  the  fletans  of  Port  des  FranSais.  ’  d 


F  R  I  [  669  ] 

j  ;cais  titioners  In  their  attempts  to  remedy  deformities  of  this  nics  Se&.  II.  §  8.) 
jl.  part  by  the  ufe  of  the  knife. 

3  “  The  general  colour  of  thefe  people  is  olive,  a  fain- 

U  ter  tinge  of  which  is  apparent  in  their  nails,  which  they 
fuffer  to  grow  very  long;  the  hue  of  the  Hein,  however, 
varies  in  different  individuals,  and  in  various  parts  of 
the  fame  individual,  accoiding  to  their  expoiure  to  the 
adtion  of  the  air  and  fun. 

“  Their  hair  is,  in  general,  neither  fo  coarfe  nor  black 
as  that  of  the  South  Americans.  Chefnut  coloured 
hair  is  by  no  means  unfrequent  among  them.  Their 
beard  is  alfo  fuller,  and  their  armpits  and  parts  of  fex 
better  provided  with  hair. 

“  The  perfect  evennefs  of  their  teeth  led  me  at  firft 
to  fufpeA  that  it  was  the  effefl  of  art ;  but  after  an 
attentive  and  minute  examination,  I  could  perceive  no 
wearing  away  of  the  enamel,  and  I  faw  that  this  regu¬ 
larity  is  natural.  They  tattoo  and  paint  their  face  and 
body,  and  bore  their  ears  and  the  cartilage  of  their  nofe. 

“  Some  writers  have  imagined,  that  the  cuftom  of 
painting  the  face  and  body,  fo  generally  adopted  by 
the  Africans,  Americans,  and  Weft  Indians,  is  only  in¬ 
tended  as  a  prefervative  againft  noxious  infedls.  I 
think,  however,  that  I  am  warranted  in  afierting  its 
foie  end  to  be  ornament.  I  found  it  to  prevail  among 
the  inhabitants  of  Eafter  I  Hand  and  the  natives  of  Port 
des  Fratigahy  without  obferving  among  them  either 
venomous  infefts  or  reptiles.  Belides,  I  remarked, 
that  they  wore  paint  only  when  they  paid  us  a  vifit ; 
for  they  made  no  ufe  of  it  when  in  their  own  houfes.” 

M.  Peroufe  himfelf  fpeaks  not  fo  favourably  of  the 
women  as  M.  Rollin.  “  They  are  (he  fays)  the  moll 
difgufting  of  any  on  the  earth,  covered  with  ftinking 
fkins,  which  are  frequently  untanned  ;  and  yet  they 
failed  not  to  excite  defires  in  fome  perfons,  in  fa£l  of 
no  fmall  confequence  :  they  at  firft  ftaited  many  diffi¬ 
culties,  giving  affurances  by  their  geftures  that  they 
ran  the  rifle  of  their  lives  ;  but  being  overcome  by  pre- 
fents,  they  had  no  obje&ion  to  the  fun  being  a  witnefs, 
and  abfolntely  refufed  to  retire  into  the  wood.”  There 
can  be  no  doubt  that  this  planet  is  the  god  of  thefe 
people,  finqe  they  frequently  addreffed  themfelves  to  it 
in  their  prayers  ;  but  our  voyagers  faw  neither  temple 
nor  prieft,  nor  the  lead  trace  of  public  worfhip  at  ftated 
times.  They  burn  their  dead. 

•  FRE'GATES  Frans AISE  Baft  de,  the  name  given 
by  La  Peroufe  to  a  dangerous  reef  of  funken  rocks 
which  he  difeovered  in  the  Pacific  ocean.  On  the 
north-weft  extremity  of  this  reef  they  perceived  an 
iljet  or  fplit  rock  from  20  to  25  fathoms  in  height  and^ 
about  50  toifes  in  diameter.  From  this  iflet  the  reef 
extends  more  than  four  leagues  to  the  fouth-eaft  ;  and 
upon  the  extremity  of  the  point  in  that  direction,  the 
frigates  had  almoft  ftruck  before  the  breakers  were  ob¬ 
ferved*  This  was  during  a  fine  clear  night  and  fmooth 
fea.  With  great  propriety,  the  Commodore  returned  in 
the  morning  to  afeertain  the  geographical  fini  at  ion  of 
this  unknown  rock  ;  and  he  eftimated  the  iflet  to  be  in 
23°  45'  N.  Lat.  and  1680  10'  W.  Long,  from  Paris. 

FRICTION,  in  mechanics,  is  a  fubjeft  of  great  im¬ 
portance  both  to  the  practical  engineer  and  to  the  fpe- 
culative  philofopher.  It  is  therefore  our  duty  to  cor¬ 
real,  in  this  Supplement,  the  miftakes  into  which  we 
fell  when  treating  of  that  fubje£t  in  the  1 Encyclopedia, 

What  we  have  there  taught  of  friction  (fee  Mecha- 
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is  taken  from  Fergufon  ;  but  it 
has  been  fhewn  by  Mr  Vince,  that  the  experiments  from 
which  his  conclufions  were  drawn  were  not  properly 
inftituted.  That  eminent  mathematician  and  philofo¬ 
pher  therefore  entered  upon  the  inveftigation  of  the 
fubjedl  anew,  and  endeavoured,  by  a  fet  of  experiments, 
to  determine  the  following  queftions  : 

1.  Whether  fridtion  be  a  uniformly  retarding  force? 

2.  The  quantity  of  fridtion  ? 

3.  Whether  the  fridlion  varies  in  proportion  to  the 
preffure  or  weight? 

4.  Whether  the  fridlion  be  the  fame  on  whichever 
of  its  furfaces  a  body  moves  ? 

1.  With  refpedl  to  the  firft  of  thefe  queftions,  the 
author  truly  obferves,  that  if  fridlion  be  a  uniform  foree, 
the  difference  between  it  and  the  given  force  of  the 
moving  power  employed  to  overcome  it  mu  ft  alfo  be 
uniform  ;  and  that  therefore  the  moving  power,  if  it 
be  a  body  defeending  by  its  own  weight,  muft  defeend 
with  a  uniformly  accelerated  velocity,  juft  as  when 
there  was  no  fridlion.  The  fpaces  deferibed  from  the 
beginning  of  the  motion  will  indeed  be  diminifhed  in 
any  given  time  on  account  of  the  fridlion  ;  but  ft  ill 
they  muft  be  to  eaeh  other  as  the  fquarcs  of  the  times 
employed.  See  Dynamics  in  this  Supplement . 

2.  A  plane  was  therefore  adjufted  parallel  to  the  ho¬ 
rizon,  at  the  extremity  of  which  was  placed  a  pulley, 
which  could  be  elevated  or  deprefled,  in  order  to  render 
the  firing  which  connedled  the  body  and  the  moving 
force  parallel  to  the  plane.  A  fcale  accurately  divided 
was  placed  by  the  fide  of  the  pulley  perpendicular  to 
the  horizon,  by  the  fide  of  whieh  the  moving  force  de¬ 
fended  ;  upon  the  fcale  was  placed  a  moveable  ftage, 
which  could  be  adjufted  to  the  fpace  through  which 
the  moving  force  defended  in  any  given  time  ;  which 
time  was  meafured  by  a  well-regulated  pendulum  clock 
vibrating  feconds.  Every  thing  being  thus  piepared, 
the  following  experiments  were  made  to  afeertain  the 
law  of  fri&ion. 

3.  Exp.  1.  A  body  was  placed  upon  the  horizontal 
plane,  and  a  moving  force  applied,  which,  from  repeat¬ 
ed  trials,  was  found  to  defend  524-  inches  in  4"  ;  for 
by  the  beat  of  the  clock,  and  the  found  of  the  moving 
force  when  it  arrived  at  the  ftage,  the  fpace  could  be 
very  accurately  adjufted  to  the  time  :  The  ftage  was 
then  removed  to  that  point  to  which  the  moving  force 
would  defend  in  3",  upon  fuppofition,  that  the  fpacea 
deferibed  by  the  moving  power  were  as  the  fquares  of 
the  times  ;  and  the  fpace  was  found  to  agree  very  ac¬ 
curately  with  the  time  :  the  ftage  was  then-  removed 
to  that  point  to  which  the  moving  force  ought  to  de¬ 
fend  in  2",  upon  the  fame  fuppofition,  and  the  defc ent 
was  found  to  agree  exadlly  with  the  time laftly,  the 
ftage  was  adjufted  to  that  point  to  which  the  moving 
force  ought  to  defeend  in  if/,  upon  the  fame  fuppofi¬ 
tion,  and  the  fpace  was  obferved  to  agree  with  the 
time.  Now,  in  order  to  find  whether  a  difference  in 
the  time  of  defc  ent  could  be  obferved  by  removing  the 
ftage  a  little  above  and  below  the  pofitions  which  cor- 
refponded  to  the  above  times,  the  experiment  was  tried, 
and  the  defc  ent  was  always  found  too  foon  in  the  for¬ 
mer,  and  too  late  in  the  latter  cafe  ;  by  which  the  au¬ 
thor  was  affured,  that  the  fpaces  firft  mentioned  corre- 
fponded  exa&ly  to  the  times.  And,  for  the  greater 
certainty,  each  defect  was  repeated  eight  or  ten  times; 

and 


Fii&ion. 


Fnition. 
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and  every  caution  ufed  in  this  experiment  was  alfo  made  periment,  where 
—  ufe  of  in  all  the  f  >l!owing. 

Exp.  2.  A  fccond  body  was  laid  upon  the  horizontal 
plane,  and  a  moving  force  applied  which  descended  41^ 
inches  in  3'';  the  ftage  was  then  adjufted  to  the  fpace  cor¬ 
refponding  to  2'',  upon  fuppofition  that  the  fpaces  de- 
feended  through  were  as  the  fquares  of  the  times*  audit 
was  found  to  agree  accurately  with  the  time ;  the  ftage 
wras  then  adjufted  to  the  fpace  cor  re  fp  ending  to  1", 
upon  the  fame  fuppofttion,  and  it  was  found  to  agree 
with  the  time. 

Exp.  3.  A  third  body  was  laid  upon  the  horizontal 
plane,  and  a  moving  force  applied,  which  deicended  59^ 
inches  in  4" ;  the  ftage  was  then  adjufted  to  the  fp?ce  cor¬ 
refponding  to  3",  upon  fuppofition  that  the  fpaces  de¬ 
fended  through  were  as  the  fquares  of  the  times,  ard  it 
was  found  to  agree  with  the  time  ;  the  ftage  was  then 
adjufted  to  the  fpace  correfponding  to  2",  upon  the 
fame  fuppofition,  and  it  was  found  to  agree  with  the 
time  ;  the  ftage  was  then  adjufted  to  the  fpace  corre¬ 
fponding  to  1",  and  was  found  to  agree  with  the  time. 

Exp.  4.  A  fourth  body  was  then  taken  and  laid  upon 
the  horizontal  plane,  and  a  moving  force  applied,  which 
defended  55  inches  in  4" ;  the  ftage  was  then  adjufted 
to  the  fpace  through  which  it  ought  to  defend  in  3'', 
upon  fuppofition  that  the  fpaces  defended  through 
were  a3  the  fquares  of  the  times,  and  it* was  found  to 
agree  with  the  time ;  the  ftage  was  then  adjufted  to 
the  fpace  correfponding  to  2",  upon  Jthe  fame  fuppofi¬ 
tion,  and  was  found  to  agree  with  the  time,;  laftly,  the 
ftage  was  adjufted  to  the:,fpace  correfponding  to  1",  and 
it  was  found  to  agree  exactly  with  the  time. 

Befides  thefe  experiments,  *a -great  number  of  others 
were  made  with  hard  bodies,  *or  thofe  whofe  parts vfo 
firmly  cohered  as  not  ;to  be  moved  inter  Je  by  the  fric¬ 
tion  ;  and,  in  each  experiment,  bodies  of  very  different 
degrees  of  friction  were  chofen,  and  the  refults  all 
agreed  with  thofe  related  above;  we  may  therefore  con¬ 
clude,  that  th efriftien  of  hard  bodies  in  motion  is  a  uni¬ 
formly  retarding  for ce. 

%  But  to  determine  whether  the  fame  was  true  for  bo¬ 
dies  when  covered  with  cloth,  woollen,  &c.  experiments 
were  made  an  order  to  afertain  it  ;  when  it  was  found, 
in  all  cafes,  that  the  retarding  force  increafed  with  the 
*  velocity  p  but,  upon  covering  bodies  with  paper,  the 
*■  confequences  were  found  to  agree  with  thofe  related 
above. 

4.  Haying  proved  that  the  retarding  force  of  all  hard 
bodies  arifing  from  fri&ion  is  uniform,  the  quantity  of 
fridion,  confidered  as  equivalent  to  a  weight  without 
inertia  drawing  the  body  on  the  horizontal  plane  back¬ 
wards,  or  a&ing  contrary  to  the  moving  force,  may  be 
immediately  deduced  from  the  foregoing  experiments. 

For  let  M  =  the  moving  force  exprefTed  by  its  weight; 

F  =  the  fri&ion  ;  W  r=  the  weight  of  the  body  upon 
the  horizontal  plane ;  S  =z  the  fpace  through  which 
the  moving  force  defended  in  the  time  /  exprefTed  iu 
feconds ;  r  zz  16  jV  feet ;  then  the  whole  accelerative 

M  —  F. 

force  (the  force  of  gravity  being  unity)  will  be 
hence,  by  the  laws  of  uniformly  accelerated  motions, 


fet. 


CJ  is 
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M  =  7,  W  = 

/  _  l  T7  3  ^  4rv 

h‘”“F=’-^rx-ui=6-* 

fequently  the  fndmn  was  to  the  weight  of  the  ruhb'W 
body  33  6.4167  to  25.75.  And  ti  e  -rest  accuracy  of 
detei  mining  the  fridton  by  this  method  i  ;  ir.am'fe'l  fnn 
hence,  that  a  an  error  of  t  inch  Lad  been  made  in  the 
descent  (and  experiments  carefully  made  may  always 
determine  the  fpace  to  a  much  greater  exadfnefs)  it 
would  not  have  affeded  the  conclusion  *^dth  part  of 
the  whole.  r 

,  .f.\  We  come  in  the  next  place  to  determine,  whether 
fruition,  cateris  par  thus ,  varies  in  proportion  to  the 
weight  or  preffiirc.  Now  if  the  whole  quantity  of  the 
trittion  of  a  body,  meafured  by  a  weight  without  iner¬ 
tia  equivalent  to  the  friftioa  drawing  the  body  back- 
wards,  mcreafes  in  proportion  to  its  weight,  it  is  mani- 
telt,  that  the  retardation  of  the  velocity  of  the  body 
anting  fiom  the  fri&ioa  will  not  be  altered;  for  the  re- 

1  , :  .  Quantity  of  fridion 

taidation  varies  as  7^= — F - -  henrp  if  5 

Quantity  of  matter  *  nence>  “  a 

body  be  put  in  motion  upon  the  horizontal  plane  by 
any  moving  force,  if  both  the  weight  of  the  body  and 
the  moving  force  be  increafed  in  the  fame  ratio,  the  ac¬ 
celeration  arifing  from  that  moving  force  will  remain 
the  lame,  becauie  the  accelerative  force  varies  as  the 
moving  force  divided  by  the  whole  quantity  of  matter, 
and  both  are  increafed  in  the  fame  ratio ;  and  if  the 
quantity  of  fri&ion  increafes  alfo  as  the  weight,  then 
the  retardation  arifing  from  the  fridion  will,  from  what 
has  been  faid,  remain  the  fame,  and  therefore  the  whole 
acceleration  of  the  body  will  not  be  altered ;  confe- 
quently  the  body  ought,  upon  this  fuppofition,  ftffl  to 
aeicribe  the  fame  fpace  in  the  fame  time.  Hence,  by 
obfervmg,  the  fpaces  deferibed  in  the  fame  time,  when 
both  the  body  and  the  moving  force  are  increafed  in 
the  fame  ratio,  we  may  determine  whether  the  fri&ion 
mcreafes  in  pioportion  to  the  weight.  The  following 
experiments  were  therefore  made  in  order  to  afeertaia 
this  matter : 


M- 


.  M  -j-  W  Xr^“:=S,  confequently  F=M— 

To  exemplify  this,  -let  us»take  the  cafe  of  the  laft;  ex- 


Exp.  u  A  body  weighing  10  oz.  by  a  moving  force  of 
4oz.  deferibed  in  2'  a  fpace  of  51  inches;  by  loading  the 
body  with  10  oz.  and  the  moving  force  with  4  oz.  it 
deferibed  56  inches  in  2"  ;  and  by  loading  the  body 
again  with  10  oz.  and  the  moving  force  with  4  oz.  it 
deforibed  63  inches  in  2". 

Exp.  2.  A  body,  whofe  weight  was  16  oz.  by  a  moving 
force  of  5  oz.  deferibed  a  fpace  of  49  inches  in  3'' ; 
and  by  loading  the  body  with  64  oz.  and  the  moving 
force  with  20  oz.  the  fpace  deferibed  in  the  fame  time 
was  64  inches. 

Exp.  3.  A  body  weighing 6  oz  by  a  moving  force  of  2  J 
oz.  deferibed  28  inches  in  2"  ;  and  by  loading  the  body 
with  24  oz.  and  the  moving  force  with  10  oz.  the  fpace 
deferibed  in  the  fame  time  was  54  inches. 

Exp.  4.  A  body  weighing  8  oz.  by  a  moving  force  of 
4  oz.  deferibed  33^  inches  in  2";  and  by  loading  the 
body  with  8  oz.  and  the  moving  force  with  4  oz.  the 
fpace  deferibed  in  the  fame  time  was  47  inches. 

Exp.  5.' A  body  whofe  weight  was  9  oz.  by  a  moving 
force  of  4i  oz.  deferibed  48  inches  in  2  ' ;  and  by  loading 
the  body  with  9  oz.  and  the  moving  force  with  4*  oz. 
the  fpace  deferibed  in  the  fame  time  was  60  inches*. 

Exp.  6.  A  body  weighing  16  oz.  by  a  moving  force  of 

3  02. 
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ion.  3  oz.  defcribed  20  inches  in  2";  by  loading  the  body  the  two  ends,  and  with  the  fame 


I 


-  j  the  quantity  of 


with  xo  oz.  and  the  moving  force  with  3  oz.  the  fpace 
defcribed  in  the  fame  time  was  3 1  inches ;  and  by  load¬ 
ing  the  body  again  with  30  oz.  and  the  moving  force 
with  9  oz.  the  fpace  defcribed  was  34  inches  in  2". 

From  thefe  experiments,  and  many  others  which  it 
is  not  neceffary  here  to  relate,  it  appears,  that  the  fpace 
defcribed  is  always  increafed  by  increafing  the  weight 
cf  the  body  and  the  accelerative  force  in  the  fame  ra¬ 
tio  ;  and  as  the  acceleration  arifing  from  the  moving 
force  continued  the  fame,  it  is  manifeft,  that  the  retar¬ 
dation  arifing  from  the  fri&ion  mud  have  been  diminifh- 
ed,  for  the  whole  acceleraiive  force  muft  have  been  in¬ 
creafed  on  account  of  the  increafe  of  the  fpace  defcribed 
in  the  fame  time;  and  hence  (as  the  retardation  from 
Quantity  of  fri£lion\ 

fri&ion  varies  as  ;*r —  —  c - H —  1 

Quantity  of  matter 

friction  ircreafes  in  a  hfs  ratio  than  the  quantity  of  mat¬ 
ter  or  weight  of  the  bGcly . 

6.  We  come  now  to  the  laft  thing  which  it  was  pro¬ 
posed  to  determine,  that  is,  whether  the  fri&ion  varies 
by  varying  the  furface  on  which  the  body  moves.  Let 
us  call  two  cf  the  fur  faces  A  and  the  former  being 
the  greater,  and  the  latter  the  lefs.  Now  the  weight 
©n  every  give:;  part  of  a  is  as  much  greater  than  the 
weight  on  an  equd  part  of  A,  as  A  is  greater  than  a  ; 
if  therefore  the  fri&lon  was  in  proportion  to  the  weight, 
csttris  parilu ",  it  is  manifeft,  that  the  friction  on  a 
would  be  equal  to  the  fri&ion  on  A,  the  whole  fri&ion 
being,  upon  fuch  a  fuppofition,  as  the  weight  on  any 
given  part  of  each  furface  multiplied  into  ttiz  number 
of  fuch  parts  or  into  the  whole  area,  which  produ£s, 
from  the  proportion  above,  are  equal.  But  from  the 
lull  experiments  it  has  been  proved,  that  the  frielion  on 
any  given  furface  increafes  in  a  !ef3  ratio  than  the 
weight ;  ccnfequentiy  the  fridlbn  cn  any  given  part  of 
a  has  a  lefs  ratio  to  the  friction  on  an  equal  part  of  A 
than  A  has  to  a ,  and  hence  the  friftion  on  a  is  lefs 
than  the  friftion  cn  A,  that  is,  the  fmalleft  furface  has 
always  the  If  aft  fri&ion. 

As  this  conclufion  is  contrary'  to  the  generally  re¬ 
ceived  opinion,  Mr  Vince  thought  it  proper  to  confirm 
it  by  a  fet  of  experiments  made  with  different  bodies  cf 

exactly  the  fame  degree  of  roughneis  on  their  two  fur- 
fsces.  ^ 

Exp.  1.  A  body  was  taken  whofe  flat  furface  was  to 
its  edge  as  22  :  9,  and  with  the  fame  moving  force  the 
body  defcribed  on  its  flat  fide  33 inches  in  2",  and  on 
its  edge  47  inches  in  the  fame  time. 

Exp.  2 .  A  feeond  body  w  as  taken  whofe  fiat  furface 
was  to  its  edge  as  32  :  3,  and  with  the  fame  moving 
force  it  defcribed  on  its  flat  fide  32  inches  in  2'',  and 
on  its  edge  it  defcribed  57^  inches  in  the  fame  time. 

Exp.  3.  He  took  another  body  and  covered  ot.e  of 
its  furfaces,  whofe  length  was  9  inches,  wrth  a  fine 
rough  paper,  and  by  applying  a  moving  force,  it  defcri¬ 
bed  25  inches  in  2"  ;  he  then  took  off  fome  paper  from 
the  middle,  leaving  only  ^  of  an  inch  at  the  two  ends, 
and  with  the  fame  moving  force  it  defcribed  40  inches 
in  the  fame  time. 

Exp.  4.  Another  body  was  taken  which  had  one  of 
its  furfaces,  whofe  lefcgth  was  9  inches*  covered  with  a 
fine  rough  paper,  and  by  applying  a  moving  force  it 
deicribtd  42  inches  in  2"  ;  fome  of  the  paper  was  then 
taken  off  from  the  middle,  leaving  only  1  inches  at 


moving  force  it  de»  Fri&i©*. 
feribed  54  inches  in  2"  ;  he  then  took  off  more  paper, 
leaving  only  *  of  an  inch  at  the  two  ends,  and  the  body 
then  defcribed,  by  the  fame  moving  force,  6a  inches  in 
the  fame  time. 

In  the  two  laft  experiments  the  paper  which  was  ta¬ 
ken  off  the  furface  was  laid  on  the  body,  that  its  weight 
might  not  be  altered. 

Exp.  5.  A  body  was  taken  whofe  flat  furface  was  to 
its  edge  as  30:  17  ;  the  fat  fide  was  laid  upon  the  ho¬ 
rizontal  plane,  a  moving  force  was  applied,  and  the 
ftage  was  iixed  in  order  to  flop  the  moving  force,  in 
confequence  of  which  the  body  would  then  go  on  with 
the  velocity  acquired  until  the  fri&fon  had  deflroyedr 
all  its  motion ;  when  it  appeared  from  a  mean  of  1 2 
trials  that  the  body  moved,  after  its  acceleration  ceafed* 
inches  before  it  flopped.  The  edge  was  then  ap¬ 
plied,  and  the  moving  force  defeended  through  the 
fame  fpace;  and  it  was  found,  from  a  mean  of  the  fame 
number  of  trials,  that  the  fpace  defcribed  was  7-f  inches 
before  the  body  loft  all  its  motion,  after  it  ceafed  to  be 
accelerated. 

Exp.  6.  Another  body  was  then  taken  whofe  flat 
furface  was  to  its  edge  as  60  :  19,  and,  by  proceeding 
as  before,  on  the  flat  furface  it  defcribed,  at  a  mean  of 
1 2  trials,  5!  inches,  and  on  the  edge  6^  inches,  before 
it  flopped,  after  the  acceleration  ceafed. 

Exp.  7.  Another  body  was  taken  whofe  flat  furface 
was  to  its  edge  as  26  :  3,  and  the  fpaces  defcribed  on 
thefe  two  furfaces,  after  the  acceleration  ended,  were, 
at  a  mean  of  ten  trials,  4^  and  7^  inches  rcfpe&ivdy. 

From  all  thefe  different  experiments  it  appears,  that 
the  fmalleft  furface  had  always  the  leaft  friction,  which 
agrees  with  the  confequence  deduced  fronv  the  coafider- 
ation  that  the  friction  does  not  Increafe  in>  fo  great  a 
ratio  as  the  weight ;  we-  may  therefore  conclude,  thafc 
tbe  fiction  of  a  tody  does  not  continue'  the  fame  when 
it  has  (Efferent  furfaces  applied  to  the  plane  on  which  ■ 
tt  moves  y  tut  that  the  fmalkf  furface  wilhkave  the  leaf  T 


To  the  experiments  inffrUited  by  Mr  Fergufbn  and  * 
others,  from  which  conclufions-  have  been  drawn  fo  dif¬ 
ferent  from?  thefe,  our  author  makes  the  following  ob¬ 
jections  :  It  was  their  objeCl  to  find  what  moving  force  * 
would  jttf  put  a  body  at  reft  in  motion  ;  and  having,  as 
they  thought,  found  it,  they  thence  concluded,  that, 
the  accelerative  force  was  then  equal  to  the  fii&ion. 
But  it  is  manifeft,  as  Mr  Vince  observes,  that  any  force  • 
which  will  put  a  body  in  motion  muft  be  greater  than- 
the  force  which  appofes  Its  motion,  other  wife  it  could^" 
not  overcome  it  and  hensc,  if  there  were  no  other  ob¬ 
jection*  than  this,  it  is  evident r  that  the  fri&ion  could1 
not  be  very  accurately  obtained  ;  but  there  is  another 
obje&idn  which  totally  deftroys  the  experiment  fo  far:* 
as  it  tend3  to  fhew  the  quantity  of  fri&ion,  which  Y 
the  flrong  cobefkm  of  the  body  to  the  plane  when  it 
lies-  at  reft:  4  and  this  is  con&rraed  by  the  following  ex~ 
perimtRtSv  if,  A  fc&dy  of  12^  oz.  was  laid  upon  an 
horizontal  plane,  and  tlitn  loaded  with  ;*  weight  oF 
81b.  and  fuch  a  moving  force  was  applied  as  would, 
when  the  body  was  juft  put  in-  motion,  continue  that 
motion,  without  any  acceleration  ;  in  which  cafe  the 
fri&ion  muft  be  juft  equal  to  the  accelerative  fbrce~ 
The  body  was  then  flopped,  when  it  appeared,  that  the 
fame  moving  force  which  had  kept  the  body  in  motion  be¬ 
fore* 
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Fri<5lion,  fore,  would  not  put  it  in  motion,  and  it  was  found  ne- 
JFrigorific  ^  ce(rary 

to  take  off  4^  oz.  from  the  body  before  the 
*  fame  moving  force  would  put  it  in  motion  ;  it  appears 
therefore,  that  this  body,  when  laid  upon  the  plane, 
at  reft,  acquired  a  very  ftrong  coheiion  to  it.  2 dly, 
A  body  whofe  weight  was  16  oz.  'was  laid  at  reft 
upon  the  horizontal  plane,  and  it  was  found  that  a 
moving  force  of  6  oz.  would  juft  put  it  in  motion  ; 
but  that  a  moving  force  of  4  oz.  would ,  when  it  was 
juft  put  in  motion,  continue  that  motion  without  any 
acceleration,  and  therefore  the  accelerative  force  muft 
then  have  been  equal  to  the  fri&ion,  and  not  when  the 
moving  force  of  6  oz.  was  applied. 

From  thefe  experiments  therefore  it  appears,  how 
very  confiderable  the  cohefion  was  in  proportion  to  the 
friction  when  the  body  was  in  motion  ;  it  being,  in  the 
latter  cafe,  al  mo  ft  ^d,  and  in  the  former  it  was  found  to 
be  very  nearly  equal  to  the  whole  friction.  All  the 
conclufions  therefore  deduced  from  the  experiments, 
which  have  been  inftituted  to  determine  the  fridlion  from 
the  force  neceflary  to  put  a  body  in  motion,  have  ma- 
nifeftly  been  totally  falfe;  as  fuch  experiments  only  fhew 
the  refiftance  which  arifes  from  the  cohefion  and  fric¬ 
tion  conjointly. 

Our  author  concludes  this  part  of  his  fubjedt  with 
the  following  remark  upon  n*  5  :  “  It  appears  from  all 
the  experiments  (fays  he)  which  I  have  made,  that  the 
proportion  of  the  increafe  of  the  fri&ion  to  the  increafe 
of  the  weight  was  different  in  all  the  different  bodies 
which  were  made  ufe  of;  no  general  rule  therefore  can 
be  eftablifhed  to  determine  this  for  all  bodies,  and  the 
exoeriments  which  I  have  hitherto  made  have  not  been 
fu&cient  to  determine  it  for  the  fame  body.” 

He  then  proceeds  to  eftablifh  a  theory  upon  the 
principles  which  he  has  deduced  from  his  experiments. 
That  theory  is  comprehended  in  five  propofitions,  of 
which  the  obje&  of  the  firft  is  “  to  find  the  time  of 
defeent,  and  the  number  of  revolutions  made  by  a  cy¬ 
linder  rolling  down  an  inclined  plane  in  confequence  of 
its  fri&ion. 

II.  “  To  determine  the  fpace  through  which  a  body, 
proje&ed  on  an  horizontal  plane  with  a  given  velocity, 
will  move  before  it  flops,  or  before  its  motion  becomes 
uniform. 

III.  “  To  find  the  centre  of  fri&ion. 

IV.  tc  To  determine,  from  the  given  velocity  with 
which  a  body  begins  to  revolve  about  the  centre  of  its 
bafe,  the  number  of  revolutions  which  that  body  will 
make  before  all  its  motion  be  deftroyed. 

V.  <(  To  find  the  nature  of  the  curve  deferibed  by  any 
point  of  a  body  affefted  by  fri&ion  when  it  defeends 
down  any  inclined  plane.” 

To  give  the  folutions  of  thefe  problems,  with  the  co¬ 
rollaries  deduced  from  them,  would  fwell  this  article  to 
very  little  purpofe;  for  they  would  be  unintelligible  to 
the  mere  mechanic;  and  the  mathematician  will  either 
folve  them  for  himfelf,  or  have  recoup  to  the  original 
memoir,  where  he  will  find  folutior.s  at  once  elegant  and 
perfpicuous.  ■  s 

FRIGORIFIC  Mixtures,  are  thofe  which  expe¬ 
rience  has  taught  philofophers  to  employ  for  the  pur- 
dW.  fl  1  - 

1  *  ;  rtf  ^5  ' :  f  :  1-  >  V  • 

(  a)  The  thermometer  made  ufe  of  in  this  experiment 
cording  to  Fahrenheit's  fcale.  ,  ,  j,'. 


pofe  of  producing  artificial  cold.  Some  of  thefe  mix-  Priori 
tures  are  enumerated  under  the  title  Cold  (Encycl  ), 
and  a  much  more  accurate  lift  of  them  is  given,  toge¬ 
ther  with  the  principle  upon  which  they  produce  their 
effe&,  in  the  article  Chemistry,  n°  282.  (SuppL ) 
There  is  one  mixture,  however,  not  mentioned  in  that 
lift,  which  was  employed  by  Seguiu,  and  feems,  on 
many  accounts,  to  be  the  mod  eligible  that  has  yet 
been  propofed.  Confidering  the  muriats  (fee  Che- 
mistry -Index,  SuppL )  as  a  clafs  of  falts  beft  fuited  for 
the  purpofe,  he  gave  the  decided  preference  to  muriat 
of  lime  in  chryftals  ;  and  his  method  was  to  mix  the 
cryftals,  previoufly  pulverifed,  with  an  equal  weight  of 
quebmpreffed  fnow. 

By  means  of  this  mixture  Mr  W.  H.  Pepys  junior, 
of  the  London  Philofophical  Society,  with  the  affiftance 
of  fome  friends,  froze,  on  the  8th  of  February  1799; 

56  lbs.  averdupoife  of  mercury  into  a  folid  mafs.  The 
mercury  was  put  into  a  ftrong  bladder  and  well  fecured  ‘ 
at  the  month,  the  temperature  of  the  laboratory  at  the 
time  being  +  33°.  A  mixture  confifting  of  muriat  of 
lime  2  lb.  at  +  33°,  and  the  fame  weight  of  fnow  at 
+  32°  gave — 420  (a).  The  mercury  was  put  as 
gently  as  poffible  into  this  mixture  (to  prevent  a  rup¬ 
ture  of  the  bladder),  by  means  of  a  cloth  held  at  the 
four  corners.  When  the  cold  mixture  had  robbed  the 
mercury  of  fo  much  of  its  heat  as  to  have  its  own  tem¬ 
perature  thereby  raifed  from — jj.29  to  +5,  another, 
mixture,  the  fame  in  every  refpe£t  as  the  laft,  was 
made,  which  gave,  on  trial  with  the  thermometer, 

—  43°*  The  mercury  was  now  received  into  the  cloth, 
and  put  gently  into  this  new  mixture,  where  it  was  left 
to  be  cooled  ftill  lower  than  before. 

In  the  mean  time  five  pounds  of  muriat  of  lime,  in  a 
large  pail  made  of  tinned  iron,  and  japanned  infide  and 
outfide,  was  placed  in  a  cooling  mixture  in  an  earthen¬ 
ware  pan.  The  mixture  in  the  pan,  which  confided  of 
4  lb.  of  muriat  of  lime  and  a  like  quantity  of  fnow,  of 
the  fame  temperature  as  the  former,  in  one  hour  redu¬ 
ced  the  5  lb.  of  muriat  in  the  pail  to  —  150.  The  mix¬ 
ture  was  then  emptied  out  of  the  earthen  pan,  and  four 
large  corks,  at  proper  diftances,  placed  on  its  bottom, 
to  ferve  as  refts  for  the  japanned  pail  which  was  now 
put  into  the  pan.  The  corks  anfwered  the  purpofe  of, 
infulating  the  inner  veflel,  while  the  exterior  one  kept 
off  the  furrounding  atmofphere,  and  preferved  the  air 
between  the  two  at  a  low  temperature. 

To  the  5  lb.  of  muriat  of  lime  which  had  been  cool-' 
ed,  as  already  noticed,  to — 15°,  and  which  ftill  re¬ 
mained  in  the  metallic  veflel,  was  now  added  fnow,  un- 
comprefled  and  free  from  moifture,  at  the  ufual  tem¬ 
perature  of  -f  32°.  In  lefs  than  three  minutes  the  mix¬ 
ture  gave  a  temperature  of-^620:  a  degree  of  cold 
which  perhaps  was  never  before  produced  in  this  coun¬ 
try,  being  94°  below  the  freezing  point  of  water. 

The  mercury,  which,  by  immerfion  in  the  fecond 
cooling,  mixture  to  which  it  was  expofed,  was,  by  this 
time  reduced  to  —  30°,  was  now,  by  the  means  em- 
ploycdFefore,  cautioufly  put  into  the  laft  made  mixture 
of  the  temperature  of  —  62°.  A  hoop,  with  net- work 
fattened  to  its  upper  edge,  and  of  fuch  a  breadth  in  the 

_ 1  rim 

31  v  ,  ? 

was  filled  with  tieged  alcahol,  and  accurately  divided  ac* 
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r'^c,J  r*m  that  net-work,  when  loaded  with  the  bladder 
of  mercury,  could  not  reach  its  lower  edge,  was  at  the 
bottom  of  the  mixture,  to  prevent  the  bladder  from 
coming  in  contact  with  the  veffel ;  by  which  means  the 
mercury  was  fufpended  in  the  middle  of  the  mixture. 

As  foon  as  the  bladder  was  fafely  deoofited  on  the  net¬ 
work,  the  veffels  were  carefully  covered  over  with  a 
cloth,  to  impede  the  paffage  of  heat  from  the  furround 
mg  atmofphere  into  the  freezing  materials.  The  con- 
denfation  of  moifture  from  the  atmofphere  by  the  agen¬ 
cy  of  fo  low  a  temperature  was  greater  than  could  have 
been  expefted :  it  floated  like  fleam  over  the  vefTels, 
and,  but  for  the  interpofed  covering,  would  have  given 
the  mixture  more  temperature  than  was  defirable. 

After  one  hour  and  forty  minutes  they  found,  by 
means  of  a  fearcher  introduced  for  the  purpofe,  that 
the  mercury  was  folid  and  fixed.  The  temperature  of 
the  mixture  at  this  time  was  —  4 6,  that  is,  160  higher 


3  F  u  E 

opportunity  offers,  he  and  his  friends  mean  to  make 
W,tVhat  v,ew’  and  ‘o  communicate 

Lnv  *  f  tHlm  ,l°  the  editor  °f  the  valuable  mifcel- 

exDerimpnr"1  "  'C1  WC  have  taken  this  account  of  his  *  Tie  Phi. 
expenment  on  mercury.  hfjpb;J 

i  mty,  a  lmall  lfland  on  the  coaft  of  the  Bmzils  f,.  Magazine 

St”  >?  =  /»?•!;.  and  i™. 

I  he  land  of  Fno  is  high,  with  a  hollow  in  the  middle, 

1C  ^VeSIU>  didance>  the  refemblance  of  two  fe- 
parate  iflanos.  The  paffage  between  the  ifland  and  the 
continent  is  about  a  mile  broad,  and  feemed  to  Sir  E- 

fpRr^OVVer  t0-  be  Clear  from  fh°als- 
I  ,  ^  a  TA-as  1S  wfU  known  in  Scotland,  is  oarticu- 
Jar  y  deftruftive  to  the  bloffom  of  fruit  trees  •  and  the 

fUGh  trees  frnm  being  da! 
g  y  early  frofts  may  be  acceptable  to  many  of 
our  readers  A  rope  is  to  be  interwoven  amonTthe 
branches  of  the  tree,  and  one  end  of  it  brought  down 
10  as  to  be  1  n  K 1  Ai.  _  f 


than  when  the  mercury  was  put  into  it.  u*  •  7  t,lu  ui  it  di  _ 

Our  young  philofophers  having  neglefted  to  fling  it  is  faid,  JilUft^fs  a  ^  "T"'  The  rope’ 

e  hoop ^  and  net-work  in  fnch  a  manner  as  mighf  feds  of  the  froft  from  the 

Cokrus".^  U  th7°,lowinS  parage  may  be  found' t 
Colerus  .  If  you  dig  a  trench  around  the  root  of  a 

t  ha,abf  6  d  W,tH  •nater’  °r  keep  the  moift  tiU 
it  has  bloomed,  it  will  not  be  injured  by  the  froft  Or 

*n°s il:  !r-i  * "“V  ZL  °r; 


the  hoop  and  net- work  in  fnch  a  manner  as 
have  enabled  them  to  lift  it  out  of  the  mixture  at  once, 
with  the  bladder  and  its  contents,  were  obliged  to  turn 
out  the  whole  contentsof  the  pail  into  a  large  evaoorating 
capfule  made  of  iron.  This  was  not  effefted  without  the 
mercury  ftriking  againft  its  bottom  and  being  fraftured, 
though  it  received  a  confiderable  increafe  of  temperature 
from  the  capfule.  The  frafture  was  fimilar  to  that  of  zinc, 
but  with  parts  more  cubical.  The  larger  pieces  were 
kept  for  fome  minutes  before  fnfion  took  place,  while 
others  were  twitted  and  bent  into  various  forms,  to  the 
no  fmall  gratification  and  furprife  of  thofe  who  had 


?ree;  ,  7'  !°  preferve  the  bloom  from  beine 

hurt  by  the  froft,  place  a  veffel  of  water  below  it,  and 
the  froft  will  fall  into  it”  Philofophical  Magazine,  , "  . 

JVf  L>  w7ever  18  Proper  to  burn,  or  mak!  a  fire 
either  for  warming  a  room  or  dreffing  viftuals.  The 

fuel  moll  generally  ufed  in  Great  Britain  is  pit  coal 
which  IS  a  Uprv  pVru>nfi»a _ a.*  t  .  .  .  F'1L 


never  witneffed  or  expefted  to  fee  fuch  an  effeft  pro-  which  is  a  very  TxpTdive  'artfclT*  77 "  “  pit  coal> 
duced  on  fo  fuf.ble  a  metal.  o-rearlv  Jn.loL T  "u  n,  5  and  that  expence  is 

In  experiments  of  the  kind  here  deferibed,  all  the  injudicious  manner  m  vvhfflf  fi  °f  “3’  occa(*°ned  by  the 
extenor  veffels  ftiould  be  of  earthen-ware  or  wood,  commonly  managed  The  fnT  °Pei’  ^hlmncI3  are 
which  being  bad  conduftors  of  heat  prevent  the  ingre-  London,  for  inftane'e,  may  beeftimat'dlvtl  ft!!  7 
dients  from  receiving  heat  from  the  atmofphere  and  cloud  which  continually  hantrs  over  fhar  !  "  ^ 

furrounding  objefts  with  the  fame  facility  that  they  nolis  and  freniientl„  7  ,that  £reat  metro- 

would  through  metals;  and,  for  a  f.mila/reafon,  S  Far  Id Sde Xfi  SkSZ-**  X 

the  heat  to  pafs  more  readily  from  the  f„bL  J  to  be  by  the  *** 

m“Ure  '“Pl0>'“‘  f°r  -h,ch  ft  vtlatniry^' fjK 

Murat  of  l.mt  is  etrtainly  the  ntoft  powerful,  and  pound '  obfcun'ng  the"at™fchere  K 
at  the  fame  time  the  moft  economical  fubftance  that  frequently  changing  the  brio-hteft  dav  ;  ,d  fc€nt’  fnd 
can  be  employed  for  producing  artificial  cold  ;  for  its  Egyptian  darknefSg  °  day  into  more  than 

firftcoftis  a  mere  trifle,  being  a  refiduum  from  many  “I  never  ffavs  Count  R„™f  ji  • 

chemical  proceffes,  as  the  diftillation  of  pure  ammonia,  ftance,  as  I  come  into  town,  this  blalk^cl '  °!F  VY 

edi;3n?  ft  r  !7  aWay-'  beflde8’  ‘‘J"37  be-repeat-  hanSs  over  London,  without  wifhing  o  be  abTe  to 
edly  ufed  for  fimilar  experiments,  nothing  being  ne-  pute  the  immenfe  number  of  chaldrons  of  r7l  7  ,°mJ 
ceffary  for  this  purpofe  but  filtration  and  evaporation  it  is  compofed  ;  for  could  this  be  aft!  .  •  CoaIsIof  wl,lcb 
to  bring  it  t°  its  firft  ftate.  The  evaporation  (hould  be  fuaded  forking  fig  ™  T' 

earned  on  till  the  fo  ution  becomes  as  thick  as  a  ftrong  and  excite  the  aftoniflunent  of  all  rank! 
fyrup  and  upon  cooling  the  whole  will  be  cryftallifed  :  tants  ;  and  perhaps  turn  their  minds  7  77  "lhab,• 

it  mult  then  be  powdered,  put  up  in  dry  bottles,  well  nomy  to  whmh  they  have  hitherto  naid  f-"  ^ ?bje<ft  of  ec°- 
corked,  and  covered  with  bladder  or  cement  to  pre-  The  obieft  to  which  the  Ke  P  1  ‘U  e  at,tentlon-” 
vent  liquefaftion  ;  which  otherwife  would  foon  take  particularly  wifties  to  direft  the  Dubinin aUft-h°r  -m°re 

£«;r"S  “  the  Sre“  f“  Wof.cou!  6«.  inthSCTrZ’uSt 

The  powerful  effefis .produced  by  the  frigorific  rofr-  “foTaj  f"1’ 1  “J 

ture  of  munat  of  lime  and  fnow,  prefent  a  wide  field  lighted,  and  not  before  mofe  !7l!l  h  u 7  6  T  WeU 
for  experiments  to  determine  the  poflibility  of  fixing  increafe  the  fire  to  its  p’roper  fize  °U  J  ^  added  to 
lome  of  the  gafes  by  intenfe  cold.  And  we  are  hap-  Kindline  balls  con Wed  i 

^,7“  ParUrLPePyS’  ^  35  f00“  36  30  CharCMl’'8nd  CW,  the  two  fij*  reduced* 

^  powder. 
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Fuel, 

Fulling 


powder,  well  mixed  and  kneaded  together,  with  the 

.  n  1  *.i  _ , _  _  J  «-V>  nn  intr>  HhIIq 


clay  moiftened  with  water,  and  then  formed  into  balls 
'  of  the  fize  of  hens  eggs,  and  thoroughly  dried,  might 
be  ufed  with  great  advantage  inftead  of  wood  for  kin- 
dling  fires.  Thefe  kindling  balls  may  be  made  fo  in¬ 
flammable  as  to  take  fire  in  an  inftant  and  with  the 
f mailed  fpark,  by  dipping  them  in  a  ftrong  folution  of 
nitre  and  then  drying  them  again  ;  and  they  would  nei¬ 
ther  be  expenfive  nor  liable  to  be  fpoiled  by  long  keep¬ 
ing.  Perhaps  a  quantity  of  pure  charcoal,  reduced  to 
a  very  fine  powder,  and  mixed  with  the  folution  of  nitre 
in  which  they  are  dipped,  would  render  them  ftill  more 

inflammable.  t  . 

The  Count  thinks  that  the  fires  which  are  made  in 
the  open  chimneys  of  elegant  apartments  might  be 
greatly  improved  by  preparing  the  fuel;  for  nothing 
(fays  he)  was  ever  more  dirty,  inelegant,  and  difgufting 
than  a  common  coal  fire. 

Fire  balls,  of  the  fize  of  goofe  eggs,  #  compofed  of 
coal  and  charcoal  in  powder,  mixed  up  with  a  due  pro¬ 
portion  of  wet  clay,  and  well  dried,  would  make  a  much 
more  cleanly,  and  in  all  refpeas  a  pleafanter  fire  than 
can  be  made  with  crude  coals  ;  and,  he  believes,  would 
not  be  more  expenfive  fuel.  In  Flanders,  and  in  feveral 
parts  of  Germany,  and  particularly  in  the  duchies  of 
Juliers  and  Bergen,  where  coals  are  ufed  as  fuel,  the 
coals  are  always  prepared  before  they  are  ufed,  by 

.  •  1  1 _ _ _  J  .  .r « M  A.  4-h  n  ofif  n 


tions,  which  are  not  unimportant,  will  be  intelligible  to 
every  reader  who  lias  perufed  that  article  in  this  dup» 
plement . 

The  afperities  with  which  the  furface  of  wool  is  every 
where  furrounded,  and  the  difpofition  which  it  has  to 
a  (fume  a  ptogrefiive  motion  towards  the  root,  render 
the  fpinning  of  wool,  and  making  it  into  cloth,  diffi¬ 
cult  operations.  In  order  to  fpin  wool,  and  afterwards 
to  weave  it,  we  are  obliged  to  cover  its  fibres  with  a 
coating  of  oil,  which,  filling  the  cavities,  renders  the 
afperities  lefs  fenfible;  in  the  fame  way  as  oil,  when  rub¬ 
bed  over  the  furface  of  a  very  fine  file,  renders  it  ftill 
lefs  rough.  When  the  piece  of  cloth  is  finifhed,  it  mud 
be  cleanfed  from  this  oil ;  which,  befides  giving  it  a 
difagreeahle  fmell,  would  caufe  it  to  foil  whatever  it 
came  in  conta&  with,  and  would  prevent  its  taking  the 
colour  which  is  intended  to  be  given  to  it  by  the  dyer. 
To  deprive  it  of  the  oil,  it  is  carried  to  the  fulling-mill,, 
where  it  is  beat  with  hammers  in  a  trough  full  of  wa-. 
ter,  in  which  fome  clay  has  been  mixed  ;  the  clay  com* 
bines  with  the  oil,  which  it  feparates  from  the  cloth,  and 
both  together  are  wafhed  away  by  the  frefti  water  which 
is  brought  to  it  by  the  machine  ;  thus,  after  a  certain 
time,  the  oil  is  entirely  wafhed  out  of  the  cloth. 

But  the  fcouring  ofithe  cloth  is  not  the  only  objeft 
in  fulling  it ;  the  alternate  preffure  given  by  the  mallets 
to  the  piece  of  cloth,  occafions,  efpecially  when  the 


tir 


coals  are  always  prepared  betore  tney  are  uiea,  uy  to  iuc  ^  — v  ■ 

Bounding  them  to  a  powder,  and  mixing  them  up  with  fcouring  is  pretty  far  advanced,  an  effeft  analogous  to 
an  equaf  weight  of  clay,  and  a  fufficient  quantity  of  that  which  reproduced  upon  hats  byjhe^hands  of  the 
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water  to  form  the  whole  into  a  mafs,  which  is  kneaded 
together  and  formed  into  cakes ;  which  cakes  are  after¬ 
wards  well  dried  and  kept  in  a  dry  place  for  ufe.  And 
it  has  been  found,  by  long  experience,  that  the  expence 
attending  this  preparation  is  amply  repaid  by  the  im¬ 
provement  of  the  fuel.  The  coals,  thus  mixed  with 
clay,  not  only  burn  longer,  but  give  much  more  heat 
than  when  they  are  burnt  in  their  crude  flate. 

It  will  doubtlefs  appear  extraordinary  to  thofe  who 
have  not  confidered  the  fubjeft  with  fome  attention, 
that  the  quantity  of  heat  produced  in  the  combuftion 
of  any  given  quantity  of  coals  fhould  be  increased  by 
mixing  the'coals  with  clay,  which  is  certainly  an  incom- 
buftible  body  ;  but  the  phenomenon  may  be  explained 
in  a  fatisfa&ory  manner. 

The  heat  generated  in  the  combuftion  of  any  fmall 
particle  of  coal  exifting  under  two  diftinft  forms,  name¬ 
ly,  iri  that  which  is  combined  with  the  flame  and  fmoke 
which  rife  from  the  fire,  and  which,  if  means  are  not 
found  to  flop  it,  goes  off  immediately  by  the  chimney 
and  is  loft,— and  the  radiant  heat  which  is  fen t  off  from 
the  fire  in  all  direaions  in  right  lines:  — It  is  therefore 
reafonable  to  conclude,  that  the  particles  of  clay,  which 
are  furrounded  on  all  fides  by  the  flame,  arreft  a  part  at 
leaft  of  the  combined  heat,  and  prevent  its  efcapc  ;  and 
this  combined  heat,  fo  arrefted,  heating  the  clay  red  hot, 
is  retained  in  it,  and  being  changed  by  this  operation  to 
radiant  heat,  is  afterwards  emitted,  and  may  be  direded 
and  employed  to  ufeful  purpofes.  In  the  compofition 
Of  fire  balls,  the  Count  thinks  it  probable  that  a  certain 
proportion  of  chaff,  of  ftraw  cut  very  fine,  or  even  of 
faw-duft,  might  be  employed  with  great  advantage. 

FULLING  of  woollen  cloths  (fee  the  method 
of  performing  the  operation  under  the  article  Fulling, 
j EncycL)  depends,  like  Felting,  fo  entirely  upon  the 
ftru&ure  of  wool  and  Fair,  that  the  following  obferva- 


W  II  lvU  /  -  - 

hatter ;  the  fibres  of  wool  which  compofe  one  of  the 
threads,  whether  of  the  warp  or  the  woof,  affume  a  pro- 
greflive  movement,  introduce  themfelves  among  thofe  o i 
the  threads  neareft  to  them,  then  into  thofe  which  fol¬ 
low  ;  and  thus,  by  degrees,  all  tfie  threads,  both  of  the 
warp  and  the  woof,  become  felted  together.  The  cloth, 
after  having,  by  the  above  means,  become  ftiortened  in 
all  its  dimenfions,  partakes  both  of  the  nature  of  cloth 
and  of  that  of  felt ;  it  may  be  cut  without  being  fubjed 
to  ravel,  and,  on  that  account,  we  are  not  obliged  to 
hem  the  edges  of  the  pieces  of  which  clothes  are  made. 
Laftly,  As  the  threads  of  the  warp  and  thofe  of  the 
woof  are  no  longer  fo  diftin£t  and  feparated  from  each 
other,  the  cloth,  which  has  acquired  a  greater  degree 
of  thicknefs,  forms  a  warmer  clothing.  Knit  worfted 


alfo  is,  by  fulling,  rendered  lefs  apt  to  run,  in  cafe  a 


- J  O'  t 

ftitch  fhould  drop  in  it. 

FULMINATING  Gold.  1  See  Chemistry,  SuppL 
Fulminating  Silver.  j  nos  S49  and  850. 

Mr  Berthollet,  the  inventor  of  fulminating  filver,  ha¬ 
ving  contented  himfelf  with  a  general  and  concife  de- 
feription  of  this  fubjeft,  many  pra&ical  chenufts  have 
failed  in  their  attempts  to  prepare  it;  and  others,  form¬ 
ing  their  opinions  from  the  fpecimens  which  they  had 
made,  have  been  expofed  to  great  danger ;  as  will  appear 
from  the  following  relation  : 

An  ounce  of  fine  filver  was  diffolved  in  the  courfe  or 
eight  hours  in  an  ounce  of  pure  nitrous  acid,  of  the 
London  Pharmacopoeia,  diluted  previoufly  with  three 
ounces  of  diftilled  water  in  a  glafs  matrafs.  The  folu¬ 
tion  being  poured  off,  the  refiduary  black  powder  ana 
the  matrafs  were  wafhed  with  feven  or  eight  ounces  of 
warm  diftilled  water,  and  this  was  added  to  the  folution. 
The  black  powder,  being  gold,  was  reje&ed;  fome 
gold  being  thus  feparable  from  any  filver  of  commerce. 

To  the  foregoing  diluted  folution,  pure  lime-water 

prepared 
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Ins.  prepared  with  diddled  water  was  added  gradually  ;  for 
the  folution  ought  not  to  be  poured  into  the  lime-wa- 
“ ^ter.  When  about  thirty  pints  of  lime-water  had  been 
expended,  and  the  precipitate  had  fnbiided,  more  lime- 
water  was  added,  by  fuceeflive  pints,  as  long  as  it.eau- 
fed  any  precipitation.  For  it  was  deemed  fitter  that 
the  precipitation  fhould  not  be  pc-rfedicd,  than  that  an 
exeefs  of  lime-water  fhould  be  ufed  ;  the  e?.rthy  pelliek 
of  the  exeefiive  lime-water  being  apt  to  mix  with  the 
precipitate.  The  clear  liquor  being  poured  away,  the 
precipitate  was  poured  off,  and  wafhed  into  a  filter. 

When  the  faline  liquor  had  drained  from  it,  two 
ounees  of  diflil led  water  were  poured  on  the  magma ; 
and  when  this  water  had  paffed,  frefn  portions  were  fue- 
cefllvely  added  and  pafied,  until  the  whole  quantity  of 
water  thus  expended  in  wafhing  away  the  nitrous  cal¬ 
careous  fait  amounted  to  a  quart. 

The  filter  being  then  unfolded,  to  let  the  magma  of 
oxyd  of  filver  fpread  on  the  flattened  paper,  it  was  pla¬ 
ced  on  a  chalk-done  to  accelerate  the  exficeation,  and 
wa-s  gradually  'dried  in  the  open  air  ;  a  cap  of  paper  be¬ 
ing  placed  loofely  over  it  to  exelude  the  dull. 

When  the  weather  ferved,  the  cap  was  removed,  to 
expofe  the  oxyd  to  the  rays  of  the  fun  ;  although  this 
was  not  deemed  neeeflary  ;  and  exficeation  was  promo¬ 
ted  by  cutting  the  oxyd  into  thin  fliees.  When  per¬ 
fectly  dry  it  weighed  1  oz.  4  dwts.  and  about  one-fifth 
of  it  was  eonfidered  as  oxygen. 

When  aqua  ammonite  p uras  of  any  pharmacopoeia  is 
ufed  with  this  oxyd,  either  in  thedmall  quantity  which 
blaekens  it  completely,  or  in  a  greater  quantity,  the 
black  matter  which  fublides,  and  which  has  been  repre¬ 
sented  by  fyflematic  writers  as  the  fulminating  com¬ 
pound,  has  no  fueli  property,  any  farther  than  may  be 
owing  to  the  matter  depofited  from  the  alkaline  folution 
during  the  exiieeation. 

The  alkaline  liquor  containing  the  fulminating  filver 
ought  to  be  poured  off  from  the  infoluble  powder,  and 
expofed  in  a  fhallow  veffel  to  the  air.  In  eonfequenee 
of  the  exhalation,  black  fhining  eryftals  form  on  the 
furfaee  only,  and  foon  join  to  form  a  pellicle.  As  this 
pellicle  adheres  a  little  to  the  Tides  of  the  veffel,  or 
maintains  its  figure,  the  liquor  may  be  poured  off  by  a 
gentle  inclination  of  the  veffel. 

This  liquor  will  yield  another  pellicle  in  the  fame 
way  ;  but  the  third  or  fourth  pelliele  will  be  paler  than 
the  former,  and  weaker  in  the  explofion.  The  fiifl 
pellieles,  when  (lowly  dried,  explode  by  the  toueli  of  a 
feather,  or  by  their  being  heated  to  about  9 6°. 

The  quantity  of  water  in  the  ordinary  aqua  ammo¬ 
nia  pime  renders  it  lefs  a&ive  in  the  folution  of  the 
oxyd,  and  is  an  impediment  to  the  fpeedy  formation 
and  feparation  of  the  fulminating  filver ;  and  an  experi¬ 
menter  who  has  often  ufed  twenty  grains  of  the  oxyd 
to  produee  fuceeflive  pellicles  of  fulminating  fdver, 
which  may  be  feparately  exploded  with  fafety,  and  who 
has  perceived  that  the  pelLcles  never  explode  whilft  wet, 
if  theyjie  not  heated,  would,  in  all  probability,  refolve 
on  the  following  improvement,  and  expofe  himfelf  to  the 
unforefeen  danger  of  it. 

Diflilled  water  was  impregnated  with  as  much  pure 
ammoniae  as  it  eould  eafily  retain  under  the  ordinary- 
temperature  of  the  air.  A  quantity  of  this  ftrong  am- 
raoniaeal  liquor,  equal  in  bulk  to  a  quarter  of  an  ounce 
of  water,  was  placed  in  a  fmall  bottle,  and  24  grains  °f 


the  oxyd  of  filver,  ground  to  fine  powder,  were  added. 
The  bottle,  being  almofl  filled,  was  eorked,  to  prevent 
the  formation  of  that  film  which  ufually  appeared  in 
eonfequenee  of  the  exhalation  of  the  ammoniae  in  other 
experiments. 

During  the  folution  of  the  oxyd,  bubbles  of  the  ga- 
feous  kind  arofe  from  it,  and  the  folution  acquired  a 
blue  eolour.  As  no  film  appeared,  the  bottle  was  agi¬ 
tated  three  or  four  times  in  thecourfe  of  as  many  hours, 
in  order  to  promote  the  folution  of  a  fmall  quantity  of 
blaekened  oxyd  which  remained  at  the  bottom.  The 
experimenter  eonfidering  this  as  an  ample  provifiort  for 
twenty  different  charges,  to  be  exploded  in  different 
eireumflanees,  in  the  prefenee  of  the  fociety,  intended 
to  pour  off  the  folution  into  as  many  fmall  vefiels,  and 
to  weigh  the  refiduary  blaek  powder,  after  allowing  two 
hours  more  for  the  folution. 

O11  the  fixth  hour  he  took  his  ufual  precaution  of 
wearing  fpedtaeles ;  and  obferving  that  a  fmall  quantity 
of  black  powder  flill  remained  undiffolved,  and  that  no 
film  was  yet  formed  at  the  furfaee,  he  took  the  bottle 
by  the  neck  to  fhake  it;  knowing  that  it  might  explode 
by  the  heat  of  his  hand,  if  he  were  to  grafp  it,  and  that 
the  explofion  in  this  circumiiance  might  wound  him 
dangeroufly. 

I11  the  inflant  of  (baking,  it  exploded  with  a  report 
that  flunned  him.  The  bottle  was  blown  into  frag¬ 
ments  fo  fmall  as  to  appear  like  glafa  coarfely  powder¬ 
ed.  The  hand  which  held  it  was  imprefled  as  by  the 
blow  of  a  great  hammer,  and  loft  the  fenfe  of  feeling 
for  fome  feeonds  j  and  about  52  fmall  grains  of  glals 
were  lodged,  many  of  them  deeply,  in  the  fkin  of  the 
palm  and  fingers.  The  liquor  ltained  his  whole  drefs, 
and  every  part  of  the  fkin  that  it  touched.  Thus  it 
appeared  that  fulminating  filver  may  be  made  which 
will  explode  even  when  eold  and  wet,  by  the  mere  di- 
fturbance  of  the  arrangement  of  its  parts,  in  the  aqueous 
fluid. 

In  fubfequent  experiments,  privately  and  earefully 
condudled,  it  feemed  that  the  property  of  exploding  in 
the  cold  liquor,  by  mere  commotion,  depended  on  the 
unufual  quantity  or  proximity  of  the  explofive  molecules 
in  a  given  bulk  of  the  liquor.  And  the  flat  bottoms, 
as  well  as  the  Tides,  of  the  tliiek  vefiels  of  glafs  or  pot- 
ters-ware,  whether  they  flood  on  boards  or  iron  plates, 
were  always  beaten  to  fmall  fragments. 

This  afforded  a  curious  inflanee  of  the  poffible  equi¬ 
librium  between  the  powers  tending  to  retain  the  ca¬ 
loric  and  thofe  which  efledl  the  expuliion  of  it ;  and 
experiments  and  confiderations  of  this  kind  feemed  to 
promife  a  true  folution  of  the  phenomena  of  Rupert’s 
drops. 

FUNCTION,  a  term  ufed  in  analyties  for  an  alge¬ 
braical  exprefiion  any  how  compounded  of  a  certain 
letter  or  quantity  with  other  quantities  or  numbers  ( 
and  the  exprefiion  is  faid  to  be  a  fundlion  of  that  letter 
or  quantity.  Thus  a  —  4*,  or  ax  +  3#*, 
or  2aj  —  a  ■v/ITZ  *2,  or  xc ,  or  cx,  is  eaeh  of  them  a 
fun&ion  of  the  quantity  x* 

FURD-y-Huckeecut,  in  Bengal,  fignifies  a  paper 
of  defeription. 

FuRn-y  Scnval,  paper  of  requefl. 

FUST,  in  architecture,  the  fhaft  of  a  column,  or  the 
part  comprehended  between  the  bafe  and  the  capital, 
called  alio  the  naked. 

4  0j* 
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Gaguedi.  OAGUEDI,  a  tree  peculiar  to  Lamalmon,  in  Abyf- 
^  finia,  is  thus  defcribed  by  Mr  Bruce.  The  leaves  are 
long,  and  broader  as  they  approach  the  end.  The 
point  is  obtufe  ;  they  are  of  a  dead  green,  not  unlike  the 
willow,  and  placed  alternately  one  above  the  other  on 
the  ftalk.  T.  he  calix  is  compofed  of  many  broad  fcales 
lying  one  above  the  other,  which  operates  by  the  pref- 
fure  upon  one  another,  and  keeps  the  calix  ihut  before 
the  flower  arrives  at  perfc&ion.  The  flower  is  mono, 
petolous,  or  made  of  one  leaf ;  it  is  divided  at  the  top 
into  four  fegment9 ;  where  thefe  end,  it  is  covered  with 
a  tuft  of  down,  refembling  hair,  and  this  is  the  cafe  at 
the  top  alfo.  When  the  flower  is  young  and  unripe, 
they  are  laid  regularly  fo  as  to  inclofe  one  another  in  a 
circle.  .  As  they  grow  old  and  expand,  they  feem  to 
Jofe  their  regular  form,  and  become  more  confufed,  till 


at  laft,  when  arrived  at  its  full  perfe&ion,  they  range  Gl_ 
themfelves  parallel  to  the  lips  of  the  calix,  and  perpen.  — E  , 
dicular  to  the  ftamina,  in  the  fame  order  as  a  ,ofe. 

1  he  common  receptacle  of  the  flower  is  oblong,  and 
very  capacious,  of  a  yellow  colour,  and  covered  with 
mall  leaves  like  hair.  The  ftile  is  plain,  Ample,  and 
upright,  and  covered  at  the  bottom  with  a  tuft  of 

down,  and  is  below  the  common  receptacle  of  the 
flower. 

Our  author  fays  that  he  has  obferved,  in  the  middle 
°  a  ve7  hot  day,  that  the  flowers  unbend  themfelves 
more,  the  calix  feems  to  expand,  and  the  whole  flower 
to  turn  itfelf  towards  the  fun  in  the  fame  manner  as 
does  the  fun-flower.  When  the  branch  is  cut,  the 
iiower  dries  as  it  were  inftantaneoufly,  fo  that  it  feems 
to  contain  very  little  humidity. 
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improperly 
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Object  of 
this  article 


/^ALVANISM,  is  the  name  now  commonly  given 
to  the  influence  difeovered  nearly  eight  years  ago 
by  the  celebrated  Galvani,  profefTor  of  anatomy  at  Bo¬ 
logna,  and  which,  by  him  and  fome  other  authors,  has 
been  called  animal  ekariciiy.  We  prefer  the  former 
name,  becaufe  we  think  it  by  no  means  proved,  that 
the  phenomena  difeovered  by  Galvani  depend  either  up¬ 
on  the  ele&ric  fluid,  or  upon  any  law  of  animal  life. 
While  that  is  the  cafe,  it  is  furely  better  to  diftinguifh 
a  new  branch  of  fcience  by  the  name  of  the  inventor, 
than  to  give  it  an  appellation  which  probably  may,  and, 
in  our  opinion,  certainly  does,  lead  to  an  erroneous  theory. 

.M.  Galvani  was  engaged  in  a  fet  of  experiments,  the 
obje&  of  which  was  to  demonftrate,  if  poflible,  the  de¬ 
pendence  of  mufcular  motion  upon  ele&ricity.  In  the 
courfe  of  this  inveftigation,  he  had  met  with  feveral  new 
and  ftriking  appearances  which  were  certainly  ele&rical; 
foon  after  which,  a  fortunate  accident  led  to  the  difeo- 
very  of  the  phenomena  which  conftitute  the  chief  fubjedl 
of  this  article.  The  ftrong  refemblance  which  thefe 
bore  to  the  ele&ncal  faffs  which  he  had  before  obfer¬ 
ved,  led  almoft  irrefiflibly  to  the  conclufion  that  they 
all  depended  upon  the  fame  caufe.  This  opinion  he 
immediately  adopted  ;  and  his  fubfequent  experiments 
and  reafonings  were  naturally  dire&cd  to  fupport  it. 
The  fplendor  of  his  difcovery  dazzled  the  imaginations 
of  thofe  who  profccuted  the  enquiry;  and  for  fome  time 
his  theory,  in  fo  far  at  lead  as  it  attributed  the  whole 
to  the  agency  of  the  ele&ric  fluid,  was  fan&ioned  by 
univerfal  approbation.  Of  late,  however,  this  opinion 
has  rather  loft  ground  ;  and  there  are  now  many  philo- 
fophers  who  confider  the  phenomena  as  totally  uncon- 
ne&ed  with  ele&ricity. 

We  propofe,  in  th cjirjl  place,  to  enumerate  the  chief 
faffs  which  have  been  afcertained  on  the  fubje&  ;  we 
ftiall  then  enquire,  whether  or  not  the  caufe  of  the  ap¬ 
pearances  be  the  ele&ric  fluid;  and,  thirdly,  we  fhall 
examine  how  far  it  has  been  proved,  that  this  caufe  is 
neceffarily  conne&ed  with  animal  life. 

Whilft  Galvani  wa3  one  day  employed  in  difle&ing  a 
frog,  in  a  room  where  fome  of  his  friends  were  amu- 
fing  themfelves  with  ele&rical  experiments,  one  of  them 
iiaving  happened  to  draw  a  fpark  from  the  condu&or 
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at  the  fame  t.me  that  the  profeflbr  touched  one  of  the 
nerves  of  the  animal,  its  whole  body  was  inftantly  fhaf 
ken  by  a  violent  convulflon.  Aftonifhcd  at  the  pheno¬ 
menon,  ana  at  firft  imagining  that  it  might  be  owing 
to  his  having  wounded  the  nerve,  he  pricked  it  with 
the  point  of  his  knife,  to  aflure  hinif&f  whether  or  not 
this  was  the  cafe,  but  no  motion  of  the  frog's  body  was 
produced.  He  now  touched  the  nerve  with  the  inftru- 
ment  as  at  firft,  and  dire&ed  a  fpark  to  be  taken  at  the 
lame  time  from  the  machine,  on  which  the  contractions 
were  renewed.  Upon  a  third  trial,  the  animal  remain- 
u  ™otl°nlefs  5.but  obferving  that  he  held  his  knife  by 
the  handle,  which  was  made  of  ivory,  he  changed  it  for  a 
metallic  one,  and  immediately  the  movements  took  pkee, 
which  never  was  thecafe  when  he  ufed  an  ele&ric  fubftance. 

After  having  made  a  gieat  many  fimilar 'experiments 
with  the  ele&rical  machine,  he  refolved  to  profecute 
the  iubje&  with  atmofpheric  ele&ricity.  With  this 
view  he  raffed  a  condu&or  on  the  roof  of  his  houie, 
from  which  he  brought  an  iron  wire  into  his  room.  To 
this  he  attached  metal  conductors,  conne&ed  with  the 
nerves  of  the  animals  deftined  to  be  the  fubje&s  of  his. 
experiments  ;  and  to  their  legs  he  fattened  wires  which 
reached  the  floor.  Thefe  experiments  were  not  confi¬ 
ned  to  frogs  alone.  Different  animals,  both  of  cold  and 
warm  blood,  were  fubje&ed  to  them  ;  and  in  all  of  them 
conflderable  movements  were  excited  whenever  it  liHit- 
ned.  Thefe  preceded  thunder,  and  correfponded  with 
its  intenfity  and  repetition  ;  and  even  when  no  light- 
ning  appeared,  the  movements  took  place  when  any 
ftormy  cloud  pafledover  the  apparatus.  That  all  thefe 
appearances  were  produced  by  the  ele&ric  fluid,  was 
obvious. 

.  Having  foon  after  this  fufpended  fome  frogs  from  the 
iron  palifades  which  furrounded  his  garden,  by  means 
of  metallic  hooks  fixed  in  the  fpines  of  their  backs,  he 
obferved  that  their  mufcles  contra&ed  frequently  and 
involuntarily  as  if  from  a  (hock  of  ele&ricity,  Not 
doubting  that  the  contra&ions  depended  on  the  ele&ric 
fluid,  he  at  firft  fufpe&ed  that  they  were  connefted 
with  changes  in  the  ftate  of  the  atmofphere.  He  foon 
found,  however,  that  this  was  not  the  cafe  ;  and  having 
varied,  in  many  different  ways,  the  circumftances  in 
1  which 
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which  the  frogs  were  placed,  he  at  length  difcovered 
that  he  could  produce  the  movements  at  pleafure  by 
touching  the  animals  with  two  different  metals,  which, 
at  the  fame  time,  touched  one  another  either  immediate¬ 
ly  or  by  the  intervention  of  fome  other  fubftance  capa¬ 
ble  of  conducing  electricity. 

All  the  experiments  that  have  yet  been  made  may 
be  reduced  to  the  following,  which  will  give  the  other- 
wife  uninformed  reader  a  precife  notion  of  the  fubjeCt. 

Lay  bare  about  an  inch  of  a  great  nerve,  leading  to 
any  limb  or  mufcle.  Let  that  end  of  the  bared  part 
which  is  fartheft  from  the  limb  be  in  clofe  contact  with 
a  bit  of  zinc.  Touch  the  zinc  with  a  bit  of  filver, 
while  another  part  of  the  filver  touches,  either  the 
naked  nerve,  if  not  dry,  or,  whether  it  be  dry  or  not, 
the  limb  or  mufcle  to  which  it  leads.  Violent  con¬ 
tractions  are  produced  in  the  limb  or  mufcle,  but  not 
in  any  mufcle  on  the  other  fide  of  the  zinc. 

Or,  touch  the  bared  nerve  with  a  piece  of  zinc,  and 
touch,  with  a  piece  of  filver,  either  the  bared  nerve,  or 
the  limb  ;  no  convulfion  is  obferved,  till  the  zinc  and 
filver  are  alfo  made  to  touch  each  other. 

Ha  iga-  A  faCt  fo  new,  illuftrated  by  many  experiments  and 
much  ingenious  reafoning,  which  Profeffor  Galvani 
r  Klu  foon  publiftied,  could  not  fail  to  attraCl  the  attention  of 
phyfiologifts  all  over  Europe  ;  and  the  refult  of  a  vaft 
number  of  experiments,  equally  cruel  and  furprifing, 
has  been  from  time  to  time  laid  before  the  public  by 
Valli,  Fowler,  Monro,  Volta,  Humbolt,  and  others 

Frogs,  unhappily  for  themfelves,  have  been  found  the 
moft  convenient  fubje&s  for  thefe  experiments,  as  they 
retain  their  mufcular  irritability  and  fufceptibility  of  the 
galvanic  influence  very  long.  Many  hours  after  they 
have  been  decapitated,  or  have  had  their  brain  and 
fpinal  marrow  deltroyed,  flrong  convulfions  can  be  pro¬ 
duced  in  theru  by  the  application  of  the  metals.  A 
leg  feparated  from  the  body  will  often  continue  capa¬ 
ble  of  excitement  for  feveral  days.  Nay,  very  diftindt 
movements  have  been  produced  in  frogs  pretty  far  ad¬ 
vanced  in  the  procefs  of  putrefadlion.  Different  kinds 
of  fifhes,  and  many  other  animals  both  of  cold  and 
warm  blood,  have  been  fubjedted  to  fimilar  experiments, 
and  have  exhibited  the  fame  phenomena  ;  but  the  warm 
blooded  animals  lofe  their  fufceptibility  of  galvanifm,  as 
of  every  other  ftimulus,  very  foon  after  death. 

Tf  ietak  Almoft  any  two  metals  will  produce  the  movements; 
but,  it  is  believed,  the  moft  powerful  are  the  following, 
in  the  order  in  which  they  are  here  placed  :  i.  Zinc  ; 
2 .  Tin  ;  3.  Lead;  in  conjunction  with,  1.  Gold  ;  2.  Sil¬ 
ver  ;  3.  Molybdena ;  4.  Steel;  5.  Copper.  Upon  this 
point,  however,  authors  are  not  perfectly  agreed. 

The  procefs  by  which  thefe  Angular  phenomena  are 
produced,  confifts  in  effecting,  by  the  ufe  of  the  exci¬ 
ting  apparatus,  a  mutual  communication  between  any 
two  points  of  contact,  more  or  lefs  diftant  from  one 
another,  in  a  fyilem  of  nervous  and  mufcular  organs. 
The  fphere  of  this  mutual  communication  may  be  re- 
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garded  as  a  complete  circle,  divided  into  two  parts.  6 
That  part  of  it  which  confifts  of  the  organs  of  ^excitatory 
animal  under  the  experiment,  has  been  called  the  tf«*-arCs. 
mal  arc;  that  which  is  formed  by  the  galvanic  inftru-  . 
ments  has  been  called  the  excitatory  arc .  The  latter 
ufually  confifts  of  more  pieces  than  one  ;  of  which  fome 
are  named  Jlays,  braces ,  &c.  others  communicators ,  from 
their  refpedtive  nfes.  7_ 

A  very  numerous  train  of  experiments  on  galvanifm  Expert • 
has  been  made  by  a  committee  of  the  Phyfical  and  NIa- 
thematical  Clafs  of  the  National  Inftitute  of  France  ;  infUtutc. 
and  as  their  report  comprehends  a  vaft  number  of  the 
moft  important  fadts  which  are  yet  known  on  the  fub- 
jedt,  we  fhall  prefent  our  readers  with  the  fubftance  of 
it  (a). 

The  immenfe  mafs  of  matter  which  refulted  from  the 
experiments  of  the  committee,  is,  in  their  report,  pre- 
fented,  not  in  the  order  in  which  the  experiments  were 
made,  but  in  a  fort  of  claffification,  by  means  of  which 
a  more  diftindf  knowledge  cf  the  fubjedl  is  obtained  at 
one  view.  The  fadb  are  arranged  under  thefe  fix  heads. 
jjl,  Refults  of  the  different  combinations  and  difpofi- 
tions  of  the  parts  of  the  animal  arc .  2 cl,  Account  of 

what  has  been  obferved  of  the  nature  and  the  different 
difpofitions  of  the  excitatory  arc .  3 cl,  Circumftances  not 
entering  into  the  compofition  of  the  galvanic  circle, 
which,  neverthelefs,  by  their  influence,,  modify,  alter, 
or  entirely  prevent  the  fuccefs  of  the  experiments.  4 tb, 

Means  propofed  for  varying,  diminifhing,  or  reftoring- 
the  fenlibility  to  galvanifm.  5th,  Attempts  to  compare 
the  phenomena  of  galvanifm  with  thofe  of  electricity. 

6th,  Additional  experiments,  performed  by  M.  Hum¬ 
boldt,  in  the  prefeuce  of  the  members  of  the  committee; 
which  have  a  reference  to  feveral  of  the  proofs  flated  in 
the  foregoing  articles.  g 

1.  To  the  number  of  twenty  experiments  were  made0n  fhe  an£ 
on  the  animal  arc .  The  firft  feven  of  thefe  were  di-  mal  arc. 
redled  to  afcertain  the  relations  between  the  nerves  and 

thofe  mufcies  over  which  they  are  diftributed.  In  the 
laft  thirteen,  the  nerves  were  cut  afunder,  or  fubje&ed 
to  ligatures  ;  the  fe&ion  or  ligature  being  always  be¬ 
tween  the  extremities  of  the  arc.  Nerves  taken  from 
different  animals,  or  from  different  parts  of  the  fame 
animal,  and  joined  in  one  and  the  fame  arc,  were  among 
the  particular  fubjedts  of  thefe  experiments ;  as  were 
alfo  the  folitary  nerve,  and  the  folitary  mufcle,  included 
between  the  extremities  of  the  excitatory  arc .  There 
were  interpofed,  too,  in  the  courfe  of  thefe  experiments, 
portions  of  nerves,  and  of  mufcies,  diftindt  from  thofe 
parts.  And,  in  fome  of  the  experiments,  the  animal 
was  without  the  Ikin  and  the  epidermis. 

The  following  are  inferences  which  have  been  deduced 
from  thefe  experiments  : 

x.  The  animal  arc  may  confift  either  of  nerves  and  infer<mce& 
mufcies  together,  or  of  nerves  alone,  without  mufcle3. 

(b). 

2.  Nerves  are,  therefore,  the  effential  part  of  the  a- 

nimal 


(a)  The  members  of  the  committee  were,  M.  M.  Coulomb,  Sabbatier,  Pelletan,  Charles,  Fourcroy,  Vauquelin, 
Guyton,  alias  Morveau,  and  Halle.  M.  M.  Venturi,  De  Modene,  and  M.  Humboldt,  affifted  in  the  experiment. 

f  b)  We  are  ftrongly  inclined  to  doubt  the  tiuth  of  this  propofition.  Dr  Fowler  was  at  firft  led  to  think  that 
contradions  could  be  excited  in  a  limb  without  the  metals  having  any  communication  with  it,  except  through 
the  medium  of  the  nerve.  Recolle&ing,  however,  that  a  very  fmall  quantity  of  moifture  ferves  as  a  conduaor 
of  galvanifm,  he  fufpeaed,  and  our  opinion  perfedly  coincides  with  his,  that  in  every  cafe  where  contradions, 
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nimal  a rc  ;  for  the  muffles  are  always  more  or  lefs  in- 
terfe&tj  by  the  nerves;  and  are,  consequently,  in  part, 
a  nervous  organ. 

3.  All  the  paits  of  the  animal  arc  mull  be  either 
mutually  continuous,  or  at  leaft  contiguous  to  one  ano¬ 
ther.  But  even  contiguity  is  fufficient  to  enable  the 
galvanic  phenomena  to  take  place. 

4.  The  fedion  or  ligature  of  a  neive  interrupts  not 
the  galvanic  phenomena,  if  the  parts  which  are  cut  a* 
iunder  or  bound  up  Hill  remain  in  clofe  contiguity  to 
one  another. 

.  5.  No  diverfity  of  the  parts  forming  the  animal  arc, 
though  thefe  be  taken  from  different  parts  of  the  fame 
animal,  or  even  from  different  animals,  will  have  power 
to  impair  its  galvanic  fufceptibility,  provided  only  that 
thefe  parts  be  Hill  mutually  contiguous. 

6.  If  the  integrity  or  galvanic  fufceptibility  of  the 
animal  arc  be  fufpended  by  the  reparation  of  any  of  its 
parts  to  fome  ^iftance  from  one  another, ’  it  *  may  be 
reftored  by  the  interpofition  of  fome  fubftances,  not  of 
an  animal  nature,  between  the  divided  parts.  Metallic 
fubftances  are  in  particular  fit  for  this  life.  But  the 
mutual  contiguity  of  all  the  fubftances  entering  into 
ihe  compofition  ot  the  arc  mull  ever  be  carefully  pre- 
ferved.  Mr  Humboldt  diicovered  that  a  bit  of  frefii 
morelle  ( Helvetia  mitra  Linn .)  will  fupply  the  place  of 
a  part  of  the  nerve. 

7.  The  mufcular  organs  which  indicate,  by  contrac- 
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tion,  the  prefence  of  ihe  galvanic  influence,  are  alwav* 
thofe  in  which  the  nerves  of  a  complete  animal  arc  have 
their  ultimate  termination. 

'From  this  it  follows,  that  the  mufcles  affeded  by 
galvanifm  are  always  thofe  correfponding  to  that  ex¬ 
tremity  of  the  arc  which  is  the  moll  remote  from  the 
origin  of  tlie  ncrves  of  which  it  is  compofed. 

8.  When -all  the  nerves  of  the  animal  arc  originate 
towards  one  of  its  extremities,  then  only  thofe  mufcles 
which  correfpond  with  the  oppofite  extremity  are  fuf- 
ceptible  ofgalvanic  convullions. 

9.  When  an  animal  arc  confifts  of  more  than  one 
fyftem  of  different  nerves,  which  have  all  their  origin 
about  the  middle  of  the  arc,  then  will  the  mufcles  of 
thefe  feveral  fyftems  of  nerves  be  moved  alike  at  both 
the  extremities  of  the  arc. 

jo.  Ttfeems  likewife  to  appear,  from  a  variety  of 
thefe  experiments,  that  the  opinion  of  thofe  is  inadmif- 
fible,  who  afcribe  the  phenomena  of  galvanifm  to  the 
concurrence  of  two  different  and  reciprocally  corre¬ 
fponding  influences,  one  belonging  to  *the  nerve,  the 
other  to  the  mufcle,  and  who  compare  the  relations 
between  the  nerve  and  the  mufcle,  in  thefe  phsenome- 
n*,  to  thofe  between  the  interior  and  the  exterior  coat¬ 
ing  of  the  Leyden  phial. 

1 1.  It  appears,  laflly,  that  the  covering  of  the  epi¬ 
dermis,  in  the  entire  animal  body,  ads  as  an  obftacle 
to  the  decifive  difplay  of  the  effeds  of  galvanifm  ;  and 
_ _  that, 


are  produced  in  a  limb,  without  any  apparent  communication  between  the  metals  and  the  mufcles,  except  through 
the  medium  of  a  nerve,  the  communication  is  in  fad  completed  by  the  moifture  upon  the  furface  of  the  nerve. 
In  this  cafe,  the  animal  arc  may  be  con  fide  red  as  confiding  of  three  pieces,  difpofed  in  the  following  order;  the 
nerve,  the  mufcle,  'and  the* water  adhering  to  the  furface  of  the  nerve.  The  latter,  indeed,  ought  rather  to 
be  confidered  as  a  part  of  the  excitatory  arc.  /  “When  a  nerve  (fays  Dr  Fowler),  which  for  fome  time  has 
been  detached  from  furrounding  parts,  is  either  carefully  wiped  quite  dry  with  a  piece  of  fine  muflin,  or  (left 
this  ftiould  be  thought  to  injure  its  ftrudure)  differed  to  remain  fufpended  till  its  moifture  has  evaoorated, 
no  contradions  can  be  excited  in  the  mufcles,  to  which  it  is  diftributed,  by  touching  it  alone  with  any  two 
metals  in  .contad  with  each  other  ;  but  if  it  be  again  moiflened  with  a  few  drops  of  water,  contradions  in- 
ftantly  take  place.  And,  in  this  way,  by  alternately  drying  and  moiftening  the  nerve,  contiadions  may  at 
pleafure  be  alternately  fufpended  and  renewed  for  a  confiderable  time.  It  may,  indeed,  be  contended,  that  the 
moifturs  fattened,  and  thus  reftored  elasticity  and  free  expanlion  to  the  dried  cellular  membrane  furroundino-  the 
fibres,  of  which  the  trunk  of  a  nerve  is  compofed  ;  and  thus,  by  removing  conftraint,  gave  free  play  to^their 
f  organization. 

“  But  from  obferving,  that  in  every  other  inftance  where  contradions  are  produced  by  the  mutual  contad  of 
the  metals,  a  conduding  fubllance  is  interpofed  between  them  and  the  mufcles  as  well  as  between  them  and 
the  nerve  ;  I  think  it  would  be  unpliilofopliical  not  to  allow,  that,  in  the  inftance  in  queftion,  the  moifture,  ad¬ 
hering  to  the  furface  of  the  nerve,  formed  that  requisite  communication  between  the  metals  and  the  mufcles.” 
We  know  of  no  accurate  experiment  by  which  it  has  ever  been  fhewn,  that  contradions  can  be  produced  in  a 
limb  withouta  communication  being  eftablifhed  between  the  metals  and  nerve,  and  again  between  the  mufcles 
and  the  metals,  either  diredly,  or  through  fome  medium  capable  of  conduding  galvanifm. 

To  remove  the  only  objedion  which  can  be  made  to  Dr  Fowler’s  experiment,  and  of  which  we  have  feen  that  he 
was  himfclf  aware,  namely,  that  the  nerve  while  dry  is  incapable  of  performing  its  fundions,  we  repeated  it  in 
the  following  manner:  A  fmall,  but  vigorous  and  lively,  male  frog  was  decapitated,  and  the  fciatic  nerve  being 
laid  bare  fiom  the  knee  upwards,  was  cut  through  where  it  paffes  out  of  the  pelvis.  Fifteen  minutes  after  the 
.  head  was  cut  off,  the  nerve  having  been  cautioufiy  feparated  from  the  furrounding  parts,  and  coated  with  tinfoil 
in  the  ufual  manner,  a  filver  probe  was  applied  to  it  and  its  coating,  without  any  othei  communication  with  the 
mufcles,  and  ftrong  contradions  took  place  in  the  leg.  The  nerve  was  now  very  carefully  dried  with  a  piece 
of  fine  linen,  and  the  probe  was  applied  frs  before  to  the  tinfoil  and  the  nerve  ;  no  movement  whatever  took 
.  place.  Things  remaining  precifely  in  this  fituation,  one  end  of  the  probe  being  ftill  in  contad  with  the  nerve 
and  its  coating,  the  other  end  was  applied  to  the  mufcles  of  the  thigh,  and  the  leg  immediately  contraded  as 
ftrongly  as  ever.  Upon  moiftening  the  nerve,  the  contradions  were  again  produced  by  applying  the  probe  to 
vthe  nerve  and  tinfoil  alone.  We  find  from  this  experiment,  which  we  have  feveral  times*  repeated  with  the 
utmoft  care,  and  with  the  fame  refult,  that  the  dry  nerve  retained  its  fundions  completely.  This  appears  to  us 
per/edly  decifive  of  the  queftion. 
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,<atj  though  *  from  its  extreme  tenuity,  it  may  not  al¬ 
together  prevent  thefe  effeSs,  yet  it  cannot  but  very 

.  materially  diminiih  them. 

n.  The  Excitatory  Arc  is  ufually  formed  ot  three 
on  different  pieces,  made  of  different  metals.  Of  thefe, 
Clta*  one  muff  be  in  conta&  with  the  nerve  ;  the  other  mult 
rC'  touch  the  mufele  •,  and  the  third  mu  ft  form  the  mean 
of  communication  between  thefe  two.  Tins  arrange¬ 
ment,  though  not  indifpenfably  neceffary,  is  at  lean,  the 
moft  convenient. 

In  refpeift  to  the  excitatory  arc,  the  committee  exa¬ 
mined,  iff,  The  aoplication  of  metallic  fubffances  to 
form  it  :  in  refpeft  to  which  they  endeavoured  to  as¬ 
certain  the  number  and  the  diverfity  of  the  pieces  of 
metal,  of  which  this  arc  may  be  compofed  ;  the  metal¬ 
lic  mixtures  or  alloys  which  are  capable  of  being  em¬ 
ployed  for  this  ufe  ;  the  particular  degree  of  the  fric¬ 
tion  of  one  metal  upon  another,  which  is  favourable  to 
the  exhibition  of  the  phenomena  ;  the  differentiates, 
in  refpea  to  galvanifm,  of  metals  differently  minerali¬ 
zed.  2dly,  The  effe&s  of  the  ufe  of  carbonic  fubftan- 
Ces  in  forming  the  excitatory  arc.  3dly>  ^he  effe<^s 
in  the  fame  formation,  of  bodies,  which  are  either  non- 
condu&ors,  or  elfe  very  imperfed  condudors  of  elec¬ 
tricity,  fuch  as  Jet,  afphaltus,  fulphur,  amber,  fealmg- 
wax,  diamond,  &c.  The  conlequences  of  the 

interpofition  of  water,  and  of  fubffances  moiltened  with 
water,  between  the  different  parts  of  the  excitatory 
arc.  In  forming  their  excitatory  arcs,  too,  they  made 
themfelves  the  chord  of  the  arc  ;  they  introduced  into 
it  animal  fubffances  which  had  loft  their  vitality  ;  they 
rubbed  the  fupporters  with  the  dry  fingers,  fo  as  to 
mark  them  with  nothing  but  the  traces  of  the  perfpi- 
ration  from  the  (kin.  They  made,  like  wife,  fome.  ex¬ 
periments  for  the  purpofe  of  afeertaining  the  relations 
between,  on  the  one  hand,  the  extent  and  magnitude 
of  the  furfaces  of  the  part3  compofing  the  arc,  and  on 
the  other,  the  effeds  produced  by  its  energy.  Irom 


their  experiments  they  have  alio  drawn  fome  inferences 
concerning  the  relative  efficiencies  of  the  feveral  con- 
ftituent  parts  of  the  exciting  arc.  It  is  impofiible  for 
us  here  to  relate  in  detail  all  this  train  of  experiments. 

The  following  corollaries  exprefs  the  fubftance  of  thofe 
general  truths,  which  their  authors  were  led  to  infer 
from  thenp  r  r 

1.  The  excitatory  arc  poffeffes  the  greateff  power  oflnfcrenccj* 
galvanifm,  when  it  is  compofed  of  at  lead  three  diftind 

pieces  ;  each  of  a  peculiar  nature  :  the  metals,  water, 
and  humid  fubffances,  carbonaceous  matters,  and  ani¬ 
mal  fubffances,  dripped  of  the  epidermis,  being  the 
only  materials  out  of  which  thefe  pieces  may  be  for¬ 
med. 

2.  Neverthelefs  the  excitatory  arc  appears  to  be  not 
deftitute  of  exciting  energy,  even  when  it  confifts  but 
of  one  piece  or  of  feveral  pieces,  all  of  one  proper  fub¬ 
ftance  (c).  In  general  it  muff;  be  owned,  identity  of 
nature  in  the  conftituent  pieces,  and  particularly  in  the 
fupports  forming  the  extremities  of  the  arc,  diminifhes, 
in  a  very  fenfible  manner,  its  galvanic  energy. 

3.  The  flighted  difference  of  nature  induced  .upon 
the  parts,  whether  by  any  feeble  alloy,  or  by  fridion 
with  extraneous  fubffances,  is  at  any  time  fufficient  to  •* 
communicate  to  the  excitatory  arc  that  full  power  in  > 
which  the  identity  of  its  compofition  may  have  made 

it  defedive. 

4.  As  the  animal  arc  is  fufccptible  of  being  in  part 
made  up  of  metallic  fubffances,  or  fuch  others  as  are 
adapted  to  enter  into  the  compofition  of  the  excitatory 
arc  ;  fo,  on  the  other  hand,  the  excitatory  arc  admits 
of  being  in  part  formed  of  thofe  fub fiances  which  are 
the  proper  components  of  the  animal  arc. 

5.  The  energies  of  both  the  excitatory  and  the  ani 
mal  arcs  are  alike  fufpended  by  the  reparation  of  their 
component  parts,  or  at  leaft  by  the  reparation  of  thefe 
parts  to  a  certain  diftance. 

6.  Even  the  fmalleft  degree  of  moifture  is  fuffrclcnt 

to 


(c)  We  do  not  think  it  has  ever  been  proved,  that  one  -piece  of  metal,  or  feveral  pieces  of  the  fame  metal, 
are  capable  of  forming  the  excitatory  arc.  It  is  admitted  on  all  hands,  that  the  fl.ghteft  alloy  communicate* 
oalvanic  energy  to  a  piece  of  metal  ; ‘that  is,  renders  it  capable  of  forming  the _  excitatory  arc.  It  is  alfo  • 
known  that  metallic  oxyds  are  much  kfs  perfeft  conductors  of  galvanifm  than  them  correfpondmg  reguh,  to 
make  ufe  of  an  antiquated  expreffion.  It  appears  to  ....  that  in  all  cafes  where  one  metal  appears  to  ad,  more 
especially  where  fridion  with  the  fingers,  or  breathing,  on  a  p.ece  of  metal  formerly  inert,  give  it  galvanic 
powers  -  in  all  tl.efe  cafes,  we  think  it  probable  that  a  flight  degree  of  oxydat.on,  produced  in  fome  part  of  the 
furface  of  the  metal,  gives  it  adivity  by  deftroying  the  homogeneity  of  its  nature.  We  do  not  find  that  this 
c  rcurnftance  has  been  in  general  fufficiently  attended  to.  Dr  Wells  having  d.fcovered  that  charcoal  ads  power- 
Ht  »  an  exciter  when  Applied  along  with  a  metal,  found  that  by  fr.dion  it  alio  can 1  be  rendered  capable  of 
"ft?  f-ntrlv  What  change  is  thus  produced  in  it  we  can  only  conjedure  ;  but  that  it  is  fomething  which  de- 
S  the* identity  of  its  ftrudure,  rendering  it  in  fome  meafure  a  heterogeneous  fubftance,  muft  be  . admitted.  _ 
Candour  forces  us  to  acknowledge,  that  in  one  of  M.  Humboldt’s  experiments,  it  feems  very  difficult  to  point 
out  any  want  of  homogeneity  in  the  exciting  arc.  He  put  into  a  china  cup  fome  mercury  exadly  purified  ; 
he  placed  the  whole  near  a  warm  ftove,  in  order  that  the  entire  mafs  might  affume  an  equal  temperature :  the 
,  ciear  without  the  appearance  of  oxidation,  humidity,  or  dull.  A  thigh  of  a  frog,  prepared  in  fuch 
^manner^hatTcrural  nerve  and^a  bundle  of  mufcular  fibres  of  the  fame  length  hung  down  feparatdy,  was 
fufpended  by  two  filken  threads  above  the  mercury  When  the  nerve  alone  touched  the  furface  of  the  metal, 
no  irritationwas  manifefted ;  but  as  foon  as  the  mufcular  bundle  and  the  nerve  touched  the  mercury  together, 
thev  fell  into  convulfions  fo  brilk,  that  the  1km  was  extended  as  in  an  attack  of  tetanus.  This  is  by  far  the 
moft  decifive  experiment  which  has  been  tried  on  the  fame  fide  of  the  queft.on  ;  but  as  it  mull  be  admitted,  that  - 
in  moft  cafes  two  metal*  are  abfolntely  neceffaiy,  and  that  a  Angle  metal  often  derives  activity  from  c.rcum- 
itances  fo  flight,  that  we  could  not  a  prion  have  expefted  that  they  were  capable  of  producing  any  change  ,  .ve 
feel  ourfelves  comnelled  to  conclude,  that  in  M.  Humboldt’s  experiment  fome  iimilar  very  flight  c.rcumllancc- 
had  efcape  A  unobferved  ;  perhaps  fome  gilding,  or  ornaments  with  metallic  colours,  111  a  ftate  of  oxydatron. . 
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to  join  the  parts  of  the  excitatory  arc,  and  to  deter- 
mine  their  effe&s  upon  the  animal  arc. 

7.  The  influence  of  the  (late  of  the  atmofphere,  and 
of  furrounding  circumftances,  upon  the  fuccefs  of  the 
experiments  of  galvanifm,  is,  confequently,  very  great. 
In  order,  therefore,  to  perform  thefe  experiments  with 
due  accuracy,  the  ftate  of  the  hygrometer,  and  of  o- 
ther  meteorological  inftruments,  muft  be  vigilantly  in- 
fpefted  during  their  progrcfs  ;  and  the  influence  of  the 
perfons  making  the  experiment  upon  the  fphere  within 
which  it  is  made,  mud  likewife  be  carefully  attended 
to. 

8.  The  experiments  which  were  made  to  afcertain 
the  nature  of  the  animal  arc,  together  with  thofe  made 
upon  the  excitatory  arc,  with  a  view  to  the  comparifon 
of  the  effe&s  of  the  flefh  of  animals,  with  or  without 
the  epidermis,  and  of  the  different  effe&s  of  this  epi¬ 
dermis,  when  it  is  wet  and  when  it  is  dry,  appear  to 
fuggeft  to  us,  that  the  epidermis  is  one  of  thofe  fub- 
fiances  which  dimiuifh  or  interrupt  the  efficacy  of  the 
excitatory  arc.  The  epidermis  is,  as  well  as  the  hairs 
and  bridles  of  animal  bodies,  among  the  number  of 
thofe  fubdances  which  deferve  the  appellation  of  idio- 
eh  dries, 

9.  Examine  the  fubdances  which  are  At  for  the  forma¬ 
tion  of  the  excitatory  arc,  andyou  will  find  that  the  great¬ 
er  part  of  thofe  which  have  been  fuccefsfully  put  to  this 
life  are  fubdances  capable  of  a&ing  as  condu&ors  of  the 
tfle&rical  fluid  ;  but  that  the  fubdances  which  interrupt 
the  operation  of  galvanifm  are  generally  fuch  as  are 
well  known  alfo  to  refid  the  tranfmiffion  of  electricity. 

10.  Ladly,  it  appears,  that  the  galvanic  energy  de¬ 
pends,  not  only  upon  the  nature  and  arrangement  of 
the  component  parts  of  the  excitatory  arc,  but  on  their 
extent  too,  and  on  the  magnitudes  of  their  tranfmittine* 
furfaces. 

III.  The  committee  appear  to  have  ufed  no  lefs 
tn  co  r)r  care  and  difeernment  in  experiments  upon  thofe  cir¬ 
cumftances  cumdances  .which,  though  different  from  the  ftrn&ure 
<hffere.it  of  the  galvanic  circle  and  its  two  condituent  arcs,  have, 
however,  a  decifive  influence  upon  the  exhibition  of  the 
phenomena  of  galvanifm*  Some  curious  obfervations 
were  made  on  the  differences  in  the  date  of  the  parts 
•expofed  to  the  galvanic  a&ion.  It  was  afeertained, 
that  frogs  frefh  from  the  ditches  did  by  no  means  ex¬ 
hibit  the  fame  phenomena  as  thofe  which  had  been 
during  Tome  days  pnTerved  in  the  houfe  ;  nor  did  the 
limbs  of  animals,  when  recently  dripped  of  the  fkin, 
prefent  the  fame  appearances  as  after  they  had  been 
fubje&ed  to  a  variety  of  galvanic  experiments;  nor 
were  the  fame  effe&s  to  be  produced  upon  the  parts  of 
animal  bodies  which,  after  a  certain  number  of  trials, 
had  been  left  for  a  while  at  red,  and  then  taken  up  a- 
gain,  as  upon  thofe  which  had  been  fubjedted  to  one 
continued  train  of  experiments.  The  committee  next 
examined  the  variations  in  the  fuccefs  of  the  experi. 
ments  upon  a  drong  lively  frog,  which  may  be  pro¬ 
duced  by  varying  the  mode  in  which  the  communicator 
23  carried  from  the  one  fupporter  to  the  other :  when  the 
communicator  is  brought  into  contadl  with  the  fup¬ 
porter,  or  is  withdrawn  from  a&ual  contadt  with  it  ; 
when  the  communicator  is  brought  (lowly,  or  when  it  is 
brought  rapidly,  into  contadl  with  th z  fupporter ;  the 
efledls  are  nearly  the  fame  :  and  a  fmart  convnlfion  is, 
in  all  thefe  cafes,  produced  at  the  moment  of  the  com- 
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mencement  of  the  mutual  coutaft,  or  of  Its  cefation 
13ut  when  the  frog  is  fatigued,  the  effefts  are  diffe'. 
rent,  lhefe  fucceffive  experiments  likewife  affeft  the 
relults  of  one  another,  by  means  even  of  their  fuccef- 
fion  folely.  And  they  are  alfo  naturally  fubiea  to  be 
influenced  by  the  nature  of  the  media  amidft  which 
they  are  performed  ;  fuch  as  common  air,  water,  an  e- 

u-Tl  atmLofPhere-  The  following  are  the  inferences 
which  have  been  deduced  from  this  clafs  of  theF  exDe- 
riments.  ^ 

1*  In  many  cafes  the  galvanic  energy  is  excited  bvinf  ^ 
exercife,  is  exhaufted  by  continued  motion,  is  reriova^  ^ 
ted  by  reft. 

2.  The  multiplicity  of  the  caufes  by  which  the  ex¬ 
periments  of  galvanifm  are  liable  to  be  influenced  to 
fuccefs  or  failure,  is  fo  great,  that  we  cannot,  as  yet, 
be  too  cautious  in  either  rejefting  or  believing  thefe  ac¬ 
counts  which  we  hear  of  the  fuccefs  of  any  fuch  ex¬ 
periments  ;  unlefs  when  we  are  able  accurately  to  an. 
preciate  all  the  influencing  circumftances. 

3-  This  is  remarkably  confirmed  by  a  fait,  which 
the  committee  have  related  in  their  paper,  and  which 
relpedts  the  continuation  of  the  galvanic  fpafm. 

rhe  communicator  being  fupported  by  the  hand, 
and  re  ting,  feemmgly,  without  change  of  pofition,  (fill 
upon  toe  fame  point  of  contaft,  there  is  known  to  take 
place  a  real  change  in  the  galvanic  conua,  although 
the^ommunicator  have  remained  thus  apparently  mo- 

1  nFr°m-r^‘S’  maf  be  farther  inferred,  that  the  foal, 
leit  po fable  change  in  the  relative  fixations  of  the 
parts  of  the  galvanic  circle  and  the  excitatory  arc,  is 
capable  of  producing  an  effect  upon  the  fufceptible  a- 
mmal,  and  of  occafioning  miftakes  in  regard  to  the  fuc¬ 
cefs  of  the  experiment,  if  the  utmofl  care  be  not  ta¬ 
ken  to  notice  and  eflimate  every  variation  that  can  han- 
pen.  r 

4.  The  truth  of  the  Foregoing  propofition  is  farthei 
confirmed  by  the  experiments  upon  the  manner  in 
which  the  galvanic  movements  are  affeded  by  the  ad¬ 
vancing  or  the  withdrawing  of  the  communicator  For 
thefe  experiments  fully  evince  the  neceflity  for  the  rnoft 
vigilant  obfervation  of  every  movement  in  theprocefs  of 
an  experiment,  not  only  colleftively,  but  in  their  fuc- 
ceffion,  and  at  the  different  periods  of  the  operation. 

5.  It  fhould  feem  that  there  are,  in  the  formation  of 
the  excitatory  arc,  independently  of  its  modes  of  ading 
in  the  galvanic  operations,  certain  enervating,  and  cer¬ 
tain  exciting  difpofitions  ;  of  which  fome  not  only 
augment  or  dimmifh  the  energy  in  the  prefent  inftance, 
but,  befides,  difpofe  the  animal  to  a  greater  or  a  fmaller 
fufeeptibility,  under  fubfequent  experiments. 

6.  In  order  to  accuracy  of  experiment,  and  to  the 
corred  afeertaining  of  theeffeasofan  experiment,  it 
is  of  great  importance  to  know  the  precife' ftate  of  the 
animal,  the  manner  in  which  it  has  been  preferved  and 
fuftained  to  the  prefent  moment,  the  ftate  of  the  at¬ 
mofphere,  particularly  as  it  is  indicated  by  the  hygro- 
meter,  by  the  barometer,  the  thermometer,  and  the  e- 
learometer. 

7.  It  were  to  be  wifhed,  that  in  making  a  ftatement 
of  experiments  of  different  forts,  thefe  fliould  be  ar. 
ranged  in  the  order  of  their  efficacy,  and  that  there 
might  thus  be  formed  a  galvanic  fcale,  which  ffiould 
help  us  to  determine  the  precife  degree  of  the  galvanic 

fufeeptibility 
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fufceptlbillty  of  any  animal  in  this  or  that  particular 
ft  ate  or  pofition,  fhonld  direX  us  in  fubjeXing  every 
fuch  animal  only  to  experiments  fuitable  to  its  particu¬ 
lar  fufceptibility  ;  (hould  enable  us  to  eftimate,  from 
the  efficacy  or  inefficacy  of  our  experiments,  the  galvanic 
value  of  the  circumftances  in  which  we  every  day  find 
onrfelves,  and  (hould  enable  us  to  judge  when  the  fuc- 
cefs  or  mifcarriage  of  an  experiment  can  afford  room 
for  certain  conclufions  abfolutdy  negative  or  affirma¬ 
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IV.  In  their  experiments  upon  the  means  of  varying , 
diminijhingy  and  renewing  the  fufceptibility  of  animal  bo¬ 
dies  to  the  influence  of  galvanifm,  the  committee  exa¬ 
mined,  ill:,  the  influence  of  eleXricity  upon  that  fuf¬ 
ceptibility  ;  2d,  the  effeXs  of  the  mufcular  organs,  and 
of  certain  liquors,  fuch  as  alcohol,  the  oxygenated  mu¬ 
riatic  acid,  the  folutions  of  potafh  and  opium,  upon  the 
galvanic  properties ;  3d,  and  at  the  medical  fchool  of 
Paris  they  made  a  number  of  experiments,  in  order  to 
afeertain  what  new  modifications  the  galvanic  energy 
undergoes  in  various  cafes  of  fuffocation  or  afphyxia. 
Thefe  laft-mentioned  experiments  were  made  upon  hot- 
blooded  animals,  of  which  fome  were  reduced  into  the 
ftate  of  afphyxia  by  fubmerfion,  fome  by  flrangulation, 
fome  by  the  aXion  of  gafes,  while  others  were  killed 
in  vacuo  by  the  difeharge  of  the  eleXric  fpark.  In  that 
fuffocation  which  was  produced  by  fulohurated  hydroge¬ 
nous  gas,  by  carbonic  vapours,  and  by  fubmerfion,  in  which 
the  animal  was  fufpended  by  the  hinder  feet,  the  gal¬ 
vanic  fufceptibility  was  entirely  deftroyed.  The  gal¬ 
vanic  fufceptibility  was  only  fufpended  by  fuffocation 
produced  by  the  pure  carbonic  acid  confined  under 
mercury.  It  was  diminifhed,  but  not  deftroyed,  in 
thofe  cafes  of  fuffocation,  which  were  occafior.ed  by 
fulphuiated  hydrogenous  gas  that  had  loft  a  portion  of 
its  fulphur,  by  gas  ammoniac,  gas  azote,  or  fuch  gafes 
as  had  been  exhaufted  of  their  pure  air  by  refpiration  ; 
and  the  fame  thing  was  found  to  take  place  in  animals 
which  had  perifhed  by  total  fubmerfion.  But  the  gal¬ 
vanic  fufceptibility  furvived  unaltered  in  fuffocations 
brought  bn  by  fubmerfion  in  mercury,  by  pure  hydro¬ 
genous  gas,  by  carbonated  hydrogenous  g3S,  by  oxy¬ 
genated  muriatic  acid,  by  fulphureous  acid  ;  as  alfo 
when  the  fuffocation  was  occafioned  by  ft r angulation, 
by  the  abftraXion  of  the  air  in  the  air-pump,  or  by 
difeharges  from  an  eleXrical  battery.  1  he  refults  of 
the  experiments  at  the  medical  fchool  fuggefted  the 
following  reflexions  : 

1.  Though  it  be  true  that  all  cafes  of  fuffocation  re- 
femble  one  another  in  the  privation  of  refpirable  air, 
and  in  the  fufpeniion  of  the  functions  of  refpiration, 
and  of  the  circulation  of  the  blood  ;  yet,  in  their  other 
circumftances,  they  are  fubjeX  to  great  differences,  a- 
riling  from  diverfity  of  nature  in  the  fubftances  by 
which  they  are  occafioned. 

2.  Of  thefe  caufes,  fome  appear  to  aX  with  a  more 
thorough  efficacy,  penetrating  at  once  all  parts  of  the 
nervous  and  mufcular  fyftems.  Others  again  feem  to 
aX  but  fuperficially,  producing  only  pulmonary  af¬ 
phyxia,  with  its  immediate  effeXs. 
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3.  One  of  the  moft  remarkable  changes  not  confined 
to  the  organs  of  refpiration,  confifts  in  the  alterations 
produced  on  the  galvanic  fufceptibility.  In  that  re- 
fpeX  the  various  cafes  of  afphyxia  differ  greatly  one 
from  another. 

4.  The  ftate  of  the  irritability  of  the  mufcles,  when 
examined  by  means  of  bodies,  the  mechanical  aXion  of 
which  caufes  the  mufcles  to  contraX  bv  irritating  them, 
is  far  from  always  correfponding  to  the  ftate  of  their 
galvanic  fufceptibility. 

5.  Laftly,  the  caufes  of  fuffocation  or  afphyxia,  do 
not  aX  upon  all  parts  of  the  mufcular  fyftem  in  the 
fame  manner  ;  but  the  heart  is  very  often  found  in  a 
ftate  extremely  different  from  that  of  the  other  mufcles. 

V.  The  comparifon  between  the  phenomena  of  galva-  ~  „ 

•  /.  iir  "/» ■  1  „  •  •  *  £  r  1  n  Com  pari- 

nifm  and  thofe  of  electricity  is  perhaps  one  or  the  moltfon 

interefting  objeXs  of  attention  in  the  whole  body  of  a- phenomena 
nimal  phylioiogy.  Is  is  well  known  that  Galvani  was°f  gaiva- 
accidentally  led  to  his  difeovery  by  obferving  the  mo  el 

tions  of  fome  frogs,  at  a  certain  diftance  from  an  elec-  k&vicity/ 
trical  machine  difcharging  fparks.  The  committee  from 
the  inftitute  made,  therefore,  fome  attempts  to  afeer¬ 
tain  the  relations  between  eleXricity  and  galvcmifm. 

Having  firft  paid  due  attention  to  the  fufceptibility  of 
animals  toward  the  influence  of  eleXricity,  they  then 
fought  to  difeover  to  what  precife  degree  animals  di. 
veiled  of  the  natural  covering  of  the  epidermis  were 
liable  to  be  affeXed  by  the  variations  of  the  eleXricai 
fluid  in  the  atmofphere  around  them.  Next,  comparing 
the  fufceptibility  of  eleXricity  with  the  fufceptibility 
of  galvanifm,  they  perceived  that  quantities  of  the  elec¬ 
trical  fluid,  fuch  as  are  ft  ill  capable  of  being  very  accu¬ 
rately  meafured  by  the  eleXrometer,  are,  however,  of¬ 
ten  too  weak  to  aX  upon  a  frog  that  retains  the  moft 
perfeX  fenfibility  to  all  the  energy  of  galvanifm.  The 
membeis  of  the  committee  purpofe  to  profecute  farther 
their  experiments  upon  this  pait  of  the  fubjeX.  ^ 

VI.  The  following  are  the  general  refults  of  the  ex  Rcful  s  of 

periments  made  by  M.  Humboldt  in  the  prefence  of fbme  expe- 
the  committee  :  .  .  # 

1.  There  is  no  truth  in  the  affertion  of  certain  phy-  um  0 
fiologifts,  that  the  experiments  of  galvanifm  fail  when 

tried  upon  the  heart  and  thofe  other  mufcles  of  which 
the  contraXions  depend  not  upon  volition  ;  for  thefe 
organs  have  been  found  to  be  aXually  fubjeX  to  the 
influence  of  galvanifm  (d). 

2.  The  effeXs  of  galvanifm  are  liable  to  be  inter¬ 
rupted  by  the  conftriXion  of  a  nerve,  whenever  both 
the  nerve  and  the  conftriXing  ligature  are  enveloped  in 
the  fidh  of  the  animal  body  (e). 

3.  The  powers  of  the  exciting  arc  may  be  renovat¬ 
ed  or  deftroyed,  even  though  its  fupporters  remain  the 
fame,  and  although  the  extremities  of  the  arc  be  un¬ 
changed.  Only  the  relations  of  the  intermediate  mat¬ 
ters  require  to  be  altered. 

4.  There  are  atroofpheres  of  galvanifm. 

5.  There  are  fubftances  which,  though  in  an  emi¬ 
nent  manner  conduXors  of  eleXricity,  yet  interrupt  the 
motions  of  galvanifm. 

M.  Humboldt  had  performed  alfo  other  experiments, 

4  R  which, 


(d)  This  was  demonftrated  fix  years  ago  by  Dr  Fowler. 

(e)  Dr  Valli  made  this  cbfervation  foon  after  the  difeovery  of  galvanifm. 
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which,  when  lie  attempted  to  repeat  them  before  the 
committee,  could  not  be  brought  to  fucceed,  On  ac¬ 
count,  as  was  fuppofed,  of  the  feafon  of  the  year. 

Such  are  the  principal  refults  of  this  valuable 
train  of  experiments  upon  galvanifm.  From  them,  our 
readers  will  perceive  that  this  interefting  fubjed  is  dill 
very  imperfcdly  underflood,  and  will  form  fome  idea 
of  the  importance  of  the  difcoveries  which  a  diligent 
profecution  of  it  promifes  to  the  philofopher  and  the 
phyfician. 

The  effects  of  galvanifm  upon  fome  of  the  organs  of 
galvanifhi  fen^e  are  no  ^c*s  ftriking  than  thofe  which  we  have  feen 
Upon  fome  capable  of  producing  upon  the  mufcles. 
of  the  or-  If  the  upper  and  under  furfaces  of  the  tongue  be 
gans  of  coated  with  two  different  metals,  and  thefe  be  brought 
into  contact  with  each  other,  a  peculiar  fenfation,  re- 
fembling  tafte,  is  produced  in  the  tongue  the  moment 
that  the  metals  touch  each  other.  With  the  greater 
number  of  metals  this  fenfation  is  fcarcely  perceptible  ; 
but  with  zinc  and  gold,  zinc  and  filver,  or  zinc  and 
molybdena,  it  is  very  flrong  and  difagreeable.  Dr 
Fowler  thinks  it  is  ftrongeft  with  zinc  and  gold  ;  to  us 
it  appears  a  good  deal  ftronger  with  zinc  and  filver.  It 
is  fenfibly  ftronger  when  the  zinc  is  applied  to  the  up¬ 
per,  and  the  filver  to  the  under  furface  of  the  tongue, 
than  when  this  order  is  inverted.  The  fenfation  is  moft 
diftind  when  the  tongue  is  of  the  ordinary  temperature, 
and  the  metals  of  the  fame  temperature  with  the  tongue. 
Any  confiderable  increafe  or  diminution  of  heat  in  ei. 
ther  greatly  lefTens  the  effed.  Mr  Subfir  of  Berlin,  in 
his  Theorie  des  Platfers,  p.  155  (publifhed  in  1767), 
takes  notice  of  the  difagreeable  tafte  produced  by  (li¬ 
ver  and  lead  in  contact  upon  the  tongue.  This  is  the 
firft  inftance  of  galvanifm  that  has  been  made  public. 

To  enfure  complete  fuccefs  to  the  experiment,  the 
metals  ought  to  be  allowed  to  remain  fome  time  in  con- 
tad  with  the  tongue  before  they  are  made  to  touch 
each  other,  that  the  tafte  of  the  metals  themfekes  may 
not  be  confounded  with  the  fenfation  produced  by  their 
mere  contad.  Whatever  has  a  tendency  to  blunt  the 
fenfibility  of  the  tongue,  as  opium,  alcohol,  acids,  and 
the  like,  diminifhes  the  effed  of  the  metals. 

It  is  difficult  to  deferibe  the  fenfation  thus  produced 
accurately.  It  has  been  called  fulacid  ;  but  we  think 
it  more  nearly  refembles  the  effed  produced  by  allow¬ 
ing  a  grain  or  two  of  nitre  to  lie  upon  the  tongue  for 
fome  time,  than  any  other  tafte  with  which  we  are  ac¬ 
quainted.  Joined  to  this,  there  is  evidently  a  metallic 
tafte,  which  varies  with  the  metal  employed  ;  but  we 
are  inclined  to  confider  this  as  the  ordinary  effed  of 
the  metals  upon  the  tongue,  which  cannot  be  perfedly 
diftiuguifhed  from  that  occafioned  by  their  mutual  con- 
tad. 

This  tafte  can  alfo  be  produced  by  applying  one  of 
the  metals  to  the  tongue,  and  the  other  to  any  part  of 
the  -Schneiderian  membrane.  Profeffor  Robifon  has 
made  many  experiments  of  this  kind,  the  refult  of  which 
is  contained  in  a  letter  to  Dr  Fowler.  u  I  find  (fays 
he),  that  if  a  piece  of  zinc  be  applied  to  the  tongue, 
and  be  in  contad  with  a  piece  of  filver  which  touches 
any  part  of  the  lining  of-the  mouth,  noftrils,  ear,  ure¬ 
thra,  or  anus,  the  fenfation  refembling  tafte  is  felt  on 
the  tongue.  If  the  experiment  be  inverted,  by  apply¬ 
ing  the  filver  to  the  tongue,  the  irritation  produced  by 
the  zinc  is  not  fenfible,  except  in  the  mouth  and  the 
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urethra,  and  is  very  flight.  I  find  the  irritation  by 
the  zinc  ftrongeft  when  the  contad  is  very  flight,  and- 
confined  to  a  narrow  (pace,  and  when  the  contad  of 
the  filver  is  very  extenfive,  as  when  the  tongue  is  ap« 
plied  to  the  cavity  of  a  filver  fpoon.  When  the  zinc 
touches  in  an  extenfive  furface,  the  irritation  produced 
by  a  narrow  contad  of  the  filver  is  very  diftind,  efpe- 
cially  on  the  upper  fide  of  the  tongue,  and  alono-  its 
margin.  This  irritation  feems  to  be  mere  pungency, 
without  any  refemblance  to  tafte,  and  it  leaves  a  lafting 
irnpreflion  like  that  made  by  cauftic  alkali. 

“  When  a  rod  of  zinc,  and  one  of  filver,  are  applied 
to  the  roof  of  the  mouth,  as  far  back  as  poflible,  the  ir- 
ntations  produced  by  bringing  their  outer  ends  into 
contad  are  very  flrong,  and  that  by  the  zinc  refembles 
tafte  in  the  fame  manner  as  when  applied  to  the  tongue.” 

M.  Volta  found,  that  when  a  tin  cup,  filled  with  an 
alkaline  liquor,  is  held  in  one  or  both  hands  previoufiy 
moiftened  with  water,  if  the  point  of  the  tongue  is  dip¬ 
ped  in  the  liquor,  an  acid  tafte  is  perceived.  This  is 
at  firft  diftind  and  pretty  flrong,  but  gradually  yields 
to  the  alkaline  tafte  of  the  liquor.  The  acid  tafte  is 
ftill  more  remarkable,  when,  inftead  of  an  alkaline  li¬ 
quor,  an  infipid  mucilage  is  made  ufe  of.  The  fame 
philofopher  found,  that  when  a  cup  made  of  tin,  or 
what  is  better,  of  zinc,  was  filled  with  water,  and  pla¬ 
ced  upon  a  filver  fupport,  if  the  point  of  the  tongue 
was  applied  to  the  water,  it  was  found  quite  infipid, 
till  he  laid  hold  of  the  filver  fupport,  with  the  hand 
well  moiftened,  when  a  very  diftind  and  very  flrong 
acid  tafte  was  immediately  perceived. 

If  one  of  the  metals  be  applied  to  the  tongue,  and 
the  other  to  the  ball  of  the  eye,  a  pale  luminous  flafh 
is  perceived  when  they  are  brought  into  contad  with 
each  other,  and  the  fenfation  refembling  tafte  is  at  the 
fame  time  produced  in  the  tongue.  A  flafh  is,  in  like 
manner,  produced  when  one  of  the  metals  is  applied  to 
the  eye,  and  the  other  to  any  part  of  the  palate,  fauces, 
or  infide  of  the  cheek.  This  experiment  requires  a 
good  deal  of  attention  in  the  performance  ;  care  mull 
be  taken  not  to  prefs  the  piece  of  metal  againft  the  ball 
of  the  eye,  left  a  flafh  fhould  be  produced  by  the  mere 
mechanical  preflure.  It  fhould  be  cautioufly  introdu¬ 
ced  between  the  eye  lids,  till  it  juft  touch  any  part  of 
the  ball  ;  and  it  fhould  be  allowed  to  remain  in  that  fi- 
tuation  for  fome  time  before  it  is  brought  into  contad 
with  the  other  piece  of  metal,  that  the  parts  may  he  fo 
far  accuflorned  to  it  as  to  admit  of  the  fenfations  pro¬ 
duced  being  properly  attended  to.  The  experiment  fnc- 
ceeds  very  well  with  tin  and  filver  ;  but  the  flafh  is  more 
bright  when  zinc  and  gold  are  ufed.  The  piece  of 
metal  which  is  applied  to  the  ball  of  the  eye  mufl  be 
finely  polifhed,  otlierwife  the  mechanical  irritation  is 
fometimes  fo  great  as  to  prevent  the  flafh  from  being 
perceived.  Dr  Robifon  has  obferved,  that  the  briglit- 
nefs  of  the  flafh  correfponds  with  the  extent  of  contad 
of  the  metal  with  the  tongue,  palate,  fauces,  or  cheek. 

If  a  piece  of  one  of  the  metals  be  placed  as  high  up 
as  poflible  between  the  gums  and  the  upper  lip,  and 
the  other  in  a  fimilar  fitnation  with  refped  to  the  un¬ 
der  lip,  a  very  vivid  flafh  of  light  is  obferved  at  the 
moment  that  they  are  brought  into  contad,  and  ano¬ 
ther  at  the  inflant  of  their  feparation.  While  they  re¬ 
main  in  contad,  no  flafh  is  obferved. 

When  a  rod  of  filver  is  thruft  as  far  as  poflible  up 

one 
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one  of  tlie  noftrils,  and  then  brought  into  contact  with 
a  piece  of  zinc  placed  upon  the  tongue,  a  very  ffrong 
fiafh  of  light  is  produced  in  the  correfponding  eye  at 
the  inftant  of  contact.  We  have  fometimes  imagined, 
that  the  fiafh  in  this  experiment  was  produced  before 
the  metals  actually  touched  ;  but  in  this  we  may  have 
been  deceived. 

The  following  curious  experiment  was  firfl  made  by 
Profeffor  Robiion  ; “  Put  a  plate  of  zinc  into  one  cheek, 
and  a  plate  of  filver  (a  crown  piece)  into  the  other, 
at  a  little  diftance  from  each  other.  Apply  the  cheeks 
to  them  as  extenfively  as  poffible.  Thruft  in  a  rod  of 
zinc  between  the  zinc  and  the  check,  and  a  rod  of  fil¬ 
ver  between  the  filver  and  the  other  cheek.  Bring 
their  outer  ends  flowly  into  contact,  and  a  fmart  con* 
vultive  twitch  will  be  felt  in  the  parts  of  the  gums  fitu- 
atcd  between  them,  accompanied  by  bright  flafhes  in 
the  eyes.  And  thefe  will  be  diftindlly  perceived  before 
contact,  and  a  fecond  time  on  feparating  the  ends  of 
the  rods,  or  when  they  have  again  attained  what  may 
be  called  the  Jinking  dtjlance .  If  the  rods  be  alternated, 
no  effe&  whatever  is  produced.” — The  flafhes  produ¬ 
ced  in  this  lafl  experiment  are  rather  more  vivid  than 
any  which  we  have  been  able  to  excite  by  the  other  me¬ 
thods.  The  copvulfive  twitches  are  very  diftiinft,  and 
fomewhat  painful,  but  quite  different  from  the  fenfa- 
tion  produced  by  an  ele&ric  fhock.  If  the  edges  of 
the  tongue  be  allowed  to  touch  the  plates  of  metal  in 
the  cheeks,  the  fenfation  refembling  tafte  is  felt  very 
ftrongly  ;  but  this  does  not  in  the  lead  impair  the  o- 
ther  effedls  of  the  experiment. 

No  method  has  yet,  we  believe,  been  difcovered  of 
applying  the  galvanic  influence  fo  as  to  affedl  the 
ftnfes  of  fmelling  or  hearing.  We  have  tried  many 
experiments  witji  this  view,  chiefly  on  the  organs  of 
fmelling.  but  hitherto  without  any  fuccefs(r).  Neither 
has  the  fenfe  of  touch  been  affe&ed  by  it,  unlefs,  in¬ 
deed,  the  following  experiment  be  confidered  in  that 
view :  Let  a  fmall  portion  of  the  cuticle  be  removed 
from  any  part  of  the  body  by  a  fharp  knife,  and  carry 
the  incifion  to  filch  a  depth  that  the  blood  fhall  juft 
begin  to  ooze  from  the  cutis  vera.  Let  a  piece  of  zinc 
be  applied  here,  and  a  piece  of  filver  to  the  tongue  ; 
when  they  are  brought  into  contaft,  a  very  lmart  ir¬ 
ritation  will  be  felt  at  the  wound. 

Some  very  Angular  faffs  of  this  kind  have  been  dif¬ 
covered  by  M.  Humboldt,  who  had  the  refolution  to 
make  himfelf  the  fubjefl  of  many  well-devifed  experi¬ 
ments.  One  of  the  moft  remarkable  of  thefe  is  the  fol¬ 
lowing  :  He  caufed  two  bliftering  plaftere  to  be  applied 
on  the  deltoid  mufcle  of  both  his  own  flioulders.  When 
the  left  blifter  was  opened,  a  liquor  flowed  out,  which  left 
no  other  appearance  on  the  fkin  than  a  flight  varnifh, 
tvhich'  difappeared  by  waffling.  The  wound  was  after¬ 
wards  left  to  dry  up  :  this  precaution  was  neceffary,  in 
order  that  the  acrid  humour  which  the  galvanic  irri- 
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tation  would  produce,  might  not  be  attributed  to  the 
idiofyncrifis  of  the  veflels.  This  painful  operation  was 
fcarcely  commenced  on  the  wound,  by  the  application 
of  zinc  and  filver,  before  the  ferous  humour  was  dif- 
charged  in  abundance  ;  its  colour  became  vifibly  dark 
in  a  few  feconds,  and  left  on  the  parts  of  the  flcin  where 
it  pa{Ted  traces  of  a  brown  inflamed  red.  This  humour 
having  defcendcd  towards  the  pit  of  the  ftomach,  and 
flopped  there,  caufed  a  rednefs  of  more  than  an  inch 
in  furface.  The  humour,  when  trhced  along  the  epi¬ 
dermis,  left  ftains,  which,  after  having  been  waffled,  ap¬ 
peared  of  a  bhiifh  red.  The  inflamed  places  having 
been  imprudently  waffled  with  cold  water,  increafed  fo 
much  in  colour  and  extent,  that  M.  Humboldt,  as 
well  as  his  phyficiau  Hr  Schalleru,  who  afiifted  at  thefe 
experiments,  entertained  fome  apprehenfion  for  the  con- 
fequences. 

Having  now  taken  notice  of  the  principal  faffs  tha-t 
are  hitherto  known  in  galvanifm,  we  proceed  to  conft- 
der  fome  of  the  leading  opinions  on  the  fabjefl. 

The  firfl  writers  upon  the  difcovery  of  Galvani  feem  phenomena 
almoft  univerfaily  to  have  taken  it  for  granted,  that  thecf  alva- 
phenomena  depend  on  the  elefiric  fluid  ;  and  leaving  thisnifm  fup- 
very  important  queftion  behind  them,  proceeded  to  ex  Pofej}  to  re~ 
plain  how  this  fluid  produces  fuch  effefls.  The  celeb  rated  f" 

difcoverer  of  this  influence  himfelf  confiders  a  mufcle  as  ^  y  * 
the  perfefl  prototype  of  a  Leyden  phial.  When  a 
mufcle  contracts  upon  a  connexion  being  formed,  by 
means  of  one  or  more  metals  between  its  external  fur- 
face  and  the  nerve  which  penetrates  it,  M.  Galvani 
contends,  that,  previoufly  to  this  effefl,  the  inner  and 
outer  parts  of  the  mufcle  contain  different  quantities  of 
the  eleftric  fluid  ;  that  the  nerve  is  confequently  in  the 
fame  ftate,  with  refpeff  to  that  fluid,  as  the  internal  fub- 
ftance  of  the  mufcle  ;  and  that,  upon  the  application  of 
one  or  more  metals  between  its  outer  furface  and  the 
nerve,  an  eleftrical  difcharge  takes  place,  which  is  the 
caufe  of  the  contraflion  of  the  mufcle.  Thus  the  nerve 
is  fuppofed  to  perform  the  office  of  the  wire  connefled 
with  the  internal  furface  of  the  phial ;  and  the  excita¬ 
tory  arc  is  confidered  merely  as  a  conduflor. 

This  theory  appears  to  us  juft  as  incapable  of  ex¬ 
plaining  the  phenomena  of  galvanifm  as  it  is  inconfift- 
ent  with  the  known  laws  which  regulate  the  motions  of 
the  elefiric  fluid.  We  fhall  not  confider  it  minutely  ; 
for  we  hope  it  will  foon  appear  highly  probable,  if  not 
certain,  that  the  elefiric  fluid  has  no  fhare  in  the  pro- 
duflion  of  the  phenomena  in  queftion.  If  this  be  the 
cafe,  all  the  different  modifications  of  that  theory  muft 
of  courfe  fall  to  the  ground.  At  prefent  we  fhall  con¬ 
tent  ourfelves  with  afldng  the  following  queftions: 

1.  How  is  it  poflible  for  the  ele&ric  fluid  to  be  con- This  fuppo.' 

denfed  in  a  mufcle,  which  is  wholly  fnrrounded  by  fub-fnion  ill 
fiances  capable  of  conducing  that  fluid  ?  founded* 

2.  If  we  fuppofe  there  is  fome  non-defeript  non-con- 
dufling  fub fiance  placed  between  the  external  and  in- 

4  R-  2  ternal 


(f)  Profeffor  Robifon  has  long  ago  obferved,  that  the  flavour  of  a  pinch  of  fnuff  taken  from  a  box  made  of 
tin-plate,  which  has  been  long  in  ufe,  fo  that  the  tin  coating  is  removed  in  many  places,  is  extremely  different 
from  that  of  fnuff  when  taken  from  a  new  box,  or  a  box  lined  with  tinfoil  The  fame  difference  is  obferved 
when  we  rub  a  piece  of  pure  tin,  or  of  pure  iron  and  a  half  worn  tinned  plate,  with  the  finger.  Alfo,  if  we 
rub  a  caft  fteel  razor,  and  a  common  table  knife  confifting  of  iron  and  fteel  welded  together.  This  is  furely 
owing  to  a  caufe  of  the  fame  kind. 
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ternal  parts  of  a  mufcle,  which  may  admit  of  the  one 
being  pofitively,  and  the  other  negatively  electrified  at 
the  fame  time  ;  how  comes  it  to  pafs  that  a  difcharge 
does  not  take  place,  and  a  confequent  contraction  en- 
fue,  when  any  fubflance  whatever,  capable  of  conduc¬ 
ting  the  eleCtric  fluid,  i3  interpofed  between  the  nerve 
and  the  external  furface  of  the  mufcle  ?  For  example, 
when  the  nerve  and  mufcle  are  laid  bare,  and  the  ani¬ 
mal  thrown  into  water  ;  or  when  the  nerve  is  cut 
through,  and  the  end  applied  to  the  external  furface  of 
the  mufcles. 

3.  How  does  it  happen,  when  one  difcharge  aCtual 
ly  takes  place,  in  confequence  of  the  application  of 
the  excitatory  arc,  that  the  balance  is  not  inftantly  re- 
ftored  ?  That  this  does  not  happen,  appears  by  the 
fame  mufcle  and  nerve  being  capable  of  producing  many 
hundreds  of  fimilar,  and  equally  flrong  difcharges,  with¬ 
out  any  apparent  means  of  the  equilibrium  being  again 
difturbed. 

We  have  never  feen  any  anfwers  to  thefe  queftions 
which  appeared  to  us  at  all  fatisfaCtory  ;  and  till  we 
have  feen  them  anfwered,  we  muft  be  excufed  for  difbe- 
lieving  M.  Galvani’s  theory. 

One  of  the  earlieft  writers,  and  one  of  the  moft  af- 
fiduous  invefligators  of  the  phenomena  of  galvanifm, 
is  Dr  Valli.  He  differs  in  opinion  from  Galvani  upon 
feveral  points  ;  but  agrees  with  him  in  thinking  electri¬ 
city  and  galvanifm  the  fame.  Let  us  confider  the  proofs 
by  which  he  fupports  this  doCtrine. 

“  I  have  afierted  (fays  he),  that  the  nervous  fluid  is 
the  fame  with  electricity,  and  with  good  reafon  ;  for 
“  Subftances  which  conduCt  eleCtricity  are  conductors 
endeavour-  likewife  of  the  nervous  fluid. 

to  fupport  “  Subftances  which  are  not  conductors  of  eleCtricity 
do  not  conduCt  the  nervous  fluid. 

“  Non- conducting  bodies,  which  acquire  by  heat  the 
property  of  conducting  eleCtricity,  preferve  it  likewife 


Proofs  by 
which  V  a1! 


for  the  nervous  fluid. 

4‘  Cold,  at  a  certain  degree,  renders  water  a  non-con- 
duCtor  of  eleCtricity  as  well  as  of  the  nervous  fluid. 

“  The  velocity  of  the  nervous  fluid  is,  as  far  as  we  can 
calculate,  the  fame  with  that  of  eleCtricity. 

“  The  obftacles  which  the  nerves,  under  certain  cir- 
cnmftances,  oppofe  to  eleCtricity,  they  prefent  likewife 
to  the  nervous  fluii. 

“  Attraction  is  a  property  of  the  eleCtric  fluid,  and 
this  attraction  has  been  dilcovered  in  the  nervous  fluid. 

“We  here  fee  the  greateft  analogy  between  thefe 
fluids ;  nay,  I  may  even  add,  the  characters  of  their 
identity.” 

That  there  is  a  confiderable  analogy  between  fome 
of  the  effeCts  of  the  eleCtric  fluid  and  fome  of  the  phe¬ 
nomena  of  g?.lvanifm,  we  readily  admit;  but  that  “  the 
characters  of  their  identity”  are  anywhere  to  be  found, 
we  abfolutely  deny.  In  the  above  pafTage,  Dr  Valli 
confiders  it  as  ceitain,  that  the  nervous  fluid  is  the  caufe 
of  the  phenomena  difeovered  by  Galvani.  But  it  has 
never  been  demonftrated  irrefragably,  that  any  fuch 
thing  as  a  nervous  fluid  exifts,  and  {till  lefs  that  this  is 
the  fame  with  the  influence  difeovered  by  Galvani. 
Inconclu  That  bodies  are,  in  general,  conductors  or  non  con- 
ii?e  and  duCtors  of  galvanifm,  according  as  they  are  conductors 
or  non  conductors  of  eleCtricity,  we  believe  to  be  true  : 
but  this  rule  is  by  no  means  without  exception,  as  it 
certainly  would  be;  if  galvanifm  and  eleCtricity  were  the 


fame.  There  is  an  experiment  of  Dr  Fowler’s,  which 
feems  to  fhew,  that  water  is  a  more  powerful  conduc¬ 
tor  of  galvanifm  than  mercury;  though  the  reverie  is 
generally  allowed  as  to  eleCtricity. 

If  the  abdomen  of  a  frog  be  filled  with  water,  and  a 
filver  probe  pafled  through  it  fo  as  to  touch  the  feiatic 
nerves,  no  contractions  are  produced ;  neither  do  they 
appear  when  the  probe  is  touched  above  the  furface  of 
the  water  with  a  piece  of  zinc.  But  if  the  zinc  be  ap¬ 
plied  to  the  probe  at  the  furface  of  the  water,  contrac- 
tions  are  produced  as  vigorous  as  if  both  the  metals 
touched  the  nerve.  Here  the  water  ferves  as  a  con- 
duCting  medium  between  the  nerves  and  the  point  where 
the  metals  touch  each  other  :  but  if  the  abdomen  be 
filled  with  mercury  inftead  of  water,  no  contractions 
are  produced  by  applying  the  filver  probe  to  the  nerves, 
and  touching  the  probe  with  the  zinc  at  the  fuiface  of 
the  mercury.  We  do  not  fee  bow  this  experiment  can 
be  accounted  for,  except  by  allowing  that  water  is  a 
more  powerful  conductor  of  galvanifm  than  mercury. 

If  this  experiment  fhould  be  thought  inconclufive,  we 
have  the  authority  of  M.  Humboldt,  and  of  the  committee 
of  the  National  Inftitute  of  France,  for  faying,  that  there 
are  fubftances  which,  though  in  an  eminent  manner  con¬ 
ductors  of  eleCtricity,  yet  interrupt  the  motions  of  gal- 
vanifm.  This  is  certainly  fuffleient  to  take  away  all 
weight  from  Dr  Valli’s  two  firft  reafons  for  conftdering 
thefe  two  fluids  as  the  fame,  viz.  that  all  conductors  of 
eleCtricity  are  likewife  conductors  of  galvanifm;  and 
that  all  bodies  which  do  not  conduCt  the  former  are 
alfo  non  conductors  of  the  latter.  .  Thefe  two  are  by 
far  the  moft  important  of  his  reafons  ;  and  if  they  were 
true  in  their  full  extent,  they  would  certainly  fhew  a 
very  ftrikmg  analogy,  though  they  would  by  no  meaii3 
deferve  the  appellation  cf  “  characters  of  identity.” 

As  to  the  DoCtor’s  two  next  propofitions,  which  re¬ 
gard  the  effeCts  of  heat  and  cold  in  rendering  bodies 
conductors  or  non  conductors,  they  are,  in  faCt,  only 
branches  of  the  two  firft  ;  and  as  we  have  feen  that  thefe 
are  not  univerfally  true,  we  might  admit  that  they  are 
correCt  in  this  particular,  without  weakening  our  argil- 
ment.  For  this  reafon  we  fhall  not  confider  them  mi¬ 
nutely  ;  but  we  may  obferve  that  Dr  Fowler’s  experi¬ 
ments  fhew,  that  boiling  water,  and  water  cooled  down 
to  the  freezing  point,  both  conduCt  this  influence  as 
well  as  water  at  the  ordinary  temperature  of  the  atmo- 
fphere.  If  any  change  in  the  conducing  power  takes 
place  beyond  thefe  points,  it  may  with  greater  probabi¬ 
lity  be  aferibed  to  the  changes  of  form  which  the  water 
undergoes,  than  to  the  increafe  or  diminution  of  its 
temperature. 

We  confefs  ourfelves  perfectly  ignorant  of  any  data 
upon  which  Dr  Valli  could  found  a  calculation,  the  re- 
fult  of  which  could  fhew  that  the  velocity  of  the  ner* 
vous  fluid  is  the  fame  with  that  of  eleCtricity.  Suppofe 
we  fhould  take  it  into  our  heads  to  afiert  that  the  velo¬ 
city  of  galvanifm  is  the  fame  with  that  of  light,  we  ap¬ 
prehend  our  author  could  not  eafily  demonftrate  the 
contrary.  Neither,  in  all  probability,  would  he  confider 
this  affertion  of  ours  as  a  luflicient  proof  that  galvanifm 
and  light  are  the  fame. 

With  regard  to  the  next  propofition,  that  “  the  ob- 
fiaclcs  which  the  nerves,  under  certain  circumftances, 
oppofe  to  eleCtricity,  they  prefent  likewife  to  the  ner¬ 
vous  fluid;”  we  may  remark,  that,  any  obitacle  which 
2  ddlroys 
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deftroys  the  fun&ions  of  a  nerve  completely,  will  pre¬ 
vent  the  mufcles  which  are  fuoplied  by  that  nerve  from 
contracting  upon  the  application  of  any  ftimulus  what¬ 
ever  (g).  It  does  noU  however,  by  any  means  follow, 
that  the  paflage  of  either  the  galvanic  or  the  ele&ric 
fluid  is  prevented..  The  nerves  may  (till  be  very  good 
conductors  of  both,  though  the  mufcle  is  deprived  of  all 
power  of  contracting.  That  there  are  obftacles,  how¬ 
ever,  which  the  nerves,  under  certain  circumftances,  pre- 
fent  to  the  paflage  of  eleCtricity,  but  which  they  do 
not  under  the  fame  circumftances  prefent  to  galvanifm, 
we  think  abundantly  demonftrated  by  Dr  Valli’s  own 
experiments. 

U  "“1  have  frequently  obferved  (fays  he)  that  the  legs, 

,,  frent  of  which  the  nerves  had  been  tied  at  a  certain  diftance 
xperi-from  the  mufcles,  did  not  feel  the  a&ion  of  a  certain 
|i,  quantity  of  artificial  eleCtricity,  although  they  were  vio¬ 
lently  convulfed  by  exciting  that  which  was  inherent 
and  peculiar  to  them.”  What  then  was  the  caufe  of 
the  diffeience  obferved  in  thefe  cafes  between  the  effeCts 
of  galvanifm  and  ele&ricity  i  Was  it,  that  the  quantity 
or  degree  of  the  former  exceeded  that  of  the  latter  ? 
Be  it  fo. 

Dr  Valii  informs  us,  that  in  his  experiments,  an  elec¬ 
tric  charge  which  could  flafh  through  a  thicknefs  of 
air  equal  to  .035  of  an  inch,  produced  no  movement 
in  the  leg  of  a  frog  of  which  the  crural  nerve  was  tied, 
while  the  other  leg,  of  which  the  nerve  was  left  free, 
underwent  confiderable  movements. 

That  the  influence  difeovered  by  Galvani  can  pafs 
through  an  exceeding  thin  plate  of  air,  is  certain,  as  it 
is  tranfmitted  from  link  to  link  of  a  chain,  where  no 
confiderable  force  is  ufed  to  bring  the  links  into  cen¬ 
tal.  Dr  ltobifon’s  experiment,  too,  in  which  the 
flafhes  of  light  are  diftin&ly  obferved  before  the  rods 
of  fllver  and  zinc  touch  each  other,  is  another  proof  of 
the  fame  fa& ;  and,  if  we  be  not  deceived,  the  fame 
thing  takes  place  when  a  rod  of  filver  thruft  up  the 
ncftril  is  applied  to  a  piece  of  zinc  in  contad  with  the 
tongue.  But  that  it  will  only  pafs  through  an  exceed¬ 
ing  thin  plate  of  air,  any  man  may  convince  himfelf  by 
an  experiment,  firft  tried  by  Dr  Bowler,  which  is  eaflly 
repeated.  If  a  ilick  of  fealing  wax  be  coated  with  tin- 
foil,  it  will  be  found  a  very  good  condu&or  ;  but  if, 
with  a  {harp  pen  knife,  an  almoft  imperceptible  divifion 
be  made  acrofs  the  tinfoil,  even  this  interruption  of 
continuity  in  the  conduftor  will  be  found  fufficient  e 
fed  nail  y  to  bar  the  paflage  of  galvanifm. 

We  find,  then,  that  a  quantity  of  the  eiedric  fluid 
which  can  pafs  through  a  plate  of  air  of  the  thicknefs 
of  .035  of  an  inch,  is  obftruded  by  a  ligature  upon  a 
rerve,  while  the  galvanic  influence  pafles  readily  along 
a  nerve  included  in  a  ligature,  but  is  obftruded  com¬ 
pletely  by  making  an  almoft  imperceptible  divifion  in. 
a  good  condudor.  The  plate  of  air  in  this  cafe  furely 
is  not  near  .035  of  an  inch  in  thicknefs.  It  rebuts  in- 
conteftibly,  frqm  a  companion  of  thefe  two  experi¬ 
ments,  that  there  is,  between  thefe  two  agents,  iome 
ether  difference  betides  the  mere  degree  of  iiuenfity. 

We  come  now  to  the  laft  reafon  which  our  author 


A  N  I  S  M.  685 

afligns  for  his  belief  that  galvanifm,  or,  as  he  choofes 
to  call  it,  the  nervous  fluid,  is  the  fame  with  eledricity. 

It  will  be  found  a  very  important  one.  That  property 
by  which  bodies  charged  with  the  eiedric  fluid  attrad 
or  repel  other  bodies,  according  as  they  are  in  the  fame 
or  the  oppofite  ftate  of  eledricity  from  themfelves,  is  fo 
ftriking,  and  at  the  fame  time  fo  univerfal,  that  it  has 
been  very  properly  adopted  as  the  mcafure  of  this  fluid. 

If  it  were  true,  then,  that  the  galvanic  influence  pof- 
fefled  the  fame  properties  of  attradion  and  repulfion  as 
the  eiedric  fluid,  this  circumftance  would  certainly  in- 
creafe  the  analogy  between  them  very  much.  As  we 
have  already  feen,  however,  that  they  differ  in  other  ef- 
fential  points,  even  if  it  were  true  that  they  agreed  in 
this,  it  could  conftitute  no  proof  of  their  identity.  But 
if,  on  the  other  hand,  we  fhould  find,  that  this  afler- 
tion  of  our  author  is  founded  on  error,  and  that  the 
galvanic  influence  poffeffes  in  no  degree  whatever  thofe 
properties  of  attiadion  and  repulhon  which  have  al¬ 
ways  been  juftly  confidered  as  effential  charaderiftics  of 
the  eiedric  fluid,  we  {hall  then  be  fully  juftified  in  af~ 
ferting,  that  thefe  two  agents*  however  much  they  may 
refemble  each  other  in  fome  lsfs  important  particulars, 
are  in  their  nature  totally  diftind  and  unconneded. 

Let  us  examine  the  proofs  by  which  Dr  Valli’s  af-  An/vvith 
fertion  is  fupported.  He  tells  us,  that  he  obferved  thet^e  know- 
hairs  of  a  moufe,  attached  to  the  nerves  of  frogs,  by  ledge  of  e* 
the  tinfoil  with  which  he  furrounded  them,  alternately  le&rictty. 
att  rafted  and  repelled  by  each  other,  whenever  another 
metal  was  fo  applied  as  to  excite  contradions  in  the 
frogs.  We  are  very  far  from  meaning  to  infinuate  that 
Dr  Valii  did  not  fee,  or  think  he  faw,  what  he  thus  de- 
feribes  ;  but  that  the  motion  of  the  hairs  muft  have 
arifen  from  fome  caufer  different  from  that  to  which  he 
aferibed  it,  cannot  admit  of  a  doubt  ;  for  hairs,  in  fuch 
a  ftate  of  eledricity  as  he  fuppofes,  never  attrad,  but 
always  repel  each  other. 

Dr  Fowler,  who  has  paid  particular  attention  to  this  • 
part  of  his  fubjed,  has  many  times  repeated  this  expe¬ 
riment,  both  in  the  manner  defciibed  by  Dr  Valii  and 
with  every  variation  in  the  difpofition  of  the  hairs  which 
he  could  devife  :  but  whether  they  were  placed  on  the 
metals,  the  nerves,  or  the  mufcles,  or  upon  all  at  the 
fame  time,  he  has  never  in  any  inftance  been  able  to  ob- 
ferve  them  agitated  in  the  flighted  degree.  He  has 
made  fimilar  experiments  upon  a  dog,  and  upon  a  large 
and  lively  Ikate,  by  difpofing,  in  the  fame  way  that  Valii 
did  the  hairs  of  a  moufe,  flakes  of  the  fineft  flax,  fwan- 
down,  and  gold  leaf :  but  although  the  contradions 
produced  in  the  fkate,  by  the  contad  of  the  metals, 
were  fo  ftiong  as  to  make  the  animal  bound  from  the 
table,  not  the  leaft  appearance  of  eledricity  was  indica¬ 
ted.  He  next  fufpended  from  a  flick  of  glafs,  fixed  in 
the  ceiling  of  a  clofe  room,  fome  threads,  five  feet  in 
length,  of  the  flax  ufed  in  the  former  experiment ;  and 
brought  fome  frogs  recently  killed,  and  infuiated  up¬ 
on  glafs,  as  near  to  them  as  poffible  without  touching  : 
but  the  threads  were  in  no  wife  affeded  by  the  contrac¬ 
tions  produced  in  the  frogs. 

In  a  very  ingenious  paper  upon  galvanifm  by  Dr 

Wells, 


Cg)  We  do  not  here  mean  that  contraction  which  mufcles  are  fufcepttble  of  long  after  death,  upon  ha,mg  the.r 
fibres  mechanically  irritated,  which  is  produced  by  what  phyl.olog.fts  have  cal’ed  the  «»  .nfita,  ar.u  w  atch  u  per- 
fea  •  known  to  our  cooks,  as  it  was  to  their  predeceffors  in  the  Roman  kitchens,  as  the  foundation  of  the  art  of 
crimping  \Ve  at  pftfenl  eonfine  ourfclves  to  contraction  produced  through  the  medium  of  the  nerves. 


030 


G  A  L  V 


ReafonW  ™  el,S/  wh'ch  h  PubH(lled  ‘n  ‘he  London  Philofophical 
of  Or  Iranfaftions  for  1795,  that  gentleman  maintains  the 
Wells  on  opinion,  that  the  influence  difeovered  by  Galvan i  is  e- 
the  fame  karical.  He  admits,  chat  it  is  not  attended  with  thofe 
lubjecr,  appearances  of  attradion  and  repulfton  which  are  held 
to  be  the  tells  of  the  prefence  of  de&ricity  ;  but  he 
contends,  that  “  neither  ought  figns  of  attra&ion  and 
rep ul fi on  to  be  in  this  cafe  ptefented  on  the  fuppofition 
that  the  influence  is  ele&rical ;  fince  it  is  neceffary,  for 
the  exhibition  of  fuch  appearances,  that  bodies,  after  be- 
coming  eledlrical,.  Ihouid  remain  fo  during  fome  fenfible 
portion  of  time  ;  it  being  well  known,  for  example,  that 
the  paflage  of  the  charge  of  a  Leyden  phial)  from  one 
of  its  furfaces  to  the  other,  does  not  afFed  the  mofl  de¬ 
licate  eledrometer,  fufpended  from  a  wire,  or  other  fub- 
itance,  which  forms  the  communication  between  them.,, 
f  r  That  the  Ch.3rge  °f  3  Lefden  Ph^l  does  not,  in  naf- 

five  like"  ?ng  al°ng  3  Wlre>  a^e<^  an  eJedrometer,  is  certain  ;  and 
wife.  1S  e(luaiiy  true,  that  we  have  no  means  of  applying  an 

cledrometer  to  a  quantity  of  galvanifm  in  a  Hate  of 
reft  in  a  body.  If  this  influence  ever  exifts  in  fuch  a 
ftate,  we  have,  no  tell  by  which  we  can  difeover  its  pre¬ 
fence;  and  it  is  only  from  the  effeds  which  it  produces 
.  in  tranfitu  that  we  know  of  its  exiftence.  But  the  elec¬ 
tric  fluid,  in  palling  from  link  to  link  of  a  chain,  fenfi- 
bly  affeds  an  eledrometer;  and  in  Dr  Fowler’s  expe¬ 
riment  with  the  fkate,  for  example,  as  more  than  one 
piece  of  metal  is  employed  as  an  exciter,  the  fluid,  in 
palling  from  one  piece  to  another,  Ihouid  have  affeded 
the  light  fubftances  which  were  placed  upon  them.  This 
appears  to  us  a  fufficient  anfwer  to  the  objedion  llarted 
by  Dr  Wells  :  but  the  fame  objedion  having  been  late¬ 
ly  made  to  us  by  a  gentleman  from  whom  we  (hall  al¬ 
ways  receive  every  fuggeftion  with  uncommon  deference, 
we  thought  it  worth  while  to  try  the  following  experi¬ 
ment  :  b  r 

Three  hours  after  a  frog  had  been  decapitated,  it 
Ihewed  ftrong  figns  of  galvanic  fufceptibility.  One  of 
the  feiatic  nerves  being  coated  with  tinfoil  in  the  ufual 
manner,  the  leg  was  laid  upon  a  plate  of  zinc.  A  gen¬ 
tleman  was  defired  to  lay  hold  of  the  nerve  and  its  coat¬ 
ing  with  the  fingers  of  one  hand,  which  had  been  pre- 
vioufly  dipped  in  water,  while  with  the  other  hand,  alfo 
yvet,  he  held  the  end  of  a  fmall  brafs  chain  about  two 
inches  in  length.  Another  gentleman  now  took  hold 
of  the  other  end  of  the  chain,  and  with  a  filver  probe, 
held  in  his  other  hand,  touched  the  plate  of  zinc.  The 
influence  being  thus  made  to  pafs  through  the  chain, 
the  leg  contraded  vigoroufly ;  but  a  very  fenfible  elec¬ 
trometer,  held  fo  near  to  the  chain  as  almoll  to  touch 
it,,  was  neither  attraded  nor  repelled.  In  performing 
this  experiment,  it  was  neceffary  to  have  the  hands  wet, 
as  the  dry  cuticle  tends  much  to  obftrud  the  pafl'age  of 
galvanifm;  but  the  utmoft  care  was  taken  that  the  chain 
Ihouid  be  perfedly  dry,  otherwife  the  influence  might 
have  been  tranfmitted  by  the  moifture  upon  its  furface 
without  palling  through  the  chain  itfelf. 

.  To  avo[d  the  poflibility  of  this  happening,  the  expe¬ 
riment  was  varied  in  the  following  manner:  The  frog’s 
leg  was  laid  upon  a  plate  of  zinc,  and  the  nerve  upon  a 
plate  of  filver.  A  gentleman  now  took  a  filver  probe, 
and  one  end  of  the  brafs  chain  in  con  tad  with  it,  in 
one  hand ;  and  in  the  other  hand  he  held  the  other  end 
of  the  chain  in  contad  with  a  rod  of  zinc.  He  now 
touched  the  filver  plate  with  the  rod  of  filver,  and  the 
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zinc  plate  with  the  rod  of  zinc.  As  the  influence  was 
not  now  to  be  made  to  pafs  through  his  body,  there 
was  110  necefiity  for  his  hands  being  wet ;  the  whole  ex¬ 
citatory  arc  was  therefore  made  completely  dry.  In 
this  way  very  ftrong  contradions  were  excited  in  the 
leg,  and  dill  the  eledrometer  was  not  affeded  in  the 
fmalleft  degree  when  brought  near  the  chain 

It  is  proper  to  obferve,  that  DrValli,  in  his  affertion 
that  attradion  is  a  property  of  galvanifm,  does  not  reft 
entirely  upon  his  own  obfervation  ;  a  committee  of  the 
Academy  of  Sciences  at  Paris  performed  the  following- 
experiment  along  with  him :  “  They  placed  a  prepa¬ 

red  frog  in  a  veffel  which  contained  the  eledrometer  of 
M.  Coulomb,  charged  negatively  and  pofitively  by  turns. 

In  both  cafes,  in  exciting  the  animal  in  the  common 
way,  the  ball  of  the  electrometer  was  attracted  ”  It 
appears  to  us  that  Dr  Valli  and  the  committee  have 
been  deceived,  by  the  fridion  produced  by  the  motion 
ot  the  animals  under  their  experiments  having  excited 
io  much  eledricity  as  to  affed  the  eledrometer.  The 
firft  time  we  tried  the  experiment  abovementioned  with 
the  brafs  chain,  we  were  almoft  milled  by  a  fimilar  c'r- 
cumftance.  Inftead  of  an  artificial  eledrometer,  which 
we  happened  not  to  have  at  hand,  we  made  ufe  of  a 
very  long  and  (lender  human  hair  j  and  we  found  that 
it  was  ftrongly  attraded  by  the  chain.  Upon  an  at¬ 
tentive  examination,  however,  we  found  that  this  did 
not  arife  from  the  adion  of  the  influence  palling  thro’ 
the  chain,  but  from  the  ftate  of  the  hair  itfelf,  which 
was  fo’highly  eledrical  as  to  be  ftrongly  attraded  by 
every  conduding  fubftance  which  it  approached.  Upon 
fubftituting  another  hair,  which  (hewed  no  mark  of  beinjr 
either  pofitively  or  negatively  eledrified,  it  was  neither 
attraded  nor  repelled  by  the  chain.  From  the  above,  or 
iome  limilar  circumftance,  it  is  probable  that  Dr  Valli’s 
miftake  has  originated;  but  we  are  confident,  that 
whoever  will  repeat  the  experiment  with  fufficient  at¬ 
tention,  will  find  the  refult  precifely  as  we  have  de- 
fenbed  it. 

Perhaps  it  may  ftill  be  faid,  that  although  we  have 
never  been  able  to  difeover  attradion  and  repuliion  as 
properties  of  galvanifm,  this  may  arife  from  our  not  be¬ 
ing  able  to  accumulate  this  influence  in  fufficient  quan- 
tity.  To  this  reafoning,  if  reafoning  it  can  be  cal- 
led,  we  oppofe  the  following  coniiderations,  which 
ftate  a  d.ffirn.larity  in  the  phenomena  of  eledricity  and^phet 
galvamim,  that  feems  abfolutely  irreconcilable  with  themena  of 
idendity  of  the  caufe.  galvanifm 

Nothing  is  more  completely  eftabliffied  in  the  fciencefnd,ofelK 
of  eledricity  than  this,  that  all  thofe  appearances  which fZ! 
we  call  attractions,  repulfions,  alflraBions,  and  acumula-  from  the 
tion  of  define  fluid,  are  precifely  fimilar  to  what  would  fame  cauft 
be  the  appearances,  if  eledricity  were  a  fluid,  whofe 
particles  repel  each  other,  and  attrad  the  particles 
ot  other  matter,  according  to  a  certain  law  (See  Elec¬ 
tricity,  SuppL).  Of  all  thofe  phenomena,  the  mod 
remarkable  is  the  accumulation  of  eledric  energy  (to 
give  it  no  more  definite  name),  by  means  of  thin  idio- 
eledrics,  coated  with  non-eledrics  ;  fuch,  namely,  as 
are  exhibited  by  the  Leyden  phial,  the  condenfer,  the 
doubler,  &c. 

If  the  phenomena  of  galvanifm  are  produced  by  the 
paflage  of  ele<5lric  fluid  from  one  extremity  of  the  ex- 
citato ry  arc  to  the  other,  this  paflage  will  be  regulated 
by  the  known  laws  of  eledricity.  It  may  therefore  be 

accumulated 
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accumulated  {in  tranfitu)  by  means  of  an  apparatus  fi- 
mihr  to  the  coated  pane,  or  to  the  condenfer.  Profef- 
for  Robifon,  with  tliis  view,  made  the  following  expe¬ 
riments  : 

i.  He  made  a  part  of  the  conduflor  to  his  conden¬ 
fer,  or  colle&or  of  atmofpheiic  electricity,  confifl  of  a 
long  glafs  rod,  on  one  fide  of  which  was  faftened 
(with  varnifh)  a  very  narrow  flip  of  tinfoil  ;  there  was 
a  fine  point  at  one  end  of  this  rod,  and  a  gold  leaf 
eleClrometer  at  the  other.  This  apparatus  was  in- 
fulated  at  one  end  of  a  room  19  feet  long,  having  a 
window  in  the  middle  of  each  fide.  A  fmall  eleCtric 
machine  was  placed  at  the  other  end.  On  a  dry  day, 
with  a  gentle  breeze  in  a  direction  acrofs  the  room, 
both  windows  were  opened  a  little  way,  fo  that  there 
was  a  continual  flream  of  air  acrofs  the  room.  The 
machine  was  worked  ;  and  after  a  fhort  time  had  elap- 
fed,  the  eledlrometer  began  to  diverge,  gradually  open¬ 
ed,  and  at  lall  ftrnck  the  conducing  flips  on  each  fide, 
and  then  colkpfed,  and  again  began  to  diverge.  The  win¬ 
dows  were  fhut  ;  and  immediately,  without  working 
the  machine,  the  electrometer  diverged  rapidly,  and 
touched  the  Tides  of  the  phial  every  minute  and  half. 
This  continued  fo  long,  that  there  feemed  to  be  no  end 
to  it.  The  Profeflor  now  made  a  cut  acrofs  the  tin- 
foil  with  a  very  fharp  knife  ;  the  eleftrometer  now  di¬ 
verged  very  feebly,  and  7 4-  minutes  elapfed  before  it 
touched  the  Tides.  He  puffed  the  knife  a  fecond  time 
through  the  cut.  This  widened  it  (though  fcarcely 
fenfible  to  the  eye),  becaufe  the  knife  had  been  blunt¬ 
ed  by  the  glafs  in  the  firfi  operation.  All  divergency 
of  the  electrometer  was  now  at  an  end  ;  and  although 
the  machine  was  worked  till  the  ele&ric  fmell  was  fen¬ 
fible  at  the  door  to  a  perfon  who  happened  to  come  in 
at  this  time,  no  tendency  to  divergence  was  obferved. 

( K.  B.  the  top  of  the  electrometer  had  no  conducting 
iubitance  about  it,  except  the  flip  of  tinfoil). 

The  cut,  being  examined  with  a  microfcope  furnifh- 
cd  with  a  micrometer,  was  T^4^thof  an  inch.  It  was 
row  filled  up,  by  binding  over  it  another  flip  of  tin¬ 
foil.  A  plate  of  talc,  whofe  thicknefa  did  not  exceed 
the  900th  of  an  inch,  was  coated  on  one  fide  in  a  circle 
of  14  inch  diameter.  The  eleCtrometer  was  removed, 
and  the  coated  fide  of  the  talc  was  put  into  clofe  con- 
ta£t  with  the  flip  of  tinfoil  on  the  glafs  rod.  A  ffand 
of  tin,  whofe  top.  was  a  plate  of  i4r  inch  diameter, 
fmeared  over  with  mercury,  was  placed  in  contact  with 
the  other  fide  of  the  talc,  and  they  were  prefled  into 
very  clofe  and  continuous  contaCl. 

The  machine  being  now  worked,  the  coated  talc  re¬ 
ceived  a  charge  in  about  5  minutes  fufficient  to  give  a 
very  fmart  fhock  :  and  this  was  repeated  with  great  re¬ 
gularity  every  five  or  fix  minutes.  The  windows  were 
now  thrown  open,  and  the  room  cleared  of  its  for¬ 
mer  contents  of  air,  till  none  of  thofe  prefent  could 
perceive  any  ele&nc  fmell.  The  machine  was  now 
worked  again.  But  after  half  an  hour,  only  a  ve¬ 
ry  faint  twitch  was  felt  ;  but  enough  to  (hew  that 
an  accumulation  was  taking  place.  The  windows  were 


now  half  fhut.  After  working  the  machine  about  five 
minutes,  a  faint  twitch  was  obtained  ;  after  a  quarter 
of  an  hour  more,  there  was  a  moderate  (hock. 

In  this  (late  of  things,  the  apparatus  was  examined 
as  a  condenfer,  by  firfi  taking  out  the  fhaip  point  by 
an  infulatfng  handle,  and  then  removing  the  tin  ftand. 
Examined  in  this  way,  it  appeared  plainly  that,  even 
when  all  the  windows  were  open,  the  accumulation  be¬ 
gan  almoft  as  foon  as  the  machine  was  worked.  Nay, 
it  was  found,  on  another  day  equally  favourable,  that 
a  plate  of  talc  -,£--5-  or  -rs-irs  an  inc^  thick,  took  a 
change,  although  a  cut  of  "  ide  did  not  allow  the 

ele&ricity  to  fly  acrofs  it.  This  is  perfectly  firnilar  to 
all  our  experiments  on  coated  glafs.  The  thicknefs 
which  admits  an  accumulation  is  almoft  incomparably 
greater  than  the  dtftance  to  which  a  fpark  will  fly,  or 
a  conc’ufiion  is  producible,  in  the  fame  intenfity  of  e~ 
leclricity. 

2  The  above  deferibed  apparatus  was  inhibited,  and  a 
wire  connefted  with  each  end.  To  one  wire  was  join¬ 
ed  a  thin  plate  of  lac,  coated  on  the  fide  next  the  wire; 
and  to  the  other  a  piece  of  mo  ill  leather  covered  with 
tm-foil.  Thefc  plates  were  rubbed  together  by  means 
of  inflating  handles.  The  plate  of  coated  talc  quickly 
took  a  charge. 

The  fame  plate  of  talc,  and  afterwards  another  plate 
not  more  than  half  as  thick,  was  now  made  part  of  the 
excitatory  arc,  and  lometimes  part  of  the  animal  arc. 
Sometimes  plates  of  varnifh,  incomparably  thinner  than* 
either  of  thefe,  were  employed  But  all  Profeffor  Ro- 
bifon’s  attempts  to  produce  an  accumulation  ot  galvanic 
energy  in  this  way  were  fruttlefs.  The  fecond  form  of 
the  electrical  experiment  was- adopted,  as  having  a  fome- 
what  greater  refemblance  to  the  fuppofed  procedure  of 
galvanifm  ;  but  the  well-informed  electrician  will  eafily 
perceive,  that  the  firft  form  is  far  more  delicate  and  de- 
cifive. 

The  internal  procedure  in  the  eleClric  and  galvanic 
convulfions  is  therefore  fo  different,  nay,  oppofite,  that 
we  cannot  bring  ourfelves  to  think  that  the  appearances 
are  opeiations  of  the  fame  agent  (hJ, 

We  have  now  gone  over  all  the  points  of  refemblance 
which,  in  Dr  Valli’s  opinion,  conftitute  the  characters 
of  the  identity  of  galvanifm  and  electricity.  We  think 
that,  without  going  farther,  we  might  fafely  reft  our 
aflertion,  that  thefe  two  agents  arc  perfectly  diftin&and 
unconnected  with  each  other,  fcut  there  are  feveral 
other  circumllances  which  merit  attention.  ^ 

No  eleCtrical  phenomenon  can  take  place  between  partjier 
two  bodies,  unlefs  thefe  bodies  be  in  oppofite  Hates  ofConfHera- 
eleClricit/  with  regard  to  each  other.  Now,  how  are  tions  on  e- 
v/e  to  account  for  the  accumulation  of  ele&ricity  in  any  kClrxity 
body,  or  part  of  a  body,  fur  rounded  on  all  hands  by^m^a  va* 
condu&ing  fubftances  ?  The  experiments  of  Galvani 
fucceed  equally  well,  whether  the  fubjeCts  of  them  be 
infulated  or  furrounded  by  conductors ;  whether  per¬ 
formed  in  the  drieft  air  or  under  water  (1)  ;  whether, 
by  means  of  an  eleCtrical  machine,  we  charge  the  ani¬ 
mal  and  the  metals  till  every  part  of  them  flrongly  affeCt 

the 


(h)  What  if  it  were  called  metallorgafm ,  which  tranflates  exaCtly  metallic  irritation,  or  metallegerfifm,  from 
ftfraxxw,  and  *ytpo-is  excitatio. 

(1)  Dr  Fowler  mentions  an  exception  to  this.  “  When  the  feparated  leg  of  a  frog  was  held  under  water, 
and  formed  part  of  the  circuit  through  which  this  influence  had  to  pafs  in  order  to  excite  another  leg,  it  never 
contraded;  although  it  did,  and  ftrongty,  when  held  above  the  furface.”  In  this  cafe  it  is  plain,  that  the  frog’s 

*  leg 
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the  eledrometer,  or  whether  we  reverfe  the  experiment  dies  are  condudors. 
and  electrify  them  negatively,  (till  no  change  is  produ¬ 
ced  in  the  force  or  frequency  of  the  actions  excited  by 
the  application  of  the  metals.  Is  there  any  electrical 
experiment  which  could  continue  to  give  the  fame  refult  caloric  in 
in  fuch  oppofite  circumftances  ?  or  is  there  any  poffibi-  bodies  do 
lity  of  accounting  for  it  confidently  with  the  known  laws 
of  the  eleCtrie  fluid  ? 

The  writers  on  this  fubjed  who  adopt  the  eleCtric 
theory,  inftead  of  attempting  to  explain  how  the  eledric 
fluid  can  be  condenfed  in  a  body  furrounded  by  con¬ 
ducting  fubftances,  have  reeourfe  to  the  analogy  of  the 
gymnotns,  torpedo,  and  other  fifties  of  the  fame  kind. 

Here,  fay  they,  we  have  in  faCt  the  eleCtric  fluid  aeeu 
mulated  in  fuch  a  fituation,  and  there  is  no  reafoning 
again  ft  fads.  We  anfwer,  that  thefe  animals  are  -all 
furnifhed  with  organs  of  a  very  peculiar  ftruCture,  which 
may  pofiibly  be  fitted  for  the  purpofe  of  fuch  a  con- 
denfation.  Befides,  we  apprehend  it  has  never  been  in- 
conteftibly  proved  that  thefe  fingular  animals  derive 
their  powers  from  the  eleCtric  fluid.  Without  wifhing 
to  enter  into  this  queftion,  which  is  foreign  to  our  pre- 
fent  fubjeCt,  we  may  remark,  that  Mr  Walfh  difeovered, 
that  the  (hock  of  the  torpedo  would  not  pafs  through  a 
fmall  brafs  chain  ;  a  circumftance  in  which  it  differs  re¬ 
markably  both  from  eledricity  and  from  the  influence 
difeovered  by  Galvani. 

It  were  worth  while  to  *  try  Profeffor  Robifon’s  me¬ 
thods  of  accumulation  in  the  examination  of  the  con- 
vulfions  occafioned  bythe  torpedo.  The  ProfefTor  fuf- 
peCfs  that  the  popular  horror  at  the  lamprey,  and  the 
accounts  of  cramps  and  pains  produced  by  it,  have  their 
fource  in  fome  fimilar  powers  of  that  animal. 

Dr  Valli’s  reafoning  on  this  part  of  the  fubjed  is 
very  curious.  *  He  takes  it  for  granted  that  the  gym- 
notus  owes  its  influence  to  the  eledric  fluid.  Then, 
though  the  gymnotus  gives  fhocks  and  emits  fparks, 
while  the  torpedo  only  gives  fhocks  without  emitting 
fpaiks,  he  fays  it  would  be  abfurd  to  affert  that  the  tor¬ 
pedo  derives  its  influence  from  a  caufe  different  from  the 
gymnotus.  Again,  though  the  influence  difcoveied  by 
Galvani  neither  gives  fhocks  nor  emits  fparks,  it  would 
ftiil  be  abfurd  to  maintain  that  it  is  not  the  fame  as  the 
eleCtric  fluid,  and  as  the  influence  of  the  gymnotus  and 
torpedo.  To  diffent  from  any  part  of  this  very  logical 
deduction,  he  declares  would  be  contrary  to  the  laws  of 
philofophifing  !  Rifum  ten  satis  P 

Afraid,  probably,  that  his  readers  might  be  tempted  to 
offend  again  ft  thefe  new  laws,  he  proceeds  to  ftrengthen 
them  by  the  analogy  of  animals  and  vegetables  retaining 
ah  uniform  temperature  in  mediay  warmer  or  colder  than 
their  own  bodies  ;  from  which  he  argues  that  they  may 
alfo  have  a  power  of  accumulating  electricity,  and  re¬ 
taining  it  in  a  particular  part,  though  their  whole  bo- 


But  the  cafe 3  are  in  no  refoeft 
fimilar.  Neither  animals  nor  vegetables  accumulate  ca¬ 
loric  in  any  particular  part  of  their  bodies  in  preference 
to  any  other  part.  They  have  no  power  of  retaining 
their  bodies  more  ftrongly  than  any  other 
,  for  if  they  are  placed  in  a  medium  colder 
than  themfelves,  they  are  continually  imparting  caloric 
to  that  medium.  Neither  is  there  the  fmalleft  proof, 
from  any  experiments  yet  publifhed,  that  when  placed 
in  a  medium  warmer  than  themfelves,  they  do  not  con¬ 
tinually  abforb  caloric  from  it.  The  exiftence  of  a  fri- 
gorific  power  in  animals  appears  to  us  exceedingly  pro¬ 
blematical  ;  but  if  it  were  proved  to  exift,  it  would  by 
no  means  demonftrate  that  animals  or  vegetables  have  a 
faeulty  of  declining  to  abforb  caloric  from  bodies  warmer 
than  themfelves.  It  13  readily  admitted,  that  animals 
and  vegetables  have  a  power,  within  certain  limits,  of 
p retrying  their  temperature  higher  than  that  of  the 
furroundmg  medium  ;  nor  is  there  any  thing  furprifing 
in  this,  as  the  caloric,  which  they  are  continually  recei¬ 
ving  by  the  decompolition  of  oxygenous  gas,  is  diflipa- 
ted  {lowly.  But  if  we  fhould  allow  that  animals  have 
a  fimilar  faculty  of  generating  the  eledric  fluid  ;  from 
the  nature  of  that  fluid  it  mud  be  continually  commu¬ 
nicated,  not  only  to  every  part  of  the  bodies  of  the  ani¬ 
mals  themfelves,  the  whole  of  whieh  are  conductors,  but 
to  every  conducting  fubftance  contiguous  to  them; 
and  this  muft  take  place,  not  flowly,  like  the  diflipation 
of  ealoric,  but  inftantaneoufly,  fo  as  to  render  any  fenfi- 
ble  accumulation  impofllble. 

Galvamfm  differs  from  eleCtricity  in  nothing  moreDff2? 
remarkably  than  in  the  mode  of  its  exeitement  and  dif-intheii 
charge.  Io  produce  the  phenomena  difeovered  by  Gal-m0(ho 
vani,  no  operation  at  all  fimilar  to  the  fri&ion  of  an  e-citemel 
le&ric  upon  a  conduding  fubftance  is  neeeffary(i). 

The  nerves  and  mufcles  have  only  to  be  kid  bare,  and 
a  communication  formed  between  them  by  means  of  the 
excitatory  arc,  when  the  contraaions  immediately  enfue. 

In  the  cate  of  elearieity,  a  (ingle  difeharge  having  re- 
ftored  the  equilibrium,  no  farther  effeas  can  be  produced 
till  this  has  been  again  deftroyed  by  fome  means  eapable 
of  producing  a  condenfation  in  one  quarter,  and  a  com- 
parative  rarefaaion  in  another.  The  fad  is  very  dif¬ 
ferent  with  regard  to  galvanifm;  for  with  it  the  num¬ 
ber  of  fhocks  which*  may  be  given  appears  to  be  infi¬ 
nite.  Nay,  they  frequently  become  ftrongcr  in  propor¬ 
tion  as  they  have  been  longer  continued  :  this  influence 
differing  extremely  in  this  particular,  too,  from  the  elec¬ 
tric  fluid,  which,  btlidcs  being  itfelf  exhanfted,  never 
fails  in  a  remarkable  manner  to  exhauft  the  contradile 
power  of  the  mufdes. 

The  permanence  of  the  effeas  of  galvanifm  is  Hill 
more  linking  in  the  experiments  upon  the  organ  of?1*' ■ 
taftc-  When  the  metals  are  applied  to  the  tongue,  the  their 
- — _ _  ienfatior.fe&s. 


•And  in 


which  *•  <•*—  « tmr. 

rnhltlie  K  trUev/S  "'.ethave  n^ced  .above,  that  galvanic  energy  is  fometimes  communicated  to  a  conduftiW 
fubltauce  by  rubbing it  upon  foment  her  fubftance;  tut  this  has  no  refemblance  to  the  excitement  of  eleilricitf 
by  fnftion  1  he  ga.vanic  energy  is  communicated  in  tin's  cafe  to  a  conducing  fubftance,  and  it  iucceeds  as  rea¬ 
dily  when  Doth  the  bodies  are  ot  this  clafs  as  when  one  of  them  is  an  idio-eledtric.  But  no  eledric  Xuome  ion 

h1  A  -er  b^“-Pro-UCCv,d  ty  th<i'  fnaL'°n  of.tvvo  COI,-uding  bodies  upon  each  other;  one  of  them  mult  be  an  idio- 
eledric,  and  it  is  in  this  one  that  the  excitement  takes  pk.ee. 
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fenfation  produced  is  not  fudden  and  tranfient ;  but  fo 
long  as  the  metals  are  in  contact  with  the  tongue  and 
with  each  other,  fo  long  doe6  the  tafte  continue  ;  and, 
after  feme  time,  it  becomes  infufferably  difagreeable. 
M.  Volta,  who  adopts  the  eledric  theory  with  various 
modifications,  fenfible  of  the  permanence  of  the  effed, 
in  his  curious  experiments  abovementioned  fuppofes, 
that  a  dream  of  electricity  paffes  from  the  tin  cup  to 
tlie  liquor,  from  this  to  the  tongue  of  the  perfon  making 
the  experiment,  then  through  his  body,  and  returns 
through  the  water  upon  his  hands  to  the  cup  ;  and  thus 
he  fuppofes  the  fluid  to  move  perpetually  in  a  circle. 
It  is  furcly  unneceffary  for  11s  to  obferve,  that  the  fup- 
pofition  of  a  dream  of  eledricity  continually  moving  in 
a  circle  in  this  manner,  is  wholly  inconfident  with  the 
laws  which  appear  in  every  cafe  to  regulate  the  motions 
of  that  fluid.  The  fame  obfervation  applies  to  the  man¬ 
ner  in  which  he  explains  mod  of  the  other  phenomena 
of  galvanifm. 

The  eledric  fluid  cannot  be  put  in  motion  but  by 
dedroying  the  equilibrium  to  which  it  perpetually 
tends  ;  but  whenever  this  is  dedroyed,  all  that  is  requi¬ 
red  to  produce  a  difeharge  is,  that  a  fingle  conducing 
fubdance  be  placed  between  the  two  points  in  which 
it  is  unequally  diftributed.  Here  again  there  is  a  very 
wide  diitindion  between  this  fluid  and  the  influence 
difeovered  by  Galvani.  M  Volta  divides  all  conduc¬ 
tors  of  galvanifm  into  two  claffes  ;  id,  Dry  conductors, 
comprehending  metals,  pyrites,  fome  other  minerals, 
and  charcoal ;  and,  2d,  Moid  conductors.  He  afferts, 
that  it  is  absolutely  neceffary,  in  order  to  the  produc¬ 
tion  of  the  phenomena,  that  two  conductors  of  the 
did  clafs  touch  each  other  immediately  on  one  hand, 
while  at  their  other  extremities  they  touch  con¬ 
ductors  of  the  fecond  clafs.  Whether  this  be  admitted 
or  not,  we  have  already  dated  our  opinion  that  the  ac¬ 
tion  of  two  different  fubdances  is  abfolutely  necef¬ 
fary  in  order  to  excite  contractions  :  and  although  it  is 
contended  by  fome  writers  that  a  fingle  piece  of  metal 
has  fometimes  been  found  {ufficient,  yet  even  they  mud 
allow  that,  in  by  far  the  greater  number, of  cafes,  it  has 
been  found  neceffary  to  make  ufe  of  two  metals,  and 
that  the  effeCt  is  even  heightened  in  general  by  em¬ 
ploying  three.  In  the  whole  fcience  of  eleCtricity,  we 
Suppl.  Vol.  1.  Part  II. 
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do  not  know  a  fingle  fad  which  bears  the  flighted  a- 
nalogy  to  this.  Never  in  a  fingle  indance  lias  it  been 
found,  that  the  effeds  of  a  Leyden  phial  have  been  in- 
creafed  by  ufmg  a  condudor  formed  of  two  or  more 
metals  in  procuring  the  difeharge. 

Before  leaving  the  fubjed  of  conductors,  we  may  Sorr/men 
take  notice  of  a  very  curious  and  important  fad  men-  no:i-con- 
tior.ed  by  Dr  Valli.  “  Amongd  men,”  fays  he,  “  there(1U(^:ors  °f 
are  fome  individuals  who  are  good  condudors,  others &aivanifm« 
who  are  lefs  fo  ;  and  fome  again  who  appear  to  be  al- 
mod  non  condudors.  I  was  one  day  carrying  on,  with 
three  of  iny  friends,  fome  experiments  upon  frogs.  A 
frog  was  put  in  water,  and  we  each  by  turn  effayed  its 
power.  Two  of  11s  edited  ftrong  convuifions,  the 
third  only  feeble  ones,  and- the  fourth  none  at  all.  This 
experiment  was  repeated  frequently  with  the  fame  re- 
fult.  Phis  is  not  the  only  example  I  could  adduce  of 
the  leahty  of  this  fad,  but  I  do  not  think  it  neceffary 
to  dwell  any  longer  upon  it.”  We  have  met  with  one 
individual  who  is  not  fenfible  of  any  peculiar  fenfation 
when  the  metals  are  applied  to  his  tongue.  This 
feems  in  fome  meafure  to  corroborate  Dr  Valli’s  obfer- 
vation.  It  is  apprehended,  however,  that  all  men  are 
equally  good  condudors  of  eledricity. 

There  is  dill  another  very  marked  didindion  be¬ 
tween  the  effeds  of  galvanifm  and  eledricity.  No 
fhock  at  all  refembling  that  produced  by  the  eledric 
fluid  has  ever  been  felt  by  any  perfon  whofe  body  was 
made  a  part  of  the  chain  conduding  the  galvanic  in¬ 
fluence,  while  a  very  fmall  quantity  of  the  eledric  fluid  is 
immediately  felt  (k).  In  Dr  Robifon’s  experiment  with 
the  plates  of  zinc  and  fiver  in  the  cheeks,  there  is  no 
doubt  a  convulfive  twitch  didindly  felt  in  the  gums  ; 
but,  as  we  have  already  obferved,  the  fenfation  thus 
produced  is  quite  different  from  that  which  is  felt  from 
an  eledric  (hock  (l). 

There  is  an  experiment  related  by  Dr  Valli,  which 
feems  to  fhew  that  nothing  like  an  eledric  (hock  is 
felt,  even  when  this  influence  is  tranfmitted  through  a 
nerve  fo  as  to  excite  convuifions.  Having  laid  bare 
the  nerves  of  a  fowl’s  wing,  without  cutting  them,  and 
without  killing  the  fowl,  upon  applying  the  metals 
very  fmart  movements  were  produced,  but  the  animal 
remained  perfedly  tranquil.  Nor  was  this  owing  to  the 
4  S  fowl 


(k)  There  is  an  exception  to  this  rule  which  ought  to  be  taken  notice  of.  M.  Cotugno  informs  us,  that 
when  he  was  one  day  employed  in  diffeding  a  live  moufe,  he  received  a  fenfible  fhock  from  the  animal.  *  But 
as  neither  he  nor  any  other  perfon  has  ever  been  fimilarly  affeded  in  any  other  inftance,  it  feems  pretty  certain 
that  he  was  deceived  into  the  belief  of  a  fhock  from  the  fenfation  produced  by  the  druggies  of  the  animal  he 
diffeded. 

(l)  “  No  one  (fays  M.  Humboldt)  can  fpeak  more  decidedly  on  this  fubjed  than  mvfelf,  having  made  fc- 
veral  experiments  on  my  own  perfon,  the  feat  of  which,  in  fome  indanccs,  was  the  focket  of  a  tooth  which  I 
had  canied  to  be  extraded  ;  in  others,  certain  wounds  which  1  made  in  my  hand  ;  and  in  others,  the  excoria¬ 
tions  produced  by  four  blidering  platters.”  The  following  is  the  refult  of  thefe  painful  experiments.  The 
galvanic  irritation  is  always  painful,  and  the  more  fo  in  proportion  as  the  irritated  part  is  more  injured  and  the 
time  of  irritation  more  prolonged.  The  fiift  drokes  are  felt  but  (lightly  ;  the  five  or  fix  following  are  much 
more  fenfible,  and  even  fcarcely  to  be  endured,  until  the  irritated  nerve  becomes  infenfible  from  continued  di- 
mulus.  .  The  fenfation  does  not  at  all  refemble  that  which  is  caufed  by  the  eledric  commotion  and  the  eledric 
bath  ;  it  is  a  peculiar  kind  of  pain,  which  is  neither  fharp,  pungent,  penetrating,  nor  by  intermiffions,  like  that 
which  is  caufcd  by  the  eledric  fluid.  We  may  didinguifh  a  violent  broke,  a  regular  preffure,  accompanied  by 
an  unintermitting  glow,  which  is  incomparably  more  adive  when  the  wound  is  covered  with  a  plate  of  filver 
and  irritated  by  a  rod  of  zinc,  than  when  the  plate  of  zinc  is  placed  on  the  wound,  and  the  filver  pincers  arc 
ufed  to  edablifh  the  communication. 
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fowl  being  in  a  ftate  of  infeniibiKty  ;  for  when  the 
nerves  were  pricked  or  irritated  it  fcreamed  violently. 
But  all  animals  ftiew  figns  of  great  uneafmefs  from  an 
eleftric  (hock. 

In  general,  it  muft  be  confeffed,  that  animals  under 
experiments  of  this  kind  feem  reftlefs  and  uneafy. 
The  great  diftinftion  of  which  we  fpeak  at  prefent, 
confifts  in  this,  that  the  eleftric  fluid  produces  a  fhock 
and  uneafy  fenfation  when  any  part  of  the  body  is  in¬ 
troduced  into  the  conducing  chain  ;  while  the  influence 
difcovered  by  Galvani,  on  the  contrary,  when  merely 
tranfmitted  through  the  body  in  this  manner,  gives  no 
fhock,  nor  any  fenfation  whatever,  infomuch  that  we 
are  not  fenfible  of  its  paflage.  If  this  influence  be 
made  to  aft  direftly  on  a  nerve,  there  is,  no  doubt,  fome 
kind  of  irritation  produced,  as  appears  from  the  effeft 
of  the  metals  upon  the  tongue,  the  eye,  and  other  ner¬ 
vous  parts  :  but  flill  this  aftion  bears  no  analogy  to 
that  of  the  eleftric  fluid.  As  the  application  of  the 
metals  to  the  organs  of  fenfe,  produces  in  each  organ 
the  peculiar  fenfation  for  which  it  is  conftrufted,  as 
tafte  in  the  tongue,  light  in  the  eye,  &c.  fo  when 
nerves  intended  merely  for  mufcular  motion  are  fubjeft- 
ed  to  the  aftion  of  galvanifm,  the  effeft  produced  is 
motion  m  the  mufcles  on  which  they  are  diflributed. 

If  this  view  of  the  matter  be  juft,  it  will  explain  why 
no  fhock  is  felt  when  the  human  body  is  made  a  part 
of  the  condufting  chain.  In  that  cafe  the  influence 
does  not,  in  all  probability,  aft  direftly  upon  any  nerve  ; 
and  we  fee  that  this  influence  poffeffes  no  power,  like 
the  eleftric  fluid,  of  producing  a  convulfive  fhock, 
when  merely  palled  through  any  part  of  the  body  ;  but 
it  has  this  peculiar  property,  when  palled  direftly 
through  a  nerve,  it  excites  that  nerve  to  perform  the 
funftion  for  which  it  was  intended  by  nature.  To 
this  it  will  no  doubt  be  objefted,  that  contraftions  may 
be  excited  in  different  parts  of  a  frog  without  any  di- 
vifion  being  made  in  its  ikin  ;  and  here  it  may  be  fup- 
pofed  that  the  influence  is  not  made  to  pafs  direftly 
through  a  nerve.  But  it  ought  to  be  recollefted  that 
the  fkin  of  thefe  animals  is  abundantly  fupplied  with 
nerves,  whofe  trunks  communicate  at  different  places 
with  thofe  which  fuppfy  the  mufcles  ;  and  that  the 
contraftions  are  always  ftrong  and  eafily  excited,  in 
proportion  as  they  are  applied  near  to  the  couvfe  of 
any  of  the  nerves  which  go  to  the  mufcles.  But 
though  we  had  no  doubt  that  the  influence  might  be 
tranfmitted  through  the  bodies  of  thefe  animals*  as 
well  as  through  the  human  body,  without  any  contrac¬ 
tions  being  produced,  wc  have  thought  it  worth  while 
to  afeertain  the  faft  by  the  following  experiment. 

A  frog  was  prepared  in  the  ufual  manner  by  coat¬ 
ing  its  fciatic  nerve  with  tinfoil,  and  laying  the  leg 
•upon  a  plate  of  zinc.  Another  frog,  in  a  very  vigo¬ 
rous  ftate,  had  its  fore  legs  and  cheit  attached  to  a  rod 
of  filver,  and  its  pofterior  extremities  to  a  rod  of  zine. 
The  filver  rod  was  applied  to  the  tinfoil  and  nerve  of 
the  prepared  frog,  and  the  zinc  rod  to  the  plate  of 
zinc  upon  which  the  leg  was  laid.  Immediately  very 
flrong  contraftions  took  place  in  the  leg  ;  but  no  mo¬ 
tion,  nor  the  flighted  mark  of  uneafmefs,  appeared  in 
the  other  frog  through  the  body  of  which  the  influ¬ 
ence  muft  have  paffed.  It  is  neceffary  in  this  experi¬ 
ment  to  dry  the  body  of  the  frog  which  is  to  ferve  as 
a  conduftor  very  carefully,  otherwife  the  influence' 


might  be  tranfmitted  by  the  water  upon  its  furface 
without  palling  through  its  body. 

There  is  an  experiment  mentioned  by  Dr  Fowler, 
which  (hews  a  firiking  difference  between  eleftricity 
and  galvanifm.  It  was  inftituted  with  a  view  to  afeer¬ 
tain  the  effefts  of  the  latter  upon  the  blood -veffels. 
The  Doftor  relates  it  as  follows  :  “  Having  laid  bare, 
and  feparated  from  furrounding  parts  and  from  each 
other,  the  crural  artery  and  nerve  in  the  thigh  of  a  full 
grown  frog,  I  cut  out  the  whole  of  the  nerve  between 
the  pelvis  and  the  knee  :  I  then  infinuated  beneath 
the  artery  a  thin  plate  of  fealing  wax,  fpread  upon  pa¬ 
per,  and  broad  enough  to  keep  a  large  portion  of  the 
artery  completely  apart  from  the  reft  of  the  thigh. 
The  blood  ftill  continued  to  flow  through  the  whole 
courfe  of  the  artery  in  an  undiminifhed  ftream.  The 
artery,  thus  partially  infulated,  was  touched  with  filver 
and  zinc,  which  were  then  brought  into  contaft  with 
each  other  ;  but  no  contraftion  whatever  was  produced 
in  any  mufcle  of  the  limb.  This  experiment  was  fre¬ 
quently  repeated  upon  feveral  different  frogs,  both  in 
whom  the  nerve  was,  and  in  whom  it  was  not  divided. 
The  refult  was  uniformly  the  fame.  But  vivid  coib- 
traftions  were  produced  in  the  whole  limb  when  an  e- 
leftric  fpark,  or  even  a  full  ftream  of  the  aura  was  paf¬ 
fed  into  the  artery.” 

Before  taking  leave  of  this  branch  of  our  fubjeft, 
it  may  be  proper  to  take  notice  of  one  faft,  which  may 
be  thought  to  militate  againft  the  doftrine  we  have  en¬ 
deavoured  to  eftablifh.  It  is  faid  that  a  frog,  exhauft- 
ed  and  brought  near  to  a  charged  eleftrophorus,  has 
been  found  to  refume  its  fufeeptibility.  We  think  this 
faft  may  be  accounted  for  without  admitting  any  con- 
neftion  between  galvanifm  and  eleftricity,  merely  by 
fuppofing  that  the  irritability  of  the  mufcles,  which 
had  been  exhaufted,  was  reftored  by  the  application  cf 
a  moderate  ftimulus,  (the  eleftric  fluid),  of  a  kind  di£ 
ferent  from  thofe  by  which  it  had  been  exhaufted. 
Such  of  our  readers  as  are  acquainted  with  the  writ¬ 
ings  of  modern  phyfiologtfts  on  the  fubjeft  of  mufcular 
irritability,  will  know  that  fafts  of  this  kind  are  very 
common.  Thus  it  has  been  found  by  M,  Humboldt, 
that  the  oxygenated  muriatic  acid  has  often  reftored 
irritability.  To  this  explanation  it  will  no  doubt  be 
objefted,  that  the  application  of  other  ftimuli,  as  alco¬ 
hol  and  a  folution  of  potafti,  inftead  of  reftoting,  total¬ 
ly  deftroy  the  fufeeptibility  of  galvanifm.  Sufpefting, 
that  although  thefe  fubftances  in  a  concentrated  ftate 
deftroy  the  fufeeptibility,  yet  that  when  fufticiently  di¬ 
luted,  they  might  be  found  to  have  the  oppofite  effeft, 
we  tried  the  following  experiment,  which  confirmed  our 
conjefture. 

A  frog,  57  hours  after  it  had  been  decapitated,  had 
ceafed  for  above  an  hour  to  be  capable  of  excitement 
by  the  application  of  the  metals  in  any  way  that  could 
be  devifed.  A  few  drops  of  alcohol  being  diluted  with, 
about  a  tea-fpoonful  of  water,  the  nerve  and  the 
mufcles  which  had  been  laid  bare,  as  well  as  the  whole 
fkin  of  the  animal,  were  wet  with  it.  Upon  the  ap¬ 
plication  of  an  excitatory  arc,  corapofed  of  four  pieces, 
gold,  zinc,  filver,  and  tinfoil,  a  few  very  flight  contrac¬ 
tions  of  the  toes  were  diftinftly  obferved.  After  this, 
no  means  that  we  could  think  of  produced  the  fmalleft 
excitement.  Alcohol  was  now  applied  in  a  more  con- 
centrated  ftate,  but  without  any  effeft.  The  fame 
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four  pieces  of  metal  which  produced  the  contractions 
of  the  toes,  had  been  ufed  before  the  diluted  alcohol 
was  applied,  but  without  effedl.  We  have  not  tried 
the  application  of  potafh  much  diluted. 

From  what  has  been  laid,  we  think  we  are  fully 
warranted  in  faying,  that  although  fome  of  the  phaeno- 
mena  difcovered  by  Galvani  bear  a  ftriking  refemblance 
to  fome  of  thofe  produced  by  the  eledtric  fluid  ;  yet 
there  are  others,  and  thefe  not  the  lead:  important, 
which  differ  fo  widely  from  any  effedls  which  have  e 
ver  been  feen  to  arife  from  that  fluid,  that  they  muff 
derive  their  origin  from  fome  other  caufe.  Our  read¬ 
ers  may  probably  think  that  we  have  dedicated  too 
much  time  to  this  queftion  ;  but  as  we  conceive  it  to 
be  the  moft  important  point  which  can  be  dife tiffed  on 
this  fubjedl,  we  thought  it  worth  while  to  conhder  it 
at  fome  length;  and  we  were  the  more  convinced  of  the 
neceflity  of  doing  fo,  from  this  confederation,  that  there 
are  ft  ill  fome  writers  of  high  authority  who  maintain 
the  hypothefis,  that  galvanifm  and  electricity  are  the 
fame. 

1  The  next  queftion  that  occurs  to  us  with  regard  to 
^  ^uva’  the  nature  of  galvanifm  is,  whether  or  not  it  depends 
cn<  )ro-  upon  any  law  of  animal  life  ?  To  us  it  appears  rather 
ha!  fo-  more  probable,  that  the  influence  which  incites  the 
reil from  mufcle8  0f  animals  to  contradl  in  the  experiments  of 
m  s*  Galvani,  is  fomething  quite  foreign  to  the  aoimals  them* 
ft  Ives  ;  as  much  fo  as  the  eledlric  fluid  of  the  Leyden 
phial  is  to  the  animal  which  receives  a  fliock  from  it, 
in  both  cafes  the  body  of  the  animal  a&ing  as  a  mere 
conductor.  Upon  this  queftion,  however,  we  confefs 
that  we  have  neither  fadls  nor  arguments  to  adduce  luf- 
ftcient  to  warrant  our  drawing  any  certain  conclufion 
It  will  doubtlefs  be  afked,  if  this  influence  be  fome- 
tliing  foreign  to  the  bodies  of  animals,  why  do  we  ne¬ 
ver  find  it  a&ing  anywhere  but  in  their  bodies  ?  why 
is  it  not,  like  the  eledtric  fluid,  capable  of  being  made 
evident  to  the  fenfes  by  its  effedls  upon  inanimate  mat¬ 
ter  ?  The  only  anfwer  which  we  are  in  a  condition  to 
give  to  this  queftion  is,  that  it  may  very  poffibly  be 
capable  of  producing  important  effedls  upon  inanimate 
matter,  nay,  thefe  effedls  maybe  the  fubjedl  ©four 
daily  obfervation  ;  but  for  want  of  our  being  fuffleient- 
]y  acquainted  with  galvanifm  to  point  out  the  relation 
between  thefe  effedls  and  their  caufe,  the  effedls  them- 
felves  are  either  not  explained  at  all,  or  aferibed  per¬ 
haps  to  fome  other  power,  with  which  they  have  no 
connexion.  In  like  manner,  the  eledtric  fluid  has  doubt¬ 
lefs  been  producing  moft  important  eflcdts  from  the  be¬ 
ginning  of  time  ;  but,  prior  to  the  difeovery  of  that 
fluid,  thefe  were  either  not  explained  at  all,  or  confi- 
dered  as  originating  from  fome  caufe  which,  in  fadl, 
had  no  fhare  in  their  produdtion. 

The  great  difficulty  is  to  obtain  fome  teft  by  which 
we  may  detedl  the  galvanic  influence  when  adtually  pre¬ 
sent  in  inanimate  matter.  Hitherto  we.  have  no  fucli 
teft  ;  nor  fnould  we  know  that  fuch  an  influence  exifts, 
but  for  the  effedls  which  it  produces  upon  the  bodies 
of  animals  through  the  medium  of  their  nerves.  If  we 
had  any  means  of  ascertaining  its  exiftence,  either  in  a 
feparate  ftate,  or  conjoined  with  inanimate  matter,  the 
fcience  would  make  a  rapid  progrefs,  as  it  would  be 
eafy  to  diverfify  experiments  fo  as  to  difeover  its  na¬ 
ture  and  effedls.  To  detedl  it  in  a  feparate  ftate  is,  in 
all  probability,  impofiible  ;  but  that  the  zeal  and  inge- 
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nuity  of  philofophers  will  one  day  be  able  to  difeover 
fome  teft  of  its  prefence  in  inanimate  matter,  there 
feerns  no  reafon  to  doubt. 

We  hive  made  many  experiments  with  a  view  to 
difeover  fuch  a  teft,  but  hitherto  without  the  fmalleft. 
fuccefs.  In  the  trials  we  have  already  made,  our  views 
have  been  chiefly  confined  to  the  difeovery  c'f  fome  che¬ 
mical  effects  of  this  influence  upon  inanimate  matter, 

M.  Volta  and  other  writers,  having  confide’-ed  the  fen- 
fation  produced  by  it  upon  the  tongue  as  fimilar  to  that 
occasioned  by  acids,  we  were  not  without  hopes  that  it 
would  be  found  to  refemble  that  clafs  of  fubftances  it 
fome  of  its  other  properties.  We  have  therefore  truvf- 
mitted  it  through  liquids  tinged  with  the  moft  delicate 
vegetable  colours  ;  but  no  change  in  thefe  colour-  nas 
been  effedted  by  the  tranfmifli  n  of  many  galvanic  (hocks. 

We  have  alfo  tried,  in  the  fame  way,  alkaline  liquors* 
without  any  effect.  We  next  diffolved  in  water  diffe¬ 
rent  neutral  falt3,  and  other  compound  bodies,  of  which 
the  parts  are  held  together  by  the  weakeft  affinities  ; 
but  no  change  has  been  obferved  to  be  produced  in 
them  by  the  tranfmiffion  of  this  influence.  Our  want 
of  fuccefs,  however,  fhall  not  deter  us  from  continuing 
our  efforts ;  we  fhall’vary  the  nature  of  our  experiments 
in  every  way  that  fhall  occur  to  us  as  likely  to  be  attend¬ 
ed  with  advantage  ;  and  if  we  fhould  ultimately  fail, 
we  truft  that  others  will  be  more  fortunate.  Every 
new  fadt  which  is  difcovered  upon  the  fubjedl  tends  to 
facilitate  this  inveftigation,  by  furnishing  11s  with  new 
guides  to  diredl  the  courfe  of  our  experiments.  33 

Dr  Fowler  is  of  opinion,  that  this  influence,  what- pr/ ,wIer 
ever  it  may  be,  is  not  derived  from  the  metals  alone, 
but  that  the  animals  at  lead  contribute  to  its  produc-  * 

tion,  as  well  as  indicate  its  prefence  ;  and  he  feems  to 
have  been  led  to  adopt  thjs  theory  chiefly  from  two 
confiderations,  neither  of  which  appears  to  us  to  have 
much  weight.  'They  are  the  following  :  The  neceflity 
of  a  communication  between  the  metals  and  the  mufcles, 
as  well  as  between  the  metals  and  the  nerves  ;  and  the 
obfervation,  that  animals  have  a  more  complete  con- 
troul  over  its  effedls  than  one  would  expedt  them  to 
have  over  ail  influence  wholly  external  to  them.  But 
the  communication  between  the  metals  and  the  mufcles 
may  be  neceffary  to  the  contraction  of  the  latter,  1110* 
not  to  the  production  of  galvanifm  ;  which,  however, 
for  want  of  any  obvious  eftedl,  is  not  obferved.  That 
animals  have  fome  controul  over  the  effedls  of  galva¬ 
nifm  upon  themfelves,  may  be  very  true  ;  but  this  cir- 
cumftance  does  not  appear  to  us  capable  of  proving  any 
thing,  as  they  have  a  controul  over  the  effedls  of  other 
ftimuli  in  the  fame  way.  Thus,  an  animal  of  any  refo* 
lution  can  hear,  without  betraying  any  uneafy  fenfation, 
a  blow  which,  inflicted  unexpedtedly,  would  have  pro¬ 
duced  a  convulfive  Hart.  The  will  does  not  in  any  de¬ 
gree  controul  the  effedls  produced  by  galvanifm  upon 
our  fenfes  of  tafie,  feeing,  &c.  *,  that  is,  the  fenfations 
are  produced,  though  we  may  have  refolution  not  to 
betray  them.  Bur,  fays  Dr  Fowler,  the  will  is  not  able 
to  controul  the  effedls  of  eledlricity,  when  the  eledtrici- 
ty  is  otberwife  fufficiently  flrong  to  excite  mufcles  to 
contradlion.  This  argument  may  tend  to  fhew,  that 
galvanifm  differs  from  eledlricity  ;  but  as  it  mull  be  ad¬ 
mitted,  that  we  can  refill  the  contradlions  naturally 
produced  by  the  application  of  other  foreign  ftimuli,  it 
by  no  means  proves  that  animals  have  any  power  of 
4  S  2  preventing 
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preventing  the  excitement  or  tranfmiflion  of  galvanifm. 
Befides,  though  we  cannot  prevent  an  involuntary  con¬ 
traction  of  our  mufcles  from  taking  place  when  an  elec¬ 
tric  fhock  of  confiderable  ftrength  is  paffed  through 
them,  yet  any  man  may  with  his  hand  draw  fparks 
from  the  prime  conductor  of  an  electric  machine  with* 
out  fhrinking,  though  even  thefe  fparks  would,  if  he 
were  off  his  guard,  produce  a  convulfive  ftart. 

If  the  galvanic  influence  exifted  ready  formed  in  the 
mufcles  or  nerves  of  animals,  the  only  thing  requiiite  to 
the  production  of  the  contractions  would  be  to  make  a 
communication  between  the  nerves  and  mufcles,  by 
means  of  any  fingle  fubflance  capable  of  conducting 
this  influence ;  as  water,  for  example  :  but  the  reverfe 
is  known  to  be  true.  It  may  be  faid,  however,  that, 
although  there  is  no  proof  that  any  influence  naturally 
refides  in  the  nerves  or  mufcles  capable  of  producing 
the  effeCta  mentioned  by  M.  Galvaui,  thefe  fubftances 
may  {till,  by  fome  powder  independent  of  the  properties 
they  poflefs  in  common  with  dead  matter,  contribute  to 
the  excitement  of  the  influence,  which  is  fo  well  known 
to  exifl  in  them  after  a  certain  application  of  metals. 
Upon  this  part  of  the  fubjeCt,  the  obfervations  of  Dr 
Wells  will  be  found  to  merit  confiderable  attention. 

“  It  is  known  (fays  that  gentleman),  that  if  a 
mufcle  and  its  nerve  be  covered  with  two  pieces  of 
the  fame  metal,  no  motion  will  take  place  upon  con* 
neCting  thofe  pieces  by  means  of  one  or  more  different 
metals.  After  making  this  experiment  one  day,  I  ac¬ 
cidentally  applied  the  metal  1  had  ufed  as  the  connec¬ 
tor,  and  which  I  flill  held  in  one  hand,  to  the  coating 
of  the  mufcle  only,  while  with  the  other  hand  I  touch¬ 
ed  the  fimilar  coating  of  the  nerve,  and  was  furprifed 
to  find  that  the  mufcle  was  immediately  thrown  into 
contraction.  Having  produced  motions  in  this  way 
fufficiently  often  to  place  the  fad  beyond  doubt,  I 
next  began  to  confider  its  relations  to  other  fads  for¬ 
merly  known.  I  very  foon  perceived,  that  the  imme¬ 
diate  exciting  caufe  of  thefe  motions  could  not  be  de¬ 
rived  from  the  aCtion  of  the  metals  upon  the  mufcle 
and  nerve  to  which  they  were  applied  ;  otherwife  it 
muff  have  been  admitted,  that  my  body  and  a  metal 
formed  together  a  better  condudor  of  the  exciting  in¬ 
fluence  than  a  metal  alone;  the  contrary  of  which  I  had 
knov/n,  from  many  experiments,  to  be  the  cafe.  The 
only  fource,  therefore,  to  which  it  could  poflibly  be 
referred,  was  the  aCtion  of  the  metals  upon  my  own  bo¬ 
dy.  It  then  occurred  to  me,  that  a  proper  opportuni¬ 
ty  now  offered  it f elf  of  determining  whether  animals 
contribute  to  the  produdion  of  this  influence  by  means 
of  any  other  property  than  their  moifture.  With  this 
view,  I  employed  various  moift  fubftances,  in  which 
there  could  be  no.fufpicion  of  life  to  constitute,  with 
one'or  more  metals,  different  from  that  of  the  coatings 
of  the  mufcle  and.  nerve,  a  connecting  medium  be¬ 
tween  thefe  coatings,  and  found  that  they  produced 
the  fame  effed  as  my  body  A  fingle  drop  of  water 
was  even  fufficier.t  for  this  purpofe  ;  though,  in  gene¬ 
ral,  the  greater  the  quantity  of  the  moifture  which  was 
ufed,  the  more  readily  and  powerfully  were  contradions 
of  the  mufcle  excited.  But  if  the  mutual  operation 
of  metals  and  moifture  be  fully  adequate  to  the  excite¬ 
ment  of  an  . influence  capable  of  occafioning  mufcles  to 
contrad,  it  follows,  as  an  immediate  confequence,  that 
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animals  aft  by  them  moifture  alone  in  giving  origin  to 
the  fame  influence  in  M.  Galvani’s  experiments,  unlefs 
we  are  to  adniit  more  caufes  of  an  effea  than  what  are 
fufficient  for  its  produaion. ”  We  do  not  quote  the 
above  reafoning  as  perfeaiy  conclufive,  for  it  by  no 
means  appears  to  us  to  be  fo  ;  but  it  certainly  gives 
fome  probability  to  the  opinion,  that  galvanifm  is,  as 
M.  Volta  fuppofes,  the  refult  of  the  aaion  of  two  dry 
conduaors,  which  touch  each  other  immediately  on 
one  hand,  while  at.  their  other  extremities  they  touch 
conduaors  of  what  he  calls  the  fecond  clafs,  (that  is, 
moifture,  for  all  the  conduaors  of  the  fecond  clafs  con¬ 
tain  water),  and  that  the  bodies  of  animals  aa  merely  ?s 
moifture. 

One  of  M.  Humboldt’s  experiments  related  above, 
appears  to  ns  to  ftrengthen  the  conciufion,  that  tliev  in¬ 
fluence  difeovered  by  Galvani  is  fomething  perfeaiy 
foreign  to  the  bodies  of  animals.  Can  it  be  fuppofed 
that  any  fubflance  which  naturally  refides  in  our  bo¬ 
dies,  fhould,  in  a  few  feconds  after  it  is  put  in  motion, 
convert  the  Ample  ferous  difeharge  of  a  blifler  into  a 
dark  coloured  fluid,  of  a  nature  fo  acrid  as  to  irritate 
and  violently  inflame  the  fkin  wherever  it  touches  it  ? 

We  do  not  fay  that  this  is  impofiible,  for  we  are  too  little 
acquainted  with  the  laws  of  fecretion  to  fay  with  cer¬ 
tainty  what  may,  or  what  may  not,  produce  fuch  a 
change  ;  but  we  know  no  fimilar  alteration  produced,  in 
a  few  feconds,  by  a  mere  change  of  action  in  the  veffels 
themfelves. 

We  fhall  not  undertake  to  determine  the  nature  ofThe  caufe 
the  caufe  which  produces  fuch  aftonifhing  effeds.  We  whichPro 
think  it  is  certainly  not  the  eledric  fluid,  and  probably  “eJ 
fomething  which  refides  or  is  formed  in  the  excitatory  fe&s  Un* 
arc,  but  we  confider  our  knowledge  of  galvanifm  as  known, 
flill  in  its  infancy,  and  our  flock  of  fads  as  infinitely 
too  fmall  to  admit  of  our  forming  a  juft  theory  on  the 
fubjeft.  Fortunately,  however,  the  difeovery  of  Gal¬ 
vani  I133  attraded  fo  much  the  attention  of  philofo- 
phers  in  every  part  of  Europe,  that  new  fads  may  he  ' 
expeded  to  come  to  light  every  day  ;  and  we  hope  the 
time  is  not  very  diftant,  when  thefe  may  be  fo  clafs- 
ed,  as  to  entitle  the  fubjed  to  be  ranked  among  the 
fciences. 


While  this  article  was  in  the  prefs,  we  were  favour¬ 
ed  by  a  friend  with  an  account  of  fome  German  differ- 
tations  on  the  fubjed,  which  we  are  obliged  to  infert 
in  this  irregular  manner. 

.  Cteye»  furgeon  in  V/urtzburg,  had  an  opportu¬ 
nity  of  obferving  the  galvanic  irritation  on  the  leg  of 
a  boy,  which  had  been  amputated  far  above  the  knee 
in  the  hofpital  of  that  city.  Immediately  after  the  am¬ 
putation,  Mr  Creve  laid  bare  the  crural  nerve  (knie- 
kehlnerven),  and  furrounded  it  with  a  flip  ot  tinfoil. 
He  touched  at  once  the  tinfoil  and  the  nerve  with  a> 
French  crownpiece.  In  that  inftant  the  moft  violent 
convulfions  took  place  in  the  leg  both  above  and  be¬ 
low  the  knee.  The  remainder  of  the  thighbone  bent 
with  force  toward  the  calf ;  the  foot  was  more  bent 
than  extended.  All  thefe  motions  were  made  with 
much  force  and  rapidity.  None  were  produced  when  / 
the  tinfoil  was  taken  away,  or  v/hen  a  fteel  pincer  was 
ufed  in  place  of  a  piece  of  filver,  or  when  the  tin  or 
lilver  was  covered  with  blood :  but  they  were  renew¬ 
ed 
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ed  when  thefe  obftaclea  were  removed.  Thefe  pheno¬ 
mena  continued  till  38  minutes  after  the  amputation, 
when  the  limb  became  cold. 

Dr  Chriftopher  Heinrich  PfafF  (in  Differ  tatione  de 
Eledricitate  Animali,  Stutgardt,  1793:  fee  alfo  Gren’s 
Journal  der  Phyjik ,  T.  viii.  p.  196,  &c.)  has  claffed 
the  phenomena  in  a  very  orderly  and  perfpicuous  man¬ 
ner  ;  and  the  refult  of  the  numerous  experiments  made 
by  himfelf  and  others  correfponds  very  nearly  with  our 
inferences  in  the  preceding  pages. 

I.  Phenomena  of  mufcuiar  contraction. 

The  general  form  of  his  experiments  is  the  fame 
with  that  which  we  have  placed  at  the  beginning  of 
this  article  ;  but  the  following  varieties  were  obferved  : 

The  nerve  being  coated  with  tinfoil,  it  was  always 
obferved  that  the  contractions  were  ftronger  when  the 
filver  firft  touched  the  mufcle,  and  then  the  coating. 
If  it  touched  the  coating  firft,  the  effects  were  always, 
and  very  fenfibly,  weaker. 

They  were  ftill  ftronger  when  the  filver  did  not 
touch  the  mufcle  at  all,  but  only  the  nerve  and  its 
coating. 

When  the  contractions  were  weaker  at  the  begin¬ 
ning,  they  alfo  ceafed  fooner. 

No  contraction  enfued  from  touching  the  coating 
only,  or  the  nerve  only,  or  the  mufcle  only,  with  the 
filver. 

Continuing  the  contact  did  not  occafion  any  repeti¬ 
tion  of  the  contractions,  except  in  Tome  cafes,  where 
the  filver  was  drawn  along  different  parts  of  the  coat¬ 
ing,  while  its  other  end  remained  in  contact  with  the 
nerve. 

The  contractions  took  place  only  in  the  mufcle3  to 
which  the  nerve  led. 

Their  ftrength  and  duration  were  greater  when  the 
furfaces  of  contact  were  greater,  and  when  the  two 
metals  touched  each  other  in  points  or  (harp  edges. 

A  ligature,  with  a  filk  thread  below  the  coating 
(that  is,  between  the  coating  and  the  mufcle,  or  part 
of  the  nerve  touched  by  the  filver),  prevented  all  con¬ 
traction  ;  but  not  if  the  ligature  was  between  the  coat¬ 
ing  and  the  brain.  If  the  nerve  was  cut  through  be¬ 
low  the  coating,  and  the  parts  feparated  a  quarter  of 
an  inch,  no  contraction  followed  by  touching  the  coat¬ 
ing  and  the  nerve  or  mufcle  :  but  it  took  place,  if 
the  parts  were  brought  into  contact  ;  or  even  if  a  piece 
of  any  other  nerve  was  put  between  the  parts. 

If  a  confiderable  part  of  a  bared  nerve  was  mfulated 
and  coated,  partly  with  tinfoil  and  partly  with  filver, 
contractions  were  produced  in  the  mufcle  to  which  it 
led  whenever  the  two  metals  were  brought  into  con- 

taCt.  , 

If  one  crural  nerve  be  coated  with  tin,  and  the  o- 
ther  with  filver,  contractions  are  produced  in  both  legs 
by  bringing  the  metals  into  contact- 

If  the  nerve  be  dry  under  the  coating,  or  when  the 
filver  touches  it,  or  in  both  places,  we  have  no  contrac¬ 
tions  ;  but  they  begin  as  foon  as  we  moiften  the  nerve. 

Dr  Pfaff  infers  from  thefe  phenomena,  that  the 
nerve  alone  is  fubject  to  the  irritation,  produced  by  the 
two  metals. 

If  the  prepared  frog  be  immerfed  in  water,  fo  that 
the  coating  touches  the  water,  contractions  are  pro^ 
duced  by  touching  the  coating  above  water  with  the 
filver,  while  another  part  of  the  filver  touches  the 


nerve,  or  the  mufcle,  or  even  dips  pretty  deep  in  the 
water. 

No  fuch  thing  happens  in  oil ;  or,  at  beft,  the  con¬ 
tractions  are  very  flight. 

Dr  Pfaff  could  not  produce  contractions  without 
employing  two  metals,  or  a  metal  and  charcoal. 

A  very  thin  covering  of  mufcuiar  flcfh  on  the  nerve 
did  not  altogether  prevent  the  contractions,  and  in 
many  cafes  did  not  fenfibly  diminifh  them. 

If  a  piece  of  filver  be  laid  on  the  mufcles  of  the 
breaft  or  belly,  and  be  brought  into  contact  with  the 
tin- coating  on  the  lumbal  region,  only  the  mufcle-.  of 
the  breaft  or  belly  are  affected,  but  not  thofe  of  the 
legs. 

Dr  Pfaff  fays,  that  the  involuntary  mufcles  are  not 
affected  by  galvanifm ;  and  refers  for  convincing  proofs 
to  a  differtation  by  Dr  Ludwig,  (hewing  that  the  heart 
is  not  furnifhed  with  nerves,  ( Scriptor .  neurolog .  minor, 
feletl.  vol.  2.). 

II.  Irritation  of  the  Organs  of  Senfe . 

Here  Dr  PfafPs  differtation  contains  nothing  re¬ 
markable. 

III.  Conjectures  as  to  the  Caufe . 

Dr  Pfaff  ufes  the  fame  arguments  that  we  have  em¬ 
ployed  to  refute  the  opinion  of 'a  fimilarity  between  the 
animal  organs  and  the  Leyden  phial,  and  the  opinion 
that  electricity  is  the  agent.  He  mentions  the  opinion 
of  thofe  who  maintain  that  the  agent  is  a  fluid  put  into 
motion  by  means  of  its  relation  to  the  metala  only,  in 
their  action  on  each  other,  and  who  confider  the  animal 
as  merely  ferving  as  a  conductor  ;  and  alfo  ferving,  by 
its  irritability,  to  give  us  the  information  of  the  pre¬ 
fence  of  fucli  a  fluid,  in  the  fame  manner  as  another  kind 
of  irritation,  fomewhat  analogous  to  it,  indicates  the 
prefence  and  agency  of  the  electric  fluid.  It  may  there¬ 
fore  be  called  the  Metallic  Irritation;  a  term  which 
will  fufficiently  diftinguifh  it. 

But  Dr  Pfaff  feems  rather  to  think  that  the  agent 
refides  in  the  animal,  and  that  the  metals  are  the  con- 
dutors  (See  a  differtation,  entitled,  Farther  Contri¬ 
butions  to  the  Knowledge  of  Animal  Electricity ,  in  Grtn’s 
Journal  der  Phyjik ,  T.  viii.  p.  377).  This  fluid  he 
conceives  to  be  intimately  blended  with  the  principle  of 
life ;  nay,  perhaps,  to  be  the  fame.  He  mentions  a 
thought  of  Profeffor  Kielmayer,  “  that  it  may  refemble 
the  magnetic  fluid  in  its  manner  of  acting,  giving  con¬ 
nection  to  the  diftant  particles  of  a  nerve,  as  we  obferve 
a  magnet  give  an  inftantaneous  connection  to  each  of  a 
parcel  of  iron  filings  ;  all  of  which  it  would  arrange  in. 
a  certain  precife  manner,  if  they  were  fufficiently  move- 
able,  by  giving  momentary  polarity  to  each/'  This, 
fomewhat  refembles  Newton’s  hypothetical  whim  read 
to  the  Royal  Society,  deferibing  what  may  be  done  by 
means  of  an  sether  (See  Birche’s  Hijlory  of  the  Royal 
Society ). 

But  all  this  is  vague  conjecture,  and  merits  little  at¬ 
tention.  This  will  be  better  beftowed  on  an  obfervation 
of  M.  Humboldt  of  Jena,  u  that  a  bit  of  frefti  morelle  (the 
Helvetia  mitra  of  Linnaeus)  may  be  fubftituted  for  a  bit 
of  nerve  in  the  animal  arc  in  thefe  experiments.”  This 
is  the  only  vegetable  fubftance  yet  difeovered  to  have 
this  property.  If  the  nerve  be  laid  on  the  morelle,  we 
have  only  to  touch  the  morelle  with  the  zinc,  and  the 
mufcuiar  contractions  immediately  follow. 

GARDECAUIV 


Garden. 
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G vileraut,  .  GARDECAUl1,  or  Guard  du  Cord,  in  a  watch,  prevented 
^  is  that  which  Hops  the  fufee  when  wound  up,  and  for 
that  end  is  driven  up  by  the  fpring.  Some  call  it 
Guard- cock  ;  others  Guard  du  Gut. 

GARDEN  (Francis),  better  known  to  the  public 
by  the  title  of  Lord  GardenJloney  was  born  at  Edin¬ 
burgh  June  24th,  in  the  year  1721.  H13  father  was 

Alexander  Garden  of  Troup  ;  an  opulent  landholder 
in  Aberdeenfnire  ;  his  mother  was  Jane,  daughter  of 
Sir  Francis  Grant  of  Cullen,  SC.  I. 

After  palling  through  the  ufual  courfe  of  liberal  e- 
ducation  at  the  fcliool  and  the  univerfity,  lie  betook 
himfelf  to  the  fludy  of  law  for  his  profeflion.  In  the 
year  j  744  he  was  admitted  a  member  of  the  Faculty  of 
Advocates,  and  called  to  the  Scottifh  bar. 

#  In  l^s  practice  as  an  advocate  he  foon  began  to  be 
diftinguifhed,  by  a  ftrong,  native  reditude  of  undcr- 
itanding ;  by  that  vivacity  of  apprehension  and  imagi¬ 
nation,  which  is  commonly  denominated  Genius ;  by 
manly  candour  in  argument,  often  more  perfuafive  than 
fubtlety  and  fophiflicel  artifice ;  by  powers  which,  with 
diligence,  might  eafily  attain  to  the  higheft  eminence 
f  the  profeflion.  But  the  'fame  ftrength,  opennefs, 
and  ardour  Of  mind,  which  diftinguifhed  him  fo  ad  van- 
tageoufly  among  the  pleaders  at  the  bar,  tended  to 
give  him  a  fondnefs  for  the  gay  enjoyments  of  convi- 
vial  intercourfe,  which  was  unfavourable  to  his  progrefs 
in  juridical  erudition.  *Shining  in  the  focial  and  con¬ 
vivial  circle,  he  became  lefs  folicitoufly  ambitious  than 
he  might  othervtife  have  been,  of  the  charader  of  an 
eloquent  advocate,  or  of  a  profound  and  learned  law¬ 
yer.  The  vivacity  of  his  genius  was  averfe  from  au- 
ftere  and  plodding  ftudy,  while  it  was  captivated  by 
the  fafeinations  of  polite  learning,  and  of  the  fine  arts. 

Nor  did  he  always  efcane  thofe  excefies  in  the  nnrfmt 


Nor  did  he  always  efcape  thofe  excefies  in  the  purfuit 
of  plerfurc  into  which  the  temptations  of  opening  life 
are  apt,  occafionally,  to  feduce  the  moil  liberal  and  in- 
.  genuous  youth.  HBut  his  cheerful  conviviality,  his  wit, 
humour,  tafle,  good-nature,  and  benevolence  of  heart, 
rendered  him  the  delight  of  all  his  acquaintance.  He 
became,  his  Majefty’s  Solicitor  July  3d,  1764. 

At , length  the  worth  of  his  charader,  and  his  abi¬ 
lities  as  a  lawyer,  recommended  him  to  the  office  of  a 
Judge  in  the  Courts  of  Seffion  and  Jufticiary,  the 
fupreme  judicatures,  civil  and  criminal,  for  Scot¬ 
land.  His  place  in  the  Court  of  Seffion  he  continued 
<•  to  occupy  till  his  death  ;  but  had,  fome  years  before, 
tefigned  the  office  of  a  Commiffioner  of  Judiciary,  and 
in  recompence  got  a  penfion  of  2ocl.  per  annum. 
Clear  difeernment,  ftrong  good  fenfe,  confcientious  ho- 
hefty,  and  amiable  benevolence,  remarkably  diftinguifh- 
cd  all  his  opinions  and  condud  as  a  judge. 

We  not  unfrequently  fee  the  gay  young  men  of  the 
prefent  age,  to  turn,  as  they  advance  towards  middle  life, 
from  the  headlong  purfuit  of  pleafure  to  a  fordid  and 
contraded  felfifhnefs,  which  excludes  even  thofe  few 
good  qualities  that  feemed  to  accompany  their  firft 
thonghtlefs  days.  Their  life  is  divided  between  fienfu- 
ality  and  that  anxious  inhumane  avarice  and  ambition 
whofe  ultimate  objed  is,  to  provide  gratifications  to 
fenfuality  and  pride.  The  kindling  light  of  reditude, 
and  the  firft  fparks  of  generous  humanity,  arc  extin- 
guifhed  in  their  b  re  aits,  as  foon  -as  thofe  ebullitions  of 
youthful  paffion  and  inexperience  arc  over,  by  which 
the  ufcful  efficiency  of  their  early  good  qualities  was 
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Hardly  have  they  become  tolerably  well 
acquainted  with  mankind,  when  the  milk  of  human 
kindnefs  is  turned  into  gall  and  venom  in  their  hearts. 

It  was  far  otherwife  with  Lord  Garder.llone.  As 
he  advanced  in  years,  humanity,  tafte,  public  fpirit, 
became  (till  more  and  more  eminently  the  predomi- 
nant  principles  In  his  mind.  —  He  pitied  the  condition 
of  the  peafantry,  depreffed  rather  by  their  ignorance 
of  the  molt  fk iflful  modes  of  labour,  and  by  their  re- 
motenefs  from  the  fphere  of  improvement,  than  hv  any 
tyranny  or  extortion  of  their  landlords.  He  admired, 
proteded,  and  cultivated  the  polite  arcs.  He  was  the 
ardent  votary  of  political  liberty,  and  friendly  to  every 
thing  that  promifed  a  feafible  amelioration  of  public  e- 
conotny,  and  the  principles  of  government. 

In  the  year  1762  lie  purchafed  the  efHte  of  John- 
fton,  in  the  county  of  Kincardine.  Within  a  few 
years  after  he  began  to  attempt  a  plan  of  the  moft  li- 
beial  improvement  of  the  value  of  this  eftate,  by  an  ex* 
tenfion  of  the  village  of  Laurencekirk,  adjoining.  He 
offered  leafes  of  fmall  farms,  and  of  ground  for  building 
upon,  which  were  to  laft  for  the  term  of  one  hundred 
years  ;  and  of  which  the  conditions  were  extremely  in¬ 
viting  to  the  labourers  and  tradefmen  of  the  furround- 
jng  country.  Thefe  offers  were  eagerly  liftened  to. 
More  defirous  to  make  the  attempt  beneficial  to  the 
country  than  to  derive  profit  from  It  to  himfelf,  he 
was  induced,  within  a  few  years,  to  reduce  his  ground- 
rents  to  one-half  of  the  original  rate. — Weavers,  join¬ 
ers,  fhoe- makers,  and  other  artffans  in  a  confiderable 
number.,  refer  ted  to  fettle  in  the  rifing  village.  His 
Lordfhip’s  earneftnefs  for  the  fuccefs  of  his  projed, 
and  to  promote  the  profoerity  of  the  good  people 
whom  he  had  received  under  his  protection,  led  him  to 
engage  in  feveral  undertakings  by  the  failure  of  which  ; 
lie  incurred  confiderable  Ioffes.  Projeds  of  a  print- 
field,  arid  of  manufactures  of  linen  and  of  {lockings, 
attempted  with  fanguine  hopes  in  the  new  village,  and 
chiefly  at  his  Lordfhip’s  rifle  and  expence,  mifgave  in 
fuch  a  manner  as  might  well  have  finally  difgufted  a  man 
of  lefs  fteady  and  ardent  philanthropy  with  every  fuch 
engagement.  But  the  village  ftill  continued  to  advance. 
It  grew  up  under  his  Lordfiiip’s  eye,  and  was  the  fa- 
vourite  objed  of  his  care.  In  the  year  1779’  he  pro¬ 
cured  it  to  be  ereded  into  a  burgh  of  barony  ;  having 
a  magiflracy,  an  annual  fair,  and  a  weekly  market.  He 
provided  in  it  a  good  inn  for  the  reception  of  travel¬ 
lers  ;  and  with  an  uncommon  attention  to  the  enter¬ 
tainment  of  the  guefts  who  might  refort  to  it,  furnifhed 
this  inn  with  a  library  of  books  for  their  amufement. 
He  invited  an  artift  for  drawing,  from  the  continent, 
to  fettle  at  Laurencekirk.  He  had  the  pleafure  of 
feeing  a  confiderable  linen  manufadure  at  length  fixed 
in  it.  A  bleachfield  was  alfo  eftablifhed  as  a  natural 
counterpart  to  the  linen-manufadure.  Before  his 
Lordfhip’s  death,  he  faw  his  plan  of  improving  the 
condition  of  the  labourers,  by  the  formation  of  a  new 
village  at  Laurenctkirk,  crowned  with  fuccefs  beyond 
his  moft  fanguine  hopes.  He  has  acknowledged,  with  an 
amiable  franknds,  in  a  memoir  concerning  this  village, 
That  he  had  tried,  in  fome  meafurc,  a  variety  of  the  plea- 
fures  which  mankind  purfue  ;  but  never  rehfhed.any  fo 
much  as  the  pleafure  arifing  from  the  progrefs  of  his 
village.” 

In  the  year  1 785,  upon  the  death  of  his  elder  bro- 
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ther,  Alexander  Garden  of  Troup,  M.P.  for  Aberdeen- 
fliire,  Lord  Gardendone  fucceeded  to  the  pofleffion  of 
the  family  eftates,  which  were  very  con  deferable.  Un¬ 
til  this  time  his  Lordfhip's  income  had  never  been 
more  than  adequate  to  the  liberal  expence  into  which 
his  rank,  and  the  generofity  of  his  nature,  unavoidably 
led  him.  But  the  addition  of  a  fortune  of  about 
three  thoufand  pounds  a-year  to  his  former  revenue, 
gave  him  the  power  of  performing  many  a£t$  of  bene¬ 
ficence  with  which  he  could  not  before  gratify  his 
good  heart.  It  was  happy,  likewife,  that  his  fuccef- 
fion  to  this  ample  income,  at  a.  period  when  the  vigour 
of  his  conftitution  was  rapidly  yielding  to  the  infirmi¬ 
ties  of  old  age,  enabled  him  to  feck  relief,  by  a  partial 
eeflation  from  bufinefs,  by  travel,  and  by  other  means, 
which  could  not  have  been  eafily  compatible  with  the 
previous  date  of  his  fortune. 

In  the  month  of  Sept.  1786,  he  fet  out  from  Lon¬ 
don  for  Dover,  and  pafied  over  into  France.  After  vifit- 
ing  Paris,  he  proceeded  to  Provence,  and  fpent  the 
winter  months  inthe  genial  climate  of  Hieres.  In  the 
fpring  of  1787  he  returned  northwards,  vifiting  Ge¬ 
neva,  Switzerland,  the  Netherlands,  and  the  Dutch 
provinces,  and  palling  through  Germany  into  Italy. 
With  a  fond  curiofity,  attentive  alike  to  the  wonders 
of  nature,  to  the  noble  monuments  of  the  arts,  and  to 
the  awful  remains  of  ancient  grandeur,  with  which  Italy 
abounds,  he  vifited  all  its  great  citie3,  and  furveyed  almoft 
every  remarkable  and  famous  feene  that  it  exhibits. 

His  firft  objeft,  in  thefe  travels,  was  to  obtain  the 
seftoration  of  his  declining  health  by  the  influence  of  a 
milder  climate,  by  gentle,  continued,  and  varied  exer- 
cife  ;  by  that  pleafing  exhilaration  of  the  temper  and 
fpirits,  which  is  the  bed  medicine  to  health,  and  is  moil 
fuccefsfully  produced  by  frequent  change  of  place,  and 
of  the  objedts  of  attention.  Bqt  the  curicfities  of  na¬ 
ture  and  art,  in  thofe  countries  through  which  he  tra¬ 
velled,  could  not  fail  to  attradf,  in  a  powerful  manner, 
the  curiofity  cf  a  mind  cultivated  and  ingenious  as  his. 
Pie,  wliofe  bread  glowed  with  the  mod  ardent  philan¬ 
thropy,  could  not  view  the  varied  works  and  manners 
of  a  diveriity  of  nations  of  his  fellow  men,  without  be¬ 
ing  deeply  intereded  by  all  thofe  circumdances  which 
might  appear  to  mark  their  fortunes  as  happy  or 
wretched.  He  eagerly  colledled  fpecimens  of  the  fpars, 
the  fhells,  the  ftrata,  of  rocks,  and  the  veins  of  metals, 
in  the  feveral  countries  through  which  he  pafied.  He 
Smafled  alfo  cameos,  medals,  and  paintings.  He  en¬ 
quired  into  fcience,  literature,  and  local  inditutions. 
He  wrote  down  his  obfervations,  from  time  to  time  ; 
cot  indeed  with  the  minute  care  of  a  pedant,  or  the 
odentatious  labour  of  a  man  travelling  with  a  defign  to 
publifh  an  account  of  his  travels  ;  but  fimply  to  aid 
memory  and  imagination  in  the  future  remembrance  of 
objedls  ufeful  or  agreeable. 

After  an  abfence  of  about  three  years,  he  returned 
to  his  native  country.  The  lad  years  were  fpent  in 
the  difeharge  of  the  duties  of  his  office  as  a  judge  ;  in 
focial  intercourfe  with  his  friends,  among  whom  was 
the  venerable  Lord  Monboddo,  and  others  of  the  mod 
refpedlable  ch  a  raiders  that  our  country  has  to  boad 
cf  ;  in  the  performance  of  a  thoufand  generous  offices 
of  benevolence  and  humanity  ;  in  cherifhing  thofe  fine 
arts,  of  which  he  was  an  eminent  admirer  and  judge  ; 
and  above  all,  in  promoting  tbs  comfort,  and  encou¬ 


raging  the  induftry  of  his  dependants,  and  in  lending 
his  aid  to  every  rational  attempt  at  the  improvement  of 
public  economy  and  public  virtue. 

St  Bernard’s  Well,  in  the  neighbourhood  of  Edin- 
burgh,  had  been,  long  fince,  diftiuguiihed  for  the  me* 
dicinal  virtues  of  its  waters.  But  various  circumdan¬ 
ces  had  alfo  concurred  of  late  to  throw  it  into  negledl. 
Yet  its  waters  being  drongly  mineralized  by  a  fulphu- 
rated  hydrogenous  gas,  were,  by  this  means,  unquef- 
tionably  qualified  to  operate,  with  highly  beneficial  ef¬ 
fects,  in  the  cure  of  various  difeafes.  The  qualities  of 
this  mineral  water  falling  under  Lord  Gardendone’a 
notice,  he  was  induced  to  purchafc  the  property  of  the 
well,  to  diredt  it  to  be  cleared  from  furro unding  ob- 
dacles,  which  contaminated  the  virtues  of  the  water,  or 
made  it  inaccefGble  ;  to  eredl  a  beautiful  and  commo¬ 
dious  edifice  over  it ;  and  to  appoint  proper  perfons  to 
diftribute  the  water,  for  a  very  trivial  compenfation,  to 
the  public.  The  well  lies  at  a  didance  from  Edin¬ 
burgh,  which  is  very  convenient  for  a  fummer  morn¬ 
ing’s  walk.  Within  the  few  years  which  have  pafied 
fince  Lord  Gardendone’s  benevolent  care  .brought  it 
into  notice,  it  has  attracted  many  of  the  inhabitants  of 
that  city  to  vifit  in  the  mornings  of  fpring  and  fummer. 
And,  undoubtedly,  the  agreeable  exercife  to  which  they 
have  thus  been  allured,  and  the  falutary  effedls  of  the 
water,  have  contributed,  in  no  mean  degree,  to  difpel 
difeafe,  and  to  confirm,  or  reedablifh  health.  Such 
monuments  are  worthy  to  preferve  the  memory  of  a 
patriotic  and  a  good  man  i 

As  an  amufement  for  the  lad  two  or  three  years  of 
his  life,  when  his  increafing  infirmities  preclued  him 
from  more  adfive  exercife,  and  from  mingling  fo  fre¬ 
quently  in  the  fociety  of  his  friends  as  was  agreeable 
to  his  focial  and  convivial  temper,  he  bethought  him- 
felf  of  revifing  fome  of  the  jeux  d^efprit^  and  light  fugi¬ 
tive  pieces,  in  which  he  had  indulged  the  gaiety  of  his 
fancy,  in  his  earlier  days  ;  and  a  fmall  volume  of  poems 
was  publifhed,  in  which  the  bed  pieces  are,  upon  good 
authority,  aferibed  to  Lord  Gardendone.  He  revifed 
alfo  the  memorandums  which  he  had  made  upon  his 
travels,  and  permitted  them  to  be  fent  to  prefs.  The 
two  former  volumes  were  publifhed  one  after  another 
while  his  Lordfhip  wa9  yet  alive  ;  the  third  after  his 
death.  They  met  with  a  very  favourable  reception  in 
the  world,  and  were  honoured  with  the  high  approba¬ 
tion  of  the  mod  refpedlable  writers  of  periodical  criti- 
cifm.  They  convey  much  agreeable  information,  and 
befpeak.  an  elegant,  enlightened,  and  amiable  mind. 
The  lad  volume  is  filed  chiefly  with  memorandums  of 
his  Lordfliip’6  travels  in  Italy  ;  and  contains  many  in¬ 
tending  criticifms  upon  fome  of  the  nobled  produc¬ 
tions  of  the  fine  arts  of  painting  and  fculpture. 

His  Lordfhip’s  health  had  ionr  been  declining ;  and 
he  died  a  bachelor  on  the  2 2d  of  July  1793,  lamented 
by  his  relations  and  friends,  by  his  tenants  and  humble 
dependants,  and  by  all  true  patriots  and  good  men  to 
whom  his  merits  and  virtues  were  known. 

Such  is  the  account  of  Lord  Gardendone’s  life, 
which  was  prefixed  to  the  third  volume  of  his  travel¬ 
ling  memorandums  ;  and  though  it  was  no  doubt  an 
efluiion  of  fond  friendflup,  we  believe  that  the  praife 
which  it  bedows  on  his  Lordfhip  is  not  much  exagge¬ 
rated.  in  the  latter  years  of  his  life,  it  mud  indeed  be 
confefled,  that  hfe  contradled  intimacies  with  men  un- 
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worthy  of  his  regard  ;  and  that  his  attachment  to  li- 
Ceoeentric  ^ert^  mac^e  him  f°rm  expe&ations  from  the  French 
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revolution,  which  even  the  events  which  he  faw  ought 
to  have  repreffed.  But  his  mind  was  by  that  time 
weakened  by  difeafe  ;  and  it  would  be  very  unjuft 
to  balance  the  imprudencies  of  one  or  two  years 
againft  the  meritorious  a&ions  of  a  whole  life.  Be- 
fides  his  travelling  memorandums  and  his  poems,  his 
Lord fli ip  published  a  Letter  to  the  Inhabitants  of  Lau¬ 
rencekirk  %  the  moft  valuable,  in  our  opinion,  of  all  his 
publications  ;  for  it  contains  perhaps  the  moft  falutary 
advices  which  were  ever  offered  to  the  inhabitants  of  a 
manufacturing  town,  for  the  regulation  of  their  con- 
duCt  towards  each  other.  That  the  people  of  Lau¬ 
rencekirk  have  followed  thefe  advices,  it  would  give  us 
pleafnre'  to  learn  on  good  authority. 

GAS.  See  that  article,  Encycl .  and  Chemistry- 
I nd ex  in  this  Supplement.  We  have  introduced  the 
word  here,  to  notice  fome  experiments  made  by  Pro- 
fefTor  Jacquiri  of  Vienna,  at  the  defire  of  Dr  Chladni, 
on  the  different  gafes  as  the  vehicle  of  founds.  A  glafs 
bell  was  furnifhed  with  a  metallic  ftopper  cemented  to 
a  neck  at  the  top  ;  and  in  the  bore  of  this  cock,  within 
the  glafs,  a  fmall  flute  or  pewter  (etain)  about  fix  inches 
in  length  was  fixed.  The  glafs  being  then  placed  on 
the  fhelf  of  the  pneumatic  veflel,  and  filled  with  any* 
particular  kind  of  gas,  a  bladder  alfo  filled  with  the 
fame  gas,  and  provided  with  a  cock,  was  adapted  to  the 
external  aperture  of  the  coek  belonging  to  the  bell 
glafs.  In  this  difpofition  of  the  apparatus,  the  flute 
was  made  to  found  by  gently  prefling  the  bladder.  Com 
parative  experiments  were  made  '  with  atmofpheric  air, 
oxygen,  hydrogen,  carbonic  acid,  and  nitrous  gas.  The 
intenfity  of  the  found  did  not  vary  ;  but  when  compa 
red  with  that  produced  by  atmofpheric  air,  the  oxygen 
gas  gave  a  found  half  a  tone  lower ;  azotic  gas,  prepa¬ 
red  by  different  methods,  conftantly  gave  a  found  half 
a  tone  lower;  hydrogen  gas  gave  nine  or  eleven  tones 
higher  ;  carbonic  acid  gas  gave  one-third  lower,  and 
nitrous  gas  alfo  very  nearly  a  third  lower.  A  mixture 
of  oxygen  gas  and  azote,  in  the  proportions  of  the  at- 
mofpheric  air,  afforded -the  tone  of  this  laft  ;  that  is  to 
fay,  it  was  half  a  tone  higher  than  each  of  the  compo¬ 
nent  parts  alone.  When  the  two  gafes  were  not  uni¬ 
formly  mixed,  the  found  was  abominably  harfh.  Chladni 
intends  to  give  a  fuller  account  of  thefe  interefting  ex¬ 
periments.  Journal  de  Phyfique ,  Vol.  IV.  N.  S.  p.  57. 

GAZONS,  in  fortification,  turfs,  or  pieces  of  frefh 
earth  covered  with  grafs,  cut  inform  of  a  wedge,  about 
a  foot  long,  and  half  a  foot  thick,  to  line  or  face  the 
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between  the  geocentric  place  and  the  firft  point  ofew 
Aries. 

GEOMETRICAL  Method  of  the  Ancients.  Georgil« 
The  ancients  eftablifhed  the  higher  parts  of  their  geo¬ 
metry  on  the  fame  principles  as  the  elements  of  that 
fcience,  by  demonftrations  of  the  fame  kind  :  and  they 
were  careful  not  to  fuppofe  any  thing  done,  till  by  a 
previous  problem  they  had  (hewn  that°it  could  be  done 
by  a&ually  performing  it.  Much  iefs  did  they  fup- 
pofe  any  thing  to  be  done  that  cannot  be  conceived ; 
fuch  as  a  line  or  feries  to  be  a&ually  continued  to  in¬ 
finity,  or  a  magnitude  diminifhed  till  it  become  infinite¬ 
ly  lefs  than  what  it  is.  The  elements  into  which 
they  refolved  magnitudes  were  finite,  and  fuch  as  might 
be  conceived  to  be  real.  Unbounded  liberties  have  of 
late  been  introduced  ;  by  which  geometry,  which  ou^ht 
to  be  perfectly  clear,  is  filled  with  myfteries. 

Geometrical  Solution  of  a  problem,  is  when  the 
problem  is  diredly  refolved  according  to  the  ftrrd  rules 
and  principles  of  geometry,  and  by  lines  that  are  truly 
geometrical. .  This  exp reflion  is  ufed  in  contradiftinc- 
tion  to  an  arithmetical,  or  a  mechanical,  or  inftrumental 
folution,  the  problem  being  refolved  only  by  a  ruler 
and  compaffes. 

The  fame  term  is  likewife  ufed  in  oppofitron  to  all 
indireft  and  inadequate  kinds  of  folutions,  as  by  ap¬ 
proximation,  infinite  feries,  &c.  So  we  have  no  geo¬ 
metrical  way  of  finding  the  quadrature  of  the  circle, 
the  duplicature  of  the  cube,  or  two  mean  proportionals,' 
though  there  are  mechanical  ways,  and  others,  by  in¬ 
finite  feries,  &c. 

GEORGIUM  Sidus  (fee  Astronomv-Ma?,  En- 
cycl.)  has  no  fewer  than  fix  fatellkes  revolving  round 
it,  2II  difeovered  by  Dr  Herfchei.  Of  the  two  which* 
he  firft  difeovered,  one  was  found  to  revolve  in  8  days 
17  b.  1  m.  17  fee.  at  the  diftance  of  33'  from  its  pri¬ 
mary;  and  the  other  in  1 3  d.  n  h.  5  m.  1,5  fee.  at  the 
diftance  of  44V3.  The  planes  of  their  orbits  form 
fuch  large  angles  with  that  of  the  planet  itfelf,  and 
confequently  of  the  ecliptic,  as  to  be  almoft  perpendi¬ 
cular  to  it.  Fo  this  remarkable  departure  from  the  a- 
nalogy  of  the  old  planets,  another  (till  more  Angular 
has  been  lately  announced.  They  move  in  a  retrograde 
direction  !  The  new  fatellites  revolve  as  follows,  the 
periodical  times  being  inferred  from  their  greatelt  elon¬ 
gations :  The  interior  fatellite  in  5  d.  21  h  25  m.  at 
the  diftance  of  2 5", 5.  A  fatellite  intermediate  between 
the  two  old  ones  in  10  d.  2.3  h.  4  m.  at  the  diftance  of 
38^,57.  The  neareft  exterior  fatallite  at  about  double 
the  diftance  of  the  fartheft  old  one,  and  confequently 
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ontlide  or  works^made  of  earth,  to  keep  them  up,  and.,  its  periodical  time  38  d.  1  h.  40  m.  And  the  moft  dif- 
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prevent  their  mouldering. 

GEOCENTRIC  Place  of  a  planet,  is  the  place 
where  it  appears  to  us  from  the  earth  ;  or  it  is  a  point 
in  the  ecliptic,  to  which  a  planet,  feen  from  the  earth, 
is  referred. 

Geocentric  Latitude  of  a  planet,  is  its  latitude  as 
feen  from  the  earth,  or  the  inclination  of  a  line  con¬ 
necting  the  planet  and  the  earth  to  the  plane  of  the 
earth’s  (or  true)  ecliptic  :  Or  it  is  the  angle  which  the 
faid  line  (connecting  the  planet  and  the  earth)  makes 
with  a  line  drawn  to  meet  a  perpendicular  let  fall  from 
the  planet  to  the  plane  of  the  ecliptic. 

Geocentric  Longitude  of  a  planet,  is  the  diftance 
meafured  on  the  ecliptic,  in  the  order  of  the  figns, 


tant  fatellite  full  four  times  as  far  from  its  prirnaiy  as 
the  old  fecond  fatellite.  Whence  it  will  take  at  leaft 
107  d.  16  h.  40  m.  to  complete  its  revolution.  Whe¬ 
ther  the  motions  of  thefe  four  be  direCl  or  retrograde, 
is,  we  fupoofe,  not  yet  determined. 

From  foine  obfervations  of  the  Do&or,  with  an  ex¬ 
cellent  feven-feet  telefcope,  certain  appearances,  refem- 
bling  that  of  two  rings  furrounding  the  planet,  and 
croffing  each  other  at  right  angles,  were  feen  on  feveral 
different  days.  They  were  not  altered  in  pofition  by 
turning  the  fpeculum  in  its  cell ;  but  (fays  Mr  Nichol- 
fon)  there  is  little  doubt  that  they  were  optical  decep¬ 
tions,  becaufe  they  kept  their  pofition  with  refpeCt  to 
the  tube,  after  the  relative  pofition  of  the  parallel  had 

been 
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.  been  much  changed  by  the  eartlrs  rotation,  and  be- 
~  caufe  they  did  not  appear  with  larger  telefcopes  applied 
during  the  courfc  of  ten  years.  The  difk  of  the  Geor- 
gium  Sidus  Is  flattened.  It  therefore  revolves  with  con- 
fiderable  rapidity  on  its  axis.  From  the  very  faint  light 
of  the  fatellites,  they  are  obferved  to  difappear  in  tliofe 
parts  of  their  Orbits  which  bring  them  apparently  near- 
eft  the  planet.  This  does  not  arife  from  an  atmofphere  ; 
for  the  effe£l  is  the  fame,  whether  the  fatellite  be  within 
or  beyond  the  planet. 

GERAP-D  (Alexander,  D.  D.)  was  the  eldeft  fon 
of  the  reverend  Gilbert  Gerard  minifter  of  Chapel-Ga- 
rioch,  in  the  county  of  Aberdeen.  He  was  born  on 
the  2 2d  of  February  1728,  and  received  the  firft  rudi¬ 
ments  of  his  education  at  the  parifh  fchool  of  Foveran 
in  the  fame  county. 

It  may  perhaps  be  proper  to  inform  our  Englifti 
readers,  that  in  every  pariih  in  Scotland  there  is  a  fchool 
where,  for  very  fmall  fees,  the  youth  of  the  parifh  are 
not  only  taught  to  read  the  Englifti  language,  to  write, 
and  to  perform  the  elementary  operations  of  arithmetic, 
but  are  alfo  inftru&ed  in  the  Greek  and  Latin  lan¬ 
guages.  Of  thefe  fchools,  many  of  the  mafters  were, 
about  fixty  years  ago,  eminent  for  claflical  learning  ; 
and  it  feems  that  Mr  Forbes,  the  mafter  of  the  fchool 
of  Foveran,  pofrefted  fuch  fame  as  a  teacher,  that  Mr 
Gerard  judged  it  more  expedient  to  commit  his  fon  to  his 
care  than  to  have  him  educated  at  the  fchool  of  his  own 
parifh,  and  under  his  own  immediate  infpedlion.  The 
attainments  which  that  fon  afterwards  made  in  literature, 
evince  that  his  judgment  was  correct,  and  that  the  fchool- 
mafter  of  Foveran  deferved  the  fame  which  he  enjoyed. 

Young  Gerard,  however,  did  not  remain  long  at  Fo¬ 
veran.  His  father  died  when  he  was  but  ten  years  old  ; 
and  his  mother  removing  foon  afterwards  with  her  fa- 
mily  to  Aberdeen,  he  was  of  courfe  put  to  the  gram¬ 
mar- fchool  in  that  city  :  but  fo  folid  was  the  founda¬ 
tion  which  had  been  already  laid,  that  in  two  years 
time  he  was  deemed  fit  for  the  univerfity,  and  was  ac? 
cordingly  entered  a  ftudent  in  Marifchal  college.  Such 
rapid  progrefs  fupplies  the  place  of  that  teftimony 
which  we  have  not  been  able  to  procure,  refpe&ing  his 
early  attachment  to  literature. 

After  completing  the  ufual  academical  courfe  of  four 
years  in  the  ftudy  of  Greek,  Latin,  mathematics,  and  phi¬ 
lofophy,  he  was  admitted  to  the  degree  of  mafter  of  arts; 
and  immediately  afterwards  commenced  the  ftudy  of 
theology,  which  he  profecuted  in  the  univerfities  of 
Aberdeen  and  Edinburgh.  In  1748,  when  he  had 
little  more  than  completed  his  twentieth  year,  he  was 
licenced  to  preach  in  the  church  of  Scotland,  and  two 
years  afterwards  was  chofen  alfiftant  to  Mr  David  For- 
dyce  profeffor  of  philofophy  in  the  Marifchal  college 
and  univerfity  of  Aberdeen.  In  this  capacity  lie  per¬ 
formed  the  duties  of  the  abfent  profeffor  till  the  7  th 
of  July  17 52,  when  he  was  appointed  fucceffor  to  Mr 
Fordyce,  who  had  been  drowned  on  the  coaft  of  Hoi 
land,  as  has  been  already  related  in  the  Encyclopaedia. 

At  that  period  it  was  the  practice  in  the  Marifchal 
college,  as  it  continued  to  be  in  the  King’s,  for  the 
fame  profeffor  to  carry  forward  a  clafs  of  ftudents  for 
three  fuccefiive  years  through  all  the  different  branches 
of  philofophy  which  were  taught  in  the  college.  Thefe 
were,  Logic,  Ontology,  Pneumatics*  Morals, 
Politics,  and  Natural  Philosophy  j  and  Mr  Ge- 
Suppl.  Vol.  I.  Part  II. 


rard  carried  one  clafs  through  this  extenfive  courfe. 
Mathematics  and  the  Greek  language  were  taught 
by  feparate  profeffors. 

About  the  year  1754,  a  very  material  alteration  was 
made  in  the  order  of  teaching  philofophy  in  the  irniver- 
frty  of  Aberdeen  ;  and  in  the  Marifchal  college  each 
profeffor  was  reftri&ed  to  one  department  of  fcience. 
The  principal  and  profeffors  in  that  college,  juftly  ob- 
ferving  that  the  public  is  interefted  in  every  tiling  which 
relates  to  education,  thought  it  incumbent  upon  them 
to  lay  before  that  public  the  reafons  which  had  deter¬ 
mined  them  to  deviate  from  the  arrangement  which 
they  had  hitherto  obferved  ;  and  they  employed  pro- 
feffor  Gerard  to  draw  up  thefe  reafons.  This  tafk  he 
performed  in  a  fmall  pamphlet,  which,  being  printed  by 
the  appointment  of  the  college,  appears  to  have  given 
very  general  fatisfa&ion. 

This,  indeed,  it  could  hardly  fail  to  do  ;  for  the  ju¬ 
dicious  author  points  out  very  clearly  the  inconveniences 
of  the  old,  and  the  advantages  of  the  new  plan  of  aca¬ 
demical  ftudy.  Having  obferved,  that  the  philofophy 
which  had  fo  long  kept  poffeffron  of  the  fchools,  con- 
fifted,  in  a  great  meafure,  cf  verbal  fubtleties  and  theo¬ 
ries  ill-grounded,  though  ingenioufly  devifed,  he  pro¬ 
ceeds  to  contrail  it  with  the  philofophy  cf  Bacon  and 
Locke,  and  to  fnovv  of  how  little  value  the  former  is 
when  compared  with  the  latter.  He  then  enters  on  a 
brief  examination  of  the  fcholaftic  log*c,  and  proves,  to 
the  conviction  of  every  impartial  judge,  that  the  art  of 
fyllogizing,  though  a  proper  enough  introdudlion  to  a 
philofophy  which  was  built  on  general  principles,  either 
taken  for  granted,  or  founded  on  very  narrow  and  in¬ 
adequate  obfervation,  is  by  no  means  fitted  to  affift  the 
mind  in  the  cultivation  of  that  fcience  which  is  dedu¬ 
ced  by  indu&ion  from  particular  fa£ts.  “  The  on¬ 
ly  bafis  of  philofophy  (fays  he)  is  now  acknowledged 
to  be  an  accurate  and  extenfive  hiftory  of  nature,  ex- 
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hibiting  an  exadl  view  of  the  various  phenomena,  for 
which  philofophy  is  to  account,  and  on  which  it  is  to 
found  its  reafonings.  This  being  the  reformed  date 
of  philofophy,  great  inconveniences  mull  be  found  in 
profecuting  the  fcholaftic  order  of  the  fciences.  The 
ftudent  muft  make  a  tranfition  at  once  from  words  and 
languages  to  philofophy,  without  being  previoufly  in¬ 
troduced  to  the  knowledge  of  fids,  the  foie  foundation 
of,  and  preparation  for  it  ;  he  muft  be  hurried  at  the 
firft  into  the  moft  abftrufe,  difficult,  and  fubtle  parts  of 
it  ;  he  muft  be  put  upon  examining  the  nature,  founda¬ 
tion,  and  different  kinds  of  evidence  and  reafoning,  be¬ 
fore  he  is  acquainted  with  any  fpecimens  of  thefe  kinds 
by  which  they  may  be  illuftrated.  And  in  proportion 
as  philofophy  is  more  improved,  and  more  thoroughly 
reformed,  thefe  inconveniences  muft  become  more  fen^ 
fible. 

“  The  view  of  thefe  (continues  he)  induced  the  ma¬ 
fters  of  the  Marifchal  college  to  think  of  altering  the 
hitherto  received  order  ;  and  after  the  moft  mature  deli¬ 
beration,  made  them  at  laft  refolve,  that  their  ftudents 
fhould,  after  being  inftruded  in.; languages  and  claflical 
learning,  be  made  acquainted  with  the  elements  of  hif¬ 
tory,  natural  and  civil,  of  geography  and  chronology, 
accompanied  with  the  elements  of  mathematics  ;  that 
they  fhould  then  proceed  to  natural  philophy  ;  and, 
laft  of  all,  to  morals,  politics  logic,  and  metaphyfics.” 

In  vindicating  this  arrangement,  he  labours  with 
4  T  great 
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Gerard,  great  earneftnefs,  and  we  think  with  complete  fuccefs, 
to  Hiew  the  propriety  of  making  logic  the  lad  branch 
of  academical  ftudy.  “  All  fciences  (fays  lie),  all  de- 
partments  of  knowledge  whatever,  mull  be  premifed  as 
a  ground- work  to  gehuine  logic.  Hillory  has  one 
kind  of  evidence,  mathematics  another,  natural  pliilofo- 
phy  one  dill  different  the  philoiophy  of  human  nature 
another  diftin£t  from  all  thefe;  the  fubordinate  branches 
of  thefe  feveral  parts  have  fiill  minuter  peculiarities  in 
the  evidence  appropriated  to  them.  An  unprejudiced 
mind  will  in  each  of  thefe  be  convinced  by  that  fpecies 
of  argument  which  is  peculiar  to  it,  though  it  does  not 
reflect  ho<w  it  comes  to  be  convinced.  By  being  con- 
verfant  in  them ,  one  is  prepared  for  the  ftudy  of  logic  ; 
for  they  fupply  him  with  a  fund  of  materials  ;  in  them 
the  different  kinds  of  evidence  and  argument  are  ex¬ 
emplified  ;  from  them  only  thofe  illuftrations  can  be  ta¬ 
ken,  without  which  its  rules  and  precepts  muff  be  un¬ 
intelligible. 

“  All  juft  conclu lions  concerning  the  works  of  na¬ 
ture  mult  be  founded  on  an  indu&ion  of  particulars. 
And  as  in  natural  philofophy  thefe  particulars  are  fup- 
plied  by  obfervations  and  experiments  on  natural  bodies  ; 
lo  in  logic  y  the  particulars,  of  which  an  induction  mu  ft 
be  made,  are  to  be  learned  only  from  the  body  of  arts 
and  fciences.  Thefe  are  the  fubjeCts  on  which  obferva¬ 
tions  muft  be  made,  in  order  to  lay  down  rules  for  in- 
vefligating  and  proving  the  truths  of  which  they  are 
made  up  ;  juft  as  the  genuine  performances  of  any  art 
are  what  muft  be  confidered  and  obferved  in  laying 
down  the  rules  of  that  art.  No  folid  precept  can  be 
formed  in  logic,  except  by  examining  arts  and  fciences, 
and  attending  to  the  method  of  reafoning  ufed  in  them, 
and  to  the  evidence  that  accompanies  it.  In  propor¬ 
tion  as  they  are  cultivated,  and  no  farther,  logic  may 
be  -in -.proved.  And  what  is  true  of  the  invention  of  lo¬ 
gic,  is  true  likewife  of  the  ftudy  of  it.  It  can  be  un¬ 
derflood  no  farther,  than  the  feveral  fciences  which  it 
reviews  and  criticifes  are  previoufly  underftood.  Ac¬ 
cordingly  we  find,  that  all  the  fyftems  of  logic  which 
have  not  been  compiled  from  a  careful  review  and  ex¬ 
amination  of  the  feveral  fciences,  confift  more  of  inge¬ 
nious  fubtleties  than  of  ufeful  precepts  aflifting  to  the 
mind  in  the  various  parts  of  knowledge.  And  when 
logic  has  been  learned  before  the  other  fciences,  the 
fubftantial  parts  of  it  have  been  fcarce  attended  to,  or 
made  any  ufe  of,  in  the  profccution  of  them  ;  nor  fo 
much  as  underftood,  but  in  as  far  as  the  mind  was  gra¬ 
dually  opened,  and  brought  to  recoiled!  them  in  its  pro¬ 
ofs  through  the  fciences. 

“  Logic  is  prectftly  the  fame  to  philofophy  that 
works  of  criticifm  are  to  poetry.  The  rules  of  critb 
cifm  are  formed  by  an  accurate  ferutiny  and  examina¬ 
tion  of  the  belt  works  of  poetry.  To  one  who  had 
never  read  a  poem,  thefe  rules  would  be  obfeure  and 
nfelefis  ;  he  could  not  comprehend  them,  far  lefs  would 
he  be  able  to  form  a  judgment  of  tlxeir  juftnefs,  and  of 
the  reafons  on  which  they  are  founded.  If  one  perufes 
"the  beft  poetical  performances,  he  will  acquire  fome  de¬ 
gree  of  tafte,  though  he  has  never  profeffedly  ftudied 
the  rules  of  criticifm  ;  and  he  will,  at  the  fame  time, 
lay  in  materials,  and  obtain  a  (lock  of  examples,  which 
may  render  thefe  rules  intelligible  to  him,  and  enable 
him  to  judge  whether  they  are  juft  or  not.  And  by 
afterwards  fludying  thefe  rules,  he  improves,  refine?, 


and  corredls  his  tafte,  perceives  the  principles  on  which  Ge?rr( 
be  lias  founded  all  his  judgments,  though  he  did  not  in  v 
the  mean  time  think  of  them,  and  gains  additional  fe- 
curity  againfl  his  judging  wrong.  This  may  illullrate 
what  has  been  faid  of  the  place  which  logic  ought  to  hold 
among  the  fciences.  The  obfervations  made  in  it,  both 
concerning  the  methods  of  invention  and  of  piobaiion, 
are  founded  on,  and  deduced  from,  the  feveral  fciences 
in  which  thefe  methods  are  ufed.  Neither  the  obfer¬ 
vations  themfelves.  nor  the  reafons  on  which  they  are 
built,  can  be  fully  comprehended  by  one  abfoiutely  ig¬ 
norant  of  thefe  fciences.  In  ftudying  the  particular 
fciences,  reafon  will  fpontaneoufty  exert  itfelf :  if  the 
proper  and  natural  method  of  reafoning  is  ufed,  the  mind 
will,  by  the  native  force  of  its  faculties,  perceive  the 
evidence,  and  be  convinced  by  it,  though  it  does  not 
reflect  how  this  comes  to  pafs,  nor  explicitly  confider 
according  to  what  general  rules  the  underftanding  ii 
exerted.  By  afterwards  ftudying  thefe  rules,  one  will 
be  farther  fitted  for  profecuting  the  feveral  fciences ; 
the  knowledge  cf  the  grounds  and  law’s  of  evidence  will 
give  him  the  fecurity  of  rflcElion,  againfl  employing 
wrong  methods  of  proof  and  improper  kinds  of  evi¬ 
dence,  additional  to  that  of  ivjlintl  and  natural  genius. 

And  thus  logic  will  greatly  contribute  to  improvement 
in  knowledge;  and  more  fo,  when  it  is  ufed  as  a  review 
of  the  method  taken  in  the  profecution  of  fcience,  of 
the  foundations  gone  upon,  and  of  the  general  rules 
that  have  been  obferved,  than  when  it  is  applied  as  an 
introdu Elion  to  the  elements  of  fcience  ;  for  in  the  for¬ 
mer  cafe,  its  rules  can  be  perfe&ly  underftood,  fuffici- 
ently  illuflrated,  and  put  in  prablice  as  they  are  learned, 
which  in  the  latter  is  quite  impoffible.” 

Having  thus  vindicated  the  new  arrangement  with 
refpect  to  he  place  which  it  aflxgns  to  the  ftudy  of  lo¬ 
gic,  he  proceeds'  to  inquire  in  what  order  the  other 
fciences  fiiould  fucceed  each  other.  “  Ethics  (fays  he) 
or  moral  philofophy  is  founded  as  well  as  logic  011  pneu¬ 
matics,  and  muft  therefore  come  after  it.  The  conftitu- 
tion  of  man,  and  his  feveral  a&ive  powers,  muft  be  ex¬ 
plained,  before  his  bufinefs,  his  duty,  and  his  h.tppintfs, 
can  be  difeovered.  Jurifprudence  and  politics,  taking 
a  more  complex  view'  of  man  than  morals,  by  confidering 
his  various  ftates,  as  well  as  his  nature  and  powers,  can¬ 
not,  with  any  propriety,  be  introduced  till  morals  have 
fir  ft  been  ftudied. 

“  It  only  remains  then  to  determine  whether  natural 
philofophy  or  pneumatology  ought,  in  the  order  of 
teaching,  to  have  the  preference.  And  many  confide- 
rations  feem  to  require  that  the  former  fhonld  be  ftu¬ 
died  firft.  If  it  were  not,  pneumatology  would  be  too 
far  disjoined  from  the  pradHcal  fciences  founded  on  it  *K 
one  of  which,  logic,  ought,  as  we  have  feen,  to  be  / 
taught  laft  of  all.  Befides,  we  ought  always  to  be¬ 
gin  with  the  eafieft  and  moil  obvious  fubje&s,  and  to 
proceed  gradually  to  the  mo  ft  difficult  ;  and  in  order  to 
this,  we  ought  to  comply'  as  much  as  poffible  with  the 
natural  openings  and  progrefs  of  the  human  mind. 

Now  it  is  evident,  that  the  mind  receives  firft  of  all  im- 
preffions  and  ideas  of  thofe  fenfible  things  w  ith  which 
it  is  furrounded.  It  is  not  till  after  it  has  exercifed  its 
faculties  about  them  that  it  reflects  on  its  own  opera¬ 
tions,  or  acquires  perceptions  of  them.  We  are  from  , 
our  earlieft  infancy  accuftomed  to  obferve  external 
things,  though  often  traniiently  and  inattentively  ;  they 


lie 


G  E  R  [  699  ]  G  E  R 


lie  alwny3  in  our  view,  they  force  themfdvcs  upon  us, 
an:!  we  cannot  avoid  regarding  them  more  or  lefs,  But 
we  feldom  attend  to  the  operations  of  our  minds  in  our 
earlier  years  ;  it  is  late  before  we  acquire  diftindt  no¬ 
tions  of  them,  or  can  eafily  and  readily  make  them  the 
objects  of  cur  contemplation.  Farther,  external  fenfa- 
tion,  by  which  bodies  a^e  perceived,  is  a  more  palpable 
kind  of  evidence  than  internal,  from  which  all  our 
knowledge  of  fpirits  is  derived  ;  it  ftrikes  and  affe&s  us 
more.  The  philofophy  of  fpirits,  as  well  as  that  of 
bodies,  is  founded  foiely  on  experiments  and  obferva- 
tions  ;  but  in  the  latter  it  is  much  eafier  to  make  thefe 
than  in  the  former  :  we  can  put  bodies  in  any  litnation 
that  we  pleafe,  and  obferve  at  leifure  their  effe&s  on 
one  another  :  but  the  phenomena  of  the  mind  are  of  a 
lefs  conftant  nature  ;  we  mull  catch  them  in  an  inftant, 
and  be  content  to  glean  them  up,  by  observing  their  ef¬ 
fects  as  they  accidentally  difeover  themfelves  in  the  fe- 
veral  circumftances  of  life.  The  reafonings  alfo  by 
which  conclufions  are  deduced  concerning  mind  are  of 
a  more  abftrufe  and  difficult  nnuire*than  thofe  employ¬ 
ed  in  the  fcience  of  bodies  ;  the  ideas  about  which  they 
are  converfant  arc  apter  to  be  confounded  with  one  a- 
nother,  and  are  with  greater  difficulty  kept  diftinbl. 
On  all  thefe  accounts,  natural  philofophy  mu  ft  be  to 
young  minds  eafier  than  pncnmatology,  and  consequent¬ 
ly  fhould  be  taught  firft.” 

For  this  long  digreffion,  if  fuch  it  fhall  be  deemed, 
we  are  perfuaded  that  thofe  who  retain  any  attach¬ 
ment  to  the  place  where  their  minds  were  fir  ft  imbued' 
with  the  principles  ‘of  fcience,  will  think  no  apology 
requiiite,  wffien  they  are  informed,  that  the  plan  of  e- 
ducation,  which  is  here  fo  ably  defended,  v/as  about 
the  fame  period  adopted  by  both  colleges  in  the  uni- 
verfny  of  Aberdeen  ;  that  the  writer  of  this  article  had 
his  own  education  in  the  King’s  college  ;  and  that  in 
the  profperity  of  that  college  he  If  ill  feels  liimfelf  deep¬ 
ly  interefted.  Let  it  be  remembered,  too,  that  the 
publication  from  which  this  extraci  lias  been  made,  fur- 
nifties  a  proof  of  profefibr  Gerard’s  abilities,  and  of  the 
eftimation  in  which  he  was  held  by  his  colleagues  at  a 
very  early  period  of  life  ;  and  then  furely  the  digref- 
fion  will  not  be  thought  impertinent 

He  was  now  profeflor  of  moral  philofophy  and  logic, 
and  of  thefe  fcienccs  alone  :  but  though  his  plan  of  e- 
ducation  in  the  Marifchal  College  (hews  the  order  in 
which  his  leisures  were  arranged,  we  have  not  been 
able  to  learn  on  what  foundation  he  built  his  fyftem  of 
ethicsi  As  Hutchefon’s  Moral  Philofophy  was  then 
much  read  and  admired,  it  will  not  detiadl  from  Mr 
Gerard’s  merits  to  fuppofe,  that,  with  his  predecefior 
Mr  Fordyce,  he  was  an  advocate  for  the  moral fttfe  of 
that  author  ;  for  there  are  but  three  or  four  founda¬ 
tions  on  which  a  fyftem  of  ethics  can  be  raifed  ;  and  it 
may  be  doubted  whether  there  be  one  of  them  which  is* 
not  as  old  as  the  age  of  Plato.  It  would  indeed  be  ri¬ 
diculous  in  any  modern  (a)  to  aim  at  giving  a  new 


foundation  to  moral  virtue  ;  for  virtue  muft  have  been 
pra&ifed  upon  fome  fteady  principle  from  the  earlieft 
period  of  human  fociety  ;  and  the  molt  eminent  pi  ofcf- 
for  will  find  fufficient  room  for  the  difplay  of  all  his 
learning  and  ingenuity  in  ilhiftrating  the  principle 
which  his  own  judgment  has  led  him  to  adopt. 

Of  this  profefibr  Gerard  was  fully  fenfible ;  and 
whilft  he  was  confcientioufly  difeharging  his  duty  to 
his  pupils,  he  neglebled  no  opportunity  of  improving 
himfelf.  He  was  member  of  a  literary  fociety  at 
Aberdeen,  of  which  the  refpe&ability  will  not  be 
queftioned,  when  it  is  known  that  it  confifted  of  fuch 
men  as  the  late  Doctors  Blackwel,  Gregory,  Reid,  and 
Campbell,  with  Dr  Beattie,  and  many  others  of  per¬ 
haps  equal  taler.t3,  though  not  known  to  the  world' as 
authors  (  b  ) .  This  fociety  met  regularly  during  the  win¬ 
ter,  we  believe  once  every  fortnight  ;  the  members 
communicated  their  fentiments  with  the  utmoft  free¬ 
dom  ;  every  novel  opinion  was  fare  to  be  canvafied  on 
all  ftdes  with  impartiality  ;  the  underflandings  of  the 
members  were  thus  mutually  whetted  ;  and  hence  ori¬ 
ginated  Reid’s  Inquiry  into  the  Human  Mind ,  Grego¬ 
ry’s  Comparative  View,  Gerard’s  Ffjay  on  Genius ,  Beat¬ 
tie’s  EJfay  on  Truth ,  and  Campbell’s  Philofophy  of  Rhe¬ 
toric. 

On  the  5th  of  September  17  ^9  Mr  Gerard  was  or¬ 
dained  a  minifter  of  the  Church  of  Scotland  ;  on  the 
1 1  th  of  June  1760,  he  wa>*  appointed  puFfibr  of  di¬ 
vinity  in  the  Marifchal  college,  and  minifter  of  th » 
Grayfriars  church  in  Aberdeen  ;  and  at  the  fame  time, 
as  we  fuppefe,  created  do&or  in  divinity* 

Oil  the  1 8th  of  June  1771  he  refigned  his  profefTor- 
fhip  in  Marifchal  College,  together  with  his  church¬ 
living,  and  was  preferred  to  the  theological  chair  in 
the  univeriity  of  King’s  College,  then  become  vacant 
by  the  death  of  ■profefibr  Lumiftkn.  In  that  ttation 
he  continued,  profecuting  his  ftudies,  beloved  by  his 
colleagues,  and  revered  by  his  pupils,  till  his  birth  day 
1795  j  when,  having  juft  completed  his  67th  year,  he 
died  without  a  groan.  His  death  w  as  occafioned  by  a 
fchirrous  tumor,  which  began  to  appear  on  his  face 
in  the  year  1794,  but  without  confining  him  to  the 
houfe,  or,  except  for  a  very  few  weeks,  interrup¬ 
ting  his  ufual  pul  fu  its.  It  impaired,  however,  his 
health,  and  gradually  undermined  his  conftitution.  Of 
this  he  was  veiy  foon  fenfible  5  but  he  fawhis  difiolution 
approaching  with  the  utmoft  compofure  and  relignation, 
and  preserved  to  all  about  him  fo  much  of  chat  equani¬ 
mity  and  placidnefs  of  temper  which  had  marked  the 
whole  comfe  of  his  life,  that  of  him  may  truly  be  faid, 

Multis  illi  multos  annos  precantibus 

Diri  carcinomatis  veneno  contabuit, 

Nexibufque  vitas  paulatim  refolutis, 

E  terris,  meliora  fperans,  emigravit. 

Were  we  to  hazard  an  opinion  of  Dr  Gerard’s  intel¬ 
lectual  powers,  from  having  attentively  perufed  his 
-  -  .  4  T  2  works, 


Gerard. 


(a)  The  friends  of  Mr  Godwin,  who  affect  to  call  his  political  juftice  the  new  philofophy,  will,  of 
courfe,  think  this  a  rafh  affertion  ;  hut  were  it  worth  while,  it  W'ould  be  no  very  difficult  talk  to  produce, 
from  the  athelflical  writers  of  antient  Greece,  fomething  fimilar  even  to  his  wildeft  paradoxes.  Dr  Gerard  wras 
too  well  acquainted  with  the  fubject,  and  too  warm  a  friend  to  genuine  virtue,  to  pretend  to  novelty  in  moral 
fcience. 

(b)  Such  as  Profefibr  Thomas  Gordon,  who  read  leisures  in  the  King’s  College  for  63  or  64  years,  and 
whofe  learning  was  equalled  only  bv  his  virtues. 
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Gerard,  works,  we  would  fay  that  he  poffeffed  great  re&itude 
of  judgment,  rather  than  any  remarkable  vigour  of 
mind  ;  that  he  was  capable,  bydntenfe  ftudy,  cf  becom¬ 
ing  matter  of  almoft  any  fubjeft,  though  perhaps  he 
had  not  the  imagination  requifite  for  making  difcoveries 
in  fcience  ;  and  that  his  attainments  were  folid  rather 
than  brilliant, .  What  lie  knew,  he  knew  thoroughly  ; 
blit  to  us  his  knowledge  feems  to  have  been  the  re¬ 
ward  of  labour. 

*  Dr  Beat-  By  one,  to  whom  he  was  well  known,  and  who 
fie*  himfelf  ftands  high  in  the  republic  of  letters  *,  we  are 

allured  that  he  had  improved  his  memory  to  fuch  a  de¬ 
gree,  that,  in  little  more  than  an  hour,  he  could  get 
by  heart  any  fermon  of  ordinary  length  ;  though  far 
from  availing  himfelf  of  this  talent,  as  many  would 
have  done,  he  compofed  with  care  all  the  fermons  that 
he  preached.  In  early  life  he  made  it  a  rule  not  to 
ftudy  after  fupper  and  from  that  rule  he  never  deviat- 
cd,  but  amufed  himfelf  after  that  time,  either  with  the 
converfation  of  his  family,  or  with  any  light  reading 
that  came  in  K13  way  ;  and  he  was  generally  in  bed  by 
half  paft  eleven.  He  feems  not  to  have  approved  of 
early  more  than  of  late  ftudy;  for  though,  for  a  few 
years,  when,  as  profeffor  of  philofophy  he  had  various 
fciences  to  teach,  he  rofe  regularly,  during  winter,  at 
five  in  the  morning,  he  difcontinued  that  pra&ice  as 
foon  as  lie  had  it  in  his  power,  and  did  not  enter  upon 
ferious  ftudy  till  after  breakfaft,*  generally  about  10 
o’clock.  He  was.  indeed  very  laborious  through  the 
day,  and  could  with  difficulty  be  perfuaded  to  take 
any  bodily  exercife  ;  but  being  remarkably  temperate 
in  eating  and  drinking,  he  enjoyed  very  good  health, 
which  was  only  occafionally  interrupted  by  thofe  fto- 
mach  complaints,  to  which  men  of  fedentary  lives  are 
often  fubjedt. 

The  fruits  of  this  inceftant  ftudy  were,  befides  the 
le&ures  which  he  read  to  hia  different  claffes,  'ijl,  An 
EJfay  on  Tajle ,  to  which,  in  1756,  was  adjudged  the 
gold  medal  by  the  Philofophical  Society  of  Edinburgh 
(See  Societies,  EncycL),  which  had  propofed  Tafie  a3 
the  fubjeft  for  a  prize.  Of  this  effay.  there  has  been 
a  fecond,  and  a  third  edition  ;  of  which  the  laft,  which 
was  publifhed  in  1780,  is  confiderably  enlarged  and 
improved.  2 d9  Differtations  on  the  Genius  and  Eviden¬ 
ces  of  Chri/Uatiity ,  publifhed  in  1766.  3d,  An  EJfay  on 

Genius ,  published  in  1774*  4 th,  Two  volumes  of  Ser¬ 

mons  ;  of  which  the  firft  was  publifhed  in  1780,  and 
the  fecond  in  1782.  5^,  A  part  of  his  theological 

courfe,  entitled  The  Pafloral  Care,  which  was  publifh¬ 
ed  in  1799  by  his  fon  Dr  Gilbert  Gerard,  who  fuc- 
ceeded  him  as  profeffor  of  divinity  in  the  King’s  col¬ 
lege  and  univerfity  of  Aberdeen.  Befides  thefc  works 
Dr  Gerard  publifhed  many  fingle  fermons,  which  were 
preached  on  occafional  fubjefits. 

Of  this  amiable  and  refoe£table  inftru&or  of  youth, 
we  have  been  favoured  with  the  following  character, 
f  The  Rev .  drawn  by  a  man  of  talents  and  virtue  f ,  who  was  firft 
Skene  Ogi V-  his  pupil  and  afterwards  his  friend  ;  and  though  it 
w,  Old  A -  made  part  of  a  funeral  fermon,  we  believe  that,  by 
cr  een.  thofe  who  were  moft  intimately  acquainted  with  Dr 
Gerard,  the  panegyric  which  it  contains  will  not  be 
deemed  extravagant. 

“  In  domeftic  life,  his  conduct  was  amiable  and  ex¬ 
emplary.  He  poffeffed,  in  a  high  degree,  that  kindnefs 
of  heart  and  affability  of  manner  which  interefted  him 


at  all  times  in  the  happinefs  of  ln3  dependants,  prefer.  Gerar, 
ved  good  humour  in  his  houfe,  and;  endeared  him  to  his v — >r 
family.  He  knew  how  to  check  improprieties  with¬ 
out  harfhnefs,  and  when  and  how  to  indulge  without 
impairing  hi*3  authority.  His  natural  good  fenfe,  flea- 
dinefs,  and  prudence,  prevented  him  from  being  thrown 
into  confufion  by  the  adverfe  incidents  of  life  ;  and  e- 
liabled  him,  in  preffing  emergencies,  to  adoot  wife 
meafures,  and  to  adminifter  falutary  counfel.  His  ten¬ 
der  fympathy  foothed  the  troubled  hour  of  forrow ; 
his  rational  and  friendly  advice  guided  his  family  thro’ 
the  perplexities  of  life,  and  he  feelingly  rejoiced  in  all 
their  innocent  enjoyments.  His  attachments  were  not 
confined  to  his  family  or  his  relatives  ;  he  was  fufeep- 
tible  of  warm  friend  (hip.  In  fele&ing  the  objedts  of  it 
he  was  cautious,  always  preferring  ihofe  whole  merits 
entitled  them  to  confidence  and  regard.  His  attach¬ 
ment,  flowly  formed,  was  not  to  be  fhaken  by  every 
oblique  infinuation,  or  by  every  idle  report  to  the  pre¬ 
judice  of  his  friend.  Steady  in  his  profeffions  of  re¬ 
gard,  he  was  capable  of  confiderable  and  difinteretted 
exertions  to  ferve  thofe  whom  he  really  efieemed.  To 
his  judicious  advice  they  had  ready  accefs ;  and  his  bed 
efforts  to  promote  their  good  they  could  always  com¬ 
mand.  As  a  member  of  fociety,  his  houfe  was  ever 
the  feat  of  hofpitality,  and  his  door  was  always  open 
to  the  ftranger.  In  entertaining  his  friends,  he  equal¬ 
ly  avoided  the  extravagance  and  oftentation  which  did 
not  become  his  character  or  fuit  hip  fortune,  and  the 
rigid'  economy  which  marks  the  condudt  of  thofe  who 
give  with  a  relu&ant  and  a  fparirig  hand.  He  neither 
anxioufly  courted,  nor  affe&edly  (hunned  learned  con¬ 
verfation.  While  he  never  obtruded  upon  company 
Cubje6ls  which,  by  the  difplay  of  fuperior  knowledge 
or  abilities,  were  calculated  to  gratify  his  own  vanity 
at  the  expence  of  hurting  others,  he  always  ftudied,  as 
far  as  propriety  would  admit,  to  adapt  his  converfa¬ 
tion  to  the  temper  and  inclinations  of  his  affociates. 

To  pleafe  the  young,  and  to  promote  their  hamilefs 
feftivity,  was  ever  his  delight  ;  with  cheerfulnefs  he  de¬ 
fended  to  their  trivial  amufements,  and  in  his  pre¬ 
fence  they  felt  no  reftraints  but  thofe  which  virtue 
and  decency  impofe.  Though  he  often  left  for  a  little 
ftudies  in  which  he  was  keenly  engaged,  to  enjoy  the 
converfation  of  a  friend,  he  never  fuffered  his  love  of 
fociety,  one  of  his  ftrongeft  paffions,  to  induce  him  to 
facrifice  any  important  literary  purfuit,  or  to  negledt 
any  neeeflary  bufinefs. 

“  As  a  clergyman,  the  office  which  he  held  for  feveral 
years  in  Marifchal  college  rendered  it  his  duty  to  be  a 
daily  preacher,  and  gave  him  a  feat  in  the  ecclefiaftical 
courts.  But  the  unavoidable  labour  of  preparing  pre- 
ledlions  for  his  theological  pupils,  did  not  prevent  his 
unremitting  attention  to  his  public  exhibitions  in  the 
pulpit.  Tbefe  were  marked  by  that  diftindtnefs  of 
arrangement,  that  juftnefs  of  reasoning,  and  that  accu¬ 
racy  of  compofition,  which  effe&ually  fecured  the  ap¬ 
probation  of  the  ableft  judges  ;  while  by  their  plain- 
nefs  and  fimplicity,  they  failed  not  of  promoting  the 
edification  of  the  meaneft  capacities.  To  the  low  arts 
of  acquiring  popularity  he  never  Hooped  :  But  his 
prudence,  his  good  fenfe,  his  exemplary  conduct,  and 
his  minifterial  diligence,  eftablifhed  his  re fpe (Stability 
and  ufefulnefs,  and  procured  him  the  full  contidence 
and  efteem  of  his  colleagues.  Poffeffing  more  than  or¬ 
dinary 
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•ar !  dinary  excellence,  envy  never  led  him  to  depreciate  the 

i -  merits  of  other  preachers.  Though  one  of  the  belt  of 

judges,  he  was  always  one  of  the  moft  candid  hearers. 
When  by  his  tranflation  to  the  univerfity  of  King’s 
college  he  was  releafed  from  the  labour  of  conftant 
preaching,  far  from  fhewing  any  averfion  to  difeharge 
the  moil  pnblfc  minifterial  duties,  he  was  always  obe¬ 
dient  to  prefbyterial  appointments  ;  aifil  while  health 
nnd  ftrength  remained,  willing  to  oblige  his  clerical 
friends  by  appearing  in  their  pulpits.  Nor  in  private 
life  did  he  ever  lofe  fight  of  the  charaftcr  of  a  clergy¬ 
man.  Having  in  a  publication  ably  defended  its  re- 
fpeftability,  in  oppofition  to  the  feoffs  and  fncers  and 
fophifms  of  modern  fceptics  ;  he  confident  it  as  his 
honour,  in  his  life  and  convention,  to  difplay  its  dig¬ 
nity  and  importance  ;  and  to  Ihew  that  the  gravity  of  a 
Chriftlan  pallor  is  perfe&ly  confident  with^the  good 
breeding  of  a  gentleman,  and  with  the  cheerfulncfs,  af 
fabilityfand  eafe  of  an  agreeable  companion. 

a  As  a  man  of  letters,  his  attainments  were  far  above 
thofe  at  which  the  generality  of  ftudents  arrive.  In 
his  literary  purfuits,  he  had  all  the  advantages  of  a 
iudgment  uncommonly  clear  and  diftinft  -,  aided,  from 
his  earlieft  years,  by  the  mod  indefatigable  and  per  le¬ 
vering  (fudy.  The  well  earned  reputation  with  which, 
before  he  was  promoted  to  the  theological  chair,  he 
taught  in  Marifchal  college  different  feiences,  mcon- 
teftlbly  proves  that  his  powers,  not  confined  to  one  fub- 
ieft,  iultly  entitled  him  to  eminence  in  feveral  branches 
of  literature.  His  publications,  feveial  of  which  have 

beentranflatedinto  otherlauguages.promifefair  toextend 
his  fame,  and  to  hand  it  down  to  generations  yet  un¬ 
born  ;  and  his  unremitting  labours  promifed  .till  a  far¬ 
ther  contribution  to  the  general  ftock  of  learning. 

“  As  a  profeffor  of  divinity,  he  will  be  long  and  grate¬ 
fully  remembeied  by  his  numerous  pupils.  This  was 
his  peculiar  department,  and  in  this  he  flione.  1  o.Ut- 
ftng  large  ftores  of  theological  knowledge,  he  was  ju¬ 
dicious  in  Electing  his  fubjefts,  happy  and  fuectfrful 
in  his  manner  of  communicating  lnitruftion.  He  had 
the  merit  of  introducing  a  new,  and  in  many  refpects  a 
better  plan  of  theological  education,  than  tho  e  on 
which  it  had  been  formerly  conduced.  Liberal,  but 
not  loofe,  in  his  fentiments,  his  great  aim  was,  not  to 
impofe  by  his  authority  upon  his  pupils  any  favourite 
fyftem  of  opinions;  but  to  imprefs  them  with  a  feme 
of  the  importance  of  the  minifterial  office,  to  teach  them 
the  proper  manner  of  difeharging  all  its  duties,  and  to 
enable  them,  by  the  knowledge  of  Scripture,  to  form  a 
mft  and  impartial  judgment  on  controverted  fubjedts. 
Solicitous  for  their  improvement,  lie  was  ever  ready  to 
encourage  riling  merit  by  his  warmeft  approbation  ;  and 
SSL?  to  imp  c.c,  unfuccefsful  efforts  of  g«» 
by  deferved  cenfure.  Having  a  conftant  eye  to  what 
is  piadically  ufeful,  rather  than  to  uned.fymg  fpecula- 
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tion,  he  enjoined  no  duty  which  he  was  unwilling  to  Ge™jn** 
exemplify  in  his  own  conduct.  Hence  that  ftn<ft  re*  — ^  , 

gard  to  the  minifterial  char  after  which  he  uniformly 
difplayed,  and  hence  his  uncommon  punftuality  in  at¬ 
tending  the  public  ordinances  of  religion. 

GERMINATION,  among  botanifls,  is  a  very  u> 
terefting  fnbjeft,  on  which  the  late  difeoveries  in  che- 
miftry  have  thrown  much  light  fincc  the  article  Ghr> 
mination  was  publifhed  in  the  h  n  eye  l op  a  din .  In  the 
year  1793,  Mr  Humboldt  difeovered,  that  fimple  me¬ 
tallic  fubflances  are  unfavourable  to  the  germination  of 
plants,  and  that  metallic  oxvds  favour  it  in  proportion 
to  their  degree  of  oxydaiion.  This  difeovery  induced 
him  to  fcarch  for  a  fubftance  with  which  oxygen  might 
be  fo  weakly  combined  as  to  be  eafily  feparated,  and 
he  made  choice  of  oxygenated  muriatic  acid  gas  mix¬ 
ed  with  water.  Creffes  ( lepidium  fativum)  in  the 
oxygenated  muriatic  acid  fhevved  germs  at  the  end  of 
fix  hours,  and  in  common  water  at  the  end  of  32  hours. 

The  aftion  of  the  firft  fluid  on  the  vegetable  fibres  is 
announced  by  an  enormous  quantity  of  air  bubbles 
which  cover  the  feeds,  a  phenomenon  not  exhibited 
by  water  till  at  the  end  of  from  30  to  45  minutes- 
Thefe  experiments  announced  in  Humboldt’s  l1  torn 
Subterranea  Fnbergenjis ,  and  m  his  Aphoiifms  on  the 
chemical  phyfiology  of  Plants,,  have  been  repeated  by 
others  (a).  They  v/ere  made  at  a  temperature  of  from 
1  2  to  15  Reaumur.  In  the  fummer  of  179^*  Hum¬ 
boldt  began  a  new  feries  of  experiments,  and  found 
that  by  joining  the  ftimnlus  of  caloric  to  that  of  oxy¬ 
gen  he  was  enabled  (bill  more  to  accelerate  the  pro- 
grefs  of  vegetation.  He  took  the  feeds  of  garden 
creffes  ( lepidium  fativum) ,  peas,  ( pifum fativum  )  ,  l4  rench 
beans  (phafcolus  vulgaris)  y  garden  lettuce  (iabhicafati- 
va)y  mignonette  frefeda  odorata)  ;  equal  quantities  of 
which  were  thrown  into  pure  water  and  the  oxygena¬ 
ted  muriatic  acid  at  a  temperature  of  88°  I.  Creffes 
exhibited  germs  in  three  hours  in  the  oxygenated  mu¬ 
riatic  acid,  while  none  were  feen  in  water  till  the  end 
of  26  hours.  In  the  muriatic,  nitric  (b),  or  fulphuric 
acid,  pure  or  mixed  with  water,  there  was  no  germ  at 
all :  the  oxygen  filmed  there  to  be  too  intimately  unit¬ 
ed  with  bafes  of  azot  or  fulpbur,  to  be  difengaged  by 
the  affinities  prefented  by  the  fibres  of  the  vegetable. 

The  author  announces,  that  his  difeoveries  may  one 
day  be  of  great  benefit  in  the  cultivation  of  plants. 

His  experiments  have  been  repeated  with  great  induf- 
try  and  zeal  by  feveral  diftinguilhed  philpfophers.  Pro¬ 
feffor  Pohl  at  Drelden  caufed  to  germinate  in  oxyge¬ 
nated  muriatic  acid  the  feed  of  a  new  kind  of  euphorbia 
taken  from  Bocconi’s  colleftion  of  dried  plants,  1 1  o  or 
120  years  (  Id.  JaCquin  and  Vander  Schott  at  Vienna 
threw  into  oxygenated  muriatic  acid  all  the  old  feeds 
which  had  been  kept  20  or  30  years  at  the  botanical 
garden,  every  attempt  to  produce  vegetation  in  which 

had 


(a)  See  Uflar's  Fragments  of  Phytology,  Plenck’s  Phyfiology,  Villdenow’s  Dendrology,  and  DMonnaire  de 

PhjfiqM  par  Gehler.  ,  :ti,  a  n.reat  deal  of  water,  accelerates  germination  alfo,  according  to 

(B)  has  applied  with  great  fLefs  to  vegetable  phyfio&y. 

the  experiments- of  Candolle,  y  g  ag  chemiftry  affords  other  analogies  of  the  oxygenated  muriatic  acid 
This  phenomena  is  the  more  &  purfuing  Humboldt’s  experiments,  has  found  that  frogs  fuf- 

“c'n.ted aSd  g..  I.  irritability,  while  thof,  which  perilh  i»  carbonic  acid  p  arc. 

lefs  fenfible  of  galvanifm. 
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^  keen  ar,d  ^ie  greater  part  of  them  were 

quW*  Simulated  with  fuccefs,  Even  the  hardeit  feeds  yield- 
ed  to  this  agent.  Among  thofe  which  germinated 
were  the  yellow  bonduc  or  nickar  tree  (guilandina 
bonduc ),  the  pigeon  cytifus  or  pigeon  pea  ( cyiifus  ca - 
jan),  the  dodonaa  anguji  folia ,  the  climbing mimofa  {mi- 
viofa  fcandens ),  and  new  kinds  of  the  honusa. — There 
are  now  fhewn  at  Vienna  very  valuable  plants  which 
are  entirely  owing  to  the  oxygenated  muriatic  acid, 
and  which  are  at  prefent  from  five  to  eight  inches  in 
height.  Humboldt  caufed  to  germinate  the  clnfia  ro- 
fca ,  the  feeds  of  which  had  been  brought  from  the  Ba¬ 
hama  iflands  by  Boofe,  and  which  before  had  refitted 
every  effort  to  make  them  vegetate.  For  this  pur- 
pofe  he  employed  a  new  procefs,  which  feems  likely  to 
be  much  eafier  for  gardeners  who  have  not  an  oppor¬ 
tunity  of  procuring  oxygenated  muriatic  acid  :  He 
formed  a  patte  by  mixing  the  feeds  with  the  black 
oxyd  of  manganefe,  and  then  poured  over  it  the  mu¬ 
riatic  acid  diluted  with  water.  Three  cubic  inches  of 
water  were  mixed  with  half  a  cubic  inch  of  the  mu¬ 
riatic  acid.  The  vefTei  which  contains  this  mixture 
muft  be  covered,  but  not  clofely  fnut ;  elfe  it  might 
readily  burfl.  At  the  temperature  of  950  £he  muria¬ 
tic  acid  becomes  ftrongly  oxydated  ;  the  oxygenated 
muriatic  gas  which  is  difengaged  spades  through  the 
feeds  ;  and  it  is  during  this  paffage  that  irritation  of  the 
vegetable  fibres  takes  place. — Philofophica!  Maga%ine. 

GESCHE  el  Aube,  or  Gir  Gir,  a  fpecies  of 
grata  growing  plentifully  near  Ras  el  Feel  on  the  bor¬ 
ders  ot  A  by  Ain  ia.  It  begins,  fays  Mr  Bruce,  to  fhoot 
in  the  end  of  April,  when  it  firft  feels  the  humidity  of 
the  air*  It  advances  then  fpeedily  to  its  full  height, 
which  is  about  3  -  feet  4  inches.  It  is  ripe  in  the  be¬ 
ginning  of  May,  and  decays,  if  not  deftroyed  by  fire, 
very  foon  afterwards. 

The  leaf  is  long,  pointed,  narrow,  and  of  a  feeble 
texture.  The  flock  from  which  it  fhoots  produces 
leaves  in  great  abundance,  which  foon  turn  yellow  and 
fall  to  the  ground.  The  goats,  the  only  cattle  thefe 
miferable  people  have,  are  very  fond  of  it,  and  For  it  a- 
bandon  ‘all  other  food  while  it  is  within  their  reach. 
On  the  leaves  of  fome  plants  our  author  faw  a  very 
fmaii  glutinous  juice,  like  to  what  we  fee  upon  the 
leaves  of  the  lime  or  the  plane,  but  in  much  lefs  quan¬ 
tity  ;,this  is  of  the  tafte  of  fugar. 

From  the  root  of  the  branch  arifes  a  number  of 
ftalks,  fometimes  two,  but  never,  as  far  as  be  had  feen, 
more  than  three.  The  flower  and  feed  are  defended  by 
a  wonderful  peiteftion  and  quantity  of  fmall  parts. 
The  head  when  in  its  maturity  is  of  a  purplifh  brown. 

This  fpecies  of  grafs  wa3  one  of  the  acquifitions  of 
our  author’s  travels.  It  was  not  before  known  in  Eu¬ 
rope,  nor  when  he  publifhed  his  book  had  the  feed 
produced  a  plant  any  where  but  in  the  garden  of  the 
French  king. 

GHEYSSIQUAS,  a  nation  of  Hottentots  which 
inhabits  a  diftriif  of  South  Africa  bordering  on  the 
.country  of  Caffraria.  M.  Vaillant  vifited  a  horde  of 
,  this  people  at  no  great  diftance  from  Orarge  river,  as 
he  was  returning  from  his  fiiA  African  excurfion  to  the 
Cape,  and  vyas  thevvn  by  them  a  chain  of  mountains  to 
the  eafl,  which  extending  to  a  diftance  was  loft  in  the 
north,  and  which,  inhabited  by  their  principal  tribes. 
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eparated  Ynem  from  the  Cadres,  or  at  katt  from  the 


Briquas  and  Bremas,  whom  they  conllder  as  tribes  of  Chn* 
C  a  fires.  qu4Si 

.  Wicl>  refped  to  fuch  charaderiflics  as  are  not  on- — >—■ 
ginal  and  derived  from  nature,  as  the  form  of  tl.eir 
drefs,  weapons,  mftniments  of  mufic,  fondnefs  for  hunt: 

!T-f-anr  danc’n£>  a,,d  th.c  like.  Gheyfiiquas  do  not 
differ  from  the  furrounding  nations,  except  in  havimr 
adopted  a  particular  colour  for  their  ornaments  AH 
the  ornaments  of  the  Gheyfliquas  are  white,  and  com- 
poled  of  the  bones  of  a  Iheep’s  leg  or  fobt,  to  which 
they  give  a  dazzling  whitenefs  by  proceffes  peculiar  to 
themfelves.  I  hus,  as  they  fabricate  their  own  neck, 
laces  and  other  articles  of  luxury,  and  have  no  occafiou 
to  purchafe  the  materials,  they  have  no  dependence  on 
the  colonies  with  refped  to  trade,  except  for  a  few  ne- 
ceflary  articles,  which  they  want  in  common  with  o- 

ther  favages.  ,  Accordingly  this  nation  is  lefs  known 

and  lels  vilited  than  any  other. 

The  women  are  well  made,  lively,  and  always  ready 
to  Hugh  or  dance :  yet,  with  all  the  gaiety  of  their  dif- 
pofition,  they  have  the  refervednei's  of  manners  to 
which  pohlhed  nations  give  the  names  of  modeily  and 
decorum,  and  which,  in  fo  warm  a  climate  and  with 
Inch  ardent  conftitutions,  appears  to  be  a  viitue  of  no 
eaiy  attainment. 

Our  author  fays  that  he  no  where  met  with  a  nation 
io  truly  generous.  Though  he  had  nothing  to  give  in 
exchange,  yet  duung  two  days  that  he  (laid  with 
them,  he  had  bowls  of  milk  brought  to  him  as  pre¬ 
terits,  night  and  morning,  from  every  hut.  The  chief 
even  obliged  him  to  accept  a  Iamb;  and  though  our 
traveller  s  attendants  were  not  deilitute  of  provilions, 
he  would  give  them  alfo  feveral  Iheep  with  which  to 
regale  themfelves  ;  a  degree  of  generofity  of  which  a 
proper  eftimate  can  be  formed  only  by  thole  who  know 
lomethmg  of  favage  manners  and  favage  penury. 
Th^pra&Ce  0t'  ^emi  call  ration  prevails  among  the 
Gheyfliquas,  and  among  them  only  of  all  the  Hotten¬ 
tot  tribes  ;  and  it  prevails  in  all  their  hordes  w  ithout 
exception.  Our  author  convinced  himfclf  of  this  fad 
by  Ins  own  eyes  ;  for  the  men  were  fo  complaifant, 
that,  if  he  had  cliofen,  he  might  have  infpeded  the 
whole  horde.  Many  travellers  have  written  noon  the 
iubjed  of  this  whimlical  operation  ;  but  they  do  not 
agree  either  as  to  its  origin,  the  motives  that  lead  to 
its  invention,  or  the  nations  by  whom  it  is  pradifed 
lvolben,  who  fays  that  it  commonly  confiils  in  the  ex- 
tradipn  of  the  left  tefticle,  reprefents  it  as  a  religious 
ceremony,  a  general  and  facred  law,  with  all  the  Hot¬ 
tentots  indifcriminately  ;  but  this  is  unqueihonably 
[a!fe-  ,(S,eCr  nojTKNTOTs,  Encycl.)  Others  attribute 
it  to  the  deli  re  ot  the  Gneyfiiquas  to  render  themfelves 
more  fleet  in  running,  an  effed  which  it  futeiy  is  not  ' 
calculated  to.produce  ;  and  fome  have  faid  that  its  in¬ 
tention  is  to  prevent  the  too  abundant  propagation  of 
the  fpecies.  Yet  Kolben,  though  he  feems  inclined  to 
tiio  la.t  opinion,  affirms  that  twins  are  not  the  lefs 
common  on  account  of  the  operation.  According  to 
thofe  whom  M.  Vaillant  qudlioned  on  the  fubjed,  it 
is  merely  a  mark  of  dill, action,  which  their  anceftors, 

bemg  at  war  with  the  neighbouring  nations,  invented 
lor  tne  purpofe  of  knowing  one  another;  but,  as  he 
liirrlelf  admits,  this  is  a  very  improbable  account  of  the 
matter,  as  they  would  finely  have  adopted,  like  the 
.Loangoes,  1  ombees,  and  Cortnantins,  marks  of  diftiuq- 

tion 
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Cfc  ong.  t ion  more  eafilv  difeerned.  Be  this  as  it  may,  the  o* 

w-  —  peration  among  the  Gheyfllquas  is  performed  by  the 
father,  commonly  at  the  birth  of  the  child,  though 
foraetimes  not  till  he  has  completed  his  third  year. 

GHIRGONGt  the  capital  of  /If am  in  Hindoftan  is, 
according  to  Mr  Pennant,  fituated  in  latitude  2 6°  30' 

J'ie  f  north.  He  does  not  ftate  its  longitude.  It  has  four 
h*'  gates,  and  the  city  is  encompafled  with  a  bound  hedge 
of  bamboos.  The  Rajah's  palace  is  furrounded  by  a 
caufty,  planted  on  each  fide  with  a  clofe  hedge  of 
bamboos,  which  ferves  inftead  of  a  wall.  On  the  out- 
jf:de  there  is  a  ditch,  which  is  always  full  of  water. 
The  Rajah’s /cat  is  adorned  with  lattice  work  and  car¬ 
ving.  Within  and  without  have  been  placed  plates  of 
brais,  fo  well  polifhed,  that  when  the  rays  of  the  fun 
flrike  upon  them  they  fhine  like  mirrors.  It  is  an  ai- 
certained  fa&,  that  3000  carpenters  and  12,000  la¬ 
bourers  were  conftantly  employed  in  this  woik  during 
two  years  before  it  was  finiftied. 

The  Afiatic  Rcfearclies  fpeak  much  of  the  wealth  of 
A  him,  and  of  the  plenty  and  excellency  of  its  natural 
produ&ions,  and  that  it  abounds  in  all  metals  but 
tin.  Gold  is  found  in  every  part  of  the  country  by 
walking  the  fand  of  the  rivers,  and  is  one  of  the  four- 
ce§  of  revenue  ;  12,000,  fome  fay  20,000  people,  are 
employed  in  that  work,  each  of  whom  has  from  the 
Rajah  a  certain  wages.  Its  gum  lac  is  excellent,  and 
it  is  very  productive  of  filk. 

Among  the  fruits  which  this  country  produces  are  man¬ 
goes, plantains,  jacks, oranges,  citrons,  limes,  pine  apples, 
and  pnniala,  a  fpccies  cf  tamarind,  which  has  fuch  an 
excellent  flavour,  that  every  perfon  who  tafles  it  prefers 
it  to  the  plum.  There  are  alfo  cocoa-nut  trees,  pep¬ 
per  vines,  and  the  areca  trees.  The  fugar  cane  excels 
in  foftnefs  and  fvveetnefs,  and  is  of  three  colours,  red, 
black,  and  white.  There  is  ginger  free  from  flbres, 
and  betel  vines.  The  ftrength  of  vegetation  and  fer¬ 
tility  of  the  foil  are  fuch,  that  whatever  feed  is  fown 
or  flips  planted  they  always  thrive.  The  environs  of 
Ghirgong  furnifh  fmall  apricots,  yams,  and  pomegra¬ 
nates  ;  but  as  thefe  articles  are  wild,  and  not  afiifted  by 
cultivation  and  engraftment,  they  are  very  indifferent. 
The  principal  crop  in  this  country  confifts  in  nee  and 
lentiles.  Wheat  and  barley  are  never  fown  ;  lignum 
aloes  is  alfo  a  prod u& ion  of  this  country.  The  fllks 
are  excellent,  and  refemble  thofe  of  Chinn,  but  they 
manufacture  very  few  more  than  are  required  for  ufe. 
They  are  fticcefsful  in  embroidering  with  flowers  and 
in  weaving  velvet.*— —  One  of  their  great  forefts  is  inha¬ 
bited  by  abundance  of  elephants  :  6  or  700  may  be  ta¬ 
ken  in  a  year,  but  they  are  negleded  by  the  natives, 
who  have  neither  horfes,  camels,  nor  affes,  fuch  as  are 
brought  from  other  countries. 

According  to  our  author,  “  the  peoplc'of  Afam  are 
a  bafe  unprincipled  nation,  and  have  no  fixed  religion. 
They  follow  no  rule  but  that  of  their  own  inclination, 
and  make  their  own  vicious  minds  the  tefl  of  the  pro¬ 
priety  of  their  a&ions.  They  do  not  adopt  any  mode 
of  worfhip  pra&ifed  either  by  heathens  or  Mahome- 
dans,  nor  do  they  concur  with  any  of  the  known  feCIs 
which  prevail  among  mankind  ;  unlike  the  pagans  of 
Hindoftan,  they  do  not  rejeCI  victuals  which  have  been 
dreffed  by  Mcflems,  and  they  abftain  from  no  flefli  ex¬ 
cept  human.  They  even  eat  ar.imals  that  have  died  a 
natural  death.” 
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On  this  paflage,  or.e  of  the  ableft  of  our  literary  jour- 
nalifls  obferves,  that  in  juftice  to  the  people  of  Afam, 
we  mnft  remark,  that  the  above  account,  extra&ed 
from  the  memoirs  of  Mir  Jumla’s  expedition  into  that 
country,  was  compofed  by  a  rigid  tViahomedan,  at  the 
court  of  that  fanatical  tyrant  Aurengzebe.  The  au¬ 
thor  and  his  mailer  faw,  in  the  Afamefe,  only  idola¬ 
ters  ;  and,  in  idolaters,  the  meaneft  of  mankind.  Their 
diet,  though  lefs  reftri&ed  than  that  of  the  Hindoos  of 
Bengal,  is  by  no  means  promifeuous  ;  and  their  reli¬ 
gion  does  not  in  any  way  differ  fiorn  that  of  Hindof- 
tan,~  as  might  cafily  be  proved  by  their  coins,  inferib- 
ed  with  the  names  of  Hindoo  deities. 

GIBBON  (Edward,  Efq. ),  the  celebrated  hiftorian 
of  the  Decline  and  Fall  of  the  Roman  Empire,  was 
born  at  Putney  in  the  county  of  Surrey  on  the  27th  of 
April  1737.  He  was  the  firft  child  of  the  marriage  of 
Edward  Gibbon,  Efq;  and  Judith  Porten,  the  youngeft. 
daughter  of  a  merchant  of  London. 

The  family  of  Gibbon  appears  to  be  ancient  and  ho¬ 
nourable  ;  and  our  author  delights  to  trace  his  pedigree 
from  John  Gibbon  architect:  to  King  Edward  III.  who 
poffefled  lands  in  the  hundred  and  parifh  of  Rolvenden, 
in  the  diftricl  which  is  now  called  the  Weald  of  Kent. 

In  that  diftriA  the  elder  branch  of  the  family  ftill  ad¬ 
heres  to  its  native  foil,  without  much  increafe  or  dimi¬ 
nution  of  property ;  but  the  fortunes  of  the  younger 
branch,  from  which  fprung  the  fubjedf  of  xhis  memoir, 
were  fluduating.  It  i3  not,  however,  with  his  family, 
but  with  himfelf,  that  we  are  concerned. 

So  feeble  was  his  conflitution,  and  fo  precarious  his 
life  during  his  childifh  years,  that  at  the  baptifm  of  each  ’ 
of  his  brothers  (and  they  were  five  in  number)  fiis  fa¬ 
ther's  prudence  fuccefllvely  repeated  the  name  of  Edward, 
that,  in  cafe  of  the  death  of  the  eldeft  fon,  this  patrony- 
mick  appellation  might  ftill  be  perpetuated  in  the  family. 
His  brothers  and  a  lifter  were  all  (hatched  away  in  their 
infancy  ;  and,  in  terms  of  afte&ionate  gratitude,  he  at¬ 
tributes  his  own  prefervation  to  the  more  than  maternal  * 
care  of  a  maiden  aunt,  his  mother's  eldeft  lifter.  u  Many 
anxious  and  folitary  days  (fays  he)  did  that  dear  and 
excellent  woman  confume  in  the  patient  trial  of  every 
mode  of  relief  and  amufement.  Many  wakeful  nights 
did  fhe  fit  by  my  bed- fide  in  trembling  expe&ation  that 
each  hotlr  would  be  my  laft.  Suffice  it  to  fay,  that 
while  every  pra&itioner  from  Sloane  and  Ward  to  the 
Chevalier  Taylor  was  fucceflively  fummoned  to  torture 
or  relieve  me,  the  care  of  my  mind  was  too  frequently 
negle&ed  for  that  of  my  health.  Compaflion  always 
fuggefted  an  excufe  for  the  indulgence  of  the  mafter., 
or  the  idlenefs  of  the  pupil  5  and  the  chain  of  my  edu¬ 
cation  was  broken  as  often  as  I  was  called  from  the 
fchool  of  learning  to  the  bed  of  ficknefs.” 

His  education  feems  indeed  to  have  been  far  from 
fyftematical.  At  the  age  of  feven  he  was  delivered  in¬ 
to  the  liands  of  Mr  John  Kirkby,  who  exercifed  about^ 
eighteen  months  the  office  of  his  domeltic  tutor,  and  of 
whom  he  writes  in  terms  of  refpeft.  This  man  had* 
been  an  indigent  curate  in  Cumberland,  and  when  for¬ 
ced  by  diftrefs  to  leave  his  native  country,  he  was  in¬ 
troduced  by  his  learning  and  his  virtue  to  the  family  of 
Mr  Gibbon,  from  whom  lie  might  have  found  at  lealt 
a  temporary  flicker,  had  not  an  a&  of  indiferetion  again 
driven  him  into  the  world.  One  day  leading  prayers- 
in  the  parifh  church,  he  moft  unluckily  forget  the  name 
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of  King  George  ;  and  his  patron,  a  loyal  fubje&,  dif 
miffed  him  with  fome  relu&ance  and  a  decent  reward. 
As  our  author  defcribes  his  anceftors  as  hereditary  To¬ 
ries,  and  fome  of  them  as  Jacobites,  we  think  it  not  im¬ 
probable  that  Mr  Kirkby  may  have  been  accuftomcd  to 
omit  the  name  of  the  King  when  reading  prayers  in  the 
family  ;  for  otherwife  he  would  have  pronounced  it  me¬ 
chanically  in  the  church. 

Be  this  as  it  may,  our  author,  upon  the  difmifiion  of 
his  tutor,  was  fent  to  Kingfton  upon  Thames,  to  a 
fchool  of  feventy  boys  kept  by  Dr  Wooddefon  and  hb 
affiftants.  He  does  not  reprefent  himfelf  either  as  happy 
or  33  having  made  great  progrefs  at  that  fchool  The 
want  of  ftrength  and  adlivity  difqualified  him  for  the 
fports  of  the  field  ;  his  companions  reviled  him  for  the 
fins  of  his  Tory  anceftors ;  and  his  ftudies  were  fre¬ 
quently  interrupted  by  iicknefs.  After  a  real  or  no¬ 
minal  refidence  of  near  two  years  at  Kingfton,  he  wa3 
finally  recalled  (Dec.  1747)  by  the  death  of  his  mother. 
By  this  time  he  was  well  acquainted  with  Pope’s  Ho¬ 
rner,  the  Arabian  Nights  Entertainments,  Dryden’s 
Virgil,  and  a  tranflation  of  Ovid’s  Metamorphofes  ;  and 
the  entertainment  which  lie  received  from  thefe  books 
gave  him  a  tafte  for  defultory  reading. 

After  living  a  year  with  his  maternal  aunt,  during 
which  period  he  read  many  books  on  religious  fubje&s 
too  deep  for  the  comprehenfion  of  a  boy,  he  was  in  Ja¬ 
nuary  1749  entered  in  Weft  minder  fchool,  of  which 
Dr  John  Nicoll  was  at  that  time  head  mailer.  f<  There 
(fays  he)  in  the  fpace  of  two  years,  interrupted  by  dan¬ 
ger  and  debility,  I  painfully  climbed  into  the  third 
form  ;  and  my  riper  age  was  left  to  acquire  the  beauties 
of  the  Latin  and  the  rudiments  of  the  Greek  tongue. 
Inftead  of  audacioufly  mingling  in  the  fports,  the  quar¬ 
rels,  and  the  connections  of  our  little  world,  I  was  Hill 
cherifticd  at  home  under  the  maternal  wing  of  my  aunt, 
who  now  lived  in  College- ftreet ;  and  my  removal  from 
Weftminfter  long  preceded  the  approach  of  manhood.” 

He  was  firft  carried  to  Bath  for  the  recovery  of  his 
health  ;  then  to  Winchefter,  where  he  lived  in  the  houfe 
of  a  phyfician  ;  then  to  Bath  again,  where  he  read  with 
a  clergyman  fome  odes  of  Horace  and  fome  epifodes  of 
Virgil ;  after  which  an  unfuccefsful  trial  was  made  to  re¬ 
new  his  attendance  at  Weftminfter  fchool.  “It  might  now 
be  apprehended  (fays  he)  that  I  fhould  continue  for  life 
an  illiterate  cripple  ;  but  as  I  approached  my  fifteenth 
year,  Nature  difplayed  in  my  favour  her  myfterious  ener¬ 
gies  :  my  conftitution  was  fortified  and  fixed  ;  and  my 
diforders,  inftead  of  growing  with  my  growth,  and 
llrengthening  with  my  ftrength,  mod  wonderfully  va- 
nifhed.”  In  confequence  of  this  he  was  carried  to  Ox- 
foid;  and  before  he  had  accomplilhed  his  fifteenth  year, 
was,  on  April  3.  1752,  matriculated  a  gentleman-com- 
jnoner  of  Magdalen  college. 

For  the  honour  of  that  celebrated  univerfity,  we 
would  fain  hope  that  the  account  which  Mr  Gibbon 
gives  of  Magdalen  college  is  greatly  exaggerated.  He 
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whole  days  and  weeks  were  fuffered  to  elapfe  without 
labour  or  amufement,  without  advice  or  account.”  We  ' 
fhall  make  no  other  remark  on  this  paffage,  than  that 
from  gentlemen,  who  mull  have  been  contemporary 
with  Mr  Gibbon  at  Magdalen,  we  have  received  differ¬ 
ent  accounts  of  the  college ;  and  it  is  furely  a  very  fin- 
gular  circumftance,  that  at  this  period  of  idlenefs,  our 
author  fhould  have  become  enamoured  of  Sir  John 
Marftiam’s  Canon  Chronicus ,  and  have  conceived  the 
idea  of  writing  an  EJfay  on  the  'Age  of  Sefojlris .  Such, 
however,  was  the  cafe.  Not  only  was  the  effay  plan¬ 
ned,  but  part  of  it  was  written  ;  and  though  he  never 
finifiied  it,  he  declares,  that  his  folution  of  fome  diffi¬ 
culties  in  chronology  was  not  devoid  of  ingenuity  ;  but 
he  goes  on  to  vilify  Oxford.  “  It  might  at  leafl  be  ex 
peded  (fays  he),  that  an  ecclefiaftical  fchool  fhould  in¬ 
culcate  the  orthodox  principles  of  religion.  But  our 
venerable  mother  had  contrived  to  unite  the  oppofite 
extremes  of  bigotry  and  indifference :  an  heretic,  or  un¬ 
believer,  was  a  monftcr  in  her  eyes ;  butfhe  was  always* 
or  often ,  or fomeiimes  (a),  remifs  in  the  fpiritual  educa¬ 
tion  of  her  own  children  Without  a  fingle  ledlure, 
either  public  or  private,  either  Chriftian  or  Proteftant, 
without  any  academical  fubfeription,  without  any  E- 
pifcopal  confirmation,  I  was  left  by  the  dim  light  of  my 
catechifm  to  grope  my  way  to  the  chapel  and  commu¬ 
nion  table,  where  I  was  admitted,  without  a  queftion, 
how  far,  or  by  what  means,  I  might  be  qualified  to  re¬ 
ceive  the  facrament.  Such  almotl  incredible  negleft 
was  produ&ive  of  the  worft  mifehiefs.  From  my  child¬ 
hood  I  had  been  fond  of  religious  deputation  ;  nor  had 
the  ela ftic  fpring  been  totally  broken  by  the  weight  of 
the  atmofphere  of  Oxford,  i'he  blind  activity  of  idlenefs 
urged  me  to  advance  without  armour  into  the  danger¬ 
ous  mazes  ofcontrovcify ;  and,  at  the  age  of  fixteen,  1  be¬ 
wildered  myfelf  in  the  errors  of  the  church  of  Rome.” 

#  Thus  anxious  is  our  author  to  account  for  his  recon¬ 
ciliation  to  the  Romifh  church  by  the  negligence  of  the 
tutors  of  his  college.  This  event  took  place  on  the  8th 
of  June  1 753,  when,  at  the  feet  of  a  pried  in  London,  he 
folemnly,  though  privately,  abjured  the  errors  of  herefy. 
An  elaborate  controveifial  epiftle,  approved  by  his  direc¬ 
tor,  and  addreffed  to  his  father,  announced  and  juflified 
the  ftep  he  had  taken  ;  and  the  old  gentleman,  in  the  firft 
Tally  of  paffion,  divulging  the  fecret,  the  gates  of  Mag¬ 
dalen  college  were  fhut  againft  the  convert.  It  was  ne- 
ceffary  therefore  to  form  a  new  plan  of  education  ;  and 
our  young  Catholic,  by  the  advice  of  Mr  Eliot  (after¬ 
wards  Lord  Eliot),  was  fettled,  on  the  30th  of  June, 
under  the  roof  and  tuition  of  Mr  Pavilliard,  a  Cal/inift 
minifter  at  Laufanne  in  Switzerland. 

He  reprefents  his  fituation  there  as  at  firft  extremely 
uncomfortable.  He  could  not  avoid  contrafting  a  fmaft 
chamber,  ill  contrived  and  ill  furnifhed,  with  his  elegant 
apartment  in  Magdalen  college  ;  and  M.  Pavilliard  be¬ 
ing  entrufted  with  the  management  of  his  expences,  he 
felt  himfelf  degraded  from  the  rank  of  gentleman  corn¬ 


s' «  g.vai.)  lie  ieit  liimieir  degraded  trom  the  rank.  ot  gentleman  com- 

reprefents  his  tutors  as  wholly  regardlefs  of  his  morals  moner  to  that  of  a  fchool-boy.  He  began,  however, 
Or  his  ftudies.  SDC^kinP*  of  the  firft  and  hpft  of  fh^m  f ^  Kc,  ll  it _  .  j  i  •  t  r 


or  his  ftudies.  Speaking  of  the  firft  and  beft  of  them, 
for  he  had  two,  he  fays,  “  No  plan  of  ftudy  was  recom¬ 
mended  for  my  ufe  ;  no  exercifes  were  preferibed  for  his 
infpediion  ;  and,  at  the  moft  precious  feafon  of  youth, 


gradually  to  be  reconciled  to  his  fate  ;  and  his  love  of 
reading  returned,  which,  he  fays,  had  been  chilled  by 
the  air  of  Oxford.  He  rapidly  acquired  the  French 
language;  and  of  his  tutor  he  fays,  “  My  obligations 
_  _  to 


(a)  Surely  always  and  fomeiimes  are  words  of  very  different  import :  why  are  they  ufed  then,  in  this  fentencei 
fv  non  vinous? 
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OS  m-  to  the  Jettons  of  Mr  Pavilltarcl  gratitude*  will  not  fufFer 
u-  —  me  to  forget.  He  was  endued  with  a  clear  head  and  a 
warm  heart  ;  his  innate  benevolence  had  afiuaged  the 
fpirit  of  the  church  ;  he  was  rational,  becaufe  he  was 
moderate  :  in  the  courfe  of  his  ftudies,  lie  had  acquired 
a  juft,  though  fuperficial  knowledge  of  moft  branches 
of  literature  ;  by  long  practice  he  was  (killed  in  the  arts 
of  teaching  ;  and  he  laboured  with  afilduous  patience  to 
know  the  charadler,  gain  the  affe&ion,  and  open  the 
mind  of  his  Englifh  pupil.” 

Under  the  tuition  of  this  amiable  preceptor  he  de- 
fcribes  his  progrefs  in  the  French  and  Latin  clafiics,  in 
hiftory,  geography,  logic,  and  metapliyfics,  as  uncom¬ 
monly  rapid  ;  and  he  allows  to  the  fame  man  a  hand- 
fome  (hare  of  the  honour  of  reclaiming  him  from  the 
errors  of  popery.  The  various  difcriminating  articles 
of  the  Romifh  creed  difappeared  like  a  dream ;  and,  af¬ 
ter  a  full  convi&ion,  on  Chriftmas  day  1754,  he  recei¬ 
ved  the  facrament  in  the  church  of  Laufanne.  Thus 
had  our  author  communicated  with  three  different  fo- 
cieties  of  Chriftians  before  the  completion  of  his  eigh¬ 
teenth  year  ;  and  as  fuch  changes  from  church  to  church 
are  always  dangerous,  we  need  not  wonder,  that,  in  a 
mind  fo  ill-furnifhed  as  Mr  Gibbon’s  then  was  for  the¬ 
ological  inveftigations,  they  paved  the  way  for  his  laft 
change  to  Deifm.  At  prefent,  however,  he  fufpended 
his  religious  inquiries,  acquiefcing  (as  he  fays)  with  im¬ 
plicit  belief  in  the  tenets  and  myfteries  which  are  adopt¬ 
ed  by  the  general  confent  of  Catholics  and  Proteftants. 

He  continued  to  profecute  his  ftudies  with  ardour. 
Under  Mr  Pavilliard  he  learned  the  Greek  alphabet, 
the  grammar,  and  the  pronunciation  of  the  language 
according  to  the  French  accent,-  and  foon  made  himfelf 
matter  of  the  works  of  Homer,  Herodotus,  and  Xeno¬ 
phon.  During  two  winters  he  attended  the  private  lec¬ 
tures  of  M.  de  Traytorrens,  who  explained  the  elements 
of  algebra  and  geometry  as  far  as  the  conic  fedtions  of 
the  Marquis  de  i’Hdpital  ;  but  in  mathematics  he  was 
content  (he  fays)  to  receive  the  pafiive  imprefiion  of  his 
profeffor’s  Iedtures,  without  any  a&ive  exercife  of  his 
own  powers.  In  the  writings  of  Grotius  and  Puffen- 
dorf  he  ftudied  the  duties  of  a  man,  the  rights  of  a  ci¬ 
tizen,  the  theory  of  juftice,  and  the  laws  of  peace  and 
war,  which  have  had  fome  influence  on  the  pradlice  of 
modern  Europe.  “  Locke’s  treatife  on  government, 
(fays  he)  inftru&ed  me  in  whig-principles,  which  are 
founded  rather  in  reafon  than  experience  ;  but  my  de- 
light  was  in  the  frequent  perufal  of  Montefquieu,  whofe 
energy  of  ftyle  and  boldnefs  of  hypothecs  were  power¬ 
ful  to  awaken  and  (Emulate  the  genius  of  the  age.” 

We  have  been  thus  minute  in  our  account  of  Mr 
Gibbon’s  ftudies,  becaufe  it  furnifties  perhaps  the  moft 
uf^ful  leffon  which  can  be  drawn  from  the  whole  hiftory 
of  his  life.  His  education  had  been  rendered  irregular, 
and  had  been  often  interrupted  by  ill  health  and  a  fee¬ 
ble  conftitution  ;  but  as  foon  as  he  was  able,  and  had  an 
opportunity,  he  applied  with  ardour  to  the  cultivation 
of  letters,  and  his  works  bear  witnefs  that  his  labour 
was  crowned  with  fuccefs.  “  This  part  of  his  ftory 
therefore  (to  ufe  the  words  of  Johnfon)  well  deferyes 
to  be  remembered.  It  may  afford  ufeful  admonition 
and  powerful  encouragement  to  men  whofe  abilities  have 
been  made,  for  a  time,  ufelefs,  and  who,  having  loft  one 
part  of  life  in  idlenefs,  are  tempted  to  throw  away  the 
remainder  in  defpair*” 

Supp l.  Vol.  I.  Part  II. 


In  the  year  1757  Voltaire  arrived  at  Laufanne,  and  <  Gibbon.  ^ 
our  young  ftudent’s .  defire  to  fee  the  man  who  was  at  v  ' 
once  a  poet,  an  hiftorian,  and,  as  he  deemed  h’mfelf,  the 
prince  of  philofophers,  was  ardent,  and  ealily  gratified. 

Fie  wras  received  by  the  vain  and  arrogant  Frenchman 
with  civility  as  an  Englifh  youth,  but  could  not  boaft 
of  any  peculiar  notice  or  dift’n&ion.  “  The  higheft 
gratification  (fays  he)  which  I  received  from  Voltaire’s 
refidence  at  Laufanne,  was  the  uncommon  circumftance 
of  hearing  a  great  poet  declaim  his  own  prod  u£I ions  on 
the  ftage.  His  declamation  was  fafhioned  to  the  pomp 
and  cadence  of  the  old  ftage  ;  and  he  expreffed  the  en- 
thufiafm  of  poetry  rather  than  the  feelings  of  Nature.” 

About  this  time  Mr  Gibbon  became  enamoured  of 
Mademoifelle  Snfan  Curchod,  the  daughter  of  the  mi- 
nifter  of  Crafty,  in  the  mountains  which  feparate  the 
Pays  de  Vaud  from  the  county  of  Burgundy.  In  terms 
of  rapture  he  deferibes  this  lady  as  poffeffed  of  every  ac- 
complifhment  which  could  adorn  her  fex.  She  liftened 
to  the  voice  of  truth  and  pafilon  ;  her  parents  honour¬ 
ably  encouraged  the  connexion  ;  and  our  author  indul¬ 
ged  in  the  dream  of  felicity :  but  on  his  return  to  Eng¬ 
land,  he  difeovered  that  his  father  would  not  hear  of  this 
ftrange  connexion,  and  that  without  his  confent  he 
was  deftitute  and  helplefs.  “  After  a  painful  ftruggle 
(fays  he)  I  yielded  to  my  fate.  I  fighed  as  a  lover,  I 
obeyed  as  a  fon,  and  my  wound  was  infenfibly  healed 
by  time,  abfence,  and  the  habits  of  a  new  life.”  The 
lady  confoled  herfelf  by  giving  her  hand  to  M.  Neckar, 
then  a  rich  banker  of  Paris,  afterwards  the  minifter, 
and  at  laft  one  of  the  deftroyers  of  the  French  mo¬ 
narchy. 

In  the  fpring  of  the  year  1758  our  author  was  recal¬ 
led  to  England.  On  his  arrival  in  London  he  haftened 
to  the  houfe  of  his  aunt,  Mrs  Porten,  who  had  been  the 
guardian  of  his  tender  years  •,  for  though  his  father  was 
in  town  awaiting  his  arrival,  he  knew  not  how  he  fhould 
be  received  by  a  parent  who  had  parted  with  him  in 
anger,  and  given  him  a  ftepmother  in  his  abfence  His 
reception  was  more  agreeable  than  he  expe&ed.  His 
father  received  him  as  a  man  and  a  friend  ;  and  the 
manners  of  Mrs  Gibbon  were  fuch,  that,  after  fome  re- 
ferve  on  his  fide,  (lie  and  he  eafily  adopted  the  tender 
names  and  genuine  characters  of  mother  and  fon  ;  and, 
by  the  indulgence  of  thefe  parents,  he  was  left  at  liberty 
to  confult  his  own  tafte  or  reafon  in  the  choice  of  place, 
of  company,  and  of  amufements.  In  London  he  had 
few  acquaintances,  and  hardly  any  friends  ;  and  being 
accuftomed  to  a  very  fmall  fociety  at  Laufanne,  he  pre¬ 
ferred  the  retirement  of  the  country  to  the  buftle  of 
that  over-grown  metropolis,  where  he  found  hardly  any 
entertainment  but  in  the  theatres. 

Before  he  left  Laufanne  he  had  begun  a  work  on  the 
ftudy  of  ancient  literature,  which  was  fuggefted  by  the 
defirc  of  juflifying  and  praifing  the  objeft  of  a  favourite 
purfuit.  “  In  France  (fays  he),  to  which  my  ideas 
were  confined,  the  learning  and  language  of  Greece  and 
Rome  were  negledled  by  a  philofophic  age.  The  guar¬ 
dian  of  thofe  ftudies,  the  Academy  of  Irfcriptions,  was 
degraded  to  the  lowed  rank  among  the  three  royal  fo- 
cieties  of  Paris:  The  new  appellation  of  Erudits  vvas*c;ec/tf 
contemptuoufly  applied  to  the  lucceffors  of  Lipfius  and  Difc^urs 
Cafaubon  ;  and  I  was  provoked  to  hear  that  the  ex-  I’reliminurc 
ercife  of  the  memory,  their  foie  merit,  had  bed?!  fuper-  Par ( ^ 
feded  ‘by  the  nobler  faculties  of  the  imagination  and 
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I  was>  ambitious  of  proving  by  my  own  ex-  twenty,  all  agreeable,  feveral  handfome,  and  two  or  three 
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’  ample,  as  well  as  by  my  precepts,  that  all  the  faculties 
of  the  mind  may  be  exercifed  and  difplayed  by  the  ftudy 
of  ancient  literature.”  This  laudable  ambition  conti¬ 
nued  ;  and  in  his  father’s  houfe  at  Beriton  in  Hamp- 
fhire  he  finished  his  EJfai  fur  l* Etude  de  la  Literature  ; 
which,  after  being  revifed  by  Mallet  the  poet  and  Dr 
Maty  of  the  Britifh  mufeum,  was,  in  1761,  published 
in  a  fmall  i2mo  volume. 

The  fubjefts  of  tafte.  criticifm,  and  philofophy,  which 
in  this  work  came  under  our  young  author’s  confider- 
ation,  could  hardly  promife  much  novelty  of  remark. 
Some  former  obfervations,  however,  he  appears  to  have 
placed  in  a  new  and  pleafing  point  of  view  ;  advancing, 
moreover,  fome  ingenious  conje&ures,  and  difplaying  no 
inconfiderable  erudition.  Yet, by  his  own  account,  he  was 
at  this  time  almoft  a  ftranger  to  the  writers  of  Greece  ; 
and  when  he  quotes  them,  it  is  probable  that  the  quota¬ 
tions  are  given  at  fecond  hand.  To  this  eflay  was  prefixed 
a  dedication  to  his  father  in  the  Englifh  language,  which 
exhibits  the  author  himfelf  in  a  very  amiable  light ;  but 
if  his  reputation  had  depended  folely  upon  this  youth¬ 
ful  attempt,  the  name  of  Gibbon  would  have  been  loft 
in  oblivion.  Yet  he  feems,  even  in  his  riper  years,  to 
have  been  delighted  with  it  himfelf,  and  to  have  confi- 
dered  its  merits  as  equal  to  thofe  of  his  later  produc¬ 
tions  ;  but  Milton,  it  is  faid,  preferred  the  Paradife  Re¬ 
gained  to  the  Paradife  Loft. 

Before  the  publication  of  this  eflay,  the  author,  at  his 
own  defire,  had  been  appointed  a  captain  in  the  South 
Hampfhire  militia,  in  which  he  ferved  upwards  of  two 
years.  At  firft,  the  company  of  ruftic  and  illiterate  of¬ 
ficers,  and  the  buftle  of  a  military  life,  were  extremely  dif- 
agreeable  to  him,  as  they  interrupted  his  ftudies;  but  he 
admits,  that  his  military  fervices,  his  bloodlefs  and  inglo¬ 
rious  campaigns,  as  he  calls  them,  were,  on  the  whole, 
beneficial,  as  they  brought  him  acquainted  with  Englifh 
manners,  Englifh  parties,  and  Englifh  principles,  to 
which  his  foreign  education  and  referved  temper  had 
hitherto  kept  him  an  entire  ftranger.  In  the  camp  and 
in  quarters  he  had  even  found  leifure,  after  the  firft  feven 
or  eight  months  of  his  fervice,  to  read  a  great  deal  of 
Greek,  and  to  plan  different  hiftorical  works,  to  the 
compofition  of  which  he  feems  to  have  thought  that  he 
was  born  with  an  innate  propenfity.  He  always  talks 
of  himfelf  as  a  philofopher ;  but  furely  a  more  unphi- 
lofophical  perfuafion  than  this  has  feldom  been  ad¬ 
mitted. 

At  the  end  of  the  war  he  went  again  abroad,  and 
reached  Palis  on  the  28th  of  January  1763,  only  36 
days  after  the  difbanding  of  the  militia  in  which  he  had 
borne  the  commiflion  of  a  captain.  In  that  metropolis 
he  (laid  not  long.  He  viflted  palaces,  churches,  gar¬ 
dens,  and  theatres,  and  was  introduced  to  D’Alembert 
and  Diderot,  then  confidered  as  at  the  head  of  French 
fcience.  From  Paris  he  proceeded  to  Switzerland,  and 
once  more  took  up  his  relidence  at  his  favourite  Lau- 
fanne.  Voltaire’s  impieties  had  forced  him  from  that 
town  to  his  own  caftle  at  Ferney,  where  our  author 
once  viflted  him,  without  (he  fays)  courting  his  more 
intimate  acquaintance. 

The  fociety  in  which  Mr  Gibbon  raofl  delighted  du¬ 
ring  his  fecond  refidence  at  Laufanne  was  a  very  lingu¬ 
lar  one.  -  “  It  confifted  of  fifteen  or  twenty  unmarried 
ladies  of  genteel  families  j  the  eldeft  perhaps  about 


,  -  other’s  houfes  they  af- 

fembled  almoft  every  day,  without  the  controul,  or  even 
the  prefence  of  a  mother  or  an  aunt ;  they  were  trufted 
to  their  own  prudence,  among  a  crowd  o£  young  men 
of  every  nation  in  Europe.  They  laughed,  they  fang, 
they  danced,  they  played  at  cards,  they  acted  comedies; 
but  m  the  mid  ft  of  this  carelefs  gaiety,  they  refpe&ed 
themlelves,  ar.d  were  refpeded  by  the  men  ;  the  invifi- 
ble  hue  between  liberty  and  licentioufnefs  was  never 
tranfgrefled  by  a  gefture,  a  word,  or  a  look,  and  their 
virgin  chaftity  was  never  fullied  by  the  breath  of  fcandal 
or  fafpicion.” 

,  We  readily  agree  with  our  author  that  this  lingular 
inftitiition  was  expreflive  of  the  innocent  fimplicity  of 
Swifs  manners ;  and  we  only  regret  that  he  had  not  the 
fame  refpeft  for  the  ladies  of  his  own  country  as  for 
thofe  frolic  females  of  Switzerland.  He  would  not,  in 
that  cafe,  have  ftained  fome  of  his  molt  brilliant  pages 
with  obfeene  ribaldry. 

We  (hall  not  follow  him  in  his  ramble  through  Italy, 
or  repeat  his  remarks  on  the  towns  which  he  vilited.  It 
is  fufficient,  in  fuch  a  fketch  as  this,  to  inform  our  rea¬ 
ders,  that  it  was  at  Rome  on  the  1  5th  of  October  1764, 
as  he  fat  mufing  amidft  the  ruins  of  the  Capitol,  that 
the  idea  of  his  great  work  firft  ftarted  into  his  mind. 
But  his  original  plan  was  circumfcribed  to  the  decay  of 
the  city  rather  than  of  the  empire. 

From  carrying  even  this  contra&ed  plan  into  execu¬ 
tion  he  was  for  fome  years  diverted.  On  the  2  5th  of* 
June  1765  he  arrived  from  Italy  at  his  father’s  houfe  in 
Hampfhire,  and  found  that  he  had  filial  duties  to  per¬ 
form  which  interrupted  his  ftudies  and  diftnrbed  his 
quiet.  His  father  bad  involved  himfelf  in  difficulties, 
from  which  he  could  be  extricated  only  by  felling  or 
mortgaging  part  of  his  eftate  ;  and  to  luch  fale  or  mort¬ 
gage  our  author  cheerfully  confented.  He  regrets  on 
this  occafion  that  he  had  not  “  embraced  the  lucrative 
purfnits  of  the  law  or  of  trade,  the  chances  of  civil  of- 
fice  or  India  adventure,  or  even  the  fat  {lumbers  of  the 
church  and  it  is  to  be  hoped  that,  when  he  thought 
even  o IJlumbering  in  the  church,  he  had  ftili  fome  faith 
in  revealed  religion.  He  wafted  fome  time  in  planning 
a  hiftory  of  the  revolutions  of  Switzerland,  and  even 
wrote  part  of  it  in  the  French  language,  which,  by  the 
advice  of  friends,  he  however  fupprefled.  We  next  find 
him  engaged  with  a  friend  in  a  Journal  entitled  Me- 
moires  Liter  air es  de  la  Grand  Bretagne ,  of  which  two- 
volumes  for  the  years  1767  and  1768  were  publilhed, 
and  a  third  almoft  completed,  when  his  friend,  a  native 
of  Switzerland,  was  engaged,  through  his  intereft,  as 
travelling  governor  to  Sir  Richard  Worfley,  and  the 
Journal  was,  of  courfe,  abandoned.  He  then  entered 
the  lifts  with  Warburton  ;  whofe  interpretation  of  the 
fixth  book  of  the  ^Eneid  he  attacked  with  great  petu- 
lance  and  with  much  fuccefs.  The  biffiop  of  Glocefterwaa 
by  this  time  in  a  ftate  of  great  mental  decay,  which  was- 
peculiarly  unfortunate  for  our  author  ;  for  had  his  Lord- 
fliip  enjoyed  his  priftine  vigour,  he  would  probably  have 
given  Mr  Gibbon  fuch  a  chafiifement  as  might  have 
made  him  more  modeft  afterwards  when  writing  the 
hiftory  of  the  Decline  and  Fall  of  the  Roman  Ernpire. 

To  that  great  work  he  now  fat  down  ferioufly  ;  and 
the  hiftory  which  he  gives  of  his  preparatory  ftudies 
fufficiently  accounts  for  the  inaccuracy  of  his  quotations. 

Through 
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G I  on,  Through  the  darknefs  of  the  middle  ages  he  explored 

*-"■  his  way  in  the  annals  and  antiquities  of  Italy  by  the 
learned  Muratori  and  other  moderns ;  and  feems  to  ac¬ 
knowledge  that,  from  the  beginning  to  the  end  of  his 
work,  he  frequently  contented  liimfelf  with  authorities 
furnifhed  at  fecond  hand. 

At  laft,  in  1776,  the  firft  volume  of  his  hiftory  was 
publifhed  by  Cadell  the  bookfelkr  and  Strahan  the 
printer  ;  and  the  fuccefs  of  it  far  furpafled  his  expecta¬ 
tion.  The  encomiums  lavifhed  on  it  by  Dr  Robertfon 
and  Mr  Hume  in  letters  to  the  author,  and  the  fulfome 
compliments  which  thofc  three  eminent  hiftorians  paid 
to  each  other,  are  melancholy  fpecimens  of  lettered  little- 
nefs  and  vanity.  The  fecond  and  third  volumes  ap¬ 
peared  in  1781  ;  the  fourth,  fifth,  and  fixth  in  1787  ; 
and  Mr  Gibbon’s  fame  was  eftablifhed  as  a  hiftorian. 
The  work  was  admired  both  by  natives  and  by  foreign¬ 
ers,  and  tranflated  into  feveral  of  the  languages  of  Eu¬ 
rope.  Dr  Zimmermann  reprefents  the  author  as  ex¬ 
celling  perhaps  Hume  and  Robertfon,  who  were  hifto- 
rians  of  the  firft  ra~k.  “  All  the  dignity  (he  adds), 
all  the  charms  of  hiftoric  ftyle,  are  united  in  Gibbon  : 
his  periods  are  melody  itfelf,  and  all  his  thoughts  have 
nerve  and  vigour.”  This  praife,  however,  mull  not  be 
admitted  without  exception.  Few  writers,  indeed,  were 
poflefled  of  fuch  popular  talents  as  our  hiftorian.  The 
acutenefs  cf  his  penetration,  and  the  fertility  of  his  ge¬ 
nius,  have  been  feldom  equalled,  and  fcarcely  ever  fur- 
pafied.  He  feizes,  with  fingular  felicity,  on  all  the 
mod  interefting  fa£ts  and  filiations,  and  thefe  he  em- 
bellifhes  with  the  litmofl  luxuriance  of  fancy  and  ele¬ 
gance  of  ilyle.^  His  periods  are  full  and  harmonious  ; 
his  language  is  always  well  cliofen,  and  is  frequently 
diflinguifhed  by  a  new  and  peculiarly  happy  adaptation. 
His  epithets,  too,  are  in  general  beautiful  and  happy ; 
but  he  is  rather  too  fond  of  them.  The  uniform  ftate- 
linefs  of  his  diction  fometimes  imparts  to  his  narrative  a 
degree  of  obfcurity,  unlefs  he  defcends  to  the  nuferable 
expedient  of  a  note,  to  explain  the  minuter  circum- 
flances.  His  ftyle,  on  the  whole,  is  much  too  artificial; 
and  this  gives  a  degree  of  monotony  to  his  periods, 
which  extends,  we  had  almoft  faid,  to  the  turn  of  his 
thoughts. 

A  more  ferious  objection  is  his  attack  upon  Chri- 
ftianity  ;  the  loofe  and  difrefpectful  manner  in  which  he 
mentions  many  points  of  morality  regarded  as  important 
on  the  principles  of  natural  religion  ;  and  the  indecent 
allufions  and  exprcffion3  which  too  often  occur  in  the 
work. 

An  attack  upon  Chriftianity  is  not  cenfurable  merely 
as  fuch  ;  it  may  proceed  from  the  pureft  and  mod  vir¬ 
tuous  motives  :  but,  in  that  cafe,  the  attack  will  never 
be  carried  on  in  an  infiduous  manner,  and  with  im¬ 
proper  weapons ;  and  Chriftianity  itfelf,  fo  far  from 
dreading,  will  invite  every  mode  of  fair  and  candid  dif- 
cullion.  Our  hiftorian,  it  mull  be  confeffed,  often 
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makes,  when  he  cannot  readily  find,  an  opportunity  to 
infult  the  Chriftian  religion.  Such,  indeed,  is  his  eager- 
nefs  in  the  cauie,  that  he  (loops  to  the  moil  defpicabie 
pun,  or  to  the  mod  awkward  perverfion  of  language,  for 
the  pleafure  of  turning  the  fcripture  into  ribaldry,  or 
calling  Jefus  an  impofior. 

Yet  of  the  Chriftian  religion  has  Mr  Gibbon  himfelf 
obferved,  that  it  £<  contains  a  pure,  benevolent,  and  uni- 
verfal  fyftem  of  ethics,  adapted  to  every  duty  and  every 
condition  of  life.”  Such  an  acknowledgment,  and 
from  fuch  a  writer,  too,  ought  to  have  due  weight  with 
a  certain  clafs  of  readers,  and  of  authors  likevvife,  and 
lead  them  ferioufly  to  confider,  how  far  it  is  confident 
with  the  character  of  good  citizens,  to  endeavour,  by  fly 
i  n  fin  u  at  ions,  oblique  hints,  indecent  fneer,  and  profane 
ridicule,  to  weaken  the  influence  of  fo  pure  and  benevo¬ 
lent  a  fyftem  as  that  of  Chriftianity,  acknowledged  to 
be  admirably  calculated  for  promoting  the  happinefs  of 
individuals,  and  the  welfare  of  fociety. 

Mr  Hayley,  in  his  poetical  Eflay  on  Hiftory,  after 
a  fplendid  panegyric  on  the  arduous  labours  of  lua 
friend,  laments  the  irreligious  fpirit  by  which  he  was 
adluated. 

Think  not  my  verfe  means  blindly  to  engage 
In  rath  defence  of  thy  profaner  page ! 

Though  keen  her  fpirit,  her  attachment  fond, 

Bafe  ferviee  cannot  fuit  with  Friendfhip’s  bond  ; 

Too  firm  from  Duty’s  facred  path  to  turn, 

She  breathes  an  honed  figh  of  deep  concern, 

And  pities  Genius,  when  his  wild  career 
Gives  Faith  a  wound,  or  Innocence  a  tear. 

Humility  herfelf  divinely  mild, 

Sublime  religion’s  meek  and  modeft  child, 

Like  the  dumb  fon  of  Croefus,  in  the  flrife, 

Where  force  aflail’d  his  father’s  facred  life, 

Breaks  filence,  and  with  filial  duty  warm, 

Bids  thee  revere  her  parent’s  hallowed  form  (b)  ! 

The  part  of  the  hiftory  which  gave  fuch  offence  to 
his  own  friend,  as  well  as  to  the  friends  of  the  Chriftian 
religion  in  general,  was  the  account  which  our  hifto¬ 
rian  has  given  of  the  progrefs  and  eftablifhment  of  Chri¬ 
ftianity  in  the  two  laft  chapters  of  his  firft  volume  ;  in 
which  he  endeavours  to  prove,  that  the  wonderful  tri¬ 
umph  of  that  religion  over  all  the  eftablifhed  religions 
of  the  earth,  was  not  owing  to  any  miraculous  attefta- 
tions  to  its  truth,  but  to  five  fecondary  caufes  which  he 
enumerates  ;  and  that  Chriftianity,  of  courfe,  could  not 
be  of  divine  origin.  Several  anfwers  appeared  on  this  oc- 
cafion,  written,  as  vve  may  naturally  fuppofe,  with  dif¬ 
ferent  degrees  of  temper  and  ability  (c). 

One  of  them  only,  Mr  Davis,  who  had  undertaken 
to  point  out  various  infiances  of  mifreprefentation,  in¬ 
accuracy,  and  even  plaghrifm  in  his  account,  did  our  , 
hiftorian  condefcend  particularly  to  anfwer,  and  that  in 
4  U  2  a 
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(b)  Herodotus  relates,  that  a  Perfian  foldier,  at  the  (forming  of  Sardis,  was  preparing  to  kill  Croefus,  whofe 
perfon  he  did  not  know,  and  who,  giving  up  all  as  loft,  neglected  to  defend  his  own  life.  A  fon  of  the  unfortu¬ 
nate  monarch,  who  had  been  dumb  from  his  infancy,  and  who  never  fpoke  afterward,  found  utterance  in  that 
trying  moment,  and  preferved  his  father  by  exclaiming,  ‘  O  kill  not  Croefus !’ 

(c)  Dr  Chelfum,  Dr  Randolph,  Dr  Watfon  (bifhop  of  Llandaff )  Lord  Hailes,  Dr  White,  Mr  Apthorpe,  Mr 
Davis,  and  Mr  Taylor,  the  author  of  *  The  Letters  of  Ben  Mordecai/ 
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-Gibbon,  a  tone  of  proud  contempt  and  confident  fuperiority.  To 
u~~v—“  this  Mr  Davis  replied  ;  and  it  is  but  juftiee  to  obferve, 
that  his  reply  bears  evident  marks  of  learning,  judgment, 
and  critical  acumen,  and  that  he  has  convicted  our  au¬ 
thor  of  fometimes  quoting  inaccurately  to  ferve  a  pur- 
pofe.  At  his  other  anfwerers  Mr  Gibbon  merely  glan¬ 
ced,  treating  Dr  Watfon,  however,  with  particular  re- 
fpedl ;  but  his  pofthumous  memoirs  (hew  how  much  he 
felt  the  attacks  made  on  him  by  Lord  Hailes,  Dr 
White  of  Oxford,  and  Mr  Taylor.  To  Dr  Prieftley, 
who,  in  his  Hi/lory  of  the  Corruptions  of  Chriflianity , 
threw  down  his  gauntlets  at  once  to  Bifhop  Hurd  and 
the  hiftorian  of  the  Roman  empire,  and  who  prefented 
the  latter  with  a  copy  of  his  book,  declaring,  at  the 
fame  time,  that  he  fent  it  not  as  a  gift  but  as  a  chal¬ 
lenge  ;  he  wrote  in'  fueh  terms  as  produced  a  corre- 
fpondence,  which  certainly  added  not  to  the  honour  of 
the  diffenting  divine. 

At  the  beginning  of  the  memorable  conteft  between 
Great  Britain  and  America,  our  author  was  returned, 
by  the  intereft  of  Mr  Eliot  (now  Lord  Eliot),  for  the 
borough  of  Lifkeard,  and  fupported,  with  many  a  fin- 
cere  and  lilent  vote,  the  rights,  though  not,  perhaps, 
the  intereft,  of  the  mother  couritry.  “  After  a  fleeting 
illufive  hope,  prudence  condemned  me  (fays  he)  to  ae- 
quiefce  in  the  humble  ftation  of  a  mute.  I  was  not  arm¬ 
ed  by  Nature  and  education  with  the  intrepid  energy  of 
mind  and  voice. 

lrincentem  J!  repit  us,  et  natum  re  Dus  agendis. 

Timidity  was  fortified  by  pride  ;  and  even  the  fuccefs 
of  my  pen  difcouraged  the  trial  of  my  voice.” 

That  pen,  however,  was  ufeful  to  the  rniniftry  whom 
he  could  not  fupport  by  his  eloquence  in  the  houfe. 
At  the  requeft  of  the  Lord  Chancellor  and  Vifcount 
Weymouth,  then  fecretary  of  ftate,  he  vindicated,  in  a 
very  able  manner,  againft  the  French  manifefto,  the 
juftiee  of  the  Britifh  arms,  and  his  Memoire  Jujlifcatif 
was  delivered  as  a  ftate  paper  to  the  eourts  of  Europe. 
He  was  rewarded  for  this  iervice  with  the  plaee  of  one 
of  the  loids  commiffioners  of  trade  and  plantations  ;  and 
kept  it,  till  the  board  was  aboliflied  by  Mr  Burke’s  re¬ 
form  bill.  For  accepting  this  place  he  was  feverely, 
but  molt  unjuftly,  blamed  by  fome  of  the  leaders  of  the 
oppofnion,  as  if  he  had  deferred  a  party  in  which  he 
had  never  enlifted,  and  to  the  principles  of  which  he  was 
rendered  inimical  both  by  family  prepofTefiion  and  by 
his  own  judgment. 

On  the  downfal  of  Lord  North’s  adminiftration,  Mr 
Gibbon  was  of  courfe  in  the  oppofition  deprived  of  an 
office,  without  the  falary  of  whieh  he  could  not  conve¬ 
niently  fupport  the  expenee  of  living  in  London.  The 
coalition  was  indeed  foon  formed,  and  his  friends  were 
again  in  power  ;  but  having  nothing  to  give  him  imme¬ 
diately,  they  could  not  detain  him  in  parliament  or  even 
in  England.  He  was  tired  of  the  buftle  of  the  metro¬ 
polis,  and  fighed  once  more  for  the  retirement  of  Lau- 
fanne,  at  whieh  he  arrived  before  the  overthrow  of  the 
coalition  rniniftry,  and  where  he  lived  happily  till  the 
laft  years  of  his  life.  It  was  in  this  retreat  that  lie 
wrote  the  fourth,  fifth,  and  fixth  volumes  of  his  hiftory ; 
and  he  left  it  only  for  a  year  to  fuperintend  the  publi¬ 
cation  of  thefe  volumes  in  London.  This  great  work 
being  concluded,  he  returned  to  the  banks  of  the  Leman 
lake,  but  found  his  enjoyments  damped  by  the  diftrefs, 


and  foon  afterwards  by  the  death,  of  his  oldeft  and  GiV-bon 
deareft  Swifs  friend.  Laufanne  had  now  loft  much  of  Gibraltar 
its  attraction  ;  the  French  revolution  had  erowded  it  ^ 
with  unfortunate  emigrants,  who  could  not  be  cheerful 
themfelves  or  excite  the  cheerfulnefs  of  others  ;  and  the 
demons  of  democracy  had  begun  to  poifon  the  minds 
of  the  fober  citizens  with  principles  which  Mr  Gibbon 
had  always  held  in  abhorrence.  Speaking  of  thefe  prin¬ 
ciples  and  their  effects  in  Switzerland,  he  adds,  “  I  beg 
leave  to  fubferibe  my  affent  to  Mr  Burke’s  creed  on 
the  revolution  of  France.  J  admire  his  eloquenee,  I 
approve  his  politics,  I  adore  his  chivalry,  and  I  can  al- 
moft  ex c ufe  his  reverence  for  chureh  eftablifhments. 

While  the  ariftoeraey  of  Berne  prote&s  the  happinefs , 
it  is  fuperfluous  to  enquire  whether  it  be  founded  in  the 
rights  of  men  :  the  economy  of  the  ftate  is  liberally  fup- 
plied  without  the  aid  of  taxes ;  and  the  magistrates  mujl 
reign  with  prudence  and  equity,  fince  they  are  unarmed 
in  the  midft  of  an  armed  nation.” 

It  was  againft  the  beneficent  and  mild  government 
of  Berne  that  the  emiflaries  of  France  contrived  to  ex¬ 
cite  the  difeontents  of  the  people,  by  in  (billing  into  their 
fimple  and  untutored  minds  their  own  wild  notions  of 
liberty  and  equality.  From  the  effe&s  of  this  Gallic 
phrenzy,  which  began  to  be  very  vifible  fo  early  as  the 
beginning  of  the  year  1792,  Mr  Gibbon  refolved  to 
take  (belter  in  England,  and  to  abandon,  for  fome  time 
at  leaft,  what  he  called  his  paradife  at  Laufanne.  Dif¬ 
ficulties  intervened,  and  forced  him  to  poftpone  his  jour¬ 
ney  from  week  to  week,  and  from  month  to  month  ; 
but  on  receiving  the  accounts  of  Lady  Sheffield’s  death, 
he  haftened  to  adminifter  confolation  to  his  friend,  and 
arrived  fafe  in  London  in  the  beginning  of  June  1793. 

He  continued  in  good  health  and  fpirits  through  the 
whole  of  the  fu*imer ;  but  his  eonftitution  had  fuffered 
mueh  from  repeated  attacks  of  the  gout,  and  from  an 
incipient  dropfy  in  his  ancles.  The  fwelling  of  his 
ancles,  however,  fubfided ;  but  it  was  only  in  eonfe- 
quenee  of  the  water  flowing  to  another  place  ;  and  be¬ 
ing  repeatedly  tapped  for  a  hydrocele ,  he  at  laft  funk  un¬ 
der  it,  and  died  at  his  lodgings  in  St  James’s  ftreet,  Lon¬ 
don,  on  the  16th  of  January  1  794.. 

To  draw  a  chara&er  at  once  general  and  juft  of  this 
extraordinary  man,  would  be  difficult  perhaps  to  one 
who  had  enjoyed  the  pleafure  of  his  acquaintance,  and 
mull  be  impoffible  to  thole  to  whom  his  perion  was  a 
ftranger.  Of  the  extent  of  his  erudition  there  can  be 
but  one  opinion  ;  but  various  opinions  may  be  held  re- 
fpe£ting  the  accuracy  of  his  knowledge.  Lord  Sheffield, 
who  knew  him  well,  and  loved  him  much,  aflures  us, 
that  his  converfation  was  flill  more  captivating  than  his 
writings :  but  this  could  not  refult  from  the  brillianey 
of  his  wit ;  for  of  wit  he  declares  himfelf  that  he  had 
none.  His  memory  was  capacious  and  retentive,  his 
penetration  uncommon,  and  his  colloquial  eloquenee 
ready  and  elegant;  fo  that  he  could  illuftrate  almolt  any 
topic  of  converfation  from  the  copious  Itores  of  his  own 
mind.  From  his  private  coriefpondence,  and  a  journal 
not  written  for  the  public  eye,  he  appears  to  have  been 
a  dutiful  fon,  a  loyal  fubjedft,  and  an  affe&ionate  and 
fteady  friend  ;  but  it  is  difficult  to  reconcile  with  fo 
much  moral  and  political  worth  his  unfair  and  unmanly 
fneers  at  the  religion  of  his  country. 

GIBRALTAR  is  a  fortrefs  of  immenfe  ftrength, 

,of  which  a  very  full  account  has  been  given  in  the  En¬ 
cyclopedia  . 
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ar  cyclopedia.  Nothing,  however,  is  in  that  article  faid  of 
— ■'  the  natural  hiftory  of  the  mountain  on  which  the  for- 
trefs  is  built,  though,  to  men .  of  fcience,  that  fnbjeft 
mufl-  be  as  mtereiting  as  a  detail  of  fieges.  1  his  defeat 
we  are  enabled  to  fupply  by  means  of  Major  Imrie’s 
mineralogical  defcription  of  Gibraltar,  which  is  publifhed 
in  the  fourth  volume  of  the  Fran  factions  of  the  Royal 
Society  of  Edinburgh;  and,  we  are  perfuaded,the  follow¬ 
ing  abllraft  of  that  elegant  memoir  will  afford  rational 
entertainment  to  many  of  our  readers. 

“  The  form  of  this  mountain  is  oblong;  its  fummit  a 
{harp  craggy  ridge ;  its  direction  is  nearly  from  north 
to  fouth  ;  and  its  greateft  length,  in  that  dire&ion,  falls 
very  little  (hort  of  three  miles.  Its  breadth  vanes  with 
the  indentations  of  the  fhore,  but  it  no  where  exceeds 
three  quarters  of  a  mile.  The  line  of  its  ridge  is  undu¬ 
lated,  and  the  two  extremes  are  fomewhat  higher  than 

its  centre.  . 

“  The  fummit  of  the  Sugar  Loaf,  which  is  the  point 
of  its  greateft  elevation  towards  the  fouth,  is  1439  feet; 
the  Rock  Mortar,  which  is  the  higheft  point  to  the 
north,  is  1 3  <jO  ;  and  the  Signal  Houfe,  which  is  nearly 
the  central  point  between  thefe  two,  is  1276  feet  above 
the  level  of  the  fea.  The  weftern  fide  of  the  mountain 
is  a  feries  of  rugged  dopes,  interfperfed  with  abrupt  pre¬ 
cipices.  Its  northern  extremity  is  perfe&ly  perpendi¬ 
cular,  except  towards  the  north-weft,  where  what  are 
called  the  Lines  intervene,  and  a  narrow  paffage  of  flat 
ground  that  leads  to  the  ifthmus,  and  is  entirely  cover¬ 
ed  with  fortification.  The  eaftern  fide  of  the  moun¬ 
tain  moftly  confifts  of  a  range  of  precipices  ;  but  a  bank 
of  fand,  rifing  from  the  Mediterranean  in  a  rapid  accli¬ 
vity,  covers  a  third  of  its  perpendicular  height.  Its 
fouthern  extremity  falls,  in  a  rapid  dope  from  the  fum¬ 
mit  of  the  Sugar  Loaf,  into  a  rocky  flat  of  confiderable 
extent,  called  Windmill  Hill. 

“  The  principal  mafs  of  the  mountain  rock  confifts  of 
a  grey,  denfe  (what  is  generally  called  primary)  mar¬ 
ble  ;  the  different  beds  of  which  are  to  be  examined  in 
a  face  of  1350  feet  of  perpendicular  height,  which  it 
prefents  to  Spain  in  a  conical  form.  Thefe  beds,  or 
ft  rata,  are  of  various  thicknefs,  from  20  to  upwards  of 
40  feet,  dipping  in  a  dire&ion  from  eaft  to  weft,  nearly 
at  an  angle  of  35  degrees.  In  fome  parts  of  the  folid 
mafs  of  this  rock  are  found  teftaceons  bodies  entirely 
tranfmuted  into  the  conftituent  matter  of  the  rock,  and 
their  interior  hollows  filled  up  with  calcareous  fpar ;  but 
thefe  do  not  occur  often  in  its  compofition,  and  its  beds 
are  not  feparated  by  any  intermediate  ftrata 

“  The  caves  of  Gibraltar  are  many,  and  fome  of  them 
of  great  extent.  That  which  moft  deferves  attention  and 
examination  is  called  St  Michael’s  Cave,  which  is  flo¬ 
ated  upon  the  fouthern  "part  of  the  mountain,  almoft 
equally  diflant  from  the  Signal  Tower  and  the  Sugar 
Loaf.  Ls  entrance  is  1000  feet  above  the  level  ot  the 
fea  :  This  entrance  is  formed  by  a  rapid  Hope  of  earth, 
which 'has  fallen  into  it  at  various  periods,  and  which 
leads  to  a  fpacious  hall,  mcrufted  with  fpar,  and  appa¬ 
rently  fupported  in  the  centre  by  a  large  maffy  ftala&i 
tical  pillar  To  this  fucceeds  a  long  feries  of  caves  of 
difficult  accefs.  In  thefe  cavernous  recedes,  the  forma¬ 
tion  and  procefs  of  ftala&ites  is  to  be  traced,  from  the 
flimfy  quilt-like  cone,  fufpended  from  the  roof,  to  the 
robult  trunk  of  a  pillar,  three  feet  in  diameter,  which 


rifes  from  the  floor,  and  feems  intended  by  Nature  to 
fupport  the  roof  from  which  it  originated. 

“  The  only  inhabitants  of  thefe  caves  are  bats,  fome 
of  which  are  of  a  large  fize.  The  foil,  in  general,  upon 
the  mountain  of  Gibraltar  is  but  thinly  fown  ;  and  in 
many  parts  that  thin  covering  has  been  waffied  off  by 
the  heavy  autumnal  rains,  which  have  left  the  fuperii- 
ce3  of  the  rock,  for  a  confiderable  extent,  bare  and 
open  to  infpedtion.  In  thofc  fituations,  an  obferving 
eye  may  trace  the  effects  of  the  flow,  but  conftant,  de- 
compofition  of  the  rock,  caufed  by  its  expofure  to  the 
air,  and  the  corrofion  of  fea-falts,  which,  in  the  heavy 
gales  of  eafterly  winds,  are  depofited  with  the  fpray  on 
every  part  of  the  mountain.  Thofe  uncovered  parts  of 
the  mountain  rock  alfo  expofe  to  the  eye  a  phenomenon- 
worthy  of  fome  attention,  as  it  tends  clearly  to  demon* 
ftrate,  that,  however  high  the  furface  of  this  rock  may 
now  be  elevated  above  the  level  of  the  fea,  it  lias  once 
been  the  bed  of  agitated  waters.  This  phenomenon  is 
to  be  obferved  in  many  parts  of  the  rock,  and  is  con* 
ftantly  found  in  the  beds  of  torrents.  It  confifts  of  pot¬ 
like  holes,  of  various  fiz.es,  hollowed  out  of  the  folid 
rock,  and  formed  apparently  by  the  attrition  of  gravel 
or  pebbles,  fet  in  motion  by  the  rapidity  of  rivers  or 
currents  in  the  fea. 

“  Upon  the  weft  fide  of  the  moantain,  towards  itsbafe, 
fome  ftrata  occur,  which  are  heterogenial  to  the  moun¬ 
tain  rock  :  the  firft,  or  higheft,  forma  the  fegment  of  a 
circle  ;  its  convex  fide  is  towards  the  mountain,  and  it 
Hopes  alfo  in  that  dire&ion.  This  ftratum  confifts  of 
a  number  of  thin  beds;  the  outward  one,  being  the 
thineft,  is  in  a  ftate  of  decompofition,  and  is  mouldering 
down  into  a  blackiffi  brown  or  ferruginous  coloured 
earth.  The  beds,  inferior  to  this,  progreffively  increafe 
in  breadth  to  1 7  inches,  where  the  Gratification  refts 
upon  a  rock  of  an  argillaceous  nature. 

“  This  lait  bed,  which  is  i  7  inches  thick,  confifts  of 
quartz  of  a  blackiih  blue  colour,  in  the  fepta  or  cracka 
of  which  are  found  fine  quartz  cryftals,  colourlefs,  and 
perfectly  tranfparent.  Thefe  cryftals  are  compofed  of  1 8 
planes,  difpofed  in  hexangular  columns,  terminated  at 
both  extremities  by  hexangular  pyramids.  The  largeft 
of  thofe  that  Major  Imrie  faw  did  not  exceed  one- 
fourth  of  an  inch  in  length  :  They,  in  general,  adhere 
to  the  rock  by  the  Tides  of  the  column,  but  are  detached 
without  difficulty.  Their  great  degree  of  tranfparency 
has  obtained  them  the  name  of  Gibraltar  diamonds .” 

Much  has  been  faid  of  the  foffil  bones  found  in  the 
rock  of  Gibraltar  ;  and  the  general  idea  which  exifts 
concerning  them  is,  that  they  are  found  in  a  petrified 
ftate,  and  inclofed  in  the  folid  calcareous  rock ;  but 
this,  fays  Major  Imrie,  is  a  miftake,  which  could  arife 
onlv  from  inaccurate  obfervation  and  falfe  defcription. 

“  In  the  perpendicular  fiffures  of  the  rock,  and  in  fome 
of  the  caverns  of  the  mountain  (all  of  which  afford  evi¬ 
dent  proofs  of  their  former  communication  with  the 
furface),  a  calcareous  concretion  is  found,  of  a  reddifh 
brown  ferruginous  colour,  with  an  earthy  fra&ure,  and 
confiderable  induration,  inclofing  the  bones  of  various 
animals,  fome  of  which  have  the  appearance  of  being 
human.  Thefe  bones  are  of  various  fizes,  and  lie  in  all 
dirc&ions,  intermixed  with  fliells  of  fnails,  fragments  of 
the  calcareous  rock  and  particles  of  fpar  ;  ail  of  which 
materials  are  itill  to  be  feen  in  their,  natural  uncombmed 
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O.br&Itar.  ftates,  partially  fcattcred  over  the  furface  of  the  mourn 

^  tain.  Thefe  having  been  fwept,  by  heavy  rains  at  dif¬ 
ferent  periods,  from  the  furface  into  the  fituations  above 
defcribed,  and  having  remained  for  a  long  feries  of  years 
in  thofe  places  of  reft,  expofed  to  the  permeating  a&ion 
of  water,  have  become  inveloped  in,  and  cemented  by,  the 
calcareous  matter  which  it  depcfits. 

“  The  bones,  in  this  competition,  have  not  the  fmalleft 
appearance  of  being  petrified  ;  and  if  they  have  under¬ 
gone  any  change,  it  is  more  like  that  of  calcination  than 
that  of  petrifaction,  as  the  moft  foil’d  parts  of  them  ge¬ 
nerally  admit  of  being  cut  and  feraped  down  with  the 
fame  eafe  as  chalk. 

Bones  combined  in  fuch  concretions  are  not  peculiar 
to  Gibraltar  :  they  are  found  in  fuch  large  quantities 
in  the  country  of  Dalmatia,  and  upon  its  coafts  iri  the 
i (lands  of  Cherfo  and  Ofero,  that  fome  naturalifts  have 
been  induced  to  go  fo  far  as  to  affert,  that  there  has 
been  a  regular  ftratmn  of  fuch  matter  in  that  countiy, 
and  that  its  prefent  broken  and  interrupted  appearance 
has  been  caufed  by  earthquakes,  or  other  convulfions, 
experienced  in  that  part  of  the  globe.  But,  of  late 
years,  a  traveller  (Abbe  Alberto  Fortis)  has  given  a 
minute  description  of  the  concretion  in  which  the  bones 
-are  found  in  that  country  :  And  by  his  account  it  ap¬ 
pears,  that  with  regard  to  fituation,  compofition,  and 
colour,  it  is  perfectly  fimilar  to  that  found  at  Gibraltar. 

By  his  defenption,  it  alfo  appears  that  the  two  moun¬ 
tain  rocks  of  Gibraltar  and  Dalmatia  conlift  of  the  fame 
fpecies  of  calcareous  ftone  ;  from  which  it  is  to  be  pre¬ 
fumed,  that  the  concretions  in  both  have  been  formed 
in  the  fame  manner  and  about  the  fame  periods. 

‘‘Perhaps  if  the  fiffures  and  caves  of  the  rock  of  Dai- 
matia  were  ftill  more  minutely  examined,  their  former 
communications  with  the  furface  might  yet  be  traced, 
as  in  thofe  defcribed  above ;  and,  in  that  cafe,  there 
would  be  at  leaft  a  ftrong  probability,  that  the  materials 
of  the  concretions  of  that  country  have  been  brought 
together  by  the  fame  accidental  caufe  which  has  pro¬ 
bably  colle&ed  thofe  found  in  the  caverns  of  Gibraltar. 
Major  Imrie  traced,  in  Gibraltar,  this  concretion,  from 
the  loweft  part  of  a  deep  perpendicular  fiffure,  up  to 
the  furface  of  the  mountain.  As  it  approached  to  the 
iurface,  the  concretion  became  lefs  firmly  combined, 
and,  when  it  had  no  covering  of  the  calcareous  rock,  a 
fmall  degree  of  adhcfion  only  remained,  which  was  evi¬ 
dently  produced  by  the  argillaceous  earth,  in  its  com- 
pofition,  having  been  moiftened  by  rain  and  baked  by 
the  fun.  1 

“  The  depth  at  which  thefe  materials  bad  been  pene¬ 
trated  by  that  proportion  of  ftala&itical  matter,  capable 
of  giving  to  the  concretion  its  greateft  adhefion  and  fo 
lidity,  he  found  to  vary  according  to  its  fituation,  and 
to  the  quantity  of  matter  to  be  combined.  In  fiffures, 
nairow  and  contracted,  he  found  the  concretion  poffef- 
fmg  a  great  degree  of  hardnefs  at  fix  feet  from  the  fur¬ 
face  ;  but  in  other  fituations  more  extended,  and  where 
a  larger  quantity  of  the  materials  had  been  accumula- 
ted,  he  found  it  had  not  gained  its  greateft  degree  of 
adhefion  at  double  that  depth.  In  one  of  the  caves, 
where  the  mafs  of  concretion  is  of  considerable  fize,  he 
perceived  it  to  be  divided  into  different  beds,  each  bed 
being  covered  with  a  cruft  of  the  ftala&itical  fpar,  from 
one  inch  to  an  inch  and  a  half  in  thicknefs,  which  feems 
to  indicate,  that  the  materials  have  been  carried  in  at 
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various  periods,  and  that  thofe  periods  have  been  very  G!W., 
remote  from  each  other.  ' 


!‘  At  Rofi a  Bay,  upon  the  weft  fide  of  Gibraltar,  this 
concretion  is  found  in  what  has  evidently  been  a  cavern 
originally  formed  by  huge  unfhapely  maffes  of  the  rock 
which  have  tumbled  in  together.  The  fiffure,  or  ca- 
vern,  formed  by  the  difruption  and  fubfidence  of  thofe 
maffes,  has  been  entirely  filled  up  with  the  concretion, 
and  is  now  expofed  to  full  view  by  the  outward  mafs 
having  dropped  down  in -coiifequence  of  the  encroach, 
ments  of  the  fea.  It  is  to  this  foot  that  ft  rangers  are 
generally  led  to  -examine  the  phenomenon  ;  and  the 
compofition,  having  here  attained  to  its  greateft  degree 
oi  hardnefs  and  folidity,  the  hafty  obferver  feeing  the 
bones  inclofed  in  what  has  fo  little  the  appearance  of 
having  been  a  vacuity,  examines  no  further,  but  imme- 
diateiy  adopts  the  idea  ot  their  being  incafed  in  the  fo- 
lid  rock.  The  communication  from  this  former  chafm, 
to  the  furface  from  which  it  has  received  the  materials 
of  the  concretion,  is  ftill  to  be  traced  in  the  face  of  the 
rock,  but  its  opening  is  at  prefent  covered  by  the  bafe 
of  the  line  wall  of  the  garrifon.  Here  bones  are  found 
that  are  apparently  human  j  and  thofe  of  them  that  ap¬ 
pear  to  be  of  the  legs,  arms,  and  vertebrae  of  the  back, 
are  fcattered  among  others  of  various  kinds  and  iizes, 
even  down  to  the  fmalleft  bones  of  fmall  birds.  Major 
Imrie  found  here  the  complete  jaw-bone  of  a  fheep  ;  it 
contained  its  full  complement  of  teeth,  the  enamel  of 
which  was  pei  fed,  and  its  whiteiiefs  and  luftre  in  no 
degree  impaired.  In  the  hollow  parts  of  fome  of  the 
large  bones  was  contained  a  minute  cryftaliization  of 
pure  and  colourlefs  calcareous  fpar  ;  but,  in  moft,  the 
interior  part  confifted  of  a  fparry  cruft  of  a  reddifh  co¬ 
lour,  fcarcely  in  any  degree  transparent. 

At  the  northern  extremity  of  the  mountain,  the  con¬ 
cretion  is  generally  found  in  perpendicular  fiffures.  The 
miners  there,  employed  upon  the  fortifications  in  exca¬ 
vating  one  of  thofe  fiffures,  found,  at  a  great  depth  from 
the  furface,  two  lkulls,  which  were  fuppofed  to  be  hu- 
man  ;  but,  to  the  Major,  one  of  them,  if  not  both,  ap¬ 
peared  to  be  too  fmall  for  the  human  fpecies  The  bone 
of  each  was  perfedly  firm  and  folid  ;  from  which  it  is 
to  be  prefumed,  that  they  were  in  a  ftate  of  maturity 
before  they  were  inclofed  in  the  concretion.  Had  they 
appertained  to  very  young  children,  perhaps  the  bone 
would  have  been  more  porous,  and  of  a  lefs  firm  tex¬ 
ture.  The  probability  is,  that  they  belonged  to  a  fpe¬ 
cies  of  monkey,  which  ftill  continues  to  inhabit,  in  con- 
fiderable  numbers,  thofe  parts  of  the  rock  which  are  to 
us  inacceflible. 

“  This  concretion  varies,  in  its  compofition,  according 
to  the  fituation  in  which  it  is  found.  At  the  extremity 
of  Princes  Dines,  high  in  the  rock  which  looks  towards 
Spam,  it  is  found  to  coniift  only  of  a  reddifh  calcareous 
eai  th,  and  the  bones  of  fmall  birds  cemented  theieby. 

1  he  rock  around  this  fpot  is  inhabited  by  a  number  of 
hawks,  that,  in  the  breeding  feafon,  neftle  here  and  rear 
their  young  ;  the  bones  in  this  concretion  are  probably 
the  remains  of  the  food  of  thofe  birds.  At  the  bsfe  of 
the  rock,  below  King’s  Lines,  the  concretion  confifts  of 
pebbles  of  the  prevailing  calcareous  rock.  In  this  con¬ 
cretion,  at  a  veiy  confiderable  ‘depth  under  the  furface, 
was  found  the  under  parts  of  a  glafs  bottle,  uncom¬ 
monly  fhaped,  and  of  great  thicknefs;  the  colour  of  the 
glafs  was  of  a  dark  green.” 
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r,  Major  Imrie  makes  an  apology  for  giving  fo  minute 

*  a  description  of  thefe  foflil  bones  ;  but,  in  our  opinion, 
the  public  is  indebted  to  him  for  bellowing  fo  much  at¬ 
tention  on  a  fubjedt  which  all  muft  admit  to  be  curious, 
and  which,  from  the  ftrange  inferences  drawn  from  Simi¬ 
lar  phenomena  by  modern  philoSophers,  has  become  im¬ 
portant  as  well  as  curious. 

We  cannot  difmiSs  this  article  without  noticing  the 
Subterraneous  galleries  conllrudled  in  the  rock  not  only 
for  the  prote&ion  of  the  men  during  a  fiege,  but  alfo 
for  placing  cannon,  to  annoy  the  enemy,  in  fituations 
inacceffible  but  by  fuch  means.  The  idea  of  forming 
thefe  galleries  was  conceived  by  the  late  Lord  Heath- 
field  when  governor,  and  by  him,  in  Some  meafure,  car¬ 
ried  into  execution  ;  though  the  plan  was  not  com¬ 
pleted  till  lately  by  General  O'Hara.  Of  thefe  gal¬ 
leries  we  have  in  the  Monthly  Magazine  for  April  1798 
an  animated  account,  which  we  Shall  infert  in  the  wri¬ 
ter’s  own  words. 

“  The  Subterraneous  galleries  are  very  extenfive, 
pierce  the  rock  in  Several  places  and  in  various  direc¬ 
tions,  and  at  various  degrees  of  elevation  ;  all  of  them 
have  a  communication  with  each  other,  either  by  flights 
of  ileps  cut  in  the  rock,  or  by  wooden  flairs  where  the 
pafTages  are  required  to  be  very  perpendicular. 

“  The  centinels  may  now  be  relieved  during  a  Siege 
from  one  poft  to  another  in  perfedl  fafety ;  whereas,  pre- 
vioufly  to  the  conftrudting  of  thefe  galleries,  a  vafl  num¬ 
ber  of  men  were  killed  by  the  Spaniards  while  march¬ 
ing  to  their  Several  llations.  The  width  of  thefe  gal¬ 
leries  is  about  twelve  feet,  their  height  about  fourteen. 
The  rock  is  broken  through  in  various  places,  both  for 
the  purpofe  of  giving  light  and  for  placing  the  guns  to 
bear  on  the  enemy.  In  different  parts  there  are  Spaci¬ 
ous  receffes,  capable  of  accommodating  a  coniiderable 
number  of  men.  To  thefe  receffes  they  give  names, 
fuch  as  St  Patrick’s  Chamber,  St  George’s  Hall,  &c. 
The  whole  of  thefe  Singular  ftrudtures  have  been  form¬ 
ed  out  of  the  folid  rock  by  blafling  with  gunpowder. 
Through  the  politenefs  of  an  officer  on  duty,  a  place 
called  Smart’s  Refervoir  was  opened  for  our  infpedlion, 
which  is  a  great  curiofity,  and  not  generally  permitted 
to  be  fhewn.  It  is  a  fpririg  at  a  confiderable  depth  in 
the  body  of  the  rock,  Aand  is  above  700  feet  above  the 
level  of  the  fea  ;  we  defeended  into  the  cavern  that  con¬ 
tains  it  by  a  rope  ladder,  and  with  the  aid  of  lighted 
candles  proceeded  through  a  narrow  paffage  over  cryflal- 
liz.ee!  protuberances  of  the  rock  till  we  came  to  a  hollow, 
which  appears  to  have  been  opened  by  Some  convulfion 
of  Nature.  Here,  from  a  bed  of  gems,  arifes  the  falu- 
tary  fount,  clear  as  the  brilliant  of  the  eafl,  and  cold  as 
the  ificle.  We  hailed  the  nymph  of  the  grot,  and,  pro- 
llrating  ourfelves,  quaffed  hygean  nedlar  from  her  fparry 
urn.  When  reflored  to  the  light  of  day,  we  obtained, 
through  the  medium  of  the  fame  gentleman,  the  key  of 
St  George’s  Hall,  at  which  we  arrived  by  a  very  intri¬ 
cate  and  gloomy  path  to  the  Ipacious  excavation,  which 
is  upwards  of  an  hundred  feet  in  length,  its  height  near¬ 
ly  the  fame.  It  is  formed  in  a  femicircular  part  of 
the  rock  ;  fpacious  apertures  are  broken  through,  where 
cannons  of  a  very  large  calibre  command  the  ifthmus, 
the  Spanifh  lines,  and  a  great  part  of  the  bay.  The 
top  of  the  rock  is  pierced  through,  fo  as  to  introduce 
Sufficient  light  to  enable  you  to  view  every  part  of  it. 
It  appears  almoft  incredible  that  fo  large  an  excavation 
Could  be  formed  by  gunpowder,  without  blowing  up 
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the  whole  of  that  part  of  the  rock,  and  flill  more  fo# 
that  they  fliould  be  able  to  diredl  the  operations  of  fuch 
an  inftrument,  fo  as  to  render  it  fubfervient  to  the  pur¬ 
pofe  of  elegance.  We  found  in  the  hall  a  table,  pla¬ 
ced,  I  fuppofe,  for  the  conveniency  of  thofe  who  are 
traverfmg  the  rock.  The  cloth  was  fpread,  the  wine 
went  round,  and  we  made  the  vaulted  roof  refound  with 
the  accents  of  mirth  and  the  fongs  of  conviviality.” 

Thefe  excavations  are  indeed  very  extraordinary 
works  ;  but  as  the  whole  rock  abounds  with  caverns, 
we  with  that  our  author  had  inquired  more  particularly 
than  he  feems  to  have  done,  whether  St  George’s  Hall 
be  wholly  the  work  of  art.  From  one  of  the  pafTages 
which  we  have  extradled  from  Major  Imrie’s  memoir, 
we  are  led  to  think  that  it  is  not,  or,  at  lead,  that  the 
concretion  removed  had  not  acquired  the  confidence  of 
the  more  folid  parts  of  the  rock.  If  this  was  the  cafe, 
much  of  the  wonder  will  vanifh,  fince  the  pick- axe  and 
chifel  were*  probably  employed  to  give  elegance  to  the 
vault,  and  even,  in  fame  degree,  to  direct  the  operation 
of  the  gunpowder. 

GIMBOLS,  are  the  brafs  rings  by  which  a  fea- 
compafs  is  fufpended  in  its  box  that  ufually  dands  in 
the  binacle. 

GIRT,  in  timber-meafuring,  is  the  circumference  of 
a  tree,  though  fbme  life  this  word  for  the  quarter  or 
4th  part  of  the  circumference  only,  on  account  of  the 
great  ufe  that  is  made  of  it ;  for  the  Square  of  this  4th 
part  is  edeemed  and  ufed  as  equal  to  the  area  of  the 
fedlion  of  the  tree  ;  which  fquare  therefore  multiplied 
by  the  length  of  the  tree,  is  accounted  the  folid  con¬ 
tent.  This  content,  however,  is  always  about  one- 
fourth  part  lefs  than  the  true  quantity  ;  being  nearly 
equal  to  what  thi*3  will  be  after  the  tree  is  hewed 
fquare  in  the  ufual  way  :  fo  that  it  feems  intended  to 
make  an  allowance  for  the  fquaring  of  the  tree. 

Girt -Line,  is  a  line  on  the  common  or  carpenter’s 
Hiding  rule,  employed  in  calling  up  the  contents  of 
trees  by  means  of  their  girt. 

GLASS  Etching,  or  Engraving  upon,  is  in  the  ar¬ 
ticle  Chemistry  (Encycl. )  Laid  to  be  a  new  art ;  and 
rs  that  acid  which  diffolves  filiceous  earth,  and  alfo 
glafs,  was  firft  difeovered  in  the  year  1771  by  Scheele, 
one  might  naturally  imagine,  that  the  art  of.  etching 
with  it  upon  glafs  could  not  be  older.  By  many  o- 
thers,  as  well  as  by  us,  it  has  indeed  been  noticed  as  a 
new  invention  ;  yet  Profefibr  Beckmann,  whofe  labo¬ 
rious  refearches  have  brought  many  things  to  light, 
has  proved,  that  fo  early  as  the  year  1670  the  art  of 
etching  upon  glafs  was  difeovered  by  Henry  Schwan- 
liard,  fon  of  George  Schwanhard,  who  was  a  cele¬ 
brated  glafs- cutter,  patronized  by  the  Emperor  Ferdi¬ 
nand  III.  about  the  middle  of  the  laft  century.  At 
the  time  of  his  death,  1667,  the  pradlifed  his  art 

at  Prague  and  Ratifbon.  Whether  the  fon  followed 
the  fame  bufinefs  at  the  fame  towns,  or  removed  to 
Nuremberg,  is  not  very  evident  from  the  profrifor’s 
hiftory  ;  but  in  the  year  above-mentioned,  fome  aqua 
regia  {nitro  muriatic  acid )  having  accidentally  fallen 
on  his  fpedlacles,  he  was  furprifed  to  find  the  glafs 
corroded  by  it,  and  become  quite  foft.  He  thus  found 
himfelf  in  poffeffion  of  a  liquid  by  which  he  could  etch 
writing  and  figures  upon  plates  cf  glafs. 

Such  is  our  information  ;  but  if  it  be  admitted  (and 
it  would  difplay  unreafonable  fcepticifm  to  queftion  it), 
Schwanhard  mult  either  have  improved  the  nitro-muriatic 
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Okfs,  acl*d  by  fome  means  or  other  unknown  to  us,  or  have 
^  rnan°m'  con^ne(^  etchings  to  fome  particular  kinds  of  glafs  ; 
^ ^  for  the  JIuoric  is  the  only  acid,  with  which  we  are  ac~ 
-quainted,  that  corrodes  all  glafs.  (See  Chemistry- 
Index  in  this  Supplement).  M.  Beckmann  indeed Teems 
to  think  that  he  had  difcovered  the  fluoric  acid  itfelf ; 
for  in  the  year  1725  there  appeared  in  a  periodical 
work  the  following  receipt  for  making  a  powerful  acid, 
by  which  figures  of  every  .kind  can  be  etched  upon  glafs. 

“  When  the  fpiritus  nitri  per  dtjlillationem  has  paf- 
<  fed  into  the  recipient,  ply  it  with  a  ftrong  fire,  and 
-when  well  dephlegmated,  pour  it,  as  it  corrodes  ordi¬ 
nary  glafs,  into  a  Weldenburg  flafk.  Then  throw  in- 
*to  it  a  pulverifed  green  Bohemian  emerald,  otherwife 
called  hefphorus  (which,  when  reduced  to  powder,  and 
heated,  emits  in  the  dark  a  green  light),  and  place  it  in 
warm  fand  for  24  hours.  Take  a  piece  of  glafs  well 
cleaned,  and  freed  from  all  greafe  by  means  of  a  ley  ; 
put  a  border  of  wax  round  it,  about  an  inch  in  height, 
*and  cover  it  all  over  with  the  above  acid.  The  longer 
you  let  it  hand  fo  much  the  better  ;  arid  at  the  end  of 
fome  time  the  glafs  will  be  corroded,  and  the  figures 
which  have  been  traced  out  with  fulphur  and  varnifh 
-will  appear  as-  if  raifed  above  the  pane  of  glafs.” 

That  the  Bohemian  emerald  or  hefphorus  mention¬ 
ed  in  this  receipt  is  green  fparry  fluor,  cannot,  fays  the 
profeflbr,  be  doubted  ;  and  he  feems  to  have  as  little 
doubt  of  the  receipt  itfelf  having  pafTed  from  Schwan- 
hard  and  his  fcholars  to*the  periodical  work  of  1725, 

,  from  which  it  ha&  been  lately  inferted  in  the  CEkono- 
t  mifehe  Encyclopedic  of*  Krunitz.  This  fuppofition 
certainly  acquires  a  confiderable  degree  of  probability 
from  the  fimilarity  of  Schwanliard’s  method  of  etching 
to  that  which  is  here  recommended,  and  which  is  fo 
different  from  what  is  now  followed.  At  prefent,  the 
glafs  is  covered* with  a  varnifh  either  of  ifinglafs  dif- 
lolved  in  water,  or  of  turpentine  oil  mixed  with  a  little 
white  lead,  through  which  the  figures  to  be  etched  are 
traced  as  on  copper  ;  but '  Schwanhard,  when  he  had 
drawn  his  figures,  covered  "them  with  varnifh,  and  then 
by  his  liquid  corroded  the  glafs  around  them.  His  fi¬ 
gures, 'therefore,  when  the  varnifn  was  removed,  re¬ 
mained  fmooth  and  clear,  appearing  raifed  from  a  dim  or 
dark  ground  ;  and  M.  Beckmann,  who  perfuaded  fome 
ingenious*  artiffs  to  make  trial  of f  this  ar.tient  method 
of  etching,  declares,  that  fuch  figures  have  a  much  bet- 
?  ter  effed  than  thofe  which  are  cut  into  the  glafs. 

Before  concluding  this  article,  it  may  be  worth  while 
juft  to  mention  a  propofal  which  has  been  lately  made 
to  employ  glafs  inftead  of  copper  Tor  throwing  off 
prints  in  the  rolling  prefs.  That  it  is  pofiible  to  ufe 
glafs  plates  of  great  thicknefs  for  this  purpofe,  it  would 
be  rafh  to  deny  ;  but  the  fuperiority  of  fuch  plates  to 
thofe  of  copper  we  cannot  conceive.  If  not  broken 
in  pieces  in  the  rolling  prefs,  they  would  doubtlefs  laft 
longer  ;  but  the  expence  of  them  at  firft  would  pro¬ 
bably  be  greater,  and  the  engraving  on  them  could  not 
be  fo  fine. 

GLOSSOCOMMON,  in  mechanics,  is  a  name  gi¬ 
ven  by  Heron  to  a  machine  compofed  of  divers  dented 
wheels  with  opinions,  ferving  to  raife  bilge  weights. 
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G  LUC  IN  A  (a),  a  peculiar  earth  difcovered  by  Gluc;ri  j 
Vauquelin  in  the  beryl  and  the  emerald.  Its  general  Gold, 
properties  are  as  follows  :  1.  It  is  white  ;  2.  Infipid  ;  '“"’V- 
3.  Infoluble  in  water ;  4.  Adhefive  to  the  tongue  ;  5' 
Infufible  ;  6.  Soluble  in  the  fixed  alkalis  ;  7.  Infoluble 
in  ammoniac  ;  8.  Soluble  in  the  carbonate  of  ammo- 
mac  ;  9.  Soluble  in  almoit  every  one  of  the  acids  (ex¬ 
cept  the  carbonic  and  phofphoric  acids),  and  forming 
falts  of  a  faccharine  tafte  ;  10.  Fufible  with  borax  into 
a  tranfparent  glafs;  1  £.  Abforb?  one  fourth  of  its 
weight  of  carbonic  acid  ;  1 2.  Decompofes  the  alumi¬ 
nous  falts;  13.  Is  not  precipitable  by  well-faturated 
hydro  fulphurets. 

The  fpecific  characters  of  glucina,  which  are  united 
in  none*  of  the  other  known  earths,  are  :  1.  Its  falts  arc 
faccharine,  and  (lightly  aftringent  ;  2.  It  is  very  fo- 
luble  in  the  fulphuric  acid  by  excefs  ;  3.  It  decompofes 
the  aluminous  falts  54  It  is  foluble  in  the  carbonate 
of  ammoniac  ;  5.  Is  completely  precipitated  from  its 
folutions  by  ammoniac  ;  6.  Its  affinity  for  the  acids  is  5 
intermediate  between  magnefia  and  alumine. 

One  hundred  parts  of  beryl  contain  16  of  glucina; 
but  for  the  beft  method  of  analyzing  the  beryl,  and  of 
courfe  obtaining  the  earth,  we  muft  refer  our  readers 
to  the  article  Mineralogy  in  this  Supplement ;  and 
(hall  conclude  this  fhort  article  with  a  valuable  and  ju¬ 
dicious  remark  of  Vauquelin’s. 

“  It  almoft  always  happens  (fays  this  able  chemift), 
in  the  fciences  of  obfervation,  and  even  in  the  fpecu- 
lative  fciences,  that  a  body,  a  principle,  or  a  property, 
formerly  unknown,  though  it  may  often  have  teen 
ufed,  or  even  held  in  the  hands,  and  referred  to  other 
fimple  fpecies,  may,  when  once  difcovered,  be  after¬ 
wards  found  in  a  great  variety  of  fituations,  and  be  ap¬ 
plied  to  many  ufeful  purpofes.  Chemiftry  affords  ma¬ 
ny  recent  examples  of  this  truth.  Klaproth  had  no 
fooner  difcovered  the  different  fubftances  with  which 
he  has  enriched  the  fcience,  but  they  were  found  in  va¬ 
rious  other  bodies  ;  and  if  I  may  refer  to  my  own  pro- 
ceffes,  it  will  be  feen,  that  after  I  had  determined  the 
chara&ers  of  chrome,  firft  found  in  the  native  red  lead, 

I  eaiily  recognized  it  in  the  emerald  and  the  ruby. 

The  fame  has  happened  with  regard  to  the  earth  of 
the  beryl.  I  have  likewife  dete&ed  it  in  the  emerald; 
in  which,  neverthelefs,  it  was  overlooked  both  by  Kla¬ 
proth  ana  myfelf  in  our  firft  analyfis  :  fo  difficult  it  is 
to  be  aware  of  the  prefence  of  a  new  fubftance,  parti- 
eularly  when  it  poffeffes  fome  properties  refembling 
thofe  already  known!” 

GOLD,  the  moft  perfed  of  all  the  metals.  See 
Ch E m  1  st R Y-/ ndex  in  this  Supplement. 

It  has  been  a  very  common  opinion  among  metallur¬ 
gy,  that  tin  has  the  property  of  deftroying  the  dudi- 
lity  of  gold,  on  being  melted  with  it  even  in  very  fmall 
quantities ;  and  Dr  Lewis  adds,  that  even  the  vapours 
which  aiife  from  tin  in  the  fire,  make  gold  fo  brittle, 
that  it  flies  in  pieces  under  the  hammer.  This  opi¬ 
nion  was  controverted  by  Standby  Alchorne,  Efq;  of 
his  Majefty’s  mint,  who  made  a  fet  of  experiments, 
which,  in  his  opinion,  authorife  a  very  different  conclu- 
fion,  viz.  that  though  tin,  like  other  inferior  metals, 
________  will 


(a)  This  name  was  given  to  the  earth  <ff*beiyl  by  the  editors  of  the  jimmies  de  Che  mi.  Its  moft  charade- 
riftic  property  being  that  it  forms  falts  of  a  faccharine  tafte,  they  gave  it  a  name  derived  from  yxvxaivwj  to  render 
JhveeU  According  to  this  etymology,  ^ffiould  not  the  *name  be  Glycma  ? 
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C  l.  will  contaminate  gold  In  proportion  to  the  quantity 
w-  —  nv'xed  with  it,  yet  there  does  not  appear  in  tin  any 
thing  fpecifically  inimical  to  that  precious  metal. 

As  we  have  elfewhere  (See  Chemistry,  n°  1091, 
&c.  Eiicycl. )  enumerated  thefe  experiments,  and  ai* 
mitted  the  conclufion  drawn  from  them,  it  becomes 
our  duty,  in  this  place,  to  date  what  lias  been  urged 
againil  that  conclufion. 

M.  Tillet,  being  in  his  own  mind  perfuaded  that  tin 
renders  gold  fo  brittle  that  it  cannot  be  reduced  to 
thin  leaves,  and  far  lefs  be  made  to  pafs  through  the 
wire  plate  but  by  virtue  of  repeated  annealing,  and 
peculiar  treatment,  which  gold  of  the  ufual  dudlility 
does  not  require,  determined,  from  refpedl  to  M.  Al* 
chorne,  to  repeat  his  experiments. 
nr: His  firft  experiment*  confided  in  mixing  24  grains 
the  of  fine  gold  with  one  of  tin  which  contained  no  arfe- 
nfS  pje  wrapped  the  grain  of  tin  in  the  24  grains  of 

^  reduced  to  a  very  thin  leaf,  and  placed  the  whole 

jyy  upon  a  piece  of  charcoal,  fo  hollowed  out  as  to  fupport 
the  mixed  metal  during  fufion.  He  even  fprinkled  a 
fmall  quantity  of  calcined  borax  upon  the  metal,  in  or¬ 
der  that  the  fufion  might  be  more  fudden,  that  the 
metal  might  flow  together,  and  the  tin  unite  with  the 
gold,  without  allowing  time  for  it  to  become  calcined# 
This  alloy  was  fpeedily  fufed  by  the  enameller’s  lamp, 
and  reduced  into  a  fmall  button  without  any  lofs  of 
weight.  It  was  then  flattened  carefully  beneath  the 
hammer  ;  but,  notwlthftanding  his  utmoft  precaution  in 
this  refpeft,  it  cracked,  and  at  laft  broke  into  three 
pieces,  its  thicknefs  then  being  a  quarter,  of  a  line  or 
thereabouts.  He  repeated  this  experiment  with  a 
double  quantity  as  well  of  pure  gold  as  of  tin,  and  the 
refult  was  the  fame. 

He  next  alloyed  4  ounces  of  gold,  of  the  finenefs  of 
22  carats,  with  1  gros  24  grains  of  tin  deprived  of  ar- 
fenic,  or,  in  other  words,  with  4  pennyweights  of  tin  ; 
and  thefe  two  metals  being  reduced  into  fmall  pieces, 
were  mixed  together,  put  into  a  crucible,  and  urged 
by  the  ftrong  heat  of  a  forge  with  two  pair  of  bellows. 
When  their  fufion  appeared  to  be  complete,  he  poured 
the  metal  into  a  fmall  ingot  mould  proportioned  to  the 
quantity. 

The  ingot  thus  obtained  had  loft  fcareely  any  thing 
of  the  weight  of  the  two  metals  that  compofed  it; 
which  was  a  proof  that  the  tin  had  united  and  incor¬ 
porated  with  the  four  ounces  of  gold.  But  on  attempt¬ 

ing  to  bend  the  ingot,  which  was  about  fix  inehes 
long,  and  not  more  than  two  or  three  lines  thick,  he 
remarked,  contrary  to  the  nature  of  gold  of  22  carats, 
that  it  was  rigid,  and  would  have  required  a  confider- 
able  effort  to  give  it  any  degree  of  curvature,  or  bring 
it  to  the  flexibility  it  would  have  poffeffed  if  no  tin  had 
entered  into  its  compofition.  Not  fatisfied,  however, 
with  the  inference  naturally  flowing  from  this  circum- 
ftance,  he  proceeded  to  tb:  proper  teft  by  hammering, 
particularly  with  the  edge  of  the  hammer,  in  order 
that  the  bar  might  be  lengthened,  and  by  that  means 
fubmitted  to  the  moft  decifivc  proof.  He  did  not  ob- 
ferve,  during  the  continuation  of  this  procefs,  till  the 
bar  was  reduced  to  about  two-thirds  of  its  firft  thiek- 
nefs,  that  its  edges  were  cracked,  or  exhibited  much 
of  the  appearance  of  brittleneis  ;  but  as  lie  was  appre- 
henfive  that  this  accident  might  happen  by  too  long 
hammering,  he  divided  the  bar  by  cutting  off  the  p<ut 
Suppl.  Vol.  I.  Fart  IT. 
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which  had  been  hammered  out.  This  part  was  plaeed  Gold¬ 
in  the  midft  of  lighted  charcoal,  in  order  that,  by  a 
moderate  annealing,  it  might  recover  the  ftate  of 
malleability  it  poffeffed  before  it  was  hammered.  But 
when  he  went  to  take  it  out  of  the  fire,  where  it  had 
undergone  no  greater  heat  than  a  cherry-red,  he  found 
it  divided  into  two  parts.  After  having  fuffered  thefe 
to  cool,  he  forged  them  again.  They  were  extended 
with  confiderable  eafe,  though  with  fome  craeks  at  the 
edges  ;  but  they  did  not  yet  fatisfy  the  whole  of  his 
enquiries.  He  therefore  annealed  one  of  the  two  laft 
mentioned  pieees  a  feeond  time,  and  referved  the  other 
in  its  hard-hammered  ftate  to  be  paffed  between  the  la¬ 
minating  rollers.  Ihe  annealed  patt,  which  might 
have  the  thicknefs  of  about  a  {billing,  broke  in  the  fire, 
though  the  heat  was  very  gentle,  into  four  or  five  por¬ 
tions.  The  longeft  of  thefe  portions,  which  beft  refill¬ 
ed  the  adlion  of  the  fire,  bent  and  twilled  itfelf,  and 
ftiewed,  by  this  ftate  of  ftrong  contraflion  in  diffe¬ 
rent  dire&ions,  that  it  had  tended  to  break  and  be¬ 
come  divided  into  fmall  portions,  fimilar  to  thofe  whieh 
had  already  feparated  from  it. 

Satisfied  by  this  experiment  that  the  piece  of  the 
mixed  ingot  which  lie  had  kept  in  its  hammer-harden¬ 
ed  ftate  would  not  bear  annealing,  he  determined  to 
extend  it  ftill  more  between  the  rollers,  fetting  them 
up  very  gradually,  in  order  that  the  fradiure,  if  it  Ihould 
take  plaee,  might  be  principally  owing  to  the  brittle- 
nefs  of  the  material,  and  not  to  the  foree  of  compref- 
fion  to  whieh  it  was  fubje&ed.  By  this  management 
he  fiicceeded  in  extending  the  metal  to  double  its 
length  notwithftanding  its  hardnefs,  and  rendering  it  as 
thin  as  ftrong  paper  ;  though  the  edges  were  cracked 
through  their  whole  length  like  the  teeth  of  a  faw. 

But  this  accident  is  not  at  all  fnrprifing,  when  it  is 
confidered  that  gold,  though  alloyed  fimply  with  eop- 
per,  whatever  may  be  the  caufe,  does  not  poffefs  its 
ufual  dudlility,  particularly  when  it  is  laminated  very  thin, 
without  repeated  annealing  as  the  metal  becomes  hard. 

Aware  that  the  fra&ure  of  the  pieces  of  gold  might 
be  attributed  to  an  incomplete  fufion,  or  unequal  mix¬ 
ture  of  the  two  metals,  he  melted  the  whole  ingot  over 
again  with  the  utmoft  precaution  ;  but  in  vain.  The 
metal  was  as  brittle  as  formerly,  and  would  not  bear 
annealing. 

He  next  fufed  6  ounces  of  pure  gold  of  24  earats 
with  2  gros,  or  6  penny-weights  of  tin,  taking  every 
poffible  precaution  to  have  the  metals  completely  mix¬ 
ed.  When  the  whole  was  in  perfe&  fufion,  he  poured 
the  mixture  into  an  ingot  mould,  and  obtained  an  in¬ 
got  rather  longer  and  cleaner  than  the  two  former. 

As  foon  as  it  was  cold  he  forged  one  of  its  extremities 
with  the  edge  of  the  hammer.  It  was  lengthened 
without  any  perceptible  crack  ;  and  when  it  was  re¬ 
duced- to  the  thicknefs  of  one  line,  or  thereabouts*  he 
cut  it  off  for  feparate  treatment.  By  moderate  anneal¬ 
ing  it  maintained  its  integrity  ;  and,  with  the  excep¬ 
tion  of  a  few  cracks,  it  paffed  the  laminating  rollers 
without  breaking.  As  lie  was  fearful,  neverthelefs, 
that  it  might  break  in  fome  part  if  he  continued  to  la¬ 
minate  it,  he  gave  it  a  flight  annealing.  It  had  free¬ 
ly  acquired  a  cherry-rednefs  between  the  chareoal,  be¬ 
fore  it  broke  into  five  or  fix  parts,  fome  of  which  were 
fimply  bended  or  twilled,  and  others  flat  as  they  quit¬ 
ted  the  rollers.  Among  the  annealed  pieces  of  this 
4  X  extremity 
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®oH*  extremity  of  the  ingot,  there  was  one  fufficiently  long, 
though  a  little  curled,  which  he  laminated  a  fecond 
time,  witli  the  determination  of  rendering  it  very  thin 
without  the  leaft  annealing.  It  acquired  at  leaf!  double 
the  length  it  had  at  firfl  without  breaking  ;  and,  if  we 
except  the  two  glides  of  this  plate  which  were  cracked, 
the  body,  or  main  piece,  was  entire.  It  was  fpongy, 
and  might  be  confidered  as  if  formed  out  of  an.  ingot 
of  common  gold  containing  no  tin,  but  not  pofleffing’ 
the  whole  of  its  natural  ductility. 

“  follows,  fays  M.  Tillet,  from,  thefe  experiments, 
that  gold,  whether  fine  or  alloyed,  when  perfedly  fufed 
with  a  fmall  portion  of  the  fineft  tin,,  acquires  rigidity 
and  hardnefs  by  the  mixture  ;  that  it  lofes  fomewhat 
of  its  diftmguiftiing  colour  ;  and  that  it  may,  indeed, 
by  careful  management,  be  extended  to  a  certain  de¬ 
gree  by  the  hammer,  or  (till  better  by  the  rollers  ;  but 
that,  as  it  cannot  be  annealed  without  danger  of  break¬ 
ing,  it  is  by  this  defe&  deprived  of  the  effential  ad¬ 
vantage  of  recovering  its  original  foftnefs  after  it  has 
been  ftrongly  hammer- hardened.  It  is  not  but  by 

careful  management  in  the  life  of  the  hammer,  and  by 
frequent  annealing,  that  artifts  employed  on  works  of 
gold  and  filver  fucceed  in  obtaining  them  without 
cracks,  and  bringing  them  to  a  Hate  of  perfection* 
without  being  obliged  to  have  recourfe  to  folder  to  re¬ 
pair  the  defe&s  which  exceffive  hardnefs  under  the 
hammer  would  occafion.  Irlow  much,  therefore,  ought 
gold-workers,  who  continually  have  this  metal  in  their 
hands,  to  be  attentive  to  prevent  the  introduction  of 
tin  in  their  workfhops,  and  never  to  employ  fuch  com¬ 
pounds  of  gold  as  are  fubjeft  to  break,  or  even  to 
warp,  while  annealing  ?  The  expence  of  refining, 
which  they  would  pay  for  depurating  fuch  compounds, 
would  be  of  lefs  confeqnence  to  them  than,  the  lofs  of 
*  time  required  for  the  careful  management  of  fuch  gold 
contaminated  by  tin,  even  if  they  did  fucceed  in  ufmg 
it,  and  weie  not  often  forced  to  abandon,  after  much 
labour,  a  work  nearly  finifhed. 

“  If  be  allowable  (continues  our  author)  to  form 
eonje&ures  on  the  caufe  of  the  fra&ure  of  plates  of 
gold  containing  tin,  when  fnbje&ed  to  the  annealing 
heat,  it  may  be  prefnmed,  fince  tin  very  fpeedily  melts, 
while  gold  requires  a  ftrong  heat  for  its*  fufion,  that 
the  parts  of  the  tin  intermixed  in  a  fort  of  proportional 
fqnality  with  thofe  of  the  gold,  tend  to  feparate  by  a 
fpeedy  fufion  and  at  a  very  gentle  degree  of  heat  ;  that 
they  remain  without  confidence  between  the  parts  of 
the  gold,  while  the  latter  preferve  the  whole  of  their 
folidity,  and  do  not  lofe  it  even  by  the  annealing  heat  : 
whence  it  feems,  that  the  parts  of  the  precious  metal, 
when  ignited  among  the  coals,,  having  no  longer  the 
folid  connection  formed  by  the  tin,,  but,  on  the  con¬ 
trary,  having  an  infinite  number  of  fmall  cavities  occu¬ 
pied  by  particles  of  that  metal  in  fufion,  mult  tend  to 
difnnion  ;  whereas  the  fame  accident  does  not  take 
place  in  the  pieces  which  have  refitted  the  annealing, 
and  have  been  laminated  after  cooling,  becaufe  the  par¬ 
ticles  of  tin  have  become  lolid  by  cooling,  and  have  re¬ 
covered  their  original  date  of  union  with  the  gold. 

/4  This  fraCIure  of  the  compound  does  not  take  place 
with  an  alloy  of  gold  and  copper,  for  an  oppofite  rea- 
fon  to  that  which  has  here  been  explained  ;  namely, 
becaufe  thefe  two  metals  require  nearly  the  fame  heat 
for  their  fufion.  The  effed  of  annealing  being  there- 
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fore  equal  upon  both,  the  metals,  notwitMsndirg  this  CM 
treatment,  preferve  their  natural  confi  Hence,  even  tho’  ' 

the  heat  be  carried  near  the  point  of  fufion.”  — v— 

Gold- Leaf,  bee  Gold-LsAt  (Encycl. )  where  a  full 
account  is  given  from  Dr  Lewis  of  the  procefs  of 
gold-beating.  In  that  article,  we  have  faid  that  gold- 
leaf  ought  to  be  prepared  from  the  fined  gold  ;  but  Mr 
Nicholfon,  who,  in  all  probability,  knows  much  more 
of  the  matter  than  the  author  from  whom  our  account 
was  copied,  allures  us  that  this  is  a.  miftake,  and  that 
pure  gold  is  too  ductile  to  be  worked  between  the  o-old- 
beaters’  (kin.  Fhe  neweft  (kins  will  work  the  fineft 
gold,  and  make  the  thinneft  leaf,  becaufe  they  are  the 
fmootheft.  Old.  Ikins,  being  rough  or  foul,  require 
coarfer  gold.  The  finer  the  gold,  the  more  ductile  v 
infomuch  that  pure  gold,  .wticn  driven,  out  by  the  ham-* 
mer,  is  too  foft  to  force  itlelf  over  the  irregularities, 
but  would  pafs  round  them,  and  by  that  means  become 
divided  into  narrow  flips.  The  fineft  gold  for.this  pur- 
pofe  has  three  grains  of  alloy  in  the  ounce,  and  the 
coarfeft  twelve  grains.  In  general,  the  alloy  is  fix 
grains,  or  one  eightieth  part.  That  which  is  called 
pale  gold  contains  three  pennyweights  of  filver  in  the 
ounce,  'fhe  alloy  of  leaf  gold  is  filver,  or  copper,  or 
both,  and  the  colour  is  produced  of  various  tints  ac¬ 
cordingly.  l  wo  ounces  and  two  pennyweights  of 
gold  is  delivered  by  the  mailer  to  the  workman,  who, 
if  extraordinarily  flcilful,  returns  two  thoufand  leaves, 
or  eighty  books  of:  gold,  together  with  one  ounce  and 
fix  pennyweights  of  wafte  cuttings.  Hence  one  book 
weighs  4.8  grains  ;,  and  as  the  leaves  meafure  3.3  inch- 
es  m  the  fide,  the  thieknefs  of  the  leaf  is  ‘one  two 
hundred  and  eighty- two  thoufandth  part  of  an  inch. 

The  yellow  metal  called  Dutch  gold  is  fine  brafs. 

It  is  faid  .0  be  made  from  copperplates,  by  cetnenta- 
than  with  calamine,  without  fubfequent  fufion.  Its 
thieknefs,  compared  with  that  of  leaf  gold,  proved 
as  1  p  to  4,  «nd  under  equal  furfaeca  it  is  considerably 
more  than  twice  as  heavy  as  the  gold.  Nkholfm’i 
Journal,  Vol.  r ft:  " 

GOLDONI  (Charles),  was  born  at  Venice  in  the 
year  1  707.  He  gave  early  indications,  of  his  humour, 
ous  chara&er,  as  well  as  his  invincible  propenlity  to 
thofe  ft udies  which  have  rendered  his  name  immortal. 

His  father,  perceiving  that  the  darling  amufement  of 
his  fon  was  dramatic  performances,  had  a  fmall  theatre 
ereded  in  his  own  houfe,  in  which  Goldoni,  while  yet 
an  infant,  amufed  liimfelf  with  three  or  four  of  hi* 
companions,  by  a&ing  comedies.  Before  lie  was  fent 
to  fchool,  his  genius  prompted  him  to  become  an  air- 
thor.  In  the  leventh  and  eighth  years  of  his  age,  ere 
he  had  fcarcely  learned  to  read  corredly,  all  his  time 
was  devoted  to  the  perufing  comic  writers,  among 
whom  was  Cicogmni,  a  Florentine,  little  known  in  the 
dramatic  commonwealth.  After  having  well  ftudied 
thefe,  he  ventured  to  fketch  out  the  plan  of  a  comedy, 
which  needed  more  than  one  eye-witnefs  of  the  'rrCateft 
probity  to  verify  its  being  the  produdion  of  a  child. 

.  having  lioilhed  his  grammatical  ftudies  at  Ve¬ 

nice,  and  his  rhetorical  ftudies  at  the  Jefuit’s  college  in. 

Perugia,  he  was  fent  to  a  boarding,  fchool  at  Rimini, 
to  ftudy  philofophy.  The  impulfe  of  nature,  how- 
ever,  fuperfeded  with  hun  the  ftudy  of  Ariftotle’s 
works,  fo  much  in  vogue  in  thofe  times.  He  frequent¬ 
ed  the  theatres  with  uncommon  curiofity  ;  and  palling 
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gradually  from  the  pit  to  the  flage,  entered  Into  a  fa¬ 
miliar  acquaintance  with  the  atlors.  When  the  fea- 
fon  of  comic  performances  was  over,  and  the  adlors 
were  to  remove  to  Chiozza,  young  Goldoni  made  his 
efcape  in  their  company.  This  was  the  firfl  fault  he 
committed,  which,  according  to  his  own  confcffion, 
drew  a  great  many  others  after  it.  His  father  had  in¬ 
tended  him  to  be  a  pliyfician,  like  himfelf :  the  young 
man,  however,  was  wholly  averfe  to  the  ftudy.  He 
propofed  afterwards  to  make  him  an  advocate,  and  fent 
him  to  be  a  pra&itioner  in  Modena.  An  horrid  cere¬ 
mony  of  ecelehaflical  jurifdi&ion,  at  which  he  was  pre- 
fent,  infpired  him  with  a  melancholy  turn,  and  he  de¬ 
termined  to  become  a  capuchin. 

His  lather,  perceiving  the  wliimfical,  inconftant  hu¬ 
mour  ofhis  fon,  feigned  to  fecond  this  propofal,  and 
proinifed  to  go  and  prefent  him  to  the  guardian  of 
the  capuchins  in  Venice,  in  the  hope  that  after  fome 
flay  in  that  extenfire  and  merry  city,  his  melancholy 
fit  would  ceafe.  The  fcheme  fucceeded  ;  for  the  young 
man,  indulging  in  all  the  fafhionable  diffipation  of  the 
place,  was  cured  of  his  foolifh  refolution.  It  was  how¬ 
ever  neceffary  for  him  to  be  fettled  in  fome  employ¬ 
ment  ;  and  he  was  prevailed  upon  by  his  mother,  after 
the  death  of  his  father,  to  exercife  the  profeffion  of  a 
lawyer  in  Venice.  By  a  hidden  reverfe  of  fortune  he 
was  compelled  to  quit  at  once  both  the  bar  and  Ve¬ 
nice.  He  then  went  to  Milan,  where  he  was  employ¬ 
ed  by  the  refident  of  Venice  in  the  capacity  of  fecre- 
tary  ;  where  becoming  acquainted  with  the  manager  of 
the  theatre,  he  wrote  a  farce,  entitled,  II  Gondoliere  V e- 
neztano ,  the  Venetian  Gondolier  ;  which  was  the  firfl 
comic  produ£ion  of  his  that  was  performed  and  print¬ 
ed.  Some  time  after,  Goldoni  broke  with  the  Vene¬ 
tian  refident,  and  removed  to  Verona. 

There  was  in  this  place,  at  that  time,  the  company 
of  comedians  of  the  theatre  of  St  Samuel  of  Venice, 
and  among  them  the  famous  a&or  Cofali,  an  old  ac¬ 
quaintance  of  Goldoni,  who  introduced  him  to  the  ma¬ 
nager.  He  began  therefore  to  work  for  the  theatre, 
and  became  infenfibly  united  to  the  company,  for  which 
he  compofed  feveral  pieces.  Having  removed  along 
with  them  to  Genoa/ he  was  for  the  firfl  time  feized 
-with  an  ardent  paffion  for  a  lady,  who  foon  afterwards 
•became  his  wife.  He  returned  with  the  company  to 
Venice,  where  he  difplayed,  for  the  firfl  time,  the 
powers  of  his  genius,  and  executed  his  plan  of  reform¬ 
ing  the  Italian  ftage.  He  wrote  the  Momok ,  Courti - 
fan ,  the  Squanderer ,  and  other  pieces,  which  obtained 
univerfal  admiiation. 

Feeling  a  flrong  inclination  to  refide  fome  time  in 
Tufcany,  he  repaired  to  Florence  and  Pifa,  where  he 
-wrote  The  Footman  of  Two  Majlers 


Harlequin  lojl  and  found  again .  He  returned  to.  Ve¬ 
nice,  and  fet  about  executing  more  and  more  his  fa¬ 
vourite  fcheme  of  reform.  He  was  now  attached  to 
-the  theatre  of  St  Angelo,  and  employed  himfelf  in 
writing  both  for  the  company  and  for  his  own  pur- 
pofes.  The  conftant  toils  he  underwent  in  thefe  en¬ 
gagements  impaired  his  health.  He  wrote,  in  the 
courfe  of  twelve  months,  fixteen  new  comedies,  be- 
fides  forty- two  pieces  for  the  theatre  ;  among  thefe 
many  are  contidered  as  the  befl  of  his  productions. 
The  firfl  edition  ofhis  works  was  publifiied  in  1753, 
in  io  vols«  8vo.  As  he  wrote  afterwards  a  great  num¬ 


ber  of  new  pieces  for  the  theatre  of  St  Luca,  a  fepa- 
rate  edition  of  thefe  was  publifhed,  under  the  title  of 
The  New  Comic  Theatre  :  among  thefe  was  the  7V- 
rence ,  called  by  the  author  his  favourite,  and  judged  to 
be  the  mafter-piece  of  his  works.  He  made  another 
journey  to  Parma,  on  the  invitation  of  Duke  Philip, 
and  from  thence  he  palled  to  Rome.  He  had  com¬ 
pofed  59  other  pieces  fo  late  as  the  year  1761,  five  of 
which  were  defigned  for  the  particular  ufe  of  Marque 
Albergati  Capaceili,  and  confequentiy  adapted  to  the 
theatre  of  a  private  company.  Here  ends  the  literary 
life  of  Goldoni  in  Italy. 

Through  the  channel  of  the  French  AmbafTador  in 
Venice,  he  had  received  a  letter  -from  Mr  Zenuzzi,  the 
firfl  a£tor  in  the  Italian  theatre  at  Paris,  containing  a 
propofal  for  an  engagement  of  two  years  in  that  city. 
He  accordingly  repaired  to  Paris,  where  he  found  a 
feleCl  and  numerous  company  of  excellent  performers 
in  the  Italian  theatre.  They  were,  however,  charge¬ 
able  with  the  fame  faults  which  he  had  corre&ed  in  I- 
taly  ;  and  the  French  fupported,  and  even  applauded  in 
the  Italians,  what  they  would  have  reprobated  on  their 
own  flage.  Goldoni  wifhed  to  extend  even  to  that 
country  his  plan  of  reformation,  without  confidering 
the  extreme  difficulty  of  the  undertaking.  Scurrili¬ 
ties  and  jells,  which  are  ever  accompanied  by  adions, 
gellures,  and  motions,  are  the  fame  in  all  countries,  and 
almofl  pcrfe&ly  underflood  even  in  a  foreign  tongue  : 
while  tire  beauties  of  fentiment  and  dialogue,  and  0- 
tlier  things  which  lead  to  the  undertlanding  of  charac¬ 
ters  and  intrigues,  require  a  familiar  acquaintance  with 
the  tongue  of  the  writer. 

The  firfl  attempt  of  Goldoni  towards  his  wifhed-for 
reform,  was  the  piece  called  The  Father  for  Love ;  and 
its  bad  fuccefs  was  a  fufficient  warning  to  him  to  deiifl 
from  his  undertaking  He  continued,  during  the  re¬ 
mainder  of  his  engagement,  to  produce  pieces  agree¬ 
able  to  the  general  tatle,  and  publifhed  twenty  four  co¬ 
medies  ;  among  which  The  L.ove  of  Zelitida  and  Lindor 
is  reputed  the  befl. 

The  term  of  two  years  being  expired,  Goldoni  was 
preparing  to  return  to  Italy,  when  a  lady,  reader  to 
the  dauphinefs,  mother  to  the  late  king,  introduced 
him  at  court,  in  the  capacity  of  Italian  mafter  to  the 
princefles,  aunts  to  the  king.  He  did  not  live  in  the 
court,  but  reforted  there  at  each  fummons,  in  a  poil- 
chaife  fent  to  him  for  the  purpofe.  Thefe  journeys 
were  the  caufe  of  a  diforder  in  the  eyes,  which  afflidled 
him  the  reft  of  his  life  ;  for  being  accuflomed  to  read 
while  in  the  chaife,  lie  loll  his  fight  on  a  fudden,  and 
in  fpite  of  the  moll  potent  remedies,  he  could  never  af¬ 
terwards  recover  it  entirely.  For  about  fix  months 
and  5 The  Son  of  lodgings  were  provided  him  in  the  chateau  of  Verfuiiles. 


Goldoni. 


The  death,  however,  of  the  dauphin,  changed  the  face 
of  affairs.  Goldoni  lofl  his  lodgings,  and  only,  at  the 
end  of  three,  years,  received  a  bounty  of  100  lonis  in  a 
gold  box,  and  the  grant  of  a  penfron  of  four  thoufand 
livres  a-year.  This  fettlement  would  not  have  been 
Sufficient  for  him,  if  hi  had  not  gained,  by  other  means, 
farther  fums.  He  wrote  now  and  then  comedies  for 
the  theatres  of  Italy  and  Portugal ;  and,  during  thefe 
occupations,  was  defirous  to  fhew  to  the  Lrench  that 
he  merited  a  high  rank  among  their  dramatic  writers. 
For  this  purpofe,  he  negle&ed  nothing  which  could  be 
of  ufe  to  render  himfelf  mafter  of  the  French  language. 

4X2  He 
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.  Golden*,  He  heard,  fpoke,  and  converfed  To  much  in  it,  that,  in 
Good- Hope hjs  fod  year,  he  ventured  to  write  a  comedy  in  French, 
and  tp  have  it  reprefented  in  the  court  theatre,  on  the 
occafion  of  the  marriage  of  the  king. 

.  This  piece  was  the  JBourru  Bienfaifant  ;  and  it  met 
with  fo  great  fuccefs,  that  the  author  received  a  boun- 
ty  of  J.50  louis  from  the  king,  another  gratification 
from  th  performers,  and  confiderable  fums  from  the 
bookfellers  who  publifhed  it.  He  publifhed,  foon  after, 
another  comedy  in  French,  called  V Avars  Fajluenx . 
-After  the  death  of  Louis  XV.  Ooldoni  was  appointed 
Italian  teacher  to  the  Princefs  Clotilde,  the  prefent 
princefs  of  Piedmont  ;  and  after  her  marriage  he  at¬ 
tended  the  late  unfortunate  Princefs  Elizabeth  in  the 
fame  capacity. 

T.  he  approach  of  old  age  obliged  him  to  quit  Ver- 
failles,  and  to  live  in  Paris,"  the  air  of  which,  lefs  fiiarp, 
was  better  adapted  to  his  conftitution.  The  lad  work 
of  Goldoni  was  "The  V olponi ,  written  after  his  retire¬ 
ment  from  court ;  from  which  time  he  bade  a  lading  a- 
dieu  to  writing.  Unfortunately  for  him,  he  lived  to  fee 
his  peniions  cut  ofF  at  the  revolution,  like  others,  and 
he  fpent  his  laft  days  in  poverty  and  diftrefs.  He  died 
in  1792,  at  a  crifis  when,  according  to  the  expreffion 
of  a  deputy  in  the  Convention,  the  French  nation  was 
ready  to  repay  him  every  debt  of  gratitude. 

Goldoni  is  on  a  par  with  the  greated  comic  poets  of 
modern  times,  with  regard  to  dramatic  talents,  and  is 
thought  Superior  to  them  all  with  regard  to  the  ferti¬ 
lity  of  his  genius.  His  works  were  printed  at  Leg¬ 
horn  in  1788—91,  in  31  vols.  8vo.  He  has  been  ge¬ 
nerally  called  the  Moliere  of  Italy  •  and  Voltaire,  in 
one  of  his  letters  to  Marquis  Albergati,  dyles  him  The 
Painter  oj  I\ature .  Goldoni  is  one  of  thofe  authors 
whofe  writings  will  be  relifhed  in  the  mod  remote 
countries,  and  by  the  lated  poderity. 

GOOD-HOPE,  or  Cape  of  Good  Hope,  was  ta¬ 
ken  by  the  Britifhon  17th  Augud  1796  with  very  little 
difficulty.  At  this  wc  need  not  be  much  furprifed,  if 
to  the  difeontent  which  mud  have  prevailed  among  the 
planters  and  townfmen  with  the  new  order  of  things, 
be  added  the  manners  of  the  people.  M.  Vaillant, 
who  was  at  the  Cape  during  the  lad  war,  when  the 
garrjfon  expefted  to  be  every  day  attacked  by  a  Bri- 
tifh  fquadron,  and  when  the  people  were  not  abfolute- 
ly  difguded  with  their  own  government,  reprefents 
them,  however,  as  rendered  fo  completely  frivolous  by 
imitating  the  manners  of  their  French  allies,  that, 
though  the  place  was  drongly  fortified,  it  could  hard¬ 
ly  be  expefted  to  hold  out  long  againd  a  vigorous  and 
well  conduced  fiege. 

“  The  females  of  the  Cape  (fays  he),  when  I  faw  them 
fqr  the  fird  time,  had  really  excited  my  adonifhment 
by  their  drefs  and  their  elegance  ;  but  I  admired  in 
them,  above  all,  that  modedy  and  referve  peculiar  tp 
the  Dutch  manners,  which  nothing  as  yet  had  cor¬ 
rupted. 

“  In  the  courfe  of  fix  months,  a  great  change  had  ta¬ 
ken  place.  It  was  no  longer  the  French  modes  that 
they  copied  ;  it  was  a  caricature  of  the  French.  Plumes, 
feathers,  ribbons,  and  tawdry  ornaments  heaped  toge¬ 
ther  without  tade  on  every  head,  gave  to  the  prettied 
figures  a  grotefque  air,  which  often  provoked  a  fmile 
tvhen  they  appeared-  This  mania  had  extended  to 
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the  neighbouring  plantations,  where  the  women  could  Oo^.h 
fcarcely  be  known.  A  mode  of  drefs  entirely  new  '“—y^ 
was  everywhere  introduced  ;  but  fo  fantadical,  that  it 
would  have  been  difficult  to  determine  from  what  coun¬ 
try  it  had  been  imported.” 

At  that  time  a  French  and  a  Swifs  regiment  were  in 
the  garrifon  ;  and  though  the  town  was  occupied  only 
with  warlike  preparations,  and  though  an  attack  from 
the  Brit iih  fleet  was  every  moment  expefted,  the 
French  officers  had  already  introduced  a  tade  for  plea, 
fure.  Employed  in  the  morning  at  their  exercife,  the 
French  foldiers  in  the  evening  aded  plays.  A  part  of 
the  barracks  was  transformed  into  a  theatre ;  and  as 
women  capable  of  performing  female  charaders  could 
not  be  found  in  the  town,  they  affigned  thefe  parts  to 
fome  of  their  comrades,  whofe  youth,  delicate  features, 
and  frefhnefs  of  complexion,  feemed  bed  calculated  to  ' 
favour  the  deception.  Thefe  heroines,  of  a  new  kind, 
heightened  the  curiofity  of  the  fpedators,  and  render, 
ed  the  entertainment  dill  more  lively  and  interedfng. 

To  add  to  the  general  pleafure,  ladies  of  the  fird 
rank  confidered  it  as  incumbent  on  them  to  lend  to  the 
military  aftors  and  aftreffes,  their  laces,  jewels,  rich 
d redes,  and  mod  valuable  ornaments.  But  fome  of 
them  had  caufe  to  repent  of  their  condefcenfion  ;  for 
it  happened  more  than  once  that  the  Countefs  of  Al- 
maviva  having  left  in  pledge  at  the  futtling  houfe  her 
borrowed  decorations,  the  owner,  to  recover  them,  wa3 
obliged  to  difeharge  not  only  the  bill  due  for  brandy 
and  tobacco,  but  all  the  other  debts  of  the  heroine.  t 

During  the  intoxication  aad  giddinefs  occafioned  by 
thefe  amufements,  Love  alfo  did  not  fail  to  aft  his 
part  ;  and  certain  little  intrigues  were,  from  time  to 
time,  brought ,to  light,  which  gave  employment  to  the 
tongue  of  fcandal,  and  introduced  unhappinefs  into  fa¬ 
milies.  Hymen,  it  is  true,  amidd  thefe  adventures, 
fometimes  intervened  to  repair  the  follies  of  his  bro- 
tlier  ;  and  many  marriages,  which  redored  every  thing 
to  order,  were  the  refult  of  his  negotiations  ;  but  the 
complaints,  though  ftifled,  did  not  lefs  exid.  The 
watchfulnefs  cf  the  mother  was  alert.  The  hufband, 
by  fo  much  the  more  fecretly  irritated  as  he  faw  him- 
felf  obliged  to  conceal  his  jealoufy,  curfed  in  his  heart 
both  aftors  and  theatre  ;  while  the  matronly  part  of 
the  community,  lefs  on  the  referve,  declaimed  with  bit- 
ternefs  againd  the  licentioufnefs  that  prevailed,  which 
they  wholly  imputed  to  this  mode  of  theatrical  enter¬ 
tainment.  At  lad,  to  the  great  mortification  of  the 
young,  but  to  the  high  fatisfaftion  of  the  old  women 
and  hufbands,  the  theatre  was  on  a  fudden  ffiut  up. 

The  caufe  that  tfFefted  this  was  altogether  foreign  to 
the  complaints  that  were  made,  and  of  a  nature  that  ft 
was  impoffible  to  forefee.  Two  of  the  French  aftors, 
who,  it  mud  be  remembered,  were  officers  in  the  army, 
thought  proper  to  imitate  the  paper  money  of  the 
company,  and  to  put  their  forged  notes  in  circulation. 

The  forgery  was  detefted,  and  traced  to  its  authors.; 
the  two  theatrical  heroes  were  banifhed  from  the  Cape; 
and  the  company,  afhamed  of  the  adventure,  dared  nei- 
ther  feek  others  to  fupply  the  vacant  places,  nor  re¬ 
fume  their  dage  entertainments. 

Intoxicating  as  were  thefe  pleafures,  government 
meanwhile  had  not  been  inattentive  to  the  danger 
which  threatened,  the  colony.  As  they  dally  expefted 
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to  l»e  attacked  by  the  Britlfh  fleet,  they  had  Increafed 
the  means  of  defence,  ar.d  ordered  different  works  and 
new  fortifications  to  be  con  (trotted.  _  _ 

At  .fir ft,  the  bufinefs  was  carried,  on  with  activity 
and  ardour  ;  becaufe  the  inhabitants,  inftigated  by  their 
private  intereft,  which  was  then  considered  as  involved 
with  that  of  the  public,  had  voluntarily  offered  their 
fervices,  and  mingled  with  the  workmen.  Young  and 
old,  foidiers  and  magidrates,  Tailors  and  planters,  all 
folic ited  the* honour  of  co  operating  for  the  general 
good  and  common  fafety.  lo  behold  this  hete¬ 
rogeneous  multitude — fome  lpaded.  with  pick-axes, 
and  fome  with  fpades,  or  other  fimilar  implements 
marching  out  in  the  morning  from  the  town,  and  pro¬ 
ceeding  in  high  fpirits  to  the  new  fortifications,  was  a 
fierht  truly  admirable. 

But  this  -oatriotic  fervour  was  of  no  long  conti¬ 
nuance.  Under  pretence  of  fparing  their  drength,  and 
that  they  might  not  weary  themfelves  to  no  purpofe, 
they  foon  caufed  their  (laves  to  follow  them  with  the 
tools  and  inftruments.  In  a  little  time  they  contented 
themfelves  with  fending  their  (laves  only  ;  and  at  lad 
thefe  fubftitutts  themfelves,  in  imitation  of  their  mat¬ 
ters,  or  perhaps  by  their  fecret  orders,  gave  over  going 
alfo.  Their  enthufiafm,  in  fhort,  from  the  firil  mo- 
ment  of  its  breaking  out  till  the  period  when  it  was 
thus  entirely  cooled,  bad  been  the  affair  of  fomething" 
lefs  than  a  fortnight. 

This  tafte  for  frivolity  which,  almoft  twenty  years 
ago,  was  introduced  among  the  Dutch  in  Cape-town, 
bv  their  good  friends  the  French,  fpread  rapidly  thro 
the  planters,  who  are  thus  deferibed  by  M.  Vaillant, 
who  certainly  had  the  beft  opportunities  of  knowing 

11  The  planters  of  the  Cape  may  be  divided  into  three 
claffes  thofe  who  refide  in  the  vicinity  of  the  Cape, 
within  a  distance  of  five  or  fix  leagues  ;  thofe  who  live 
farther  off  in  the  interior  parts  of  the  colony  ;  and 
laftly,  thofe  who,  more  diftant  ftill,  are  found  at  the 
extremity  of  the  frontiers  among  the  Hottentots. 

The  firlt,  who  are  opulent  proprietors,  and  have 
handfome  country  houfes,  may  be  likened  to  what  was 
formerly  called  in  France  petits  feigneurs  terriers  and 
differ  extremely  from  the  other  planters  in  eafe  and 
luxury,  and  particularly  in  their  manners,  winch  are 
haughty  and  difdainful.  Such  is  the  refult  of  wealth. 
The  fecond,  fimple,  kind,  hofpt table,  are  cultivators, 
who  live  upon  the  fruits  of  their  labour.  Here  we  have 
an  example  of  the  good  effetts  of  mediocrity.  .The 
laft,  poor  enough,  yet  too  indolent  to  derive  fubhdence 
from  the  foil,  have  no  other  refource  than  the  produce 
of  fome  cattle,  which  they  feed  as  they  can.  Like 
the  Beduin  Arabs,  they  think  much  of  the  trouble  oi 
driving  them  from  canton  to  canton,  and  from  one 
patlurage  to  another.  This  wandering  life  prevents 
them  from  building  any  fettled  habitations.  W  hen 
their  flocks  oblige  them  to  fojourn  for  a  while  in  the 
fame  place,  they  conilrutt,  in  hafte,  a  rude  kind  of 
hut,  which  they  cover  with  matts,  after  the  mann 
the  Hottentots,  whofe  cuftoms  they  have  adopted,  an 
from  whom  they  in  no  refpeft  differ,  but  in  t ^  err  _c°ur 
plexion  and  features.  And  here  the  evil  is, 
is  no  precife  fituation  in  focial  life  to  which  thefe  mi- 

ferable  beings  belong.  .  ,  r  •  • 

Thefe  fluggilh  tribes  are  held  in  horror  by  their 
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dnftrious  neighbours,  who  dread  their  approach,  and  Goo  -H  pe 
remove  as  tar  from  them  as  they  can  ;  becaufe  having  v**** 
no  property  of  their  own,  they  fteal  without  fcruple 
that  of  others,  and,  when  in  want  of  padurage  for  their 
caitle,  conduct  them  fecretly  to  the  fiift  cultivated 
piece  of  ground  that  comes  in  their  way.  I  hey  flat¬ 
ter  themfelves  they  (hall  not  be  difeovered,  and  they 
remain  till  every  thing  is  devoured.  If  detected  in 
their  thefts,  fquabbles  and  contentions  enfue,  and  af¬ 
terwards  a  fuit  at  law,  in  which  recourfe  is  had  to  the 
magiftrate,  and  which  commonly  terminates  in  making 
three  men' enemies,  the  robber,  the  perfon  robbed,  and 

the  judge.  ‘  t 

Nothing  can  be  fo  mean  and  cringing  as  the  conduct 
of  the  firft  defeription  of  planters,  when  they  have  any 
thing  to  tranfaft  with  the  principal  officers  of  the  com¬ 
pany,  who  may  have  fome  influence  over  their  lot ;  and 
nothing  fo  abfurdly  vain  and  fo  fiiperlatively  infolent 
as  their  behaviour  to  perfons  from  whom  they  have  no¬ 
thing  to  hope  and  nothing  to  fear.  Proud  of  their 
wealth,  fp  oiled  by  refiding  near  a  town,  from  whence 
they  have  imbibed  only  a  luxury  that  has  corrupted, 
and  vices  that  have  degraded  them,  it  is  particularly  to¬ 
wards  ftrangers  that  they  exercife  their  furlv  and  piti¬ 
ful  arrogance.  Though  neighbours  to  the  planters 
who  inhabit  the  interior  of  the  country,  you  muft  not 
fuppofe  they  regard  them  as  brethren  ;  on  the  contrary, 
in  the  true  fpirit  of  contempt,  they  have  given  them 
the  name  of  Rauw-boer,  a  word  anfwcring  to  the  low¬ 
ed  defeription  of  clown.  Accordingly,  when  thefe 
honeft  cultivators  come  to  the  town  upon  any  kind  of 
bufinefs,  they  never  ftop  by  the  way  at  the  houfes  o£ 
the  gentry  of  whom  we  are  fpeaking  ;  they  know  too 
well  the  infulting.  manner  in  which  they  would  be  re¬ 
ceived.  One  might  fuppofe  them  to  be  two  inimical 
nations,  always  at  war,  and  of  whom  fome  individuals 
only  met  at  diftant  intervals,  upon  bufinefs  that  related 
to  their  mutual  interefts. 

What  is  the  more  difgufting.in  the  infolence  of  thefe 
Africans  is,  that  the  majority  of  them  are  defeended 
from  that  corrupt  race  of  men,  taken  from  prifons  and 
holpitals,  whom  the  Dutch  company,  defirous  of  form¬ 
ing  a  fettlement  at  the  Cape,  fent  thither  to  begin,  at 
their  rilk  and  neril,  the  population  of  the  country. 

This  (hameful  emigration,  of  which  the  period  is  not 
fo  remote  but  that  many  circumftanees  of  it  are  re¬ 
membered,  ought  to  render  particularly  modeft  thofe 
who  are  in  the  mod  diftant  manner  related  to  it..  On 
the  contrary,  it  is  this  very  idea  that  mod  contributes 
to  their  arrogance  as  if  they  flattered  themfelves  that, 
under  the  guife  of  fupercilious  manners,  they  could' 
hide  the  abje&nefs  of  their  origin.  If  a  ft  ranger  ar- 
rives  at  the  Cape  with  the  defign  of  remaining  and 
fettling  there,  they  conceive  him  to  be  driven  from  his 
country  by  the  fame  wretched  circumdances  which 
formerly  bamfhed  their  fathers,  and  they  treat  him 
with  the  mod  fovercign  contempt. 

This  melancholy  failing  is  the  more  to  be  lamented, 
as  the  contagion  has  fpread  through  almod  every  refi- 
dence  about  the  Cape,  which  is  in  reality  a  very  charm¬ 
ing  canton.  Embellifhed  by  cultivation,  by  its  nume¬ 
rous  vineyards  and  pleafant  country  houfes,  it  every¬ 
where  exhibits  fo  varied  and  delicious  a  profpeft,  that, 
were  it  occupied  by  other  inhabitants,  it.  would  excite 
no  fenfations  but  thofe  of  pleafure* 

A*  . 
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OooiHVpe  As  we  advance  into  the  country,  the  planters  are  a 
fort  of  farmers  ;  and  conffitute,  by  their  manners,  cuf- 
tonis,  and  occupations,  a  clafs  by  themfelves,  perfedly 
diftind  from  that  we  have  been  deferring.  Situated 
farther  from  the  Cape,  and,  of  confequence,  not  ha¬ 
ving  the  fame  opportunities  for  difpofing  of  their  com¬ 
modities,  they  are  lefs  rich  than  the  fir  If.  We  fee  a- 
mong  them  none  of  thofe  agreeable  country  houfes, 
which,  placed  at  different  diftances  from  the  town,  em- 
bcliifh  the  country  as  we  pgfs,  and  afford  fuch  charm¬ 
ing  profpe&s.  Their  habitation,  yrhich  is  about  the 
fize  of  a  large  coach*houfe,  is  covered  with  thatch,  and 
divided  into  three  rooms  by  means  of  two  partitions, 
which  reach  only  to  a  certain  height.  The  middle  a- 
vpartment,  in  which  is  the  entrance  to  the  houfe,  ferves 
at  once  both  as  a  parlour  and  eating* room.  It  is  there 
that,  the  family  refide  during  the  day,  and  -that:  they 
receive  their  tea  and  other  vifitors.  Of  the  two  other 
rooms,  one  forms  a  chamber  for  the  male  children,  and 
the  other  for  the  females,  with  the  father  and  mother. 
At  the  back  of  the  middle  apartment  is  a  farther  room 
ferviog  for  a  kitchen.  The  reff  of  the  building  con- 
frfls  of  barns  and  (tables. 

Such  is  the  distribution  which  is  generally  followed 
in  the  interior  plantations  of  the  colony  ;  but  rearer  to 
the  frontiers,  v/here  there  does  not  prevail  the  fame 
eafe  of  circumft  ances,  the  habitations  are  much  lefs 
commodious.  .They  are  merely  a  barn,  confiding  of  a 
fingle  room,  without  any  divifion,  in  which  the  whole 
family  live  together,  without  feparating,  either  day  or 
night.  They  .fleep  upon  (beep  (kins,  which  ferve 
them  alfo  for  covering. 

The  drefs  of  tliefe  planters  is  fimple  and  ruHic.  That 
of  the  men  coufifts  of  a  check  Hurt,  a  waiftcoat  with 
fleeves,  a  large  pair  of  trowfers,  and  a  hat  half  unloop¬ 
ed.  _  The  women  have  a  petticoat,  a  jacket  fitted  to 
their  fhape,  and  a  little  round  bonnet  of  muflin.  Un- 
lefs  upon  extraordinary  occafions,  neither  fex  wear 
ftockings.  During  a  part  of  the  year,  the  women  e- 
ven  walk  with  their  feet  quite  naked.  The  occupa- 
tions  of  the  men  require  that  theirs  fhouid  have  fome 
covering  ;  and  this  covering  they  make  from  a  piece  of 
the  hide  of  an  ox,  applied  and  lhaped  to  the  foot  foon 
after  the^  animal  is  killed,  and  while  the  hide  is  yet, 
frefh.  Thefe  fandals  art;  the  only  article  of  their  drefs" 
which  they  make  themfelves  ;  the  reft  is  the  bulinefs  of 
the  women,  who  cut  out  and  prepare  their  whole  ward¬ 
robe.  Though  the  equipment  we  have  mentioned  con- 
ftitute  the  every-day  drefs  of  the  planter,  he  has,  how¬ 
ever,  a  coat  of  handfome  blue  cloth,  which  he  wears 
upon,  days  of  gala  and  ceremony.  He  has  then  alfo 
(lockings  and  fhoes,  and  is  dreffed  exadly  like  an  Eu¬ 
ropean.  Rut  this  finery  never  makes  its  appearance 
but  when  he. goes  to  the  Cape;  and  then,  indeed,  is 
not  put  on  till  he  arrives  at  the  entrance  of  the  town. 

It  is  commonly  in  thefe  journeys  that  they  purchafe 
fuch  things  as  they  may  want  to  refit  their  wardrobe. 
There  is,  at  the  Cape,  as  well  as.  in  Paris  and  London, 
a  fpecies  of  old-clothes-men,  who  deal  in  commodities 
of  this  fort ;  and  who,  from  their  enormous  profits,  and 
the  extortion  they  praftife,  they  have  obtained  the 
name  of  Gapfe  Smoufe,  or  Cape  Jews.  Thefe  traffick- 
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ers  contrive,  at  all  times,  to  "fell'  their  goods  at  a  dear 
rate  ;  but  they  vary  their  price  in  proportion  as  their 
uock  is  great  or  fmall ;  of  courfe  they  bear  no  fixed 


price ;  and  the  planter  who  comes  from  the  defert,  and; 
who  can  underftand  but  little  of  this  Huduation,  is  fure 
to  be  duped.  v 

On  the  other  hand,  the  regular  fhopkeeper,  who 
knows  the  probity  of  thefe  farmers,  and  how  pun&ual 
they  are  in  the  payment  of  their  debts,  exerts  every  ef¬ 
fort  to  prevail  on  them  to  open  an  account  with  him. 
He  tempts  them  by  the  pretended  cheap  price  and  ex¬ 
cellent  quality  of  his  fluffs,  and  offers  to  remit  the  pay¬ 
ment  till  their  jnext  journey  in  the  fallowing  year/  It 
is  leldom  that  thefe  people,  fimple  and  unexperienced 
as  they  are,  perceive  the  craft  that  is  orefented  to  them 
under  this  guife  of  kindnefs  and  civility.  If  they  fuf- 
■  fer  themfelves  to  be  prevailed  upon,  they  are  fhackled 
tor  life.  Upon  their  return,  -there  are  new  purchafes 
to  be  made  upon  the  fame  conditions ;  and  thus,  year 
after  year,  always  in  debt,  always  buying  without 
prompt  payment.,  they  become  the  prey  of  air  extor¬ 
tioner,  who  raifes  to  himfelf  a  fortune  out  of  their 
weaknefs. 

It  IS  true,  thefe  buyers,  after  being  thuB  duped  at 
the  Cape,  commonly  return  home  only  to  make  dupes 
of  others.  The  cunning  that  has  been  employed  to 
deceive  them,  they  employ  in  their  turn  to  tempt  the 
Hottentots  who  are  in  their  fervice.  The  remnants  of 
ituft,  or  the  frippery  garments  which  they  bring  back, 
are  fold  to  thefe  unfortunate  lervaRts  with  fo  great  a 
profit,  that  commonly  the  wages  of  a  year  are  made- 
quate  to  the  payment,  and  they  find  themfelves,  like 
their  matters,  in  debt  for  the  year  that  is  to  come.  In 
the  end,  therefore,  it  is  the  poor  Hottentot  that  paya 
tor  the  extortion  at  the  Cape.  ; 

Cuttom  has  rendered  the  planters  infenfible  to  the 
want  of  fruit  and  pulfe,  though  the  foil  is  admirably 
adapted  to  the  cultivation  of  both.  The  facility  with 
which  they  rear  their  cattle  makes  up  for  this  priva- 
~°n’  Is.  .ti'e,r  ^ockB  afford  them  plenty  of  provifion. 

I  he  chief  food  is  mutton  ;  and  their  tables  are  loaded 
with  luch  profufion  as  to  difguft  one  at  the  light. 

From  this  mode  of  living,  cattle  are  in  the  colonies, 
as  in  other  places,  not  only  a  ufeful  objed,  but  an  ar- 

u  rwuhe  firft.neceffity.  The  planter  undertakes 
bimldt  the  care  of  watching  over  his  flocks.  Ever,' 
.evening, when  they  return  from  the  field,  he  Hands  at  his 
door,  with  a  ftick  in  his  hand,  and  counts  them  over 
one  by  one,  in  order  to  be  fure  that  none  of  them  are 
milling. 

People  who  have  no  other  employment  than  a  little- 
agriculture,,  and  the  'fuperintendance  of  a  flock,  muff 
have  long  intervals  of  idleneff.  If  ,*s  thus  with  the 
planters,  particularly  thofe  who  live  in  the  interior  parts 
j?  l.he  country,  and  who  being  unable,  on  account  of 
their  alliance  from  the  CaPe,  to  difpofe  of  their  corn, 
never  raife  more  than  is  fufficient  for  their  own  con- 
1  ump t ion.  From  the  profound  inadion  in  which  they 

live,  one  would  fuppofe  their  fupreme  felicity  to  confill 
m  oomg  nothing.  They  fometimes,  however,  vifit 
each  other;  and  upon. thefe  occafions  the  day  is  fpent 
in  fmoking,  and  drinking  tea,  and  in  telling,  or  liffen- 
ing  to  tales  of  romance,  that  are  equal  neither  in  merit 
nor  morality  to  the  (lory  of  Blue-beard. 

As  every  man  always  carries  with  him,  wherever  he 
goes,  both  a  pipe,  and  a  tobacco-pouch  made  of  the 
flan  of  the  fea-calf,  he  is  fure  in  thefe  vifits  to  have  one 
fource  of  amufement.  When  any  one  of  the  company 

is 
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0(j.Ir  els  deftrous  of  lighting  his  pipe,  he  takes  out  his  pouch, 

I)  and,  having  filed,  pafFes  it  to  the  reft.  This  is  a  civi- 
onioi  that  |g  never  omitted.  However  numerous  may 
tr^  be  the  party,  every  body  fmokesr  the  confequence  of 
”V*  which  is  a  cloud,  that,  rifing  at  firft  to  the  upper  part 
of  the  room,  increafes,  by  degrees,  till  it  fills  the  whcle 
houfe,  and  becomes  at  laft  fa  thick,  that  it  is  impofiible 
for  the  fmokers  to  fee  one  another. 

When  a  ft  ranger  travelling  through  the  country  is 
received  by  the  matter  of  a  houfe,  he  inftantly  becomes 
a  member  of  the  family.  Accuftomed  to  a  domeftic 
life,  the  planters  delight  in  the  ties  of  affinity,  and  con- 
frder  in  the  light  of  a  relative’  every  perfon  whom 
they  love.  Upon  entering  a  houfe,  the  form  of  faluta*- 
tion  is,  to  (hake  hands  firft  with  the  matter,  and  then 
with  every  male  perfon  in  the  company  arrived  at 
years  of  maturity.  If  there  happens  to  be  any  one 
whom  we  do  not  like,  the  hand  is  refufed  to  him  ;  and 
this  refafal,  of  fa  common  &  teftimony  of  friendihip,  is 
looked  upon  as  a  formal  declaration  that  the  vifitor 
confiders  him  as  his  enemy.  It  is  not  the  lame  with 
the  females  in  the  company.  They  are  all  embraced 
one  after  another,  and  to  make  an  exception  would  be 
a  fignsl  affront.  Old  or  young,  all  mutt  be  kitted.  It 
is  a  benefice  with  the  duties  attached  to  it. 

At  whatever  time  of  the  day  you  enter  the  houfe  of 
a  planter,  you  are  ftire  to  find  the  kettle  and  tea-things 
upon  the  table.  This  pradice  is  univerfal.  The  in¬ 
habitants  never  drink  pure  water.  If  a  ftranger  pre- 
feim  himfelf,  it  is  tea  they  offer  him  for  refrefhment. 
This  i5  their  common  liquor  in-  the  interval  of  meals, 
and  in  one  fealon  of  the  year,  when  it  often-  happens 
that  they  have  neither  beer  nor  wine,  is  their  only  be¬ 
verage. 

If  a  ftranger  arrives  at  dinner-time  before  the  cloth  is 
taken  away,  he  (hakes  hands,  embraces,  and  immediately 
feats  himfelf  at  the  table.  If  be  wifhe3  to  pafs  the 
night,  he  ftays  without  ceremony,  fmokes,  drinks  tea, 
afks  the  news,  gives  them  all  he  knows  in  his  turn.; 
and  the  next  day,  the  kitting  and  fhaking  hands  being 
repeateds  he  goes  on  his  way,  to  perform  elfewhere  the 
fame  ceremony.  To  offer  money  on  thele  occafions 
would  be  regarded  as  an  infult. 

Thefe  particulars  of  a  people,  whofe  condition  it  is 
to  be  hoped  that  the  genet oftty  of  the  British  charac¬ 
ter,  and  the  mildnefs  of  the  Britifh  government,  will 
gradually  meliorate,  cannot  but  be  acceptable  to  many 
of  our  readers.  We  fhall,  therefore,  make  no  apology 
for  the  length  of  this  article. 

GOMASHTEH,  irv  the  language  of  Bengal,  one 
cent. 

GONIOMETRY,  a  method  of  meafuring  angles, 
fo  called  by  M.  de  Lagny,  who  gave  feverai  papers  on 
this  method  in  the  Memoirs  of  the  Royal  Acad,  anno 
1724,  1725,  1729.  M.  de  Lagny’s  method  of  gonio- 
nietry  confifts  in  meafuring  the  angles  with  a  pair  of 
compacts,  and  that  without  any  fcale  whatever,  except 
an  undivided  femicircle.  Thus,  having  any  angle  drawn 
upon  paper  to  be  meafured,  produce  one  of  the  Tides 
of  the  angle  backwards  behind  the  angular  point ;  then 
with  a  pair  of  fine  compafles  deferibe  a  pretty  large 
femicircle  from  the  angular  point  as  a  centre,  cutting 
the  Tides  of  the  propofed  angle,  which  will  intercept  a 
part  of  the  femicircle.  Take  then  this  intercepted  part 
very  exadly  between  the  points  of  the  compafles,  and 
turn  them  fucceffively  over  upon  the  arc  of  the  fenu- 
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circle,  to  find  how  often  it  is  contained  in  it,  after,  which 
there  is  commonly  fome  remainder :  then  take  this  re¬ 
mainder  in  the  corr.pattes,  and,  in  like  manner,  lind  how 
often  it  is  contained  in  the  laft  of  the  integral  parts  of  - 
the  firfV  arc,  with  again  fome  remainder  :  find,  in  like 
manner,  hqw  often  this  latt  lemainder  is  contained  in 
the  former ;  and  fo  on  continually,  till  the  remainder 
become  too  fmall  to  be  taken  and  applied  as  a  meafure. 
By  this  means  he  obtains  a  feries  of  quotients,  or  frac¬ 
tional  parts,  one  of  another,  which  being  properly  redu¬ 
ced  into  one  fradion,  give  the  ratio  of  the  ttrtt  arc  to 
the  femicircle,  or  of  the  propoitd  angle  to  two  right  an¬ 
gles,  or  180  degrees,  and  confequentlv  that  angle  itfelf 
in  degrees  and  minutes. 

We  have  given  this  account  of  goniometry  from  Dr 
Hutton,  and  frankly  acknowledge  that  we  had  never 
thought  of  it  till  we  perufed  his  excellent  Dictionary  o£ 
Mathematics  and  Philofophy.  To  have  omitted  the 
method  when  pointed  out  to  us  would  have  been  wrong ; 
though  we  mittake  much  if  mathematicians  in  general 
will  not  look  upon  it  as  a  method  of  very  little  value. 

GOTHIC  Architecture,  (See  Gothic  Ap.cht- 
teciurr  in  this  Supplement)  and  Roof,  Ensyclopadia. 

GOUVERNANTE,  the  Spanith  name  of  a  plant 
which  the  Indians  of  California  ufe  in  decoction  as  a 
fudorific  drink  for  the  cure  oi  the  venereal  difeafe.  It 
is  thus  deferibea  in  the  third  volume  (Englifh  Lr<mfla- 
tion)  of  Peyroufe’s  Voyage  round  the  Wotld. 

Calyx  quadrified,  egg-ttrcped,  of  the  fame  fize  with 
the  corolla  ;  placed  beneath  the  fruit,  deciduous.  Co¬ 
rolla  polypetalous  ;  petals  four,  fmall,  entire,  egg  fha- 
ped,  fixedTipon  the  receptacle.  Stamina,  eight,  fixed 
to  the  receptacle,  of  the  fame  length  as  the  corolla : 
threads  channelled,  concave  on  the  one  fide,  and  con¬ 
vex  on  the  other;  wings  veiled,  antherse  Ample.  Piftil> 
germ  oblong,  covered,  with  five  angles,  and  five  cells  j 
feeds  oblong  ;  pericarpium  covered  with  fine  hairs. 

TlnV  plant  is  a  fhrub  of  middle  f:ze  ;  the  branches 
are  angular  and  knotty,  and  covered  with  an  adhefive 
varnifti ;  the  lateral  branches  are  alternate,  and  placed 
very  near  to  each  other  :  the  leaves  are  fundi,  petiolat- 
ed,  bilobed,  oppottte,  fmooth  on,  the  upper  fide,  the 
under  fide  indiftindly  veined  ;  the  blottoms  are  axillary, 
fometimes  terminating,  pedunculated,  Dlitary,  but 
fome  times  in  pairs. 

From  this  defeription,  the  gouvernante  appears  to 
be  a  new  fpecies  of.  daphne. 

GRAVIMETER,  the  name  given  by  citizen  Guy¬ 
ton  (Morvcau)  to  an  inftrument  of  glafs,  conftruded 
in  all  refpeds  on  the  principle  of  Nicliolfon's-  Hydro¬ 
meter,  deferibed  in  the  article  Hydrostatics,  n°  18 
(Encycl.)  It  is  therefore  needle T  to  give  a  deferip¬ 
tion  of  this  inttrument  here  ;  as  every  artift  in  glafs, 
who  has  feen  Nicholfon;s  Hydrometer,  or  underftands 
our  defeription  of  it,  may  conftrud  the  gravimeter  of 
Morveau  ;  and  every  man  who  has  made  himfelf  matter 
of  our  article  Specific  Gravity ,  may  apply  the  gra¬ 
vimeter  to  every  purpofe  to  which  it  is  applicable.  It 
may  jutt  be  proper  to  obferve,  that  Morveau,  having  at 
firft  loaded  the  fmall  fcale  or  bafon  G  (Plate  240, 
fig.  9.  Encycl)  with  a  bulb  of  glafs  containing  a  fuf- 
ficient  quantity  of  mercury,  found  it  expedient  after¬ 
wards  to  fubftitute  in  the  place  of  this  bulb  a  fmall 
mafs  of  folid  glafs,  brought  to  the  proper  form  and 
weight  by  grinding.  For  a  minute  account  of  ting 
inftrument,  if  any  of  our  readers  can  be  fuppofed  to 
j  require 
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Green,  require  a  minute  account  of  it,  we  mail  refer  to  the 
'r~ 'third  number  of  Nicholfon’s  Journal  of  Philofophy , 
Chemljlry ,  and  the  Arts, 

GREEN,  though  one  of  the  feven  original  or  prif- 
matic  colours,  is  among  dyers  a  compound  of  blue  and 
yellow.  Of  the  European  methods  of  dyeing  green, 
and  of  the  principles  on  which  thefe  methods  are 
founded,  a  fufficient  account  will  be  found  in  the  En- 
,  cyclopedia ,  under  the  articles  Colour -making  and  Dye¬ 
ing,  and,  in  this  Supplement ,  under  Animal  and  Vegetable 
Substances;  but  it  may  be' worth  while,  in  this 
place,  to  infert  the  method  pra&ifed  at  Aftracan,  in 
'giving  to  cotton  yarn  that  beautiful  green  -colour  for 
which  the  oriental  cotton  is  fo  juftly  admired. 

1  he  principal  dye  is  the  blue,  which  is  employed 
both  for  cotton  and  filk.  To  prepare  it,  the  indigo 
or  blue  dye- fluff  is  finely  pounded,  and  diffolved  in  wa¬ 
ter,  b)^  a  gentle  heat  in  large  earthen  jars,  i feven  of 
which  (land  in  brick-work  over  the  fire-place,  at  the 
‘diflance  of  about  an  ell  and  a  half  from  each  other. 
About  two  pounds  are  put  into  each  veffd.  Five 
-pounds  of  foda  finely  pounded,  together  with  two 
pounds  of  pure  lime  and  one  pound  of  clarified  honey, 
-’are  added  to  each  ;  when  thefe  ingredients  have  been 
-well  mixed,  the  fire  is  ftrengthened  ;  and  when  the 
-whole  begins  to  boil,  the  dye  is  ftirred  carefully  round 
in  all  the  vefiels,  that  every  thing  may  be  completely 
diffolved  and  mixed.  After  the  firfl  boiling  the  fire 
'is  flackened,  and  the  dye  is  fufFered  to  (land  over  a 
gentle  heat,  while  it  is  continually  ftirred  round  :  this 
is  continued  even  after  the  furnace  is  cooled,  till  a 
thick  ficum  arifes  in  the  neck  of  each  jar,  and  foon  af¬ 
ter  difappears.'  -The  dye  is  then  allowed  to  (land  two 
days,  until  the  -whole  13  incorporated,  and  the  dye 
i  thickens. 

The  -dyers  affert,  that  with  this  dye  they  can  pro- 
4  duce  three  fliades  of  blue,  and  that,  as  the  dyeing  par- 
•'  *  tides  gradually  diminifh,  they  can  dye  alfo  a  green  co- 
I  lour  by  the  addition  of  yellow. 

When  a  manufacturer  gives  cotton  yarn  to  a  blue 
dyer,  he  firfl  boils  it  at  home  in  a  ley  of  foda  {kola- 
£ar),  then  dries  it,  wafhes  it,  and  dries  it  again.  The 
blue  dyer  lays  this  yarn  to  fteep  in  pure  water,  preffes 
out  the  fuperfluous  water  with  the  hands,  and  then  im¬ 
mediately  begins  to  dip  it  in  the  blue  jar,  often  wring¬ 
ing  it  tin  it  is  completely  penetrated  by  the  dye.  This 
firfl  tint  is  generally  given  to  yarn  in  fuch  jars  as  have 
had  their  colouring  matter  partly  exhaufted.  It  is 
then  dried,  rinfed,  and  again  dried  ;  after  which,  it  is 
put  into  the  frefh  blue  dye,  properly  faturated  ;  and, 
after  the  colour  has  been  fufficiently  heightened,  it  is 
dried  for  the  la  ft  time. 

For  a  yellow  dy-e,  the  dyers  of  Aftracan  employ 
partly  faw-wort,  brought  from  Ruffia,  and  partly  the 
leaves  of  the  ktjlar  beige ,  or  fumach.  The  procefs  is  as 
follows  :  The  yarn  is  firfl  boiled  for  an  hour  in  a  flrong 
ley  of  foda  ;  it  is  then  dried,  afterwards  rinfed  and  laid 
wet  to  fteep  for  twelve  hours  in  a  folution  of  alum 
-with  w aim  water.  When  it  has-been  dried  in  the  air, 
it  is  laid  to  foalc  feveral  times  in  troughs  with  the  dye 
which  has  been  boiled  thick  in  kettles  from  the  above- 
mentioned  plants,  till  it  has  acquired  the  wifhed-for  co¬ 
lour,  care  being  taken  to  dry  it  each  time  it  is  foaked. 

It  is  then  rinfed  in  running water,  and  dried  for  the 
Jafl  time. 
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On  this  yellow  colour  a  green  is  often  dyed.  After  Gre,n  * 

the  yarn  has  been  dyed  yellow,  it  is  given  out  to  the _ ^ 

blue  dyer,  who  immediately  dips  it  in  the  blue  jars,  the  ' 
dye  of  which  has  been  already  partly  exhaufted  ;  and 
if  the  green  colour  is  not  then  fufficiently  high,  the  0. 
peration  is  repeated,  the  yarn  being  dried  each  time. 

See  Ncue  Nordlfche  Beytrage ,  by  Profeffor  Pallas ;  or 
Philo foph)  cal  Magazine ,  n°  2. 

GREGORY  (David),  was  a  fon  of  che  Rev.  John 
Gregory,  minifter  of  Drumoak,  in  the  county  of  Aber¬ 
deen,  and  elder  brother  to  Mr  James  Gregory,  the  in* 
ventor  of  the  mofl  common  refle&ing  telefcope.  He 
was  born  about  the  year  1627  or  1628  ;  and  though 
he  pofTeffed  all  the  genius  of  the  other  branches  of  his 
family,  he  was  educated  by  his  father  for  trade,  and 
ferved  an  apprenticefhip  to  a  mercantile  houfe  in  Hoi- 
land.  Having  a  flronger  paffion,  however,  for  know- 
ledge  than  for  money,  lie  abandoned  trade  in  1655; 
and  returning  to  his  own  country,  he  fucceeded,  upon 
the  death  of  an  elder  brother,  to  the  eftate  of  Kinar. 
die,  fituated  about  forty  miles  north  from  Aberdeen, 
where  he  lived  many  years,  and  where  thirty- two  child- 
ren  were  born  to  him  by  two  wives.  Of  thefe,  three 
foils  made  a  confpicuous  figure  in  the  republic  of  let- 
ters,  being  all  profeffors  of  mathematics  at  the  fame 
time  in  three  of  the  Britifh  univerfities,  viz.  David  at 
Oxford,  James  at  Edinburgh,  and  Charles  at  St  An- 
drews. 

Mr  Gregory,  the  fubjedl  of  this  memoir,  while  he 
lived  at  Kmardie,  was  a  jefl  among  the  neighbouring 
gentlemen  for  his  ignorance  of  what  was  doing  about 
his  own  farm,  but  an  oracle  in  matters  of  learning  and 
philofophy,  and  particularly  in  medicine,  which  he  had 
ftudied  for  his  amufement,  and  began  to  pradlife  among 
his  poor  neighbours.  He  acquired  fuch  a  reputation 
in  that  fcience,  that  he  was  employed  by  the  nobility 
and  gentlemen  of  that  county,  but  took  no  fees.  His 
hours  of  ftudy  were  fingular.  Being  much  occupied 
through  the  day  with  thofe  who  applied  to  him  as  a 
phyfician,  he  went  early  to  bed,  rofe  about  two  or 
three  in  the  morning,  and,  after  applying  to  his  iludies 
for  fome  horns,  went  to  bed  again  and  flept  an  hour 
or  two  before  breakfafl. 

He  was  the  firfl  man  in  that  country  who  had  a  ba- 
rometer  ;  and  having  paid  great  attention  to  the  chan- 
ges  in  it,  and  the  correfponding  changes  in  the  wea¬ 
ther,  he  was  once  in  danger  of  being  tried  by  the  pref- 
bytery  for  witchcraft  or  conjuration.  A  deputation 
of  that  body  waited  upon  him  to  enquire  into  the 
ground  of  certain  reports  that  had  come  to  their  ears ; 
but  he  fatisfied  them  fo  far  as  to  prevent  the  profecution 
of  a  man  known  to  be  fo  extenfively  ufeful  by  his  know¬ 
ledge  of  medicine. 

.  Aboutthe  beginning  of  this  century  he  removed  with 
his  family  to  Aberdeen,  and  in  the  time  of  Queen 
Anne’s  war  employed  his  thoughts,  upon  an  improve¬ 
ment  in  artillery,  111  order  to  make  the  (hot  of"  great 
guns  more  deftrudtive  to  the  enemy,  and  executed  \ 
model  of  the  engine  lie  had  conceived.  Dr  Reid  in¬ 
forms  us,  that  he  converted  with  a  clock  maker  in  A- 
“berdeen  who  had  been  employed  in  making  this  model; 

•but  having  made  -many  different  pieces °by  direction 
without  knowing  their  intention,  or  how  they  were  to 
be  put  together,  he  could  give  no  account  of  the 
whole.  After  making  fome  experiments  with  this  mo- 
.  ..  .  del, 
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Gr  »ry»  del,  which  fatisfied  him,  the  old  gentleman-  was  fo  fan- 
Gv  mg.  guine  iu  the  hope  of  being  ufeful  to  the  allies  in  the 
u"'  ~ ^  war  againft  France,  that  he  fet  about  preparing  a  field 
equipage  with  a  view  to  make  a  campaign  in  Flanders, 
and  in  the  mean  time  fent  his  model  to  his  fon  the  Sa- 
vilian  profeflor,  that  he  might  have  his  and  Sir  Ifaac 
Newton’s  opinion  of  it.  His  fon  fhewed  it  to  New¬ 
ton,  without  letting  him  know  that  his  own  father  was 
the  inventor.  Sir  Ifaac  was  much  difpleafed  with  it, 
faying,  that  if  it  had  tended  as  much  to  the  prefervation 
of  mankind  as  to  their  deftrudion,  the  inventor  would 
have  deferved  a  great  reward  ;  but  as  it  was  contrived 
folely  for  deftrudion,  and  would  foon  be  known  by 
the  enemy,  he  rather  deferved  to  be  punifhed,  and 
urged  the  profeflor  very  ftrongly  to  deftroy  it,  and  if 
pofiible  to  fupprefs  the  invention.  It  is  probable  the 
profeflor  followed  this  advice.  He  died  foon  after, 
and  the  model  was  never  found. 

If  this  be  a  juft  account  of  the  matter,  and  Dr 
Reid’s  veracity  is  ur.queftionable,  we  cannot  help 
thinking  that  Newton’s  ufual  fagacity  had,  on  that  oc- 
cafion,  forfaken  him.  Were  the  implements  of  war 
much  more  deftrudive  than  they  are,  it  by  no  means 
follows  that  more  men  would  be  killed  in  battle  than 
at  prefent.  Mulkets.and  cannons  are  furely  more  de¬ 
ftrudive  weapons  than  javelinea  and  bows  and  arrows  ; 
and  yet,  it  is  a  well  known  fad,  that  fince  the  inven¬ 
tion  of  gunpowder  battles  are  not  half  fo  bloody  as 
they  were  before  that  period.  The  oppofite  armies 
now  feldom  come  to  clofe  quarters,  a  few  rounds  of 
mufketry  and  artillery  commonly  decide  the  fate  of 
the  day  ;  and  had  Mr  Gregory’s  improvement  been 
carried  into  effed.  ftill  fewer  rounds  would  have  decid¬ 
ed  it  than  at  prefent,  and  the  carnage  would  confe- 
quently  have  been  lefs. 

When  the  rebellion  broke  out  in  1715,  the  old  gentle¬ 
man  went  a  fecond  time  to  Holland,  and  returned 
when  it  was  over  to  Aberdeen,  where  he  died  about 
172c,  aged  93,  leaving  behind  him  a  hiftory  of  his 
own  time  and  country,  which  was  never  publilhed. 

Gregory  (Dr  David).  In  addition  to  the  ac¬ 
count  given  in  the  Encyclopedia  of  this  eminent  mathe¬ 
matician,  it  may  be  proper  to  add,  that  he  was  a 
moft  intimate  and  confidential  friend  of  Sir  Ifaac  New¬ 
ton,  and  was  intrufted  with  a  manufeript  copy  of  the 
Principiay  for  the  purpofe  of  making  observations  on 
it.  Of  thefc  Newton  availed  himfelf  in  the  fecond 
edition,  they  having  come  too  late  for  his  firft  publica¬ 
tion,  which  wa3  exceedingly  hurried  by  Dr  Halley, 
from  fears  that  Newton’s  backwardnefs  would  not  let 
it  appear  at  all.  There  is  a  complete  copy  of  thefe 
obfervations  preferved  in  the  library  of  the  univerfity 
of  Edinburgh,  prelented  to  it  by  Dr  Jame3  Gregory, 
the  prefent  profefTor  of  the  pradice  of  medicine.  Thefe 
contain  many  fublime  mathematical  difeuflions,  many- 
valuable  commentaries  on  the  Principta ,  and  many  in- 
terefting  anecdotes.  There  are  in  it  fome  paragraphs 
in  the  hand-writing  of  Huyghens  relative  to  his  The¬ 
ory  of  Light.  It  would  appear  that  this  work  of 
confidential  friendlhip  was  the  foundation  of  that  fyf* 
tem  of  phyfical  and  mathematical  aftronomy  which  has 
raifed  Dr  Gregory  to  great  eminence  in  the  republic 
of  letters. 

GRINDING  in  Cutlery,  a  well-known  operation, 
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by  which  edge-tools  are  fharpened.  As  commonly  Grinding, 
pradifed,  the  grinding  of  tools  is  attended  with  great  “vr""*"* 
inconveniency  arifing  from  the  produdion  or  develope- 
raent  of  heat  by  friction.  The  fad  of  fparks  flying 
from  a  dry  grindftone  when  a  piece  of  iron  or  fteel  ir 
applied  to  its  furface  during  the  rotation,  has  been  feen 
by  every  one.  The  heat  produced  during  this  procefs 
is  fuch  that  the  fteel  very  foon  becomes  ignited,  and 
hard  tools  are  very  frequently  foftened  and  fpoiled,  for 
want  of  care  during  the  grinding*.  When  a  cylindri¬ 
cal  ftone  is  partly  immerfed  in  a  trough  of  water,  the 
rotation  muft  be  moderate  and  the  work  flow,  other- 
wife  the  water  would  foon  be  thrown  off  by  the  cen¬ 
trifugal  force  ;  and  when  this  fluid  is  applied  by  a  cock 
from  above,  the  quantity  is  too  final!  to  preferve  the 
requifite  low  temperature.  It  is  even  found,  that  the 
point  of  a  hard  tool,  ground  under  a  confiderable  mafs 
of  water,  will  be  foftened,  if  it  be  not  held  fo  as  to 
meet  the  ftream  ;  fparks  being  frequently  afforded  even 
under  the  water 

To  find  a  lemedy  for  thi«,  Mr  Nicholfon  was  led, 
by  fome  accounts  which  he  received  of  German  cut¬ 
lery,  to  make  the  following  experiment.  He  procured 
a  Newcaftle  grindftone  of  a  fine  grit  and  ten  inches  in 
diameter,  and  alfo  a  block  of  mahogany  to  be  ufed 
with  emery  on  its  face.  Roth  the  ftone  and  the  wood¬ 
en  block  were  mounted  on  an  axis,  to  be  occafionally 
applied  between  the  centres  of  a  ftrorig  lathe..  In  this* 
fituation  both  were  turned  truly  cylindrical,  and  of  the 
fame  diameter.  The  face  of  the  wood  was  grooveS 
obliquely  in  oppofite  diredions,  to  afford  a  lodgement 
for  the  emery.  The  face  of  the  ftone  was  left  fmooth, 
and  there  was  a  trough  of  proper  fize  applied  beneath 
the  ftone  to  hold  water.  The  grindftone  was  then 
ufed  with  water,  and  the  wooden  cylinder  was  faced 
with  emery  and  oil.  The  inftrument  ground  was  a 
file,  out  of  which  it  was  propofed  to  grind  all  the 
teeth.  •  The  rotation  was  produced  by  the  mechanifm 
of  the  lathe  ;  the  velocity  being  fuch  as  to  futn  the 
grinding  apparatus  about  five  revolutions  in  a  fecond. 

The  ftone  operated  but  flowly,  and  the  water  from  the 
trough  was  foon  exhaufted,  with  inconvenience  to  the  ' 
workman,  who  could  fcarcely  be  defended  from  it  but 
by  flackening  the  velocity.  The  emery  cylinder  cut 
rather  fafter.  But  notwithftanding  the  fridion  was 
made  to  operate  fucceffiveiy  and  by  quick  changes  011 
the  whole  furface  of  the  file,  it  foon  became  too  much 
heated  to  be  held  with  any  convenience  ;  and  when  a 
cloth  was  ufed  to  defend  the  hand,  the  work  not  only 
became  awkward,  but  the  heat  increafed  to  fitch  a  de¬ 
gree  that  the  oil  began  to  be  decompofed,  and  emitted 
an  empyreumatic  fmell.  The  ftone  was  then  fullered  to 
dry,  and  the  file  tried  upon  its  face.  It  almoft  imme¬ 
diately  became  blue,  and  foon  afterwards  red-hot. 

Roth  the  cylinders  were  then  covered  with  tallow,  by 
applying  the  end  of  a  candle  to  each  while  revolving, 
and  emery  was  fprinkled  upon  the  cylinder  of  wood. 

The  fame  tool  was  then  applied  to  the  grindftone  in 
rapid  motion.  At  the  firft  inftant  the  fridion  was 
fcarcely  perceptible  ;  but  very  fpeedily  afterwards  the 
zone  of  tallow  preffed  by  the  tool  became  fufed,  and 
the  ftone  cut  very  fall.  The  tool  was  fcarcely  at  all 
heated  for  a  long  time  ;  and  when  it  began  to  feel 
warm,  its  temperature  was  immediately  lowered  by  re- 
4  Y  moving 
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moving  it  to  a  new  zone  of  the  cylinder.  The  fame 
effect  took  place  when  the  experiment  was  repeated 
with  the  wooden  cylinder. 

It  is  not  difficult  to  explain  this  by  the  modern  doc* 
trine  of  heat.  When  oil  was  ufed  upon  the  wooden 
cylinder,  the  heat  developed  by  the  fri&ion  was  em¬ 
ployed  in  raffing  the  temperature  of  the  tool  and  of  the 
jfiuid  oil  :  but  when  tallow  was  fubftituted  inftead  of 
the  oil,  the  greateft  part  of  the  heat  was  employed  in 
fufing  this  confident  body.  From  the  increafed  capa¬ 
city  of  the  tallow,  when  melted,  this  heat  was  abforb- 
ed,  and  became  latent,  inftead  of  being  employed  to 
raife  the  temperature :  and  whenever,  by  continuing 
the  procefs,  the  tallow  already  melted  began  to  grow 
hot,  together  with  the  tool,  it  was  eafy  to  reduce  the 
temperature  again  by  employing  the  heat  on  another 
zone  of  confident  tallow.  He  ufed  thefe  two  cylinders, 
with  much  fatisfadtion,  in  a  confiderable  quantity  of 
work. 

This  promifes  to  be  a  valuable  difcovery  ;  and  the 
public  is  obliged  to  the  ingenious  author  of  the  Philo¬ 
sophical  Journal  for  being  at  fo  much  pains  cn  this,  as 
well  aa  on  other  occafions,  to  render  his  fcience  fubfer- 
vient  to  the  ufeful  arts. 

GROSE  (Francis,  Efq;  F.A.S.)  was  born,  we  be¬ 
lieve,  in  1731.  He  was  the  fon  of  Mr  Francis  Grofe 
of  Richmond,  jeweller,  who  filled  up  the  coronation 
crown  of  George  II.  and  died  1769*  By  his  father 
he  was  left  an  independent  fortune,  which  he  was  not 
of  a  difpofition  to  add  to,  or  even  to  *preferve.  He 
early  entered  into  the  Surrey  militia,  of  which  he  be¬ 
came  adjutant  and  paymafter  ;  blit  fo-much  had  diffipa- 
tion  taken  pofieffion  of  him,  that  in  a  fituation  which 
above  all  others  required  attention,  he  was  fo  carelefs  as 
to  have  for  fome  time  (as  he  ufed  pleafantly  to  tell) 
©nly  two  books  of  accounts*  viz.  his  right  and  left 
hand  pockets.  In  the  one  he  received,  and  from  the 
other  paid  ;  and  this  too  with  a  want  of  circumfpec- 
tion  which  may  be  readily  fuppofed  from  fuch  a  mode 
of  book-keeping.  His  Ioffes  on  this  occafion  rou- 
fed  his  latent  talents.  With  a  good  claffical  educa¬ 
tion  he  united  a  fine  tafte  for  drawing  ;  and  encouraged 
by  his  friends,  as  well  as  prompted  by  his  fituation, 
he  undertook  the  work  from  which  he  derived  both 
profit  and  reputation  ;  we  mean,  his  Views  of  Antiqui¬ 
ties  in  England  and  Wales,  which  he  firft  began  to 
publiffi  in  numbers  in  the  year  1 7  7 3 ^  and  finiffied  in 
the  year  1776.  The  next  year  he  added  two  more 
volumes  to  his  Engliffi  Views,  in  which  he  included 
the  iflands  of  Guernfey  and  Jerfey,  which  were  com¬ 
pleted  in  1787.  This,  work  anfwered  his  mod  fan- 
guine  expe&ations;  and,  from  the  time  he  began  it  to 
the  end  of  his  life,  he  continued  without  intermiffion 
to  publiffi  various  works  (a  lift  of  which  we  fubjoin), 
generally  to  the  advantage  of  his  literary  reputation, 
and  almoft  always  to  the  benefit  of  his  finances.  His 
wit  and  good  humour  were  the  abundant  fource  of  fa- 
tisfa&ion  to  himfdf,  and  entertainment  to  his  friends. 
He  vifited  almoft  every  part  of-  the  kingdom,  and  was 
well  received  wherever  he  went.  In  the  fummer  of 
J789  he  fet  out  on  a  tour  in  Scotland ;  the  refult  of 
which  he  began  to  communicate  to  the  public  in  1790 
in  numbers.  Before  he  had  concluded  this  work,  he 
proceeded,  to.  Ireland,  intending  to  furniffi  that  king 
do m  with  views  and  defcription3  of  her  antiquities,  in 
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the  fame  manner  he  had  executed  thofe  of  Great  Bri-  Grofe. 
tain  ;  but  foon  after  his  arrival  in  Dublin,  being  at  the  "■"“•"V''* 
houfe  of  Mr  Hone  there,  he  fuddenly  was  feized  at 
table  with  an  apople&ic  fit,  on  the  6th  May  1791,, 
and  died  immediately.  He  was  interred  in  Dublin. 

u  His  literary  hiftory  (fays  a  friend),  refpe&able  as- 
it  is,  was  exceeded  by  his  good  humour,  conviviality^ 
and  friendfhip.  L-iving  much  abroad,  and  in  the  belt 
company  at  home,  he  had  the  eafieft  habits  of  adapt¬ 
ing  himfeif  to  all  tempers  ;  and,  being  a  man  of  gene¬ 
ral  knowledge,  perpetually  drew  out  fome  convention 
that  was  either  ufeful  to  himfeif  or  agreeable  to  the 
party.  He  could  obftrve  upon  molt  things  with  pre- 
cifion  and  judgment  j  but  his  natural  tendency  was  to 
humour,  in  which  he  excelled  both  by  the  fek&ion  of 
anecdotes  and  his  manner  of  telling  them  ;  it  may  be 
faid,  too,  that  his  figure  rather  affifted  him,  which  was 
in  fa&  the  very  title  page  to  a  joke.  He  had  neither 
the  pride  nor  malignity  of  authorffiip  :  he  felt  the  in¬ 
dependency  of  his  own  talents,  and  was  fatisfied  with 
them,  without  degrading  others.  His  friendffiips  were 
of  the  fame  caft  ;  conftant  and  fincere,  overlooking 
fome  faults,  and  feeking  out  greater  virtues.  He  had 
a  good  heart ;  and,  abating  thofe  little  indiscretions  na¬ 
tural  to  moft  men,  could  do  no  wrong.” 

He  married  at  Canterbury,  and  refided  there  fome 
years,  much  beloved  and  refpe&ed  for  his  wit  and  vi- 
vacity  ;  “  which  (another  friend  obferves),  though 
he  poffeffed  in  an  extreme  degree,  was  but  little  tinc¬ 
tured  with  the  cauftic  fpirit  fo  prevalent  among  fpirits 
of  that  clafs.  His  humour  was  of  that  nature  which 
exhilarates  and  enlivens,  without  leaving  behind  it  a 
(ting  ;  and  though  perhaps  none  poffeffed  more  than 
himfeif  the  faculty  of  “  fetting  the  table  in  a  roar,”  it 
was  never  at  the  expcnce  of  virtue  or  good  manners.. 

Of  him  indeed  may  be  faid  in  the  words  of  Shake- 
fpeare,. 

- -  ■  - .  a  merrier  man, 

Within  the  limits  of  becoming  mirth, 

I  never  fpent  an  hour’s  talk  withal : 

His  eye  begets  occafion  for  his  wit  ; 

And  every  objed  that  the  one  doth  catch, 

The  other  turns  to  a  mil  tli- moving  jeft. 

“  Of  the  moft  carelefs,  open,  and  arttefs  difpofition,  he 
was  often  (particularly  in  the  early  part  of  his  life)  the 
prey  of  the  defigning  ;  and  has  more  than  once  (it  is 
believed)  embarraffed  himfeif  by  too  implicit  confidence 
in  the  probity  of  others.  A  tale  of  diftrefs  never  fail¬ 
ed  to  draw  commiferation  from  his  heart ;  and  often 
has  the  tear  been  difeovered  gliding  down  that  cheek 
which  a  moment  before  was  fftiffied  with  jocularity.” 

He  wras  father  of  Daniel  Grofe,  Efq;  captain  of  the 
royal  regiment  of  artillery  (who,  after  feveral  cam¬ 
paigns  in  America,  was  appointed  in  1790  deputy  go* 
vernorof  the  new  fettlement  at  Botany  Bay),  and  fome 
other  children. 

His  works  are  as  fpllow  - 

1.  The  Antiquities  of  England  and  Wales,  8'vols; 

4to  and  8vo*  2.  The  Antiquities  of  Scotland,  % 
vole.  4to  and  8vo.  3.  The  Antiquities  of  Ireland,  2 
vols.  4to  and  8vo.  4.  A  Treatife  on  ancient  Armour 
and  Weapons,  4to,  1785.  5.  A  Claffical  Dictionary 

of  the  Vulgar  Tongue,  8vo,  1785.  6.  Military  An¬ 

tiquities  ;  being  a  Iiiftory  of  the  Engliffi  Army  from- 
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<3,  jte,  >the  Conqueft  to  the  prcfent  time,  2  vols  4to,  1786, 
Gti  >tne-  1788.  7.  The  Hi  (lory  of  Dover  Cattle,  by  the  Rev. 

William  Danell,  4to,  1786.  8.  A  Provincial  Glof* 

fary,  with  a  Colle&ion  of  local  Proverbs  and  popular 
Snperftltions,  8vo.  1788.  9.  Rules  for  drawing  Ca¬ 
ricatures,  8vo,  1788.  10.  Supplement  to  the  Treatife 

on  Ancient  Armour  and  Weapons,  .jto,  1789.  11. 

A  Guide  to  Health^Beauty,  Honour,  and  Riches  ; 
being  a  colle&ion  of  humorous  Advertifements,  point¬ 
ing  out  the  Means  to  obtain  thofe  blefiings ;  with  a 
fuitable  introductory  Preface,  8vo.  1 2.  The  Olio  ; 
being  a  Collection  of  Eftays  in  8vo,  1793. 

GUERlTB,  in  Fortification,  a  centry  box  j  being 
a  finall  tower  of  wood,  or  (tone,  ufually  placed  on  the 
point  of  a  baftion,  or  on  the  angles  of  the  fhoulder,  to 
hold  a  centinel,  who  is  to  take  care  of  the  ditch,  and 
watch  againft  a  furprife, 

GUILLOTINE,  a  new  term  introduced  into  the 
languages  of  Europe  by  the  mournful  effeCts  of  fanati- 
cifm  in  the  holy  caufe  of  liberty.  Our  readers  are  not 
ignorant  that  this  is  the  name  given  by  the  National 
AfTembly  of  France  to  the  engine  of  decapitation,  which 
thofe  ufurpers  of  the  legiflative  authority  decreed  to  be 
the  foie  punifhment  of  thofe  condemned  to  death  for 
their  crimes.  This  decree  wras  iffued  on  March  20th 
1792. 

We  do  not  imagine  that  the  world  will  derive  much 
ufeful  inftruCtion  from  a  minute  defcription  of  this  ter¬ 
rible  inllrument  of  public  juftice  ;  and  therefore  con- 
ate  tent  ourfelves  with  giving  two  figures  of  it,  fufficier.tly 
!  L1X.  exprefiive  of  its  conftru&ion.  It  is  only  the  revival  of 
an  inftrument  ufed  in  former  times.  The  earlieft  ac¬ 
counts  that  we  have  of  it  is,  that  it  was  ufed  in  the  ba¬ 
rony  of  Halyfax  in  Yorkfhire.  It  was  alfo  fet  up  in 
Scotland  ;  but  we  have  no  certain  information  that  it  has 
ever  been  ufed  ;  and  it  is  (till  (hewn  as  a  fort  of  curiofity 
by  the  name  of  the  May  den.  See  Maiden,  EticycL 

Eratofthens  could  not  think  of  a  better  way  of  hand¬ 
ing  down  his  name  to  future  ages  than  by  burning  the 
temple  of  Diana  at  Ephefus  ;  Dr  Guillotin,  phvfician 
at  Lyons,  and  member  of  the  felf-named  National  Af- 

Ifembly  of  France,  thought  himfelf  honoured  by  the  de¬ 
cree  which  affociated  his  name  with  this  inftrument  .of 
popular  vengeance.  It  was  indeed  propofed  by  him 
as  an  inftrument  of  mercy,  in  a  Itudied  harangue,  filled 
with  that  fentimental  flang  of  philanthropy,  which 
cofts  fo  little,  promifes  To  much,  and  has  now  corrupt¬ 
ed  all  the  languages  of  Europe.  His  invention  is  in- 

Ideed  one  of  the  molt  exprefiive  fpecimens  of  Gallic  phi¬ 
lanthropy,  whofe  tender  mercies  are  cruel  ;  and  was  ac¬ 
cordingly  received  with  loud  applaufes,  both  from  the 
houfe  and  from  the  galleries.  To  proceed,  however, 
with  impofing  dignity,  it  was  referred  to  the  confidera- 
tion  of  a  committee,  with  injunctions  to  afk  the  opinion 
of  able  furgeons  of  its  efficiency.  Mr  Louis,  a  celebra¬ 
ted  furgeon  of  Paris,  declared  it  well  fitted  for  the  talk,  in 
a  long  pedantic  difiertation  ;  in  which  he  lakes  occaiion 
to  deliver,  with  academic  coldnefs,  a  theory  of  the  ope¬ 
ration  of  cutting  inftiuments  ;  and  fays  that  he  had 
examined  the  edge  of  the  guillotine,  and  other  fuch 
inftrnments,  with  a  microfcope,  and  had  difcavercd 
that  the  fined  edges  were  toothed  like  a  faw.  M.  Guil- 
lotin,  he  faid,  had  therefore  with  great  judgment  made 
the  axe  of  his  engine  of  death  with  a  (loping  edge,  by 
which  means  d  glijfuit  d’unc  1 agon  infmtment  plus  douce* 


This  difiertation  was  fo  much  to  the  tafte  of  the  hu-  Guillotine 

mane  legiflature,  that  they  tewarded  Mr  Louis  with 

2000  livres,  and  publilhed  it  in  the  Paris  Journals.  As 

to  the  inventor,  he  reaped  all  the  benefit  from  it  which  — — y— — * 

he  fo  kindly  intended  for  the  nation,  by  the  trial  of  it 

on  his  own  perfon,  when  he  fell  under  the  difpleafure 

of  Robefpierre. 

We  acknowledge,  that  in  as  far  as  this  inftrument 
lcfiens  the  duration  of  the  horrid  confli&  with  the  king 
of  terrors,  and  probably  diminifties  the  corporeal  fuffer- 
ance,  it  may  be  called  merciful  (alas  i  the  day  !)  ;  but 
we  queftion  much,  whether  the  dreadful  agitation  of  foul 
is  not  rather  increafed  by  the  long  train  of  preparatory 
operations.  The  hands  of  the  convict  are  tied  behind 
his  back  :  he  is  then  ftretched  along  on  his  face  on  a 
ftrong  plank,  and  his  precife  pofition  adjufted  to  the  in- 
fhument.  When  fattened  to  the  plank,  it  is  puttied 
forward  into  its  place  under  the  fatal  edge,  his  neck  ad¬ 
jufted  to  the  block,  and  a  balket  placed  juft  before  his 
eyes  (for  the  face  of  Louis  XVI.  was  not  covered)  to 
receive  his  head.  This  mutt  employ  a  good  deal  of 
time,  and  every  moment  is  terrible. 

The  confiru&ion  has  received  many  alterations  and 
refinements ;  and  has  at  laft  been  made  fo  compendious 
and  portable,  as  to  become  part  of  the  travelling  equi¬ 
page  of  a  commiffioner  from  the  National  AfTembly, 
fent  on  a  provincial  or  fpecial  vhitation.  'Thus  did  the 
fovereign  people  become  terrible  in  majefly.  So  fen- 
fible  was  the  AfTembly  of  the  advantages  of  this  awful  im- 
prefiion,  or  fo  intoxicated  with  the  enjoyment  of  irie- 
fiftible  power,  that  they  have  thought  their  coins  orna¬ 
mented  by  this  attribute  of  their  fupremacy  :  and  as 
Jupiter  is  dittinguifhed  by  his  thunderbolt,  fo  the  ma- 
jefty  of  the  people  is  dittinguifhed  by  the  no  lefs  fatal 
axe.  We  have  feen  a  piece  of  ten  foils,  (truck  at  Mentz 
in  1793,  as  current  money,  at  the  very  time 

that  they  were  planting  the  tree  of  liberty  in  that  illu¬ 
minated  city  by  the  hands  of  Cuftiue  and  his  troops. 

The  device  is  the  fafees  and  axe  of  ancient  Rome, 
crowned  with  the  red  cap,  and  fnrrounded  by  a  laurel 
wieath.  The  infeription  is,  Rtpublique  Fran  golf 1 793, 
an.  2d.  Fully  imprefled  with  the  fame  fentiments, 
Ltquinio,  the  fentimental  novellift  of  France,  whom 
Mercier  compares  with  the  tender,  the  heart- touching 
Sterne —Lequinio,  now  commiffioner,  fent  by  the  Na¬ 
tional  AfTembly  to  regenerate  Normandy  and  Brittany, 
writes  to  his  matters,  that  “  he  is  very  fuccefsful  in  con- 
verfions  from  fuperttition  to  found  reafon.”  He  oppofes 
to  the  Bible  and  the  relitis  of  the  faints  the  conftitu- 
tion  and  the  guillotine.  “  And  you  would  wonder  (fays 
he)  at  my  fuccefs — The  wife  (but  they  are  few)  give 
up  their  prejudices  at  once  ;  but  the  multitude,  the  ftu- 
pid  worfhippers  of  Notre  Damey  look  at  our  lady  the 
guillotine  ;  are  filent,  become  ferious,  and  their  doubts 
vanifh  ; — they  are  converted.  This  is  your  labarum •*— 
in  hoc  fg no  winces.” 

GULA,  Gjueule,  or  Go  la,  in  Acchitedure^  a 
wavy  member  whofe  contour  refembles  the  letter  S, 
commonly  called  an  Ogee. 

GUNPOWDER,  as  we  have  obferved  in  the  Ency • 
chpxdia  under  the  word  Gun,  has  been  known  in  the 
eaft,  and  particularly  in  China,  from  a  period  of  very 
remote  antiquity.  No  man,  however,  Teems  to  kave 
fufpe&ed  that  the  knowledge  of  it  was  conveyed  from 
the  eaft  into  Europe  5  but  all  have  agreed  to  allow  the 
4  Y  2  merits 
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-merits  of  the  invention  both  to  friar  Bacon  and  to 
_  Bartholomew  Schwartz.  This  generally  received  opi¬ 
nion  has  been  lately  controverted  by  citizen  Langles, 
who,  in  a  memoir  read  in  the  French  national  inditute, 
•contends,  that  the  knowledge  of  gunpowder  was  con¬ 
veyed  to  ns  from  the  Arabs,  on  the  return  of  the  Cru- 
faders  to  Europe.  He  allures  us  that  the  Arabs  made 
•life  of  it  in  ‘690  at  the  fiege  of  Mecca  ;  and  he  adds, 
that  they  derived  it  from  the  Indians,  among  whom 
it  mud  have  been  known  in  the  remotefl  age3,  fince 
their  facred  books  (the  Vedam)  forbid  the  ufe  of  it  in 
war. 

It  is  indeed  extremely  probable,  that  the  compofi- 
tion  of  gunpowder  was  known  in  India  at  a  very  early 
^period  ;  for  in  whatever  country  nature  forms  nitre  ill 
the  greateft  plenty,  there  its  deflagrating  quality  is 
mod  likely  to  be  firfl  obferved  ;  and  a  few  experiments 
founded  on  that  obfervation,  will  lead  to  the  compofi- 
tion  which  produces  fuch  fudden  and  violent  effe&s. 
“  Nitre  (fays  Sir  George  Staunton)  is  the  natural 
and  daily  produce  of  China  and  India;  and  there,  accor¬ 
dingly,  the  knowledge  of  gunpowder  feems  to  be  co¬ 
eval  with  that  of  the  mod  aidant  hiftoric  events.  A- 
inong  the  Chinefe,  it  has  been  applied  at  all  times  to 
ufeful  purpofes  ;  fuch  as  blading  rocks,  and  removing 
great  obftru&ions,  and  to  thofe  of  amufement  in  ma¬ 
king  a  vad  variety  of  fire- works.  It  was  alfo  ufed  as 
a  defence,  by  undermining  the  probable  paffage  of  the 
enemy,  and  blowing  him  up.  But  its  force  had  not 
been  directed  through  drong  metallic  tubes  as  it  was 
by  Europeans  foon  after  they  had  difcovered  it.  And 
though,  in  imitation  of  Europe,  it  has  been  introduced 
into  the  armies  of  the  Eaft,  other  modes  of  warfare  are 
Sometimes  dill  preferred  to  it.” 

Of  gunpowder  manufactured  by  thofe  who  have 
^manufactured  it  fo  long,  it  is  defirabk  to  know  the 
compofition  and  the  qualities.  It  was  therefore  na¬ 
tural  for  the  Hon.  George  Napier,  when  fuper intend¬ 
ing  the  royal  laboratory  at  Woolwich,  and  making  ex¬ 
periments  upon  fo  neceflary  an  implement  of  modern 
war,  to  procure  iome  Chinefe  powder  from  Canton. 

This  he  did  ;  and  analyzing  two  ounces  of  it,  lie 
found,  after  repeating  the  operation  fix  times,  that  the 
*  Tr*nfa~  mean  refult  gave  the  following  proportions  *.  Nitre 
thus  rf  the  !  oz#  10  dwts.  charcoal  6  dwts.  fulphtir  3  dwts.  14 
\grs.  Here  is  a  deficiency  in  weight  of  ten  grains, 
which  M.  Napier  fuppofes  the  confeqnence  of  foine  de- 
Ted  in  his  procefs  ;  but  as  M.  Banme,  a  French  che- 
mid,  made  a  variety  of  experiments  to  obtain  a  total  re¬ 
paration  of  the  fulphur  from  the  charcoal  of  .gunpow¬ 
der,  and  was  never  able  to  effed  it,  one  fourteenth  part 
-remaining  united,  three  grains  mud  be  deduded  from  the 
charcoal,  and  added  to  the  fulphur  to  give  the  accu¬ 
rate  proportion  of  the  ingredients  ;  which  by  turning  to 
'the  article  Gunpowder,  EncycL  the  reader  will  per¬ 
ceive  differs  fomewliat  from  the  proportion  of  the  fame 
ingredients  in  the  gunpowder  of  Europe.  This  Chi¬ 
nefe  powder  was  ufually  large- grained,  and  not  drong, 
but  very  durable.  It  had  been  made  many  years  when 
♦cur  author  got  it  ;  yet  there  was  no  vifible  fymptom  of 
jlecay,  the  grain  being  hard,  well  coloured,  and  though 
angular,  it  was  even-fized,  and  in  perfed  prefervation. 

When  we  confider  the  operations  in  which  gunpow¬ 
der  is  employed,  it  is  obvious  that  it  mud  be  an  objed 
of  importance  to  afcertaii*  iis  explofive  force  \  and  yet 
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there  is  fcarcely  a  fubjed  concerning  which  the  mod  Ga^**.  ) 
approved  writers  have  fo  much  differed.  Mr  Robins,  der 
who  has  done  more  towards  perfeding  the  art  of  gun*  * 

nery  than  any  other  individual,  dates  the  explofive  force 
of  gunpowder  to  be  1000  times  greater  than  the  mean 
preffure  of  the  atmofphere  ;  while  the  celebrated  Daniel 
Barnouilli  determines  it  to  be  not  lefs  than  10,000  times 
this  prefTure.  Such  a  difference  of  opinion  led  Count 
Rumford  to  purfue  a  courfe  of  experiments,  of  which 
fome  were  publifhed  in  the  Tranfadions  of  the  Royal 
Society  for  the  year  1781,  and  the  remainder  in  the 
Tranfadions  of  the  fame  Society -for  1  797  ;  with  the 
view  principally  of  determining  the  initial  expanfive 
force  of  gunpowder.  By  one  of  thefe  experiments,  it 
appeared  that,  calculating  even  on  Mr  Robins’s  own. 
principles,  the  force  of  gunpowder,  indead  of  being 
1000  times,  mud  at  lead  be  1308  times  greater  than 
the  mean  preffure  of  the  atmofphere.  From  this  ex¬ 
periment,  the  Count  thought  himfelf  warranted  in  con- 
eluding,  that  the  principles  affumtd  by  Mr  Robins  were 
erroneous,  and  that  his  mode  of  aicertaining  the  force 
of  gunpowder  could  never  fatisfadorily  determine  it. 
Defpaiiing  of  fuccefs  in  that  way,  he  relolved  to  make 
an  attempt  for  afeertaining  this  force  by  adual  mea- 
furement  ;  and  after  many  unfuccefsful  experiments,  he 
was  at  length  led  to  conclude,  that  this  force  was  at 
lead  50,000  times  greater  than  the  mean  preffure  of  the 
atmofphere. 

Mr  Robins  apprehends  that  the  foree  of  fired  gun- 
, powder  confiflb  in  the  adion  of  a  permanently  elaftic 
fluid,  fimilar  in  many  refpeCts  to  common  atmofpheri- 
cal  air  ;  and  this  opinion  has  been  very  generally  re¬ 
ceived  :  but  Count  Rumford  thinks,  that  though  the 
permanently  elaft*c  fluids,  generated  in  the  cmnhuftion 
of  gunpowder,  aflift  in  producing  the  effeds  which  re¬ 
fult  from  its  explofion,  its  enormous  force,  allowing  it 
to  be  50,000  times  greater  than  the  mean  preffure  of 
the  atmofphere,  cannot  be  explained,  without  fuppofing 
that  it  arifes  principally  from  the  eladicity  of  the  -a- 
queous  vapour  generated  from  the  powder  in  its  com- 
buftion. 

“  The  brilliant  difeoveries  of  modern  chenrifls  (fays 
he)  have  taught  us,  that  both  the  conflituent  parts  of 
which  water  is  corr.pofed,  and  even  water  itfelf,  exid  in 
the  materials  which  are  combined  to  make  gunpowder  ; 
and  there  is  much  reafon  to  believe  that  water  is  ac¬ 
tually  formed,  as  well  as  ditengaged,  in  its  combudion. 

M.  Lavoilier,  I  know,  imagined  that  the  force  of  fired 
gunpowder  depends  in  a  great  meafure  upon  the  ex- 
pan five* force  of  uncombined  caloric>  fuppofed  to  be  let 
loofe  in  great  abundance  during  the  combudion  or  de¬ 
flagration  of  the  powder  :  but  it  is  not  only  dangerous 
to  admit  the  a&ion  of  an  agent  whofe  exiflence  is  rot 
yet  clearly  demondrated ;  but  it  appears  to  me  that 
this  fuppofition  is  quite  unneceffaiy,  the  eladic  force 
of  the  heated  aqueous  vapour,  whofe  exidence  can 
hardly  be  doubted,  being  quite  fufficient  to  account  for 
all  the  phenomena,  it  is  well  known  that  the  eladi¬ 
city  of  aqueous  vapour  is  incomparably  more  augment¬ 
ed  by  any  given. augmentation  of  temperature  than  that 
of  any  permanently  eladic  fluid  whatever  ;  and  thofe 
who  are  acquainted  with  the  amazing  force  of  fleam, 
when  heated  only  to  a  few  degrees  above  the  boiling 
point,  can  eafily  perceive  that  its  eladicity  mud  be  al- 
mofl  infinite  when  greatly  condenfed  and  heated  to  the 

temperature 
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0u  w-  temperature  of  red-hot  iron  ;  and  this  heat  it  mud  cer- 
c  tainly  acquire  in  the  explofion  of  gunpowder.  But  if 
^  the  force  of  fired  gunpowder  arife3  principally  from  the 
claflic  force  of  heated  aqueous  vapour,  a  cannon  is  no 
'thing  more  than  a  Jleam  engine  upon  a  peculiar  con- 
druction  ;  and  upon  determining  the  ratio  of  the  elaf- 
ticity  of  this  vapour  to  its  deniity,  and  to  its  tempeia- 
ture,  a  law  will  be  found  to  obtain  very  different  from 
that  affumed  by  Mr  Robins  in  his  Treat  ife  on  Gun¬ 
nery.” 

In  order  to  meafure  the  elaftic  force  of  fired  gun¬ 
powder,  Count  Rum  ford  adopted  a  new  plan  ;  and, in¬ 
stead  of  caufing  the  generated  elaftic  fluid  to  ad  on  a 
moveable  body  through  a  determined  fpace,  which  he 
.had  found  to  be  incfiediial  to  his  purpofe,  he  contrived 
an  apparatus  in  which  this  iluid  fhould  be  made  to  ad, 
“  by  a  determined  furface,  againft  a  weight,  which,  by 
.being  increafed  at  pleafure,  fhould  at  laft  be  fuch  as 
would  juft  be  able  to  confine  it,  and  which  in  that  cafe 
would  juft  counterbalance  and  confequentl y  meafure  the 
elaftic  force.” 

Having  fucceeded  in  fetting  fire  to  the  powder, 
without  any  communication  with  the  external  air,  “  by 
■caufing  the  ht-at  employed  for  that  purpofe  to  pais 
through  the  folid  fubftance  of  the  barrel,  it  only  re¬ 
mained  to  apply  fuch  a  weight  to  an  opening  made  in 
the  barrel,  as  the  whole  force  of  the  generated  elaftic 
fluid  fhould  not  be  able  to  lift,  or  difplace.”  Many 
precautions  were  neceftary.  A  folid  block  of  very  hard 
ft  one,  four  feet  four  inches  fquare,  was  placed  upon  a 
bed  of  folid  mafonry,  which  defeended  fix  feet  below 
the  furface  of  the  earth.  Upon  this  block  of  ilone, 
which. ferved  as  a  bafe  to  the  whole  machinery,  was 
.placed  the  fm all  barrel,  in  which  the  explofions  were 
made,  with  its  opening  diredly  upwards.  This  open¬ 
ing  was  clofed  by  a  folid  hemisphere  of  hardened  fteel, 
-on  which  the  weight  to  be  overcome  by  the  explofion 
was  laid.  Having  charged  the  barrel  with  10  grains 
.of  powder,  its  whole  contents  being  about  28  grains, 
and  a  24  pounder,  weighing  8c8i  lbs.  avoirdupois, 
being  placed  on  its  cafcabel  fo  as  by  its  weight  to  con¬ 
fine  the  generated  elaftic  fluid,  a  heated  iron  ball  was 
applied  to  the  end  of  the  vent  tube,  (a.fmall  folid  pro¬ 
jection  from  the  centre  of  the  bottom  of  the  barrel). 
.In  a  few  moments  the  powder  took  fire,  though  the 
explofion  made  a  very  feeble  report  ;  and  when  the 
weight  was  raifed,  the  confined  elaftic  vapour  rufticd 
.out  of  the  barrel.  The  flight  effed  produced  by  this 
explofion  induced  fome  of  the  attendants  on  this  occa¬ 
sion  to  undervalue  the  importance  of  this  experiment, 
and  to  form  a  very  inadequate  idea  of  the  real  force 
of  the  elaftic  fluid  that  had  been  thus  almoft  in- 
fenfibly  difeharged.  In  a  fecond  experiment,  the  bar¬ 
rel  was  filled  with  powder,  and  the  fame  weight  laid 
on  as  before.  The  barrel  was  made  of  the  beft  ham¬ 
mered  iron,  and  uncommonly  ftrong.  The  charge  of 
powder  amounted  to  little  more  than  ^  of  a  cubic 
inch,  which  is  not  fo  much  as  would  be  required  to 
load  a  fmall  pocket  piftol,  and  not  one-tenth  part  of  the 
quantity  frequently  ufed  for  the  charge  of  a  common 
mufket.  Yet  this  inconfiderable  quantity  of  powder, 
when  fet  on  fire,  exploded  with  a  force  that  burft  the 
..barrel,  and  with  a  loud  report  that  alarmed  the  whole 
.neighbourhood. 

The  author  proceeds  to  make  an  eftimate;  from  the 


known  ftrength  of  iron,  and  the  area  of  the  fradure  of  Gnnpow* 
the  barrel  in  tlrc  preceding  experiment,  of  the  real  der* 

force  employed  by  the  elaftic  vapour  to  blu'd  it  ;  and  lV  * 

he  computes  that  it  muft  have  been  equal  to  the  pref- 
fure  of  a  weight  of  412529  lbs.  ;  which,  by  another 
computation,  he  found  to  be  55004  times  greater  than 
the  mean  prefTure  of  the  atmofphere.  By  another  pro- 
cefs,  he  inveftigates  the  ftrength  of  the  iron  of  which 
the  barrel  was  made  ;  and  he  thence  finds  that  the  force 
required  to  buift  it  was  equal  to  the  prefiiire  of -a 
weight  of  410624!  lbs.  This  weight,  reduced  into 
atmofplieres,  gives  54750  atmofpheres  for  the  miea- 
fure  of  the  force  exerted  by  the  elaftic  fluid  in  the  pre- 
fent  inftance.  This  force  muft  be  confiderably  lefs 
than  the  initial  force  of  the  elaftic  fluid  generated  in 
the  combuftion  of  gunpowder,  before  it  has  begun  to 
expand;  “  for  it  1*3  more  than  probable  (fays  Count 
Rumford)  that  the  barrel  was  in  fad  burft  before  the 
-generated  elaftic  fluid  had  exerted  all  its  force,  or  that 
this  fluid  would  have  been  able  to  have  burft  a  barrel 
ftill  ftronger  than  that  ufed  in  the  experiment.” 

After  having  fhewn  the  extreme  force  of  fired  gun¬ 
powder,  the  Count  adverts  to  ari  objection  which  may 
be  made  againft  his  deductions.  How  does  it  happen 
that  fire-arms  and  artillery  of  all  kinds,  which  certainly 
are  not  calculated  to  withftand  fo  enormous  a  force,  are 
not  always  buril  when  they  are  ufed?  Inftead  of  an- 
fwering  this  queftion,  by  afking  how  it  happened  that 
the  extremely  ftrong  barrel  ufed  in  his  experiment 
could  be  burft  by  the  force  of  gunpowder,  -if  this  force 
be  not  in  fad  much  greater  than  it  has  ever  been  fnppofed 
to  be,  he  proceeds  to  ihew  that  the  combuftion  of  gun¬ 
powder,  inftead  of  being  inftantaneous,  as  Mr  Robins’s 
theory  fuppofes,  is  much  lefs  rapid  than  has  hitherto 
been  apprehended  ;  an  obfervation,  which,  if  eitablifti- 
ed,  is  certainly  fufficient  to  anfwer  the  objection- 

He  remarks,  that  it  is  a  well-known  fad,  that  on  the 
difeharge  of  lire  arms  of  all  kinds  -there  is  always  a 
confiderable  quantity  of  unconfumed  grains  of  gunpow¬ 
der  blown  out  of  them  ;  and  what  is  very  remarkable,  as 
it  leads  diredly  to  a  difeovery  of  the  caufe  of  this  effed, 
thefe  unconfumed  grains  are  not  merely  blown  out  of  the 
muzzles  of  fire-arms,  but  come  out  alfo  by  their  vents 
or  touch-holes,  where  the  fire  enters  to  inflame  the 
charge,  as  many  perfons  who  have  had  the  misfortune 
to  iland  with  their  faces  near  the  touch-hole  of  a  muf¬ 
ket,  when  it  has  been  difeharged,  have  found  to  their' 
coft. 

it  appears  extremely  improbable  to  our  author,  if 
not  absolutely  impofiible,  that  a  grain  of  gunpowder 
adually  in  the  chamber  of  the  piece,  and  completely 
Yurrounded  by  flame,  Ihould,  by  the  adion  of  that  ve¬ 
ry  flame,  be  blown  out  of  it  without  being  at  the  fame 
time  fet  on  fire.  And,  if  this  be  true,  he  confiders  it 
as  a  moft  decifive  proof,  not  only  that  the  combuftion 
of  gunpowder  is  lefs  rapid  than  it  has  generally  been 
thought  to  be,  but  that  a  grain  of  gunpowder  adually 
on  fire,  and  burning  with  the  utmoft  violence  over  the 
whole  of  its  furface,  may  be  projected  with  fuch  a  ve¬ 
locity  into  a  cold  atmofphere,  a3  to  extinguifh  the  fire, 
and  fuffer  the  remains  of  the  grain  to  fall  to  the  ground 
unchanged,  and  as  inflammable  as  before. 

This  extraordinary  fad  was  afeertained  beyond  all 
poffibility  of  doubt  by  the  Count’s  experiments.  Ha. 

Ting  procured  from  a  powdermill  in  the  neighbourhood 
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of  the  city  of  Munich  a  quantity  of  gunpowder,  all  of 
the  fame  mafs,  but  formed  into  grains  of  very  different 
•fizes,  foi/e  as  fmall  as  tire  grains  of  the  fineft  Battel 
powder,  he  placed  a  number  of  vertical  fcreens  of  very 
'thin  paper,  one  behind  another,  at  the  diftanee  of  12 
inches  from  each  other  ;  and  loading  a  common  muf- 
ket  repeatedly  with  this  powder,  fometimes  without 
and  fometimes  with  a  wad,  he 'fired  it  againft  the  fore- 
moft  fcreen,  and  obferved  the  quantity  and  effe&s  of 
the  unconfumed  grains  of  powder  which  impinged  a- 
gainft  it.  The  fcreen8  were  fo  contrived,  by  means  of 
double  frames  united  by  hinges,  that  the  paper  could 
be  changed  with  very  little  trouble,  and  it  was  a&ually 
changed  after  every  experiment. 

The  diftanee  from  the  muzzle  of  the  gun  to  the  firft 
fcreen  was  not  always  the  fame  ;  in  fome  of  the  expe¬ 
riments  it  was  only  8  feet,  in  others  it  was  10,  and  in 
fome  1 2  feet. 

The  charge  of  powder  was  varied  in  a  great  number 
of  different  ways  ;  but  the  moft  interefting  experiments 
were  made  with  one  Tingle  large  grain  of  powder,  pro- 
spelled  by  fmaller  and  larger  charges  of -very  fine  grained 
powder. 

Thefe  large  grains  never  failed  to  reach  the  fcreen  ; 
and  though  they  fometimes  appeared  to  have  been  bro¬ 
ken  into  feveral  pieces  by  the  force  of  the  explofion, 
yet  they  frequently  reached  the  fcreen  entire  ;  and 
fometimes  palled  through  all  the  fcreens  (five  in  num¬ 
ber)  without  being  broken. 

.When  they  were  'propelled  by  large  charges,  and 
confequently  with  great  velocity,  they  were  feldom  on 
fire  when  they  arrived  at  the  firft  fcreen  •  which  was  e- 
i  vident,  not  Only  from  their  not  fettingfire  to  the  paper 
(which  they  fometimes  did),  but  alfo  from  their  being 
s  found  flicking  'in  a  foft  board,  againft  which  they 
ftruck,  after  having  pafTed  through  all  the  five  fcreens  ; 
or  leaving  vifible  marks  of  their  having  been  impinged 
againft  it,  and  being  broken  to  pieces  and  difperfed  by 
»  the  blow.  Thefe  pieces  were  often  found  lying  on  the 

•  ground  5  and  from  their  forms  and  dimenfions,  as  well 
»  as  from  'other  appearances,  it  was  often  quite  evident 

•  that  the  little  globe  of  powder  had  been  on  fire,  and 
that  its  diameter  had  been  diminifhed  by  the  combuf¬ 
tion  before  the  fire  was  put  out,  on  the  globe  being 

•  projected  into  the  cold  atmofphere. 

That  thefe  globes  or  large  grains  of  powder  were  al¬ 
ways  fet  on  fire  by  the  combuftion  of  the  charge,  can 
hardly  be  doubted.  This  certainly  happened  in  many 
of  the  experiments ;  for  they  arrived  at  the  fcreens 
on  fire,  and  fet  fire  to  the  paper  ;  and  in  the  experi¬ 
ments  in  which  they  were  projedled  with  fmall  ve¬ 
locities,  they  were  often  feen  to  pafs  through  the 
air  on  fire ;  aqd  when  this  was  the  cafe,  no  veflige 
was  to  be  found.  They  fometimes  pafTed  on  fire 
through  feveral  of  the  forcmofl  fcreens  without  fetting 
them  on  fire,  and  fet  fire  to  one  or  more  of  the  hind- 
moft.  and.  then  went  on  and  impinged  againft  the  board, 
-which  was  placed  at  the  diftanee  of  12  inches  behind 
the  laft  fcreen. 

The  Count  then  proceeds  to  mention  another  expe¬ 
riment,  in-  which  the  progreffive  combuftion  of  gunpow-* 
der  was  (hewn  in  a  manner  ftill  more  ftriking  and  not 
Jefs  conclufive. 

A  fmall  piece-  of  *red-liOt  iron  being  dropped  down 
into  the  chamber  -of  a  common  horfe  piftol,  and  the 
piftol  being  elevated  to  an  angle  of  about  45  degrees, 
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upon  dropping  down  into  its  barrel  one  of  the  fmall  Gunpo* 
globes  of  powder  (of  the  fize  of  a  pea),  it  took  fire,  der. 
and  was  proje&ed  into  the  atmofphere  by  the  elaflic  * 
fluid  generated  in  its  own  combuftion,  leaving  a  very 
beautiful  train  of  light  behind  it,  and  difappearing  all 
at  once  like  a  falling  ftar.  This  amiiling  experiment 
was  lepeated  very  often,  and  with  globes  of  "different 
fizes.  When  very  fmall  ones  were  ufed  lingly,  they 
were  commonly  confumed  entirely  before  they  came 
out  of  the  barrel  of  the  piftol  ;  but  when  feveral  of 
them  were  ufed  together,  fome,  if  not  all  of  them,  were 
commonly  proje&ed  into  the  atmofphere  on  fire. 

As  the  flownefs  of  the  combuftion  of  gunpowder  fs 
undoubtedly  the  caufe  which  has  prevented  its  enor¬ 
mous  and  almoft  incredible  force  from  being  difeover- 
ed,  our  author  deduces,  as  an  evident  confequence,  that 
the  readieft  way  to  increafe  its  effe&s,  is  to  contrive 
matters  fo  as  to  accelerate  its  inflammation  and  com- 
bullion.  1  his  may  be  done  in  various  ways  ;  but,  in 
his  opinion,  the  mod  fimple  and  moil  effectual  man¬ 
ner  of  doing  it  would  be  to  fet  fire  to  the  charge  of 
powder,  by  fhooting  (through  a  fmall  opening)  the 
flame  of  a  fmaller  charge  into  the  midft  of  it. 

He  contrived  an  inftrnment  on  this  principle  for 
firing  cannon  three  or  four  years  ago;  and  it  wras  found, 
on  repeated  trials,  to  be  ufeful,  convenient  in  pia&ice, 
and  not  liable  to  accidents.  It  likewife  fuperfedes  the 
necefiity  of  ufing  priming,  of  vent  tubes,  port-fires,  and 
matches  ;  and  on  that  account  he  imagined  it  might  be 
of  ufe  in  the  Britifh  navy,  but  it  does  not  appear  to 
have  been  received  into  pradlice. 

Another  infallible  method  of  increafing  very  con- 
fiderably  the  effect  of  gunpowder  in  fire-arms  of  all 
forts  and  dimenfions,  would  be  to  caufe  the  bullet  to 
fit  the  bore  exa&ly,  or  without  windage,  in  that  part 
of  the  bore  at  leaf!  where  the  bullet  refts  on  the  charge  ; 
for,  when  the  bullet  docs  riot  completely  clofe  the  o- 
pening  of  the  chamber,  not  only  much  of  the  elaftic 
fluid,  generated  in  the  firft  moment  of  the  combuftion 
of  the.  charge,  efcapes  by  the  fide  of  the  bullet;  but 
what  is  of  Hill  greater  importance,  a  confiderable  part 
of  the  unconfumed  powder  is  blown  out  of  the  cham¬ 
ber  along  with  it  in  a  Rate  of  adual  combuftion,  and, 
getting  before  the  bullet,  continues  to  burn  on  as  it 
pafles  through  the  whole  length  of  the  bore  ;  by  which 
the  motion  of  the  bullet  is  much  impeded. 

The  lofs  of  force  which  arifes  from  this  caufe,  is  in 
fome  cafes  almoft  incredible  ;  and  it  is  t>y  no  means  dif¬ 
ficult  to  contrive  matters  fo  as  to  render  it  very  appa1* 
rent,  and  alfo  to  prevent  it. 

If  a  common  horfc-piftol  be  fired  with  a  loofe  ball, 
and  fo  fmall  a  charge  of  powder  that  the  ball  fhall  not 
be  able  to  penetrate  a  deal  board  fo  deep  as  to  flick  in 
it  when  fired  againft  it  from  the  diftanee  of  fix  feet  j 
the  fame  ball,  difcliarged  from  the  fame  piftol  with  the 
fame  charge  of  powder,  may  be  made  to  pafs  quite 
through  one  deal  board,  and  bury  itfelf  in  a  fecond 
placed  behind  it,  merely  by  preventing  the  lofs  of  force 
which  arifes  from  what  is  called  windage,  as  he  found 
more  than  once  by  a&ual  experiment. 

T.  he  Count  has  in  his  pofTtfiion  a  mufket,  from 
which,  with  a  common  charge  of  powder,  he  fires  two 
bullets  at  once  with  the  fame  velocity  that  a  fingle  bul¬ 
let  is  difeharged  from  a  niii/ket  on  the  common  cort- 
ilru&ion  with  the  fame  quantity  of  powder.  And, 
what  renders  the  experiment  Hill  more  ftriking,  the 
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0an  v-  diameter  of  the  bore  of  his  muflcet  is  exa&ly  the  fame  this  new  powder  which  was  made  at  Woolwich,  and  Gunter, 

6  as  that  of  a  comm  n  mufket,  except  only  in  that  part  found  it  of  about  double  the  ftrength  of  the  ordinary  Gut- tie. 

^  of  it  where  it  joins  the  chamber,  in  which  patt  it  is  fort  ;  but  it  is  not  likely  to  come  into  common  and  ge-  ~ 

juft  fo  much  contra&ed,  that  the  bullet,  which  is  next  neral  ufe,  for  the  preparation  of  the  acid  is  difficult  and 

to  the  powder,  may  ftick  fail  in  it.  He  adds,  that  expenfive,  (See  Chemistry -Index  in  this  SuppL ),  and 
though  the  bullets  are  of  the  common  fize.  and  are  con-  the  powder  which  is  made  of  it  catches  fire  and  ex- 
fequently  corffiderably  lefs  in  diameter  than  the  bore,  plodes  from  the  fmalleft  degree  of  heat,  and  without 
means  are  ufed  which  effe&ually  prevent  the  lofs  of  the  aid  of  a  fpark.  It  is  to  this  circumftance,  how- 
force  by  windage;  and  to  this  laft  circumftance,  he  ever,  that  its  fuperior  ftrength  feems  ta  be  in  a  great 
concludes,  it  is  doubtlefs  owing,  in  a  great  meafure,  meafure  owing. 

that  the  charge  appears  to  exert  To  great  a  force  in  GUNTER’s  Chain.  See  Geometry,  Encydopa^ 
propelling  the  bullets.  dia>  Part  II.  chap.  1. 

That  the  conical  form  of  the  lower  part  of  the  bore  GUT- tie,  a  dangerous  difeafe  to  which  oxen  and 

where  it  unites  with  the  chamber  has  a  confiderable  male  calves  are  rendered  liable  by  an  improper  mode  of 
fhare  in  producing  this  extraordinary  effe&,  is,  how-  caftration.  In  fome  places,  and  particularly  in  Here- 
ever,  very  certain,  as  he  has  found  by  experiments  made  fordfhire,  the  breeders  of  cattle,  when  they  caftrate 
with  a  view  merely  to  afeertain  that  fa£t.  their  calves,  open  the  ferotum ,  take  hold  of  the  tefticles 

At  the  clofe  of  the  Count’s  laft  memoir,  we  have  a  with  their  teeth,  and  tear  them  out  with  violence  ;  by 
computation,  defigned  to  fhew  that  the  force  of  the  e-  which  means  all  the  veflels  thereto,  belonging  arc  rup- 
laftic  fluid  generated  in  the  combuftion  of  gunpowder;  tuied.  The  vafa  defer entia,  entering  by  the  holes  of 
enormous  as  it  is,  may  be  fat isfa£torilyT  explained  on  the  the  tranfverfe  and  oblique  mufcles  into  the  abdomen, 
fuppofltion  that  it  depends  folely  on  the  elaflicity  of  pafs  over  the  ureters  in  acute  angles;  at  which  turning; 
watery  vapour,  or  fleam.  From  experiments  made  in  by  their  great  length  and  elaftic  force,  the  peritoneum 
France  in  the  year  1790,- it  appears  that  the  elaflicity  is  ruptured ;  the  vafa  deferentia  are  fevered  from  the 
of  fleam  is  doubled  by  every  addition  of  temperature  tefticles,  and  fpringing  back,  form  a  kind  of  bow  from 
equal  to  300  of  Fahrenheit’s-  thermometer.  As  the  the  urethra,  where  they  are  united,  over  the  ureters*  to 
heat  generated  in  the  combuftion  of  gunpowder  can-  the  tranfverfe  and  oblique  mufcles,  and  there  again  unite, 
not  be  lefs  than  that  of  red-hot  iron,  it  may  be  fup-  where  they  firft  entered  the  abdomen ;  the  part  of  the 
pofed  equal  to  1000°  of  Fahrenheit’s  feale  : —but  the  gut  that  is  tied  is  the  jejunum,.  at  its  turning  from 
elaftic  force  of  fteam  is  juft  equal  to  the  mean  piefTure  the  left  fide  to  the  right,  and  again  from  the  right  tcr' 
of  the  atmofphere,  when  its  temperature  is  equal  to  the  left,  forming  right  angles  under  the  kidney,  and  at- 
that  of  boiling  water,  or  to  2120  of  Fahrenheit’s  ther-  tached  to  the  duplicature  of  the  peritoneum,  to  which 
mometer  ;  confequently  21 2°+30°=  240°  will  repre-  it  was  united,  where  the  rupture  happened.  There  the 
fent  the  temperature,  when  its  elafticity  will  be  equal  bow  of  the  gut  hangs  over  the  bow  of  the  vafa  defe - 
to  the  preflure  of  two  atmofpheres  ;  and,  purfuing  the  rentia ,  which,  by  a  hidden  motion,  or  turn  of  the  beaft, 
calculation,  at  602°,  or  20  above  the  heat  of  boiling  form  a  hitch  or  tie  of  the  firing  round  the  bow  of  the 
linfeed  oil/  its  elafticity  will  be  equal  to  the  prcfTure  of  gut  (filled  with  air),  ftmilar  to  what  a  carter  makes  on 
8192  atmofpheres,  or  above  eight  times  greater  than  his  cart  line.  This  caufes  a  ftoppage.  in  the  bowels, 
the  utmoft  force  of  the  fluid  generated  in  the  comhuf-  and  brings  on  a  mortification,  which,  in  two  days,  or 
tion  of  gunpowder,  according  to  Mr  Robins’s  compu-  four  at  moft,  proves  fatal :  And  to  this  accident  is  the 
tation  :  but  the  heat  in  this  cafe  is  much  greater  than  beaft,  when  caflrated  as  above,  liable  from  the  day  that 
that  of  60 2°  of  Fahrenheit ;  and  therefore  the  elafticity  he  was  caflrated  till  the  time  of  his  being  flaughtered. 
of  the  fteam  generated  from  the  water  contained  in  the  The  fymptoms  of  the  gut  tie  are  the  fame  as  thofe 
powder  muft  be  much  greater  than  the  preflure  of  8 192  of  an  incurable  colic,-  WWwx,. or  mortification,  of  the 
atmofpheres.  At  7220,  the  elaflicity  will  be  equal  to  bowels*  The  beaft  affeaed;  with  this  complaint  will 
the  p reflii re  of  131,072  atmofpheres;  and  this  temps-  kick  at  its  belly,  He  down,  and. groan  ;  it  has  alfo  a  to¬ 
rture  is  lefs  than  the  heat  of  iron,  which  is  vifibly  red-  tal  ftoppage  in  its  bowels  (except  blood  and  mucus, 
hot  in  daylight,  by  35  5°:— but  the  fhme  of  gunpow-  which  it  will  void  in  large  quantities),  and  a  violent 
der  has  been  found  to  melt  brafs,  which  requires  a  heat  fever,  &c*  To  diftinguifh  with  certainty  the  gut-tie 
equal  to  that  of  3807°  of  Fahrenheit;  27^0°  above  from  the  colic,  &c.  the  hand  and  arm  of  the  operator 
the  heat  of  red-hot~iron,  or  3805*'  higher  than  the  tem-  muft  be  oiled;  and  introduced  into  the  anus,  through  the 
perature  which  gives  to  fleam  an  elafticity  equal,  to  the  redum,  beyond  the  os  pubis,  turning  the  band  down  to 
preflure  of  131,072  atmofpheres.  That  there  is  in  the  tranfverfe  and  oblique  mufcles,  where  the  veflels  of 
Gunpowder  water  fufficient  for  fupplying  the  neceffary  ihe  tefticles  enter  the  abdomen.  There  the  firing, will 
quantity  of  fteam,  the  author  has  very  fatisfa&orily  e-  be  found  united  to  the  mufcles,  and  . is  eafily  traced  to 
vinced  •  hut  we  muft  not  purfue  his  curious  invert  iga-  the  ftriftuie  by  the  hand,  without  pam-to  the  beaft. 
tions  any  farther.  Thofe  who  want  a  fuller  account  From  the  general  view  of  the  agriculture  of  the  coun- 
of  them,  will  find  it  either  in  the  original  memoirs  ty  of  Hereford,  drawn  up  by  Mr  Claik  of  Builth,  Brc- 
thei  felves  or  in  a  very  accurate  abridgement  of  thefe  confhire,  we  learn  that  Mr  Harris  farmer  at  Wicktdn, 
memoirs  in  the  firft  volume  of  Nicholfon's  Journal  of  near  Leominfter,  had  been  uncommonly  fucceftful  in 
Natural  PbUofophy,  &c.  '  .  .  tJle  the  Sut,t!e:  gentleman  informs  us. 

We  cannot  conclude  this  article  without  mentioning  that  he  had  cut  cattle  for  this  difeafe  from  the  age  of 
s.  new  kind  of  gunpowder,  invented  fomeryears  ago  in  three  months  to  that,  of  nine  years  ;  and  as  it  is  a  mat- 
France  in  which  the  marine  acid  is  fubitituted,  .in  e-  ter  of  great  importance,  we  ihall  ftate  his  method  of 
qual  quantity,  for  nitre.  Dr  Hutton  tried,  fome  of  operating  in  his  own  words. 
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Gat-tie.  “  The  only  method  of  cure  (fays  he)  that  can  be 
fafely  ventured  upon  is,  to  make  a  perpendicular  incifion, 
four  inches  under  the  third  vertebra  of  the  loins,  on 
the  left  fide,  over  the  paunch  or  ftomach,  and  introduce 
the  arm  to  find  the  part  affe&ed  ;  if  poffib^e,  keep  the 
beail  /landing  by  the  help  of  proper  affiflants.  The 
knife  I  make  ufe  of  to  fevere  the  11  ring  is  in  the  form 
of  a  large  fifh-hook,  with  an  edge  on  the  concave 
fide ;  it  is  fixed  to  a  ring,  which  fits  the  middle  finger,, 
which  finger  crooks  round  the  back  of  the  knife,  the 
end  of  the  thumb  being  placed  on  itfe  edge.  The  in- 
llrument,  by  being  thus  held  in  the  hand',  is  fecured> 
from  wounding  the  furrounding  inteftines  ;  with  it  I 
divide  the  firing  or  firings,  and  bring  out  one  or  both, 
as  cfrcumftances  require.  Here  it  is  to  be  obferved, 
that  great  care  muft  be  taken  by  the  operator  not  to 
wound  or  divide  the  ureters,  which  would  be  certain 
death.  I  then  few  up  the  divided  lips  of  the  perito¬ 
neum  very  clofe,  with  a  furgeon’s  needle  threaded  with 
ilrong  thread,  eight  or  ten  double,  fufficiently  waxed 
I  alfo  few  up  the  fkin,  leaving  a  vacancy  at  the  top 
and  bottom  of  the  wound  fufficiently  wide  to  introduce 
a  tent  of  furgeon’s  tow,  fpread  with  common  digeflive 
and  traumatic  balfam  ;  covering  the  incifion  with  a  pla- 
fter  made  of  the  whites  of  eggs  and  wheat  flour.  The 
wound,  thus  treated,  and  drefled  every  day,  will  be 


well  in  a  fortnight.  The  medicine  I  give  to  remove  Gut-tic,  y 
the  ftoppage  in  the  three  ftomacha  occafioned  by  the  ^  * 
tie,  and  to  carry  off  the  fever,  is  four  ounces  of  Glau* 
ber’s  fait,  two  ounces  of  cream  of  tartar,  and  one  ounce 
of  fena,  infufed  in  two ‘pounds  of  boiling  water,  adding 
half  a  pound  of  olive-oil,  and  working  it  off  with  plen¬ 
ty  of  gruel,  mixed  with  a  large  quantity  of  infufion  of 
mallows  and  elder- bark.  I  adminifter  the  gruel  and 
infufion  for  at  lealt  two  or  three  days  ;  by  which  time 
the  bead  will  be  well,  will  eat  his  provender,  and  chew 
the  cud,  and  will  for  ever  be  relieved,  and  remain  fafe 
from  this  fatal  diforder. 

“The  following  fimple  and  eafy  method  of  caltra- 
tion  will  effe&ually  prevent  the  gut-tie.  Open  the 
ferotum,  loofen  out  the  tefticles,  and  tie  the  feveral  vef- 
fels  with  a  waxed  thread  or  filk  ;  or  fear  them  with  a 
hot  iron,  to  prevent  their  bleeding,  as  in  the  common 
way  of  cutting  colts.  This  method  can  never  difplace 
the  vtffels  of  the  tefticles,  bladder,  kidneys,  or  intef. 
tines  ;  all  of  which  remain  covered  or  attached  to  the 
peritoneum,  or  lining  of  the  abdomen  of  the  beaft, 
which  render*  it  impoflible  that  there  fhould  ever  ba 
a  ftri&ure  or  tie  on  the  gut.” 

GUZ,  an  Indian  meafure,  varying  in  different  places, 
but  which  may  be  reckoned  about  an  Englifh  yard. 

The  guz  of  Akbar  was  41  fingers. 


H. 


Hances  TTANCES,  Hanches,  Haunches,  or  Nan/es,  in  ar¬ 
il  chite&ure,  are  cettain  fmall  intermediate  parts  of 

Harriot,  arches  between  the  key  or  crown  and  the  fpring  at  the 
—v—'  bottom,  being  perhaps  about  one-third  of  the  arch,  and 
fitaatf’d  nearer  the  bottom  than  the  top  or  crown  ;  and 
are  otherwife  called  the  fpandrels .  See  Arch  in  this 
Supplement 

HANSPIKE,  or  Handsfec,  a  lever  or  piece  of 
ftrong  wood,  for  railing  by  the  hand  great  weights, 
&c\  It  is  five  or  fix  feet  long,  cut  thin  and  crooked  at 
the  lower  end,  that  it  may  get  the  eafier  between  things 
that  are  to  be  feparated,  or  under  any  thing  that  is  to 
be  raifed.  It  is  better  than  a  crow  of  iron,  becaufe  its 
length  allows  a  better  poife. 

HARRIOT  (Thomas)  was  a  very  eminent  mathe¬ 
matician  of  the  16th  and  17  th  centuries,  of  whom  fome 
account  has  been  given  in  the  Encyclopedia  Britannica. 
In  that  article  it  has  been  ffiewn,  that  Des  Cartes  had 
feen  fome  improvements  of  Harriot’s  in  algebra,  and 
publifhed  them  to  the  world  ae  his  own  ;  but  this  piece 
of  plagiarifm  has  been  more  completely  proved  in  the 
Aftronomical  Ephemeris  for  the  year  1788,  by  Dr 
Zach,  aftronomer  to  the  Duke  of  Saxe- Gotha  ;  who 
likewife  (hews  that  Harriot  was  an  aftronomer  as  well 
as  an  algebraift. 

“  I  here  prefen t  to  the  world  (fays  the  Do&or)  a 
fliort  account  of  fome  valuable  and  curious  manuferipts, 
which  I  found  in  the  year  1784  at  the  feat  of  the  earl 
of  Egrcmont,  at  Petworth  in  Suffex. 


A  predeceffor  of  the  family  of  lord  Egremont,  Harriot, 
viz.  that  noble  earl  of  Northumberland,  named  Henry  V- 
Percy,  was  not  only  a  generous  favourer  of  all  good 
learning,  but  alfo  a  patron  and  Maecenas  of  the  learned 
men  of  his  age.  Thomas  Harriot,  the  author  of  the 
faid  manuferipts,  Robert  Hues  (well  known  by  his 
Treatife  upon  the  Globes),  and  Walter  Warner,  all 
three  eminent  mathematicians,  who  were  known  to  the 
earl,  received  from  him  yearly  penfions ;  fo  that  when 
the  earl  wa3  committed  prifoner  to  the  Tower  of  Lon¬ 
don  in  the  year  1 606,  our  author,  with  Hues  and  War. 
ner,  were  his  conftant  companions  ;  and  were  ufually 
called  the  earl  of  Northumberland’s  three  Magi. 

“  Thomas  Harriot  is  a  known  and  celebrated  mathe¬ 
matician  among  the  learned  of  all  nations,  by  his  excel¬ 
lent  work,  Artis  Analytic a  Praxis ,  ad  aqualiones  alge- 
hraicas  nova  expedtta  £5*  generali  methodoy  refolvendas, 
T'raSlatus  pojlhumus  ;  Lond.  1631  :  dedicated  to  Hen¬ 
ry  earl  of  Northumberland;  publifhed  after  his  death 
by  Walter  Warner.  It  is  remarkable,  that  the  fame 
and  the  honour  of  this  truly  great  man  were  conflantly 
attacked  by  the  French  mathematicians,  who  could  not 
endure  that  Harriot  fhould  in  any  way  diminifh  the 
fame  of  their  Vieta  and  Des  Cartes,  efpecially  the  lat¬ 
ter,  who  was  openly  accufed  of  plagiarifm  from  our  au¬ 
thor. 

“  Des  Cartes  publifhed  his  Geometry  fix  years  after 
Harriot’s  work  appeared,  viz.  in  the  year  1637.  Sir 
Charles  Cavendifh,  then  ambaffador  at  the  French  court 

at 
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T|iot  at  Paris,  obferved  to  the  famous  geometrician  Rover- 
u-  val,  that  thefe  improvements  in  analyfis  had  been  already 
made  thefe  fix  years  in  Enghtid,  and  fhewed  him  af¬ 
terwards  Harriot’s  Artis  Analytics:  Praxis  ;  which,  as 
Roverval  was  looking  over,  at  every  page  he  cried  out, 
Out  !  out!  il  V a  vu  /  Yes ! yes  !  he  has f ten  it!  Des  Cartes 
had  alfo  been  in  England  before  Harriot’s  death,  and  had 
heard  of  his  new  improvements  and  inventions  in  analyfis. 

Now  all  this  relates  to  Harriot  the  celebrated 
'Onalyft  ;  but  it  has  not  hitherto  been  known  that  Har¬ 
riot  was  an  eminent  aftronomer,  both  theoretical  and 
pra&ical,  which  firft  appears  by  thefe  manuferipts  ; 
among  which,  the  moft  remarkable  are  199  obferva¬ 
tions  of  the  fun’s  fpots,  with  their  drawings,  calcula¬ 
tions,  and  determinations  of  the  fun’s  rotation  about  his 
axis.  There  is  the  greateft  probability  that  Harriot 
was  the  firft  difeoverer  of  thefe  fpots,  even  before  either 
Galileo  or  Scheiner.  The  earlieft  intelligence  we  have 
of  the  frft  diicovered  folar  fpots  is  of  one  Job.  Fabri- 
cius  Phryfius,  who  in  the  year  1611  publifhed  at  Wit- 
temberg  a  fmall  treatife,  intitled,  De  Maculis  in  Sole  o&- 
ferTatis  f  opparente  eorum  cum  Sole  converfione  nar ratio. 
Galileo,  who  is  commonly  accounted  the  firft  difeoverer 
'of  the  folar  fpots,  publifhed  his  book,  IJloria  c  Dimon- 
Jlraztoni  iritorne  alle  Machie  Solar e  e  loro  accidentia  at 
Rome  in  the  year  1613.  His  firft  obfervation  in  this 
work  is  dated  June  2d  1612.  Angelo  de  Filiis,  the 
editor  of  Galileo’s  work,  who  wrote  the  dedication  and 
preface  to  it,  mentions,  page  3.  that  Galileo  had  not 
only  difeovered  thefe  fpots  in  the  month  of  April  in  the 
year  1611,  at  Rome,  in  the  Quirinal  Garden,  but  had 
(hewn  them  feveral  months  before  ( molti  meji  intianzi) 
to  his  friends  in  Florence  ;  and  that  the  obfervations 
of  the  difguifed  Apelles  (the  Jefuit  Scheiner,  a  pre¬ 
tender  to  this  firft  difeovery)  were  not  later  than  the 
mouth  of  O&ober  in  the  fame  year  ;  by  which  the 
epoch  of  this  difeovery  was  fixed  to  the  beginning  of 
the  year  161  i  But  a  paffage  in  the  firft  letter  of  Ga¬ 
lileo’s  works,  pa.  i  r.  gives  a  more  precife  term  to  this 
difeovery.  Galileo  there  fays  in  plain  terms,  that  he 
had  obferved  the  fpots  in  the  fun  18  months  before. 
The  date  of  this  letter  is  May  24.  1612;  which  brings 
the  true  epoch  of  this  difeovery  to  the  month  of  Novem¬ 
ber  16  to.  However,  Galileo’s  firft  produced  obferva¬ 
tions  are  only  from  June  2.  1612,  and  thofe  of  father 
Scheiner  of  the  month  of  October  in  the  fame  year. 
But  now  it  appears  from  Harriot’s  manuferipts,  that 
his  firft  obfervation3  of  thefe  fpots  are  of  Dec.  8.  1610. 
It  is  not  likely  that  Harriot  could  have  this  notice 
from  Galileo,  for  I  do  not  find  this  mathematician’s 
name  ever  quoted  in  Harriot’s  papers  :  But  I  find  him 
quoting  book  i.  chap.  2.  of  Jofeph  a  Cofta’s  Natural 
and  Moral  Hi  fiery  of  the  Wejl  Indies  ;  in  which  he  re¬ 
lates,  that  in  Pern  there  are  fpots  to  be  feen  in  the  fun 
which  are  not  feen  in  Europe:  and  hence  it  is  pro¬ 
bable,  that  Harriot  took  the  hint  of  looking  for  fuch 
fpots.  Befides,  it  is  not  unlikely,  that  living  with  fo 
munificent  a  patron,  Harriot  got  from  Holland  the  new 
invented  telefcopes  much  fooner  than  they  could  reach 
Galileo,  who  at  that  time  lived  at  Venice.  Harriot’s 
very  careful  and  exadl  obfervations  of  thefe  fpots,  fhew 
alfo  that  he  was  in  poffeffion  of  the  beft  and  moft  im¬ 
proved  telefcopes  of  that  time ;  for  it  appears  he  had 
fome  with  magnifying  powers  of  10,  20,  and  30  times. 
At  leafl  there  are  no  earlier  obfervations  of  the  folar 
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fpots  extant  than  his ;  they  run  from  December  8. 
1610,  till  January  18.  1613.  I  compared  the  corre- 
fponding  ones  with  thefe  obferved  by  Galileo,  between 
which  1  found  an  exa&  agreement.  Had  Harriot  had 
any  notion  about  Galileo’s  difeoveries,  he  certainly 
would  have  alfo  known  fomething  about  the  phafes  of 
Venus  and  Mercury,  and  efpecially  about  the  Angular 
ftrape  of  Saturn,  firft  difeovered  by  Galileo  ;  but  I' find 
not  a  word  in  all  his  papers  concerning  the  particular 
figure  of  that  planet. 

“  I  found  likewife  (continues  Dr  Zach)  among  the 
papers  of  Harriot  a  large  fet  of  obfervations  on  the  fa* 
tellites  of  Jupiter,  with  drawings  of  them,  their  pofi- 
tions,  and  calculations  of  their  revolutions  and  periods. 
His  firft  obfervation  of  thofe  difeovered  fatellites,  I  find 
to  be  of  January  16.  1610  ;  and  they  go  till  February 
26.  1612.  Galileo  pretends  to  have  difeovered  them 
January  7.  1610;  fo  that  it  is  not  improbable  that 
Harriot  was  likewife  the  firft  difeoverer  of  thefe  attend¬ 
ants  of  Jupiter. 

ft  Among  his  other  obfervations  of  the  moon,  of  e- 
clipfes,  of  the  planet  Mars,  of  folfhees,  of  refra&ion,  of 
the  declination  of  the  needle,  &c.  there  are  remarkable 
ones  of  the  comet  of  1607,  and  the  latter  comet  (for 
there  were  two)  of  1618.  They  were  all  obferved 
with  a  crofs-ftaff,  by  meafuring  their  diftances  from 
fixed  ftars ;  whence  thefe  obiervations  are  the  more  va¬ 
luable,  as  comets  had  before  been  but  giofsly  obferved. 
Kepler  himfelf  obferved  the  comet  of  160J  only  with 
the  naked  eye,  pointing  out  its  place  by  a  coarfe  efti- 
mation,  without  the  aid  of  an  inftrument  ;  and  the  ele¬ 
ments  of  their  orbits  could,  in  defe&  of  better  obferva¬ 
tions,  be  only  calculated  by  them.  The  obfervations  of 
the  comet  of  the  year  1607  are  of  the  more  importance, 
even  now  for  modem  aftronomy,  as  this  is  the  fame 
comet  that  fulfilled  Dr  Halley’s  predi&ion  of  its  return 
in  the  year  1759  That  prediction  was  only  grounded 
upon  the  elements  afforded  him  by  thefe  coarle  obferva¬ 
tions  ;  for  which  reafon  he  only  afiigned  the  term  of  its 
return  to  the  fpace  of  a  year.  The  very  intricate  cal¬ 
culations  of  the  perturbations  of  this  comet,  afterwards 
made  by  M.  Clairaut,  reduced  the  limits  to  a. month’s 
fpace.  But  a  greatei  light  may  now  be  thrown  upon 
this  matter  by  the  more  accurate  obfervations  on  this 
comet  by  Mr  Harriot.  In  the  month  of  Oftober 
1785,  when  I  converged  upon  the  fubjeCt  of  Harriot’s 
papers,  and  efpecially  on  this  comet,  with  the  celebra¬ 
ted  mathematician  M.  de  la  Grange,  direftor  of  the 
Royal  Academy  of  Sciences  at  Berlin,  he  then  fuggeft- 
ed  to  me  an  idea,  which,  if  brought  into  execution,  will 
clear  up  an  important  point  in  aftronomy.  It  is  well 
known  to  aftronomers  how  difficult  a  matter  it  is  to  de¬ 
termine  the  mafs,  or  quantity  of  matter,  in  the  planet 
Saturn  ;  and  how  little  fatisfa&ory  the  notions  of  it  are 
that  have  hitherto  been  formed.  File  whole  theory  of 
the  perturbations  of  comets  depending  upon  this  uncer¬ 
tain  datum,  feveral  attempts  and  trials  have  been  made 
towards  a  more  exa£t  determination  of  it  by  the  moft 
eminent  geometricians  of  this  age,  and  particulaily  by 
la  Grange  himfelf ;  but  never  having  been  fatisfied  with 
the  few  and  uncertain  data  heretofore  obtained  for  the 
rel'olucion  of  this  problem,  he  thought  that  Harriot’s 
obfervations  on  the  comet  of  1607,  an<^  the  modern 
ones  of  the  fame  comet  in  1759,  would  fuggeft  a  way 
of  refolving  the  problem  d pojleriori ;  that  of  determining 
4Z  by 
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Haffelqtuft.  by  them  the  elements  of  its  ellipfis.  The  retardation 
0f  the  comet  compared  to  its  period,  may  clearly  be 
laid  to  the  account  of  the  attra&ion  and  perturbation  it 
has  fuffered  in  the  region  of  Jupiter  and  Saturn  ;  and 
as  the  part  of  it  belonging  to  Jupiter  is  very  well  known, 
the  remainder  muft  be  the  fhare  which  is  due  to  Saturn  ; 
whence  the  mafs  of  the  latter  may  be  inferred.  I11 
confequence  of  this  confideration,  I  have  already  begun 
to  reduce  moil  of  Harriot’s  obfervations  of  this  comet, 
in  order  to  calculate  by  them  the  true  elements  of  its 
orbit  on  an  elliptical  hypothfis,  to  complete  M.  de  la 
Grange’s  idea  upon  this  matter. 

“  I  forbear  to  mention  here  any  more  of  Harriot’s 
analytical  papers,  which  I  found  in  a  very  great  num¬ 
ber.  They  contain  feveral  elegant  folutions  of  qua¬ 
dratic,  cubic,  and  biquadratic  equations  ;  with  fome 
other  folutions  and  loca  geometrica ,  that  {hew  his  emi¬ 
nent  qualifications,  and  will  ferve  to  vindicate  them  a- 
gainft  the  attacks  of  feveral  French  writers,  who  refufe 
him  the  juftice  due  to  his  (kill  ahd  accomplifhments, 
merely  to  fave  Des  Cartes’s  honour,  who  yet,  by  fome 
impartial  men  of  his  own  nation,  was  accufed  of  public 
plagiarifm.” 

HASSELQUIST  (Frederick)  was  born  in  the 
province  of  Eaft  Gothland  in  1722,  and  ftudied  medi¬ 
cine  and  botany  in  the  univerfity  of  Upfal.  .Linnaeus 
had  in  his  leftures  reprefented  the  extraordinary  merits 
and  great  celebrity  which  a  young  liudent  might  ob¬ 
tain  by  travelling  through  Paleftine,  and  by  inquiring 
into  and  deferibing  the  natural  hiftory  of  that  country, 
which  was  till  then  unknown,  and  had  become  of  the 
greateft  importance  to  interpret  the  bible,  and  to  un- 
derftand  eaftern  philology.  Haffelquift  was  fired  with 
ambition  to  accomplifh  an  object  fo  important  in  itfelf, 
and  fo  warmly  recommended  by  his  beloved  matter. 
There  being  no  fund  aiifing  from  the  liberality  of  the 
crown,  private  colle&ions  were  made,  which  poured  in 
very  copioufly,  efpecially  from  the  native  country  of 
the  young  traveller.  All  the  faculties  of  the  univerfity 
of  Upfal  alfo  granted  him  a  ftipend. 

Thus  proteCled,  he  commenced  his  journey  in  the 
fummer  of  1749.  By  the  interference  of  Lagerftroem, 
he  had  a  free  paffage  to  Smyrna  in  one  of  the  Swedifh 
Eaft  Indiamen.  He  arrived  there  at  the  conclufion  of 
the  year,  and  was  received  in  the  mott  friendly  manner 
by  Mr  A.  Rydel,  the  Swedifh  conful.  In  the  begin¬ 
ning  of  1750  he  fet  out  for  Egypt,  and  remained  nine 
months  at  Cairo  the  capital.  Hence  he  fent  to  Lin- 
xixus,  and  to  the  learned  focieties  of  his  country,  fome 
fpecimens  of  his  refearches.  They  were  publifhed  in 
the  public  papers,  and  met  with  the  greateft  approba¬ 
tion  ;  and  upon  the  propofition  of  Dean  Baeck  and  Dr 
Wargentin,  fecretary  of  the  Royal  Academy  of  Scien¬ 
ces,  acolle&ion  of  upwards  of  10,000  dollars  in  copper 
money  was  made  for  the  continuance  of  the  travels  of 
young  Haffelquift.  Counfellors  Lagerftroem  and  Nor- 
dencrantz  were  the  moft  a&ive  in  railing  fubferiptions 
at  Stockholm  and  Gothenburgh.  In  the  fpring  of 
17^1,  he  repaired  to  .his  deftination,  and  patted  through 
Jaffa  to  Jerufalem,  Jericho,  &c.  He  returned  after¬ 
wards  through  Rhodus  and  Scio  to  Smyrna.  Thus  he 
fulfilled  all  the  expe&ations  of  his  country,  but  he  was 
not  to  reap  the  reward  of  his  toils.  The  burning  heat 


of  the  Tandy  deferts  of  Arabia  bad  affe&ed  his  lungs ;  Hu. 
he  reached  Smyrna  in  a  ftate  of  illnefs,  in  which  he 
languifhed  for  fome  time,  and  died  Februaty  9.  1752, 
in  the  30th  year  of  his  age. 

The  fruits  of  his  travels  were,  however,  prefer ved 
through  the  liberality  of  a  great  princefs.  He  had 
been  obliged  to  contrad  debts.  The  Turks,  therefore, 
feized  upon  all  his  colle&ions,  and  threatened  to  expofe 
them  to  public  Tale.  The  Swedifh  conful  prevented  it. 

He  fent,  with  the  intelligence  of  the  unhappy  exit  of 
his  countryman,  an  account  of  the  diftreffes  under  which 
he  died;— and  at  the  reprefeniation  of  Dean  Baeck, 
Queen  Louifa  Ulrica  granted  the  fum  of  14,000  dol¬ 
lars  in  copper  fpecie  to  redeem  all  his  collections.  They 
arrived  afterwards  in  good  prefervation  at  Stockholm  ; 
confiding  of  a  great  quantity  cf*antiques,  Arabian  ma- 
nuferipts,  ftrells,  birds,  ferpents,  infeCts,  Sec,  and  were  * 
kept  in  the  cabinets  at  Ulrichfdale  and  Drottnfnghoim. 

The  fpecimens  of  the  natural  curiofities  of  thefe  mufe- 
ums  being  double  or  treble  in  number,  Linriceus  ob¬ 
tained  fome  of  them,  and  publifhed  the  voyage  of  his 
ill-fated  friend,  and  honoured  his  memory  with  a  plant, 
which  he  called  from  his  name  Ilajftlqwjlia .  Hassel- 
qu  1  st A,  EncycL 

HAT  making  is  a  mechanical  procefs,  which  is  de¬ 
tailed  in  the  Encyclopedia  from  the  beft  information 
that  could  then  be  obtained.  We  have  lately  learned, 
however,  that  our  detail  is  fometimes  defe&ive,  and 
fometimes  erroneous  ;  and  it  is  our  duty  to  fupply  thofe 
defe&s,  and  to  corieft  thofe  errors.  But,  ftrangers  as 
we  are  to  the  bufinefs  of  hat-making,  we  fhould  not 
perhaps  have  fufpeCled,  that  we  had  been  mifled  by  the 
perfons  whom  we  confulted,  had  we  not  been  informed 
by  a  very  intelligent  writer  in  Nicholfon’s  Philofophical 
Journal,  that  the  account  of  the  manufa&uring  of  hats, 
which  is  given  in  the  Encyclopedia  is  far  Bom  the 
truth.  This  information  induced  us  to  look  through 
the  Journal  itfelf  for  a  more  accurate  account  of  the 
procefs  ;  well  convinced,  that  the  liberal-minded  author 
of  that  work  would  not  have  pointed  out  our  miftakes 
without  making  us  welcome  to  avail  ourfelves  of  his 
aid  to  correct  them.  Our  readers  will  therefore  be  in¬ 
debted  only  to  Mr  Nicholfon  and  his  correfpondent  for 
whatever  inftruCtion  they  may  derive  from  this  article  ; 
and  as  we  wifh  not  to  deck  ourfelves  in  borrowed 
plumes,  we  fhall  communicate  that  inftruCtion  in  the 
words  of  its  author. 

Having  vifited  the  manufactory  of  Meffrs  Collinfons, 
hatters  in  Gravel  lane,  Southwark,  Mr  Nicholfon  gives 
the  following  account  of  their  procedure  ; 

“  The  materials  for  making  hats  are  rabbits  fur  cut 
off  from  the  fkin,  after  the  hairs  have  been  plucked  out, 
together  with  wool  and  beaver.  The  two  former  are 
mixed  in  various  proportions,  and  of  different  qualities, 
according  to  the  value  of  the  article  intended  to  be  made  ; 
and  the  latter  our  author  believes  to  be  univerfally  ufed 
for  facing  the  finer  articles,  and  never  for  the  body  or 
main  fluff.  Experience  has  fhewn,  that  thefe  materials 
dannot  be  evenly,  and  well  felted  together,  unkfs  all  the 
fibres  be  firft  feparated,  or  put  into  the  fame  ftate  with 
regard  to  each  other.  This  is  the  objeCl  of  the  firft 
prpeefs,.  called  bowing.  The  material,  without  any  pre¬ 
vious  preparation  (a),  is  laid  upon  a  platform  of  wood, 


(a)  Some  writers  mention  a  partial  wetting  of  the  fur  while  on  the  fkin,  by  lightly  fmearing  it  with  a  folu- 
$ion  of  nitrate  of  mercury  to  give  it  a  curl.  Meffrs  Collinfons  do  not  ufe  it,  nor  any  other  preparation. 
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or  of  wire,  fomewhat  more  than  four  feet  fquafe,  “  When  the  batt  is  fufRciently  bowed,  it  is  ready  for 
called  a  hurdle ,  which  is  fixed  againft  the  wall  of  the  hardening  ;  which  term  denotes  the  firft  commencement 
work-fhop,  and  is  enlightened  by  a  fmall  window,  and  of  felting.  The  prepared  material  being  evenly  difpo- 
feparated  by  two  tide  petitions  from  other  hurdles,  fed  on  the  hurdle,  is  firft  prefted  down  by  the  convex 
which  occupy  the  reft  of  the  fpace  along  the  wall.  The  fide  of  the  bafket,  then  covered  with  a  cloth,  and  prefted 
hurdle,  if  of  wood,  is  made  of  deal  planks,  not  quite  fucceftively  in  its  various  parts  by  the  hands  of  the 
three  inches  wide,  difpofed  parallel  to  the  wall,  and  at  workman.  The  preffure  is  gentle,  and  the  hands  are 
the  diftance  of  one-fortieth  or  one-fiftieth  of  an  inch  very  (lightly  moved  back  and  forwards  at  the  fame  time 
from  each  other,  for  the  purpofe  of  fufFering  the  duft,  through  a  fpace  of  perhaps  a  quaiter  of  an  inch,  to  fa- 
and  other  impurities  of  the  fluff,  to  pafs  through;  a  vour  the  hardening  or  entangling  of  the  fibres  (See 
purpofe  ftill  more  effeftually  anfwered  by  the  hurdle  of  Felting  in  this  Suppl. )  In  a  very  (ho rt  time,  indeed, 
w[re,  the  fluff  acquires  fufficient  firmnefs  to  bear  careful 

«  The  workman  is  provided  with  a  bow,  a  bow- pin,  a  handling.  The  cloth  is  then  taken  off,  and.  a  fneet  of  ^ 
bafket,  and  feveral  cloths.  The  bow  is  a  pole  of  yellow  paper,  with  its  corners  doubled  in,  fo  as  to  give  it  a  tri¬ 
deal  wood,  between  feven  and  eight  feet  long,  to  which  angular  outline,  is  laid  upon  the  batt,  which  laft  is  fold- 
are  fixed  two  bridges,  fomewhat  like  that  which  re-  ed  over  the  paper  as  it  lies,  and  its  edges,  meeting  one 
ceives  the  hair  in  the  bow  of  the  violin  (b).  Over  over  the  other,  form  a  conical  cap.  The  joining  is  foou 
thefe  is  ftretched  a  catgut,  about  one-twelfth  part  of  an  made  good  by  preffure  with  the  hands  on  the  cloth, 
inch  in  thicknefs.  The  bow-pin  is  a  flick  with  a  knob,  Another  batt,  ready  hardened,  is  in  the  next  place  laid 
and  is  ufed  for  plucking  the  bow-ftring.  The  bafket  is  on  the  hurdle,  and  the  cap  here  mentioned  placed  upon 
a  fquare  piece  of  ozier  work,  confifting  of  open  ftrait  it,  with  the  joining  downwards.  This  laft  bate  being 
bars  with  no  crofting  or  interweaving.  Its  length  acrofs  alfo  folded  up,  will  confequentlyhave  its  place  of  junftion 
the  bars  may  be  about  two  feet,  and  its  breadth  eigh-  diametrically  oppofite  to  that  of  the  inner  felt,  which.it 
teen  inches.  The  Tides  into  which  the  bars  are  fixed  mufl  therefore  greatly  tend  to  ftrengthen.  The  prm- 
are  Hightly  bended  into  a  circular  curve,  fo  that  the  cipal  part  of  the  hat  is  thus  put  together,  and  now  .re- 
baflcet  may  be  fet  upright  on  one  of  thefe  edges  near  quires  to  be  worked  with  the  hands  a  confiderable  time 
the  right  hand  end  of  the  hurdle,  where  it  ufually  upon  the  hurdle,  the  cloth  being  alfo  occafionally  fprink- 
ftands.  The  cloths  are  linen.  Befides  thefe  implements,  led  with  clear  water.  During  the  whole  of  this  ope*- 
the  workman  is  alfo  provided  with  brown  paper.  .  ration,  which  is  called  bafoning  ( c ),  the  article  becomes 
<c  The  bowing  commences  by  (hovelling  the  material  firmer  and  firtner,  and  contrafts  in  its  dtmenfions.  It 
towards  the  right  hand  partition  with  the  bafket,  upon  may  eafily  be  underllood,  that  the  chief  ufe  of  the  pa- 
which,  the  workman  holding  the  bow  horizontally  in  per  is  to  prevent  the  Tides  from  felting  together, 
his  left  hand,  and  the  bow-pin  in  his  right,  lightly  “  The  hafoning  is  followed  by  a  (till  more  effeftuai 
places  the  bow-ftring,.  and  gives  it  a  pluck  with  the  pin.  continuation  of  the  felting,  called  working  (d).  This  is 
The  firing,  in  its  return,  ftrikes  part  ©f  the  fur,  and  done  in  another  (hop,  at  an  apparatus  called  a  battery , 
caufes  it  to  rife,  and  fly  partly  acrofs  the  hurdle  in  a  confifting  of  a  kettle  (containing  water  fiightly  acidula- 
light  open  form.  By  repeated  ftrokes,  the  whole  is  thus  ted  with  fulphuric  acid,  to  which,  for  beaver  hats,  a 
fubje&ed  to  the  bow  ;  and  this  beating  is  repeated  till  quantity  of  the  grounds  of  beer  is  added,  or  elfe  plain 
all  the  original  clots  or  maffes  of  the  filaments  are  per-  water  for  rinfing  out),  and  eight  planks  of  wood  joined 
feftly  opened  and  obliterated.  The  quantity  thus  treat-  together  in  the  form  of  a  fruftum  of  a  pyramid,  and 
cd  at  once  is  called  a  batt ,  and  never  exceeds  half  the  meeting  in  the  kettle  at  .  the  middle.  The  outer  or 
quantity  required  to  make  one  hat,  upper  edge  of  each  plank  is  about  two  feet  broad,  and 
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(b)  Mr  Nicholfon’s  correfpondent,  who  is  himfelf  a  hatter,  fays  that  the  bow  is  bed  made  of  afh  ;  that  it  is  com¬ 
peted  of  the  (Ian?  or  handle  ;  that  the  bridge  at  the  fmaller  end,  or  that  which  is  neared  the  window  in  the  aft 
of  bowing,  is  called  the  cock  ;  and  that  the  other  bridge,  which  is  nearer  to  the  workman's  hand,  is  called  the 

Mr  Nicholfon’s  correfpondent  fays,  that  after  bowing,  and  previous  to  the  bafoning,  a  hardening  Jk in, 
that  is,  alarrre  piece  of  fkin,  about  four  feet  long  and  three  feet  broad,  of  leather  alumed  or  half  tanned,  is  prefted 
upon  the  bat,  to  bring  it  by  an  eafier  gradation  to  a  compaft  appearance  ;  after  which  it  is  bafoned,  being  ftill 
kept  upon  the  hurdle.  This  operation,  the  bafoning,  derives  its  name  from  the  proeefs  or  mode  of  working, 
being  the  fame  as  that  praftiftd  upon  a  wool  hat  after  bowing  ;  the  laft  being  done  upon  a  piece  of  caft  metal, 
four  feet  acrofs,  of  a  circular  fhape,  called  0  bafon  :  the  joining  of  each  batt  is  made  good  here  by  (huffimg  the 
band,  that  is,  by  rubbing-  the  edges  of  each  batt  folded  over  the  other  to  excite  the  progreftive  motion  of  each  of 
the  illaments’in  felting,  and  to  join  the  two  together.  Many  journeymen,  to  hurry  this  work,  ufe  a  quantity  of 
vitriol  (fulphuric  acid),  and  then,  to  make  the  nap  rife  and  flow,  they  kill  the  vitriol,  and  open  the  body  again 
by  throwing  in  a  handful  or  two  of  oatmeal ;  by  this  means  they  get  a  great  many  made,  though,  at  the  fame 
time,  they  leave  them  quite  grainy  from  the  want  of  labour.  This,  in  handling  the  dry  grey  hat  when  made 

may  be  in  part  difeovered ;  but  in  part  only.  .  . 

(d)  The  intelligent  writer,  who  has  been  fo  often  quoted,  fays,  that  before  this  operation  is  begun,  the  bar  is 
dipped  into  the  boiling  kettle,  and  allowed  to  lie  upon  the  plank  until  cold  again  ;  this  is  called  foaking,  that  is, 
beino-  perfeftly  faturated  with  the  hot  liquor  :  if  they  are  put  in  too  haftily  in  this  ftate,  for  they  are  then  only 
bowed  and  bafoned,  they  would  bur  ft  from  the  edges,  each  batt  not  being  1  efficiently  felted  into  the  other. 
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rife*  a  little  more  than  two  feet  and  a  half  above  the 
ground  ;  and  the  (lope  towards  the  kettle  is  confider- 
ably  rapid,  fo  that  the  whole  battery  is  little  more  than 
fix  feet  in  diameter.  The  quantity  of  fulphuric  acid 
added  to  the  liquor  is  not  fufficient  to  give  a  four  tafte, 
but  only  renders  it  rough  to  the  tongue.  In  this  li. 
quor,  heated  rather  higher  than  unpradlifed  hands  could 
bear,  the  article  is  dipped  from  time  to  time,  and  then 
worked  on  the  planks  with  a  roller,  and  alfo  by  folding 
or  rolling  it  up,  and  opening  it  again  ;  in  all  which,  a 
certain  degree  of  care  is  at  fird  neceflary,  to  prevent 
the  fides  from  felting  together  ;  of  which,  in  the  more 
advanced  dages  of  the  operation,  there  is  no  danger. 
The  impei fe&ions  of  the  work  now  prefent  themfelves 
to  the  eye  of  the  workman,  who  picks  out  knots  and 
other  hard  fubitances  with  a  bodkin,  and  adds  more  felt 
upon  all  fuch  parts  as  require  (lengthening.  This 
added  felt  is  patted  down  with  a  wet  brufh,  and  foon 
incorporates  with  the  red.  The  beaver  is  laid  on  to¬ 
wards  the  conclufion  of  this  kind  of  working.  Mr 
Nicholfon  could  not  diftinfily  learn  why  the  beer 
grounds  were  ufed  with  beaver-hats.  Some  workmen 
(aid,  that  by  rendering  the  liquor  more  tenacious,  the 
hat  was  enabled  to  hold  a  greater  quantity  of  it  for  a 
longer  time  ;  but  others  faid,  that  the  mere  acid  and 
water  would  not  adhere  to  the  beaver  facing,  but  would 
roll  off  immediately  when  the  article  was  laid  on  the 
plank.  It  is  probable,  as  he  obferves,  that  the  manu- 
fa&urers  who  now  follow  the  edablifhed  pra&ice,  may 
not  have  tried  what  are  the  inconveniences  this  addition 
is  calculated  to  remove. ” 

Our  author’s  correfpondent,  however,  afligns  feveral 
regions  for  the  addition  of  thofe  dregs,  which,  he  fays, 
ought  to  be  thick,  and  the  foureft  that  can  be  got. 

J.  Vitriol  (fulphuric  acid)  would  harden  the  hat  too 
much,  which  is  kept  mellow  by  the  dregs.  2.  The 
dregs  are  faid  by  the  workmen  to  hold  or  fill  the  body, 
whilft  a  little  vitriol  cleanfes  it  of  the  dirt,  See .  that 
may  be  on  the  rabbit  or  other  wools.  3.  Another  ad¬ 
vantage  attending  the  ufe  of  dregs,  whether  of  beer, 
porter,  or  wine,  is,  that  as  the  boiling  of  the  dyeing 
(Joes  not  draw  out  much  of  the  mucilage  from  each  hat 
when  it  come3  to  be  AifFened,  the  dregs  form  a  body 
within  the  hat,  fufficiently  flrong  or  retentive  to  keep 
the  glue  from  coming  through  amongft  the  nap.  4. 
Vitriol  (fulphuric  acid)  alone  purges  or  weakens  the 
goods  too  much  ;  confequently  half  of  the  quantity 
does  better  with  the  addition  of  dregs,  as  it  allows  the 
body  to  be  made  clofer  by  more  work. 

Of  thefe  four  reafons  for  the  ufe  of  dreg3,  the  lad 
alone  appears  to  us  perfpicuous  or  at  all  iatisfa&ory. 
But  be  this  as  it  may,  acid  of  fqme  kind  gives  a  rough¬ 
ness  to  the  furface  of  the  hair,  which  facilitates  the  me¬ 
chanical  a&ion  of  felting  ;  and  Mr  Collinfoa  informed 
Mr  Nicholfon,  that  in  a  procefs,  called  carottingy  they 
make  ufe  of  nitrous  acid.  In  this  operation,  the  ma- 
terial  is  put  into  a  mixture  of  the  nitrous  and  fulphuric 
acids  in  water,  and  kept  in  the  digefling  heat  of  a  (love 
all  night ;  by  which  means  the  hair  acquires  a  ruddy 
or  yellow  colour,  and  lofes  part  of  its  ftrength. 

“It  mull  be  remembered,  that  our  hat  dill  pofTefTes  the 
form  of  a  cone,  and  that  the  whole  of  the  feveral  ac¬ 
tions  it  has  undergone  have  only  converted  it  into  a  foft 
flexible  felt,  capable  of  being  extended,  though  with 
feme  difficulty,  in  every  direction.  The  next  thing  to 
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be  done  h  to  give  it  the  form  required  by  the  wearer.  Har 

.1  thls  purpofe,  the  workman  turns  up  the  ed<re  or  — 
rim  to  the  depth  of  about  an  inch  and  a  half,  and*  hen 
returns  the  point  back  again  through  the  centre  or  axig 
of  the  cap,  fo  far  as  not  to  take  out  this  fold,  but  to 
produce  another  inner  fold  of  the  fame  depth.  The 
point  being  returned  back  again  in  the  fame  manner, 
produces  a  third  fold  ;  and  thus  the  workman  proceeds, 
until  the  whole  has  acquired  the  appearance  of  a  flat 
circular  piece,  confiding  of  a  number  of  concentric  un¬ 
dulations  or  folds,  with  the  point  in  the  centre.  This 
is  laid  upon  the  plank,  where  the  workman,  keening 
the  piece  wet  with  the  liquor,  pulls  out  the  point  with 
his  fingers,  and  prefies  it  down  with  his  hand,  at  the 
fame  time  turning  it  round  on  its  centre  in  contact  with 
the  plank,  till  he  has,  by  tbi3  means,  rubbed  out  a  flat 
portion  equal  to  the  intended  crown  of  the  hat.  In 
the  next  place,  he  takes  a  block,  to  the  crown  of  which 
he  applies  the  flat  central  portion  of  the  felt,  and  by 
forcing  a  Aring  down  the  Tides  of  the  block,  he  caufe8 
the  next  part  to  aflume  the  figure  of  the  crown,  which 
he  continues  to  wet  and  work,  until  it  has  properly  did 
pofed  itfelf  round  the  block.  The  rim-  now  appears 
like  a  flounced  or  puckered  appendage  round  the  edge 
of  the  crown  ;  but  the  block  being  let  upright  on  the 
plank,  the  requifite  figure  is  foon  given  by&  working, 
rubbing,  and  extending  this  part.  Water  only  is  ufed 
in  this  operation  of  fartiioning  or  blocking ;  at  the  con- 
cluhon  of  which  it  is  prefled  out  by  the  blunt  edge  of 
a  copper  implement  for  that  purpofe. 

“  Previous  to  the  dyeing,  the  nap  of  the  hat  is  raifefl 
or  looftned  out  with  a  wire  brufh,  or  carding  inflru- 
ment.  The  fibres  are  too  rotten  after  the  dyeing  to 
bear  this  operation.  The  dyeing  materials  are  logwood, 
and  a  mixture  of  the  fulphates  of  iron  and  of  copper, 
known  in  the  market  by  the  names  of  green  copperas 
and  blue  vitriol.  As  the  time  of  Mr  Collinfon  was  limit', 
ed,  and  my  attention,  fays  Mr  Nicholfon,  was  more  par¬ 
ticularly  direaed  to  the  mechanical  precedes,  I  did  not 
go  into  the  dye-houfe  ;  but  I  have  no  doubt  that  the 
hats  are  boiled  with  the  logwood,  and  afterwards  im. 
merfed  in  the  faline  folution.  I  particularly  alked  whe¬ 
ther  galls  were  ufed,  and  was  anfwered  in  the  negative. 

I  he  dyed  hats  arc,  in  the  next  place,  taken  to  the 
diffenmg  (hop.  One  workman,  affided  by  a  boy,  does 
this  part  of  the  bufinefs.  He  has  two  vedels,  or  boil¬ 
ers,  the  one  containing  the  grounds  of  Arong  beer, 
which  cods  feven  (hillings  per  barrel,  and  the  other  vek 
fel  containing  melted  glue,  a  little  thinner  than  it  is 
uied  by  carpenters.  Our  author  particularly  afked, 
whether  this  lad  folution  contained  any  other  ingre- 
dient  befides  glue,  and  wasaffured  that  it  did  not.  The 
beer  grounds  are  applied  in  the  infide  of  the  ciown  to 
pi  event  the  glue  from  coming  through  to  the  face,  and 
alfo,  as  he  fuppofes,  to  give  the  requifite  firmnefs  at  a 
lefs  txpence  than  could  be  produced  by  glue  alone.  If 
the  glue  were  to  pafs  through  the  hat  in  different  places, 
it  might,  he  imagines,  be  more  difficult  to  produce  an 
even  glofs  upon  the  face  in  the  fubfequent  finifliing, 

The  glue  fliffening  is  applied  after  the  beer  grounds 
are  dried,  and  then  only  upon  the  lower  face  of  the 
flap,  and  the  infide  of  the  crown.  For  this  purpofe, 
the  hat  is  put  into  another  hat,  called  a  fliffening  hat’ 
the  crown  of  which  is  notched,  or  flit  open  in  various 
dire&ions.  Thefe  are  then  placed  in  a  hole  in  a  deal 

board, 
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board,  which  fupperts  the  flap,  and  the  glue  is  applied 
with  a  brufn. 

“  The  dry  hat,  after  this  operation,  is  very  rigid,  and 
its  figure  irregular.  The  lad  drefling  is  given  by  the 
application  of  moidure  and  heat,  arid  the  ufe  of  the  brufh, 
and  a  hot  iron,  fomewhat  in  the  fhape  of  that  nfed  by 
tailors,  but  fhorter  and  broader  on  the  face.  L  lie  hat 
being  foftened  by  expofure  to  fleam,  is  drawn  upon  a 
block,  to  which  it  is  fecureiy  applied  by  the  former 
method  of  forcing  a  firing  down  from  the  crown  to 
the  commencement  of  the  rim.  The  judgment  of  the 
workman  is  employed  in  moiflening,  brnfhing,  and  iron¬ 
ing  the  hat,  in  order  to  give  and  prefer  ve  the  proper 
figure.  When  the  rim  of  the  hat  is  not  intended  to 
be  of  an  equal  width  throughout,  it  is  cut  by  means  of 
a  wooden,  or  perhaps  metallic  pattern  ;  but  as  no  fuch 
bate  are  now  in  fafhion,  Mr  Nicholfun  faw  only  the 
tool  for  cutting  them  round.  The  contrivance  is  very 
ingenious  and  fimple.  A  number  of  notches  are  made 
in  one  edge  of  a  flat  piece  of  wood  for  the  purpofe  of 
inferting  the  point  of  a  knife,  and  from  one  fide  or 
edge  of  this  piece  of  wood  there  proceeds  a  ftrait 
handle,  which  lies  parallel  to  the  notched  fide,  forming 
an  angle  fomewhat  like  that  of  a  carpenter's  fquare. 
When  the  legs  of  this  angle  are  aoplied  to  the  outfide 
of  the  crown,  and  the  board  lies  flat  on  the  rim  of  the 
hat,  the  notched  edge  will  lie  nearly  in  the  direction  of 
the  radius,  or  line  pointing  to  the  centre  of  the  hat. 
A  knife  being  therefore  inferted  in  one  of  the  notches, 
it  is  eafy  to  draw  it  round  by  leaning  the  tool  again tl 
the  crown,  and  it  will  cut  the  border  very  regular  and 
true.  This  cut  is  made  before  the  hat  is  quite  finifhed, 
and  is  not  carried  entirely  through  ;  fo  that  one  of  the 
lad  operations  confids  in  tearing  ’ off  the  redundant 
part,  which  by  that  means  leaves  an  edging  of  beaver 
round  the  external  face  of  the  flap.  When  the  hat  is 
completely  finifhed,  the  crown  is  tied  up  in  gauze  pa¬ 
per,  which  is  neatly  ironed  down.  It  is  then  ready  for 
the  fubfequent  operations  of  lining,”  &c. 

Our  author  concludes  his  valuable  memoir  on  the 
fabrication  of  hats,  with  feme  obfervations  on  the  pro¬ 
bable  gain  or  lofs  of  employing  machinery  in  the  ma- 
nufadure.  Thefe  obfervations,  as  they  are  dated  in 
the  original  paper,  we  recommend  to  the  ferious  atten¬ 
tion  of  every  judicious  hat-maker,  who  carries  on  his 
bufinefs  on  a  large  fcale  ;  for  he  will  find  them  not  the 
reveries  of  a  rafh  fpeculatid,  but  the  cool  refledions  of  a 
real  philofopher,  who  is  at  the  fame  time  no  drangerto. 
the  arts  of  life.  ”  They  fugged  the  following  fubje&s  of, 
enquiry  ;  Whether  carding,  which  is  rapidly  and  me¬ 
chanically  done,  be  inferior  to  bowing,  which  does  not 
oromife  much  facility  for  mechanical  operation  >  Whe¬ 
ther  a  fuccefiion  of  batts  or  cardings  might  be  thrown 
round  a  fluted  cone,  which  rapidly  revolving,  in  con- 
tad  with  three  or  more  cylinders,  might  perform  the 
hardening,  and  even  the  working,  with  much  more 
precifion  and  fpeed  than  they  are  now  done  by  hand  . 
Whether  blocking  or  fhaping  be  not  an  operation  ex¬ 
tremely  well  calculated  for  the  operation  of  one  or  more 
machines  ?  Whether  loofe  weaving  and  fubfequent  felt- 
ing  might  not  produce  a  lighter,  cheaper,,  and  dronger 
article  ?  And  how  far  the  mechanical  felting,  which  is 
not  confined  merely  to  the  hairs  of  animals,  might  be 

applied  to  this  art  ?  .  ... 

Before  we  difmife  this  fubjed*  it  may  be  worthwhile 


to  date  Mr  Dunnage’s  method  of  making  water-proof  Hat* 
hats,  in  imitation  of  beaver,  for  which,  in  November 
1794,  he  obtained  a  patent.  3t  is  as  follows  ;  Let  a 
fliag  be  woven,  of  fuch  count  in  the  reed,  and  cut  over 
fuch  fized  wire,  as  will  give  the  hats  to  be  mannfadu- 
red  from  it  that  degree  of  rfehneis,  or  appearance  of 
fur,  which  may  be  thought  neceffary.  The  materials 
of  which  this  fhag  may  be  compofed  are  various,  and 
flionld  be  accommodated  to  different  kinds  of  hats,  ac¬ 
cording  to  the  degree  of  beauty  and  durability  to  be 
given  them,  and  the  price  at  which  they  are  defigned- 
to  be  fold  ;  that  is  to  fay,  filk,  mohair,  or  any  other 
hair  that  is  capable  of  being  fpun  into  an  end  fine  e- 
no  ugh  for  the  purpofe,  cotton,  inkle,  wool,  or  a  mix¬ 
ture  of  any,  or  all  the  above  materials,  as  may  fuit  the 
different  purpofes  of  the  manufacturer.  Thefe  aufvver 
bed,  (fays  our  author),  which  are  made  with  two 
poles*  either  of  Bergam,  Piedmont,  or  Organzine  filk, 
rifing  alternately,  in  a  reed  of  about  nine  hundred  count’ 
to  eighteen  inches  wide,  with  three  flioots  over  each 
wire.  This  method  of  weaving  didributes  the  filk 
(as  it  may  be  put  fingle  into  the  haniefs),  and  pre¬ 
vents  any  ribby  appearance  which  it  might  have  if  the 
filk  were  puffed  double,  and  the  whole  of.  the  pole  cut 
over  each  wire.  This  may  be  made  either  on  a  two 
or  four  thread  ground  of  hard  filk,  fhot  wiih  fine  cot¬ 
ton,  which  he  thinks  preferable  for  fiioot,  to  filk,  ink  lev 
or  any  other  material,  as  it  forms  both  a.^clofe  and  fine, 
texture.  An  inferior  kind  of  hats  may  be  made  from 
any  of  the  before  mentioned  materials,  and  with  cheap¬ 
er  filk.  This  (hag  fhould  be  ttrttehed  on  a  frame, . 
fuch  as  dyers  ufe  to  rack, cloth  then  (having  previ- 
oufly  ftt  the  pile  upright  with  a  comb,  to  prevent  its 
being  injured  or  duck  together),  go  over  the  ground 
with  thin  fize,  laid  on  with  a  foft  bruih.  For  black* 
or  dark  colours,  common  fize  will  do  ;  with  white,  or 
any  light  colour,  ufe  ifinglafs,  or  a  fize  made  from  white 
kid  leather.  Thefe,  or  gum,  or  any  other  muc  lagi- 
nous  matter,  which,  without  altering  the  colour,  will 
prevent  oil  from  getting  through  the  ground  fo  as  to 
injure  the  pile,  will  ani'wer  the  purpofe.  Take  care 
not  to  apply  more  of  any  material,  as  a  preparation, 
than  may  be  fully  faturated  with  oil  or  varnifh,  io  that 
water  will  not  difeharge  it  from  the  ground.  The 
fize,  or  other  glutinous  matter,  being,  dry,  the  pile 
mud  be  teafeled,  or  carded  with  a  fine  card,  till; 
the  filk  is  completely  taken  out  of  the  twid  or  throw¬ 
ing,  when  it  will  lofe  its  coarfe  fhaggy  look,  and  af- 
fume  the  appearance  r  f: a  very  fine  fur.  It  mud  now 
be  once  more  fet  upright  with  a  comb,  and  you  may 
proceed  to  lay  on  your  water-proof  material  ;  this  too 
maybe  varied  according  to  circumdances.  For  black, 
or  any  dark  colour,  linfeed  oil  well  boiled  with  the  u- 
fual  driers,  and  thickened  with  a  fmall  quantity  of  any 
good  drying  colour,  v/ill  do  ;  for  white,  or  very  fine  co¬ 
lours,  poppy  or  nut  oil,  or  copal  or  other  varnifhes,  may 
be  ufed.  In  this  particular  the  manufa&urer  mud 
judge  what  will  bed  anfwer  his  purpofe,  taking  care 
never  to  ufe  any  thing  that  will  dry  hard,  or  be  fubjefl 
to  crack.  Mr  Dunnage  has  found  good  drying  lin¬ 
feed  oil  preferable  to  any  other  thing  which  he  has 
ufed,  and,  with  the  precaution  of  laying  on  very  little 
the  firfl  time,  it  will  not  injure  the  fined  colours.  When 
the  fird  coat  of  oil  is  dry,  go  over  it  a  fecond  and 
a  third  time,  if  neceffary,  till  you  are  convinced  the. 

porea. 
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pores  of  the  ground  are  fully  clofed  up,  and  the  fluff 
rendered  impervious  to  water.  It  fhould  now  (land 
feveral  days,  till  the  fmell  is  fufficiently  gone  oflg  and 
before  it  is  taken  from  the  frame,  fhould  be  gone  over 
with  fome  ox  gall  or  lime-water,  to  take  off  the  greafi- 
nefs,  which  would  otherwife  prevent  the  fliffening  from 
adhering  to  the  oil.  The  material  being  now  ready  to 
be  formed  into  hats,  fhould  be  cut  into  proper  fhapes 
for  that  purpofe.  The  crown  fhould  be  made  up  over 
-a  block,  with  needle  and  filk,  the  oiled  fide  outwards. 
The  feams  fhould  then  be  rubbed  with  a  piece  of  hard 
/•wood,  bone,  or  ivory,  to  make  them  lie  fat,  and  the 
edges  of  the  fluff  pared  off  very  near  the  flitches,  that 
mo  joint  may  appear  on  the  right  fide.  The  Teams 
•fhould  then  be  carefully  gone  over  with  the  prepared 
'oil,  till  every  crevice  or  hole  made  by  the  needle  is 
completely  filed  up,  and  the  crown  rendered  perfe&ly 
water-proof.  The  crown  may  then  be  turned  and  ftiff- 
-ened,  by  flicking  linen,  leather,  paper,  or  any  other 
material  that  may  be  found  to  anfwer  the  purpofe,  to 
the  inner  or  painted  fide,  till  it  acquires  about  the  fame 
-degree  of  fliffnefs,  or  refinance  to  the  touch,  as  a  good 
-beaver.  The  mucilaginous  matter  which  he  ufed  to 
attaeh  the  fliffening  to  the  crown,  and  the  upper  and 
runder  pails  of  the  brim  to  eaeh  other,  was  eompofed 
.of  one  pound  of  gum-arabic  or  fenega,  one  pound  of 
Jlarclr,  and  a  half  a  pound  of  glue,  boiled  up  with  as 
-much  water  as  reduced  the  whole  to  the  confidence  of 
*a  thick  pafle.  A  greater  or  kfs  proportion  of  any  of 
-thefe  ingredients  may  be  ufed,  and  other  glutinous  and 
.adhefive  fubftances  mayuinfwer  the  fame  purpofes  ;  or 
drying. oils  may  be  made  ufe  of,  inflead  of  this  or  other 
j mucilage  ;  or  any  of  the  refinous  gums  difTolved  in 
oil  or  fpirits  ;  only  it  fhould  be  obferved,  in  this  cafe, 
the  hats  will  require  more  time  in  the  preparation,  as 
the  oily  matter,  unlefs  expofed  to  the  air,  will  not  rea¬ 
dily  dry  ;  but  he  found  by  experience  that  the  above 
mentioned  eompofition  does  not  dry  hard  or  brittle, 
but  retains  that  pleafant  flexibility  which  is  agreeable 
to  the  touch,  while  it  communicates  to  the  other  mate¬ 
rials  a  fuffieient  degree  of  elaflicity.  Before  the  brim 
xs  perfectly  dry,  care  fhould  be  taken  to  form  a  neck 
or  rifing  round  the  hole  where  it  is  to  be  attached  to 
the  crown,  by  notching  it  round  with  a  pair  of  feif- 
fars,  and  then  forcing  it  over  a  block  fomething  larger 
than  you  have  made  the  hole,  fo  that  the  uncut  fluff  may 
turn  up,  under  the  lower  edge  of  the  crown,  about  a 
quarter  of  an  inch.  Before  you  join  the  crown  and  brim 
together,  go  over  the.outfide  of  the  neek  of  the  brim, 
and  the  infide  of  the  crown,  as  high  as  the  neck  will 
£ome  (which  fhould  be  about  half  an  inch),  with  the 
prepared  oil ;  and  when  they  are  nearly  dry,  fo  as  to 
adhere  to  the  finger  on  touching  them,  put  the  crown 
over  the,  neck  of  the  brim,  and  let  them  be  fewed 
flrongly  together,  taking  eare  to  few  down  as  little  of 
the  pile  as  poffible,  and  ufmg  the  fame  precaution  of 
oiling,  where  the  needle  has  been  through,  as  was' ob¬ 
ferved  in  making  up  the  crown.  The  hat  is  now  rea¬ 
dy  for  dreffing  ;  which  operation  may  be  performed 
over  a  block,  with  a  hot  iron,  brufh,  &c.  in  the  fame 
manner  as  thole  commonly  called  felts.  When  putting 
-in  the  lining,  be  very  careful  to  let  the  needle  only  take 
Bold  of  the  under  iurface  of  the  brim  ;  for  fhould  it 
perforate  the  upper  one,  the  water  will  find  its  way 
ihropgh,  and  the  hat  be  of  no  value.  T  hough  we 


have  already  declared  how  little  we  arc  acquainted  with  H 
the  operation  of  hat-making,  we  cannot  help  fuggefling 
the  enquiry,  whether  thefe  water-proof  hats  might* not  be 
improved  both  in  flrength  and  beauty,  by  a  flight  Sit¬ 
ing  before  the  application  of  the  frze  by  the  brufh. 
Such  of  themes  are  eompofed  of  wool  or  hair,  or  con¬ 
tain  a  mixture  of  thefe  materials,  are  unqueflionably 
fufceptible  of  felting  7 

HAWKINS  (Sir  John),  was  the  youngefl  fon  of  a 
man  who,  though  defeended  from  Sir  John  Hawkins 
the  memorable  admiral  and  treafurer  of  the  navy  in  the 
reign  of  Qpecn  Elizabeth,  followed  at  firfl  the  occupa¬ 
tion  of  a  houfe-earpenter,  which  he  afterwards  exchan¬ 
ged  for  the  profefhon  of  a  furveyor  and  builder.  He  was 
born  in  the  city  of  London  on  the  30th  day  of  March 
1719;  and  after  having  been  fent  firfl  to  one  fehool,  and 
afterwards  to  a  fecond,  where  he  acquired  a  tolerable 
knowledge  of  Latin,  he  went  through  a  regular  eourfe 
of  arehite&ure  and  perfpe&ive,  in  order  to  fit  him  for 
his  father  s  profefOon  of  a  furveyor.  He  was,  how¬ 
ever,  perfuaded,  by  a  near  relation,  to  abandon  the  pro- 
fefiiou  of  his  firfl  choice,  and  to  embrace  that  of  the 
law;  and  was  accordingly  articled  to  Mr  John  Scott  an 
attorney  and  folieitor  in  great  praaiee.  In  this  fixa¬ 
tion  his  time  was  too  fully  employed  in  the  aaual  dif- 
pateh  of  bu finds  to  permit  him,  without  fome  extra¬ 
ordinary  means,  to  acquire  the  neceflary  knowledge  of 
his  profeffion  by  reading  and  ftudy  ;  befides  that,  his 
mailer  is  laid  to  have  been  more  anxious  to  render  him 
a  good  copying  clerk,  by  fcrupulous  attention  to  his 
hand- writing,  than  to  qualify  him  by  inflru&ion  to  eon- 
dua  bufrnefs.  To  remedy  this  inconvenience,  therefore, 
he  abridged  himfelf  of  his  reft,  and  rifing  at  four  in  the 
morning,  found  opportunity  of  reading  all  the  neceflary 
and  molt  eminent  law  writers,  and  the  works  of  our 
mofl  celebrated  authors  on  the  fubjeas  of  verfe  and 
profie.  .  By  thefe  means,  before  the  expiration  of  his 
clerkfhip,  he  had  rendered  himfelf  a  very  able  lawyer, 
and  had  acquired  a  love  for  literature  in  general,  but 
particularly  for  poetry  and  the  polite  arts ;  and  the  better 
to  facilitate  hrs  improvement,  he  oeeafionally  furnifhed 
to  the  Univerfal  Speaator,  the  Weflminfler  Journal, 
the  Gentleman’s  Magazine,  and  other  periodical  publica¬ 
tions  of  the  time,  effays  ar.d  difquificions  on  feveral  fub- 
jedls.  The  firfl  of  thefe  is  believed  to  have  been  an 
Effay  on  Swearing  ;  but  the  exa&  time  of  its  appear¬ 
ance,  and  the  paper  in  which  it  was  inferted,  are  both 
unknown.  It  was,  however,  re-publifhed  fome  years  be¬ 
fore  his  death  (without  his  knowledge  till  he  faw  it  in 
print)  in  one  of  the  newfpapers.  His  next  production 
was  an  Effay  on  Honejly ,  inferted  in  the  Gentleman’3 
Magazine  for  March  1739  »  and  which  oceafioned  a 
controversy,  continued  through  the  Magazines  for  fe¬ 
veral  fuceeeding  months,  between  him  and  a  Mr  Ca- 
lamy,  a  defeendant  of  the  celebrated  Dr  Edmund  Ca- 
lamy,  then  a  fellow-elerk  with  him. 

About  the  year  1741,  a  club  having  been  inflituted 
by  feveral  amateurs  of  mufre,  under  the  name  of  the 
Madrigal  Society,  to  meet  every  Wednefday  evening, 
and  hrs  clerkfhip  being  now  out,  he  became  a  member  of 
it,  and  continued  fo  many  years.  Purfuing  his  inclina¬ 
tion  for  mufic  flill  farther,  he  became  alfo  a  member  of 
•the  Academy  of  Ancient  Mufre,  which  ufed  to  meet 
every^  I  hurfday  evening  at  the  Crown  and  Anchor  in 
the  Strand,  but  fince  removed  to  Freemalocs  Hall; 

and 
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and  of  this  he  continued  a  member  till 
fore  its  removal. 

Impelled  by  his  own  tafte  for  poetry,  and  excited  to 
it  by  his  friend  Foil cr  Webb’s  example,  who  had  con¬ 
tributed  to  the  Gentleman’s  Magazine  many  vety  elegant 
poetical  compofitions,he  had,  before  tins  time, himfelf  be¬ 
come  an  occasional  contributor  in  the  fame  kind,  as  well 
to  that  as  to  fome  other  publications.  I  he  earlieft  of 
his  productions  of  this  foecies,  now  known,  is  fuppofed 
to  be  a  copy  of  verfes  ‘‘  To  Mr  George  Stanley,  occa¬ 
sioned  by  looking  over  fomc  Compolitions  of  his  lately 
publifhed,”  which  bears  date  19th  February  1740,  and 
was  inferted  in  the  Daily  Advertifer  for  February  2  1 . 
1741  ;  tut,  about  the  year  1742,  he  propofed  to  Mr, 
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a  few  years  be  foitur.e,  lie  quitted  bufinefs  to  Mr  Clrrk,  afterwards  Al-  Hawkins 
derman  Clark,  who  had  a  fhort  time  before  completed 
his  clerkfhip  under  him,  difpofed  of  his  houfe  in  Auflin 
Friars,  and  purchafed  a  houfe  at  Twickenham.  Soon 
afterwards  he  bought  the  leafe  of  one  in  Hatton-ftreet 
London,  for  a  town  refidence.  .  . 

From  a  very’early  period  of  his  life  he  had  entertain-, 
ed  a  (tror'g  love  for  the  amufement  of  angliRg  ;  and  his 
affeCtion  for  it,  together  with  the  vicinity  of  the  river- 
Thames,  was  undoubtedly  his  motive  to  a  rehdence  at- 
tliis  village.  Fie  had  been  long  acquainted  with  Wal¬ 
ton’s  Complete  Angler ;  and  had,  by  obfervation  and 
experience,  become  himfelf  a  very  able  pioficient  in  the 
art.  Hearing,  about  this  time,  that  Mr  Mofes  Browne 


Stanley  the'projeS  of  publKhing,'  in  conjundion  with"  propped  to  >i<h  a  new  edition  of  that  work, 
r ■  rl  ?  L  - , i  word,  being  himfelf  in  poffeffion  of  fome  material  partn 


him,  fix  cantatas  for  a  voice  and  inftruments,  the  words 
to  be  furnifhed  by  himfelf,  and  the  mufic  by  Mr  Stan¬ 
ley.  The  proposal  was  accepted,  the  publication  was 
to  be  at  their  joint  expence,  and  for  their  mutual  be¬ 
nefit ;  and  accordingly,  in  1742,  fix  cantatas  were  thus 
publifhed,  the  five  fir  ft  written  by  Mr  Hawkins,  the 
iixth  and’laft  by  Toiler  Webb  ;  and  thefe. having  fuc- 
cecded  beyond  the  moil  fanguine  expectations  of  their 
authors,  a  fecord  fet  of  fix  more,  written  wholly  by 
himfelf,  was  in  like  manner  publifhed  a  few  months  af¬ 
ter,  and  fucceeded  equally  well. . 

As  thefe  compofitions,  by  being  frequently  perform- 
ed  at  Vauxhall,  Ranelagh,  and  other  public  places,  and 
at  many  private  concerts,  had  become  favourite  entes. 
tainments,  many  perfons,  finding  the  author  alfo  a  modefl 
well-informed  young  man  of  unexceptionable  morals, 
were  become  defirous  of  his  acquaintance.  Among  thefe 
was  Mr  Hare  of  Limehoufe,  a  brewer,  who  being  himfelf 
a  mufieal  man,  and  having  met  him  at  Mr  Stanley’s  at 
mufical  parties,  gave  him  an  invitation  to  his  houfe  - 
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being  himfelf  in  poffeftion  of  fome  material  particulars 
refpeding  Walton,  he,  by  letter,  made  Mr  Browne  am 
offer  of  writing,  for  his  intended  edition,  Walton  s 
Life.  To  this  propofal  no  anfwer  was  returned,  at 
leaft.  for  fome  time  ;  from  which  circumftance  Mr  Haw¬ 
kins  concluded,  as  any  one  reafonably  would,  that  his 
offer  was  not  accepted  ;  and,  therefore,  having  alfo- 
learnt  that  Mr  Browne  meant  not  to  publifh  the  text  a3 
the  author  left  it,  but  to  modernize  it,  in  order  to  file 
off  the  rufl,  as  he  called  it,  he  wrote  again  to  tell  Mr 
Browne  that  he-underftood  his  intention  was  to  fophi- 
fticate  the  text,  and  that  therefore  he,  Mr  Hawkins, 
would  himfelf  publifh  a  correCt  edition.  _  Such  an  edi¬ 
tion,  in  1760,  he  accordingly  publifhed  in  o&avo  with 
notes,  adding  to  it  a  Life  of  W alton  by  himfelf,  a  Life 
of  Cotton,  the  author  of  the  fecond  part,  by  the  well- 
known  Mr  Oldys ;  and  a  fet  of  cuts  defigned  by  Wale, 
and  engraved  by  Ryland. 

His  propenfity  to  mufic,  manifefled  by  his  becoming, 
a  member  and  frequenter  of  the  feveral  mufical  focietie3 
alfn  hv  a  regular  concert  at  his 


to  a  friend  of  his,  Peter  Storer  of  Highgate,  Efq; 
which  pioved  the  means  of  making  his  foitun«- 

In-the  winter  of  the  year  r  749’  ®r,  then  Mr  John- 
fon,  was  induced  to  inltitute  a  club  to  meet  every  Tuef- 
day  evening  at  the  King’s  Head,  in  Ivy-lane,  near  St 
Paul’s.  It  confided  only  of  nine  perfons;  and  Mr. 
Hawkins  was  one  of  the  firft  members.  About  this  time, 
as  it  is  fuppofed,  finding  his  father’s  houfe,  where  he 
had  hitherto  refided,  too  final!  for  the  difpatch  of  I hw 
bufinefs  now  very  much  encreafing,  he,  in  conjunction 
with  Dr  Munckley,  a  phyf^ian,  with  whom  he  had 
contracted  an  intimacy,  took  a  houfe  in  Clement* 
lane,  Lombard- ftreet.  The  ground  floor  was  occupied 
by  him  as  an  office,  and  the  fiift  floor  by  the  Dodor  as_ 
his  apartment.  Here  he  continued  till  the  beginning  of 
j7c,,  when,  on  occafion  of  his  marriage  with  Sidney, 
the  youngeft  of  Mr  Storer’s  daughters,  who  brought 
him  a  confiderable  fortune,  he  took  a  houfe  in  Auiiin 
Friars,  near  llroad-  (treet,  ftill  continuing  to  follow  his 

profeffion  of  an  attorney.  „ 

Having  received,  on  the  death  of  t  eter  Storer,  Elq. 
his  wife’s  brother,  in  1759,  a  very  large  addition  to  her 


houfe  in  Auflin  Friars,  had  led  him,  at  the  time  that 
he  was  endeavouring  to  get  together  a  good  library  of 
books,  to  be  particularly  folicitous  for  colledmg  the 
works  of  fome  of  the  belt  mufical  compofers  ;  and,  a- 
mong  other  acquifitions,  it  was  his  Angular  good  for¬ 
tune  to  become  poflefied  by  purebafe  of  feveral  of  the 
moft  fcarce  and  valuable  theoretical  treatifes  on  the 
lcience  any  where  extant,  which  had  formerly  been 
colleded  by  Dr  Pepufch.  With  this  flock  of  ei  udition, 
therefore,  he,  about  this  time,  at  the  infiance  of  fome 
fiiends,  fet  about  procuring  materials  for  a  work  then 
very  much  wanted,  a  Hiftory  of  the  Science  and  Pradice 
of  Mufic,  which  he  afterwards  publiflied. 

At  the  recommendation  of  the  well  known  Paul 
Whitehead,  to  the  Duke  of  Newcaftle,  then  Lord 
Lieutenant  for  Middlefex,  his  name  was,  in  1761,  in¬ 
fer  ted  in  the  Commiffion  of  the  Peace  for  that  couii. 
ty ;  and  having  by  the  proper  ftudies,  and  a  fedulous 
attendance  at  the  feffions,  qualified  himfelf  for  the 
office,  he  became  an  adive  and  ufeful  magiftrate  in 
the  county( a).  Obferving,  as  be  had  frequent  occafion 
to  do  in  the  courfe  of  his  duty,  the  bad  ftate  of  high. 

waySj 


„  „  ,  r,  1  „  r  a  rf.folntion  of  taking  no  fees,  not  even  the  legal  and  authorised 

(a)  When  lie  ftrft  began  to  a.  ,  ^  ^  ^  found  that  h  was  a  temptation  to  litigation,  and  that  every 

ones,  and  purfued  this  method  fo  PnnKcalian  £or  a  warrant.  To  check  this,  therefore,  he  altered  his  mode, 
trifling  ak-houfe  quarrel  Produ^  feDarately  in  a  pUTfe  ;  and  at  the  end  of  every  fummer,  before  he  left 

32  r»n,^fo“*r  JSo'doJiod  *.  whole  ,0  tho  Of  .ho  prift,  »  bo  by  him  AM 

among  fuch  of  the  poor  as  he  judged  fit. 
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ways,  and  the  great  defe&  In  the  laws  for  amending 
and  keeping  them  in  repair,  he  fet  himfelf  to  revife  the 
former  ftatutes,  and  drew  an  a£l  of  parliament  confoli- 
dating  all  the  former  ones,  and  adding  fuch  other  re¬ 
gulations  as  were  neceffary.  His  fentiments  on  this 
fubjedl  he  published  in  o&avo,  in  1763,  under  the  title 
of  “  Obfervations  on  the  State  of  Highways,  and  on 
the  Laws  for  amending  and  keeping  them  in  repair 
Subjoining  to  them  the  draught  of  the  aft  before  men¬ 
tioned  ;  which  bill  being  afterwards  introduced  into 
parliament,  paffed  into  a  law,  and  is  that  under  which 
all  the  highways  in  England  are  at  this  time  kept  re¬ 
paired.  Of  this  bill,  it  is  but  juftice  to  add,  that,  in  the 
experience  of  more  than  thirty  years,  it  has  never  re¬ 
quired  a  fingle  amendment. 

Johnfon,  and  Sir  Jofhua,  then  Mr  Reynolds,  had,  in 
the  winter  of  this  year  1763,  proje&e*  the  eftablifhment 
of  a  club  to  meet  every  Monday  evening  at  the  Turk’s 
Head,  in  Gerard-ftreet ;  and,  at  Johnfon’s  felicitation, 
Mr  Hawkins  became  one  of  the  firft  members 

An  event  of  confiderable  importance  engaged  him,  irt 
the  year  1764,  to  (land  forth  as -the  champion  of  the 
county  of  Middlefex,  agamft  a  claim  then  for  the  firfi: 
time  fet  up,  and  fo  enormous  in  its  amount  as  juftly  to 
excite  refiflance.  The  city  of  London  finding  it  necef¬ 
fary  to  re-build  the  gaol  of  Newgate,  the  expence  of 
which, according  to  their  own  eftimates,  would  amount  to 
L.  40,000,  had  this  year  applied  to  parliament,  by  a  bill 
brought  into  the  Honfe  of  Commons,  in  which,  on  a  fug- 
geftion  that  the  county ‘prifoners  removed  to  Newgate 
for  a  few  days  previous  to  their  trials  at  the  Old  Bailey, 
were  as  two  to  one  to  the  London  prifoners  conftantly 
confined  there,  they  endeavoured  to  throw  the  burthen 
of  two-thirds  of  the  expence  on  the  county,  while  they 
themfelves  propofed  to  contribute  one  third  only.  This 
attempt  the  magiftrates  for  Middlefex  thought  it  their 
duty  to  oppofe ;  and  accordingly  a  vigorous  oppofition 
to  it  was  commenced  and  fupported  under  the  condud 
of  Mr  Hawkins,  who  drew  a  petition  againft  the  bill, 
and  a  cafe  of  the  county,  which  was  printed  and  diftri 
huted  amongft  the  members  of  both  lioufes  of  parlia¬ 
ment.  It  w'as  the  fiibje&  of  a  day’s  converfation  in  the 
Houfe  of  Lords  *,  and  produced  fuch  an  effe£l  in  the 
Houfe  of  Commons,  that  the  city,  by  its  own  mem¬ 
bers,  moved  for  leave  to  withdraw  the  bill  The  fuc- 
cefs  of  this  oppofition,  and  the  abilities  and  fpirit  with 
which  it  was  conduced,  naturally  attra&ed  towards  Mr 
Hawkins  the  attention  of  his  fellow- magiftrates ;  and 
the  chairman  of  the  quarter  feflions  dying  not  long  af¬ 
ter,  he  was,  on  the  19th  day  of  September  1765,  ele&ed 
his  fucceffor. 

#  In  the  year  1771,  he  quitted  Twickenham,  and  fold 
his  houfe  there  to  Mr  Vaillant  ;  and,  in  the  fummer  of 
the  next  year,  for  the  purpofe  of  obtaining,  by  fearches 
in  the  Bodleian  and  other  libraries,  farther  mate¬ 
rials  for  his  hiflory  of  mufic,  he  made  a  journey  to  Ox¬ 
ford,  cariying  with  him  an  engraver  from  London,  to 
make  drawings  from  the  portraits  hi  the  mufic  fchool. 

On  occafion  ofa&ual  tumults  or  expe&ed  difhubances, 
he  had  more  than  once  been  called  into  fervice  of  great 
perlonal  danger.  When  the  riots  at  Brentford  had 
arifen,  during  the  time  of  the  Middlefex  eleftion  in  the 
year  1768,  he  and  fome  of  his  brethren  attended  to  fup- 
prefs  them  ;  and,  In  confequence  of  an  expe&ed  riotous 
asTembly  of  the  journeymen  Spital-fields  weavers  in 
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Moorfields  in  1769,  the  magiflrates  of  Middlefex,  and 
he  at  their  head,  with  a  party  of  guards,  attended  to 
oppofe  them  ;  but  the  mob,  on  feeing  them  prepared, 
thought  it  prudent  to  difperfe.  In  thefe  and  other  in- 
ftances,  and  particularly  in  his  conduct  as  chairman,  ha- 
ving  given  fu.fficient  proof  of  lirs  a&ivity,  refolution,  abi¬ 
lities,  integrity,  and  loyalty,  he,  on  the  23d  of  Odober 
T772>  received  from  his  majelly  the  honour  of  knight¬ 
hood. 

In  1773,  Dr  Johnfon  and  Mr  Stevens  pnblifhed,  in  ten 
volumes  o&avo,  their  firfi  joint  edition  of  Shakefpeare, 
to  which  Bir  John  Hawkins  contributed  fuch  notes  as  are* 
diftioguiftied  by  his  name,  as  he  afterwards  did  a  few  more 
on  the  republication  of  it  in  1778.  An  addrefs  to  the 
king  from  the  county  of  Middlefex,  on  occafion  of  the 
American  war,  having,  in  j  774,  been  judged  expedient, 
and  at  his  inflance  voted,  he  drew  up  fuch  an  addrefs, 
and,  together  with  two  of  his  brethren,  had,  in  the  month 
of  Odober  in  that  year,  the  honour  of  prefenting  it. 

After  fixteen  years  labour,  he,  in  1776,  publifhed,  in 
five  volumes  quarto,  his  General  Hiflory  of  the  Science 
and  Praftice  of  Mufic  ;  which,  in  confequence  of  per- 
mifSon  obtained  in  1773,  he  dedicated  to  the  king,  and 
prefented  it  to  him  at  Buckingham-houfe  on  the  14th 
of  November  1776,  when  he  was  honoured  with  an  au¬ 
dience  of  confiderable  length  both  from  the  kino-  and 
queen. 

Not  long  after  this  publication,  that  is  to  fay  in  No¬ 
vember  1777,  was  induced,  by  an  attempt  to  rob  his 
houfe,  which,  though  unfuccefsful,  was  made  three  dif¬ 
ferent  nights  with  the  interval  of  one  or  two  only  be¬ 
tween  each  attempt,  to  quit  his  houfe  in  Hatton-ftreet; 
and,  after  a  temporary  residence  for  a  fhort  time  in  St 
James’s  Place,  he  took  a  leafe  cf  one,  formerly  inhabi¬ 
ted  by  the  famous  admiral  Vernon,  in  the  ftreet  leading 
up  to  Queen  Square.  Weftminfter,  and  removed  thithen 

By  this  removal  he  became  a  conftant  attendant  on 
Divine  worfhip  at  the  parilh-church  of  St  Margaret, 
Weftminfter;  and  having  learnt,  in  December  1778, 
that  the  furveyor  to  the  board  of  ordnance  was,  in  de¬ 
fiance  of  a  provifo  in  the  leafe  under  which  they  claim¬ 
ed,  carrying  up  a  building  at  the  eaft  end  of  the  church, 
which  was  likely  to  obfeure  the  beautiful  painted  glafs 
window  over  the  altar  there,  Sir  John  Hawkins,  with 
the  concurrence  of  fome  of  the  principal  inhabitants, 
wrote  to  the  furveyor,  and  compelled  him  to  take  down 
two  feet  of  the  wall,  which  he  had  already  carried  up 
above  the  fill  of  the  window,  and  to  flope  off  the  roof 
of  Ins  building  in  fuch  a  manner,  as  that  it  is  not  only 
no  injury,  but,  on  the  contrary,  a  defence  to  the  win¬ 
dow. 

.  In  the  cf  December  1783,  Dr  Johnfon  ha- 

vmg  difeovered  in  himfelf  fymptoms  of  a  dropfy,  fent 
for  Sir  John.  Hawkins,  and  telling  him  the* precan. 
ous  ftate  of  his  health,  declared  his  defire  of  makings 
will,  and  requefted  him  to  be  one  of  his  executors.  Sir 
John  accepted  the  office  ;  inftruded  the  Doctor  how 
to  make  his  will ;  and  on  his  death  undertook  to  be 
his  biographer,  and  the  guardian  of  his  fame,  by  pub¬ 
lishing  a  complete  edition  of  his  works. 

Not  three  months  after  the  commencement  of  this 
undertaking,  he  met  with  the  fevered  lofs  of  almoft  any 
that  a  literary,  man  can  fuflain,  fhort  of  that  of  his 
friends  or  relations,  in  the  deftru&ion,  by  fire,  of  his  li¬ 
brary  ;  confiding  of  a  numerous  and  well  chofen  col- 
1  „  le&ion 
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Ha  ins.  ledton  of  books,  ancient  and  modern,  in  many  langua-  fuccefsfully  ftudied  human  nature  ;  but  he  certainly  was  Heat 

^  ges>  anc^  on  mo^  fubjeds,  which  it  had  been  the  bufi-  not  a  man  of  general  tafte.  — v“ 

nefs  of  above  30  years,  at  intervals  to  get  together.  HEAT.  See  in  this  Supplement,  Chemistry, 

Of  this  lofs,  great  as  it  was  in  pecuniary  value,  and  Part  I.  chap.  v.  where  we  have  endeavoured  to  eflabiifh 
comprifmg  in  books,  prints,  and  drawings,  many  ar-  the  modern  dodrine  refpeding  Caloric  or  latent  heat, 
tides  that  could  never  be  replaced,  he  was  never  heard  In  n°  309,  &c.  of  that  article,  we  have  given  an  ac- 
in  the  fmalleft  degree  to  complain  ;  but  having  found  a  count  of  Count  Rumford’s  ingenious  experiments,  in¬ 
temporary  reception  in  a  large  houfe  in  Orchard- ftreet,  ftituted  with  a  view  to  determine  whether  or  not  ca- 
Weft  min  Her,  tie  continued  there  a  fhort  time,  and  then  loric  be  a  fubftance,  and  have  ftated  our  reafons  for 
took  a  houfe  in  the  Broad  Sanduary,  Weftminfter.  diffenting  from  his  opinion.  It  has  been  fuggefted  to 

This  event,  for  a  fhort  time,  put  a  ftop  to  the  pro-  us,  however,  by  a  friend,  to  whofe  judgment  we  are 
grefs  of  his  literary  purfuits.  As  foon,  however,  as  he  inclined  to  pay  great  deference,  that  it  would  be  pro- 
could  fufficiently  colled  his  thoughts,  he  recommenced  per,  in  this  place,  to  give  the  Count’s  arguments  at 
his  office  of  biographer  of  Johnfon  ;  and  completed  his  full  length,  and  in  his  own  words  ;  and  the  propriety  of 
intention  by  publiftung,  in  1787,  the  life  and  works,  this  is  the  more  apparent,  that  in  the  fupplementary 
in  eleven  volumes  odavo,  which  he  dedicated  to  the  article  Electricity,  we  have  hinted  our  own  fufpi- 
king.  .  .  cions  of  the  non-exiftence  of  an  elefirical fluid .  The 

With  this  produdion  he  terminated  his  literary  la-  Count  then  reafons  from  his  experiments  in  the  follow- 
bours;  and  having  for  many  years  been  more  particu-  ing  words  : 

larly  fedulous  in  his  attention  to  the  duties  of  religion,  “  By  meditating  on  the  refults  of  all  thefe  experi- 
and  accuftomed  to  fpend  all  his  leifure  from  other  ne-  ments,  we  are  naturally  brought  to  that  great  queition 
ceffary  concerns  in  theological .  and  devotional  ftudies,  which  has  fo  often  been  the  fubjed  of  fpeculation  a- 
he  now  more  clofely  addided  himfelf  to  them,  and  fet  mong  philofophers,  namely,  What  is  heat  ?— Is  there 
himfelf  to  prepare  for  that  event,  which  he  faw  could  any  fuch  thing  as  an  igneous  there  any  thing 

be  at  no  great  diftance  ;  and  the  better  to  accomplifh  that  can  with  propriety  be  called  caloric  ? 

this  end,  in  the  month  of  May  1788,  he,  by  a  will  and  “  We  have  feen  that  a  very  confiderable  quantity  of 

other  proper  inftruments,  made  fuch  an  arrangement  of  heat  may  be  excited  in  the  fridion  of  two  metallic  fur- 
his  affairs  as  he  meant  fhouldtake  place  after  his  deceafe.  faces,  and  given  off  in  a  conftant  ftream  or  flux  in  all 
In  this  manner  he  fpent  his  time  till  about  the  begin-  directions,  without  interruption  or  intermifiion,  and 
ring  of  May  1789,  when,  finding  his  appetite  fail  him  in  without  any  figns  of  diminution  or  exhauftion. 
a  greater  degree  than  ufual,  he  had  recourfe,  as  he  had  “  From  whence  came  the  heat  which  was  continual- 
fometimes  had  before  on  the  fame  occafion,  to  the  wa-  ly  given  off  in  this  manner  in  the  foregoing  experiments  ? 
ters  of  the  Iflington  Spa.  Thefe  he  drank  for  a  few  Was  it  furniftied  by  the  fmall  particles  of  metal  detach- 
mornings  ;  but  on  the  14th  of  that  month,  while  he  ed  from  the  larger  folid  maffes  on  their  being  rubbed 
was  there,  he  was,  it  is  fuppofed,  feized  with  a  paraly-  together  ?  This,  as  we  have  already  feen,  could  not  pof- 
tic  affedion,  as,  on  his  returning  to  the  carriage  which  fibly  have  been  the  cafe. 

waited  for  him,  his  fervants  perceived  a  vifible  alteration  “  Was  it  furniftied  by  the  air  ?  This  could  not  have 

in  his  face.  On  his  arrival  at  home,  he  went  to  bed,  been  the  cafe;  for  in  three  of  thefe  experiments,  the 
but  got  up  a  few  hours  after,  intending  to  receive  an  old  machinery  being  kept  immerfed  in  water,  the  accefs  of 
friend,  from  whom  he  expeded  a  vifit  in  the  evening,  the  air  of  the  atmofphere  was  completely  prevented. 

At  dinner,  however,  his  diforder  returning,  he  was  led  “  Was  it  furniftied  by  the  water  which  Unrounded 
up  to  bed,  from  which  he  never  rofe,  on  the  21ft  of  the  machinery  ?  That  this  could  not  have  been  the  cafe 
the  fame  month,  about  two  in  the  morning,  dying  of  is  evident  ;  Jirfi ,  becaufe  this  water  was  continually  r<?- 
an  apoplexy.  He  was  interred  on  the  28th  in  the  ceiving  heal  from  the  machinery,  and  could  not  at  the 
cloifters  of  Weftminfter  Abbey,  in  the  north  walk  near  fame  time  be  giving  to  and  receiving  heat  from  the  fame 
the  eaftern  door  into  the  church,  under  a  ftone,  con-  body  ;  and ,fecondly,  becaufe  there  was  no  chemical  de¬ 
taining,  by  his  exprefs  injundions,  no  more  than  the  ini-  compofition  of  any  part  of  this  water.  Had  any  fuch 
tials  of  his  name,  the  date  of  his  death,  and  his  age  ;  decompofition  taken  place  (which  indeed  could  not 
leaving  behind  him  a  high  reputation  for  abilities  and  reafonably  have  been  expeded),  one  of  its  compound 
integrity,  united  with  the  well-earnt  charader  of  an  elaftic  fluids  (moil  probably  inflammable  air)  muft  at 
adive  and  refolute  magiftrate,  an  affedionate  huf-  the  fame  time  have  been  fet  at  liberty,  and,  in  making 
band  and  father,  a  firm  and  zealous  friend,  a  loyal  fub-  its  efcape  into  the  atmofphere,  would  have  been  deted- 
jed,  and  a  fincere  Chriflian.  ed  ;  but  though  I  frequently  examined  the  water  to  fee 

Such  is  the  charader  of  him  in  the  Biographical  if  any  air  bubbles  rofe  up  through  it,  and  had  even 
Didionary,  which  we  have  neither  right  nor  inclina-  made  preparations  for  catching  them  in  order  to  exa- 
tion  to  controvert.  With  none  of  his  works  are  we  mine  them  if  any  lhould  appear,  I  could  perceive  none  ; 
acquainted  but  his  edition  of  Walton's  Complete  Angler ,  nor  was  there  any  flgn  of  decompofition  of  any  kind 
and  his  Life  of  Johnfon.  The  former  is  a  very  plea-  whatever,  orother  chemical  proccfs  going  on  in  the  water, 
fing  book  ;  and  in  the  latter  are  colleded  many  inte-  “  Is  it  poffible  the  heat  could  have  been  fupplied  by 
refting  anecdotes  of  literature  and  literary  men  ;  but  means  of  the  iron  bar  to  the  end  of  which  the  blunt 
they  are  not  well  arranged,  and  the  ftyle  of  the  com-  fteel  borer  was  fixed  l  or  by  the  fmall  neck  of  gun  me- 
pofition  is  coarfe  and  flovenly.  Sir  John,  we  doubt  tal  by  which  the  hollow  cylinder  was  united  to  the 
not,  was  a  man  of  worth,  and  his  refledions  on  the  fen-  cannon  ?  Thefe  fuppofitions  appear  more  improbable 
timental  Hang  of  Sterne  and  others,  fhew  that  he  had  even  than  either  ©f  thofe  before  mentioned  ;  for  heat  wa3 
Svpfl.  Vol.  1.  Part  II.  5  A  continually 
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Heat,  continually  going  off  or  out  of  the  machinery ,  by  both 
Helena.  t^efe  ]aft  paffages,  during  the  whole  time  the  experiment 
'  *  laflcd. 

“  And,  in  reafoning  on  this  fubjeCt,  we  muff  not 
forget  to  confider  that  mod  remarkable  circumftance, 
that  the  fource  of  the  heat  generated  by  fri&ion  in 
thefe  experiments  appeared  evidently  to  be  inexhauftible. 

“  Jt  is  hardly  neceffary  to  add,  that  any  thing  which 
any  infulated  body  or  fyftem  of  bodies  can  continue  to 
furnifh  'without  limitation ,  cannot  poflibly  be  a  material 
fuhjlance  ;  and  it  appears  to  me  to  be  extremely  diffi¬ 
cult,  if  not  quite  impoffible,  to  form  any  diftinft  idea 
of  any  thing  capable  of  being  excited  and  communica¬ 
ted  in  the  manner  the  heat  was  excited  and  communi¬ 
cated  in  thefe  experiments,  except  it  be  motion. 

“  But  although  the  mechanifm  of  heat  lhould  in  fa& 
be  one  of  thofe  myfteries  of  nature  which  are  beyond 
the  reach  of  human  intelligence,  this  ought  by  no 
means  to  difcourage  us,  or  even  leffen  our  ardour,  in 
our  attempts  to  inveftigate  the  laws  of  its  operations. 
How  far  can  we  advance  in  any  of  the  paths  which 
fcience  has  opened  to  us,  before  we  find  ourfelves  en¬ 
veloped  in  thofe  thick  miffs  which  on  every  fide  bound 
the  horizon  of  the  human  intellect  ?  But  how  ample 
and  interefting  is  the  field  that  is  given  us  to  explorfc  ! 

“  Nobody,  furely,  in  his  .fober  fenfes  has  ever  pre- 
tended  to  underftand  the  mechanifm  of  gravitation  ;  and 
yet  what  fublime  difcoveries  was  our  immortal  Newton 
enabled  to  make,  merely  by  the  inveftigation  of  the 
laws  of  its  a&ion  !  The  effeCts  produced  in  the  world 
by  the  agency  of  heat  are'  probably  jujl  as  extenfive 
and  quite  as  important,  as  thofe  which  are  owing  to  the 
tendency  of  the  particles  of  matter  towards  each  other; 
and  there  is  no  doubt  but  its  operations  are  in  all  cafes 
determined  by  laws  equally  immutable/’ 

HELENA,  or  St  Helena.  In  addition  to  the 
account  of  this  ifland  in  the  Encyclopedia ,  the  following 
particulars  from  Sir  George  Staunton  deferve  a  place 
in  this  Supplement ,  becaufe  Tome  of  them  are  important 
in  themfelves,  while  others  correct  one  or  two  xniffakes 
into  which  we  had  fallen,  by  adopting,  implicitly,  the 
narrative  of  Forffer. 

The  circumference  of  St  Helena  meafures  fomewhat 
lefs  than  twenty- eight  miles.  Along  the  whole  coaft 
to  leeward,  or  to  the  northward,  ffiips  may  anchor  in 
perfect  fecurity  in  all  feafons  of  the  year,  but  the  bank 
{helves  fo  abruptly  afterwards,  that  the  anchorage,  be¬ 
ing  in  deep  water,  is  infecure.  The  tide  feldom  rifes 
above  three  feet  and  a  half ;  but  the  furge  of  the  fea  is 
fometimes  tremendous  5  and  feveral  accidents  happened 
in  approaching  or  quitting  the  fhore,  until  a  wharf  was 
ereCted,  lately,  which  renders  the  arrival  there,  and  de¬ 
parture  from  it,  perfe&ly  fafe.  In  the  immediate  neigh- 
bourhood  of  the  ifland,  ftorms  are  little  known,  thun¬ 
der  is  rarely  heard,  and  lightning;  is  feldom  perceived. 

The  fteep  eminences  which  intervene  between  the 
valleys,  that  are  the  chief  feats  of  population,  render 
the  communication  from  one  part  of  this  little  fpot  to 
another  flow  and  difficult.  Planters  on  the  windward 
fide  of  the  ifland  confider  a  journey  to  the  leeward,  or 
feat  of  government,  as  a  ferious  undertaking.  Several 
of  them  take  that  opportunity  of  paying  their  refpeCb 
to  the  governor,  which  is  called  there  fometimes  “  go¬ 
ing  to  court.”  There  are  St  Helena  planters  who 


have  not  travelled  fo  far.  At  prefent,  by  order  of  the  *  Helena, 
governor,  there  are  fignals  fo  placed  all  over  the  ifland,  * 

as  to  give  inftant  notice  of  the  approach  of  veflels  to 
any  part  of  it.  L 

In  the  Encyclopedia ,  it  is  faid  that  peaches  are  the 
only  European  fruits  which  thrive  in  St  Helena  5  but 
this  appears  to  be  a  miffake.  Several  forts  of  fruit 
trees  imported  into  the  ifland  had  been  deftroyed  by  a 
particular  infeCl  ;  but  encouragement  has  been  given 
for  the  cultivation  of  thofe  which  that  mifehievous  ani¬ 
mal  is  known  to  fpare,  fuch  as  the  apple,  for  example, 
with  all  the  varieties  of  which  it  is  fufceptible.  The 
plantain  and  banana,  or  the  two  fpecies  of  the  mufa% 
thrive  alfo  remarkably  well.  The  ground  is  fertile, 
and  in  favourable  feafons  produces,  in  fome  inftances, 
double  crops  within  the  year.  Plantations,  however, 
of  cotton,  indigo,  or  canes,  were  not  found  to  anfwer : 
though  fome  good  coffee  has  been  produced  in  it.  A 
botanic  garden  has  been  eftablifhed  near  the  governor’s 
country  houfe.  An  intelligent  gardener  has  been  fer.t 
to  take  care  of  it  by  the  company  ;  and  a  vaft  variety 
of  trees,  plauts,  and  flowers  of  different,  and  fometimes 
oppofite  climates,  are  already  colle&ed  in  it.  The  fur¬ 
rounding  fea  abounds  in  efculent  fifh  ;  and  feventy  dif¬ 
ferent  fpecies,  including  turtle,  have  been  caught  upon 
the  coafts.  Whales  are  feen  in  great  numbers  playing 
round  the  ifland,  where  it  is  fuppofed  the  fouthern 
whale  fifhery  might  be  carried  on  to  great  national  ad¬ 
vantage. 

The  country  is  chiefly  cultivated  by  blacks.  Per* 
fons  of  that  colour  were  brought  in  a  ftate  of  fbvery  to 
it  by  its  firft  European  fettlers  ;  and  it  feldom  happens 
that  white  men  will  fubmit  to  common  work  where 
there  are  black  flaves  to  whom  it  may  be  transferred. 

Thefe  were  for  a  long  time  under  the  unlimited  do¬ 
minion  of  their  owners,  until  a  reprefentation  of  the  a- 
bufes  made  of  that  power  induced  the  India  Company 
to  place  them  under  the  immediate  protection  of  the 
magiftracy,  and  to  enaCt  various  regulations  in  their  fa¬ 
vour  ;  which  have  contributed  to  render  them,  in  a 
great  degree,  comfortable  and  fecure.  Thefe  regula¬ 
tions  may  have  hurt,  at  firft,  the  feelings  of  the  own¬ 
ers  of  flaves,  but  not  their  real  intereft  ;  for  it  appears, 
that  before  their  introduction  there  was  a  lofs,  upon  an 
average,  of  about  ten  in  a  hundred  flaves  every  year,  to 
be  fupplied  at  a  very  heavy  expence ;  whereas,  under 
the  prefent  fyftem,  they  naturally  iucreafe.  All  future 
importation  of  flaves  into  the  ifland  is  prohibited. 

*  Befides  the  blacks  in  a  ftate  of  flavery,  there  are 
fome  who  are  free.  The  labour  of  thefe  tending  to 
diminifh  the  value  of  that  of  flaves,  the  free  blacks  be¬ 
came  once  obnoxious  to  fome  flave  owners  ;  who  had 
fufficient  influence,  in  a  grand  jury,  to  prefent  them  as 
without  vilible  means  of  gaining  a  livelihood,  and  liable 
to  become  burdenfome  to  the  community  ;  but  upon 
examination,  it  appeared  that  all  free  blacks  of  age  to 
work  were  actually  employed  ;  that  not  one  of  them  had 
been  tried  for  a  crime  for  feveral  years,  nor  had  any  of 
them  been  upon  the  parifh.  They  are  now  by  the  hu¬ 
mane  interpoiltion  of  the  company  placed  under  the 
immediate  prote&ion  of  the  government,  and  put  near¬ 
ly  upon  a  footing  with  the  other  free  inhabitants,  who, 
when  accufed  of  crimes,  have  the  privilege  of  a  jury,  as 
well  as  in  civil  caufes. 

The 
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culiar  advantage  of  uniting  the  fhelter  of  a  leeward  fu 
tuition  with  the  coolnefs  of  windward  gales.  The 
fouth-eaft  wind  blows  conftantly  down  the  valley,  ren¬ 
dering  a  refidence  in  it  pleafant  as  well  as  healthy. 
The  country  is  fo  fertile,  and  the  climate  fo  congenial 
to  the  human  feelings,  that  perhaps  it  would  be  dif¬ 
ficult  to  find  out  a  fpot  where  peifons,  not  having  ac¬ 
quired  a  relifii  for  the  enjoyments  of  the  world,  or  al¬ 
ready  advanced  in  life,  and  furfeited  with  them,  could 
have  a  better  chance  of  protra&ing  their  days  in  eafe, 
health,  and  comfort. 

HELICOID  Parabola,  or  the  Parabolic  Spiral , 
is  a  curve  arifing  from  the  fuppofition  that  the  common 
or  Apollonian  parabola  is  bent  or  twilled,  till  the  axis 
come  into  the  periphery  of  a  circle,  the  ordinates  Hill 
retaining  their  places  and  perpendicular  pofitions  with 
refped  to  the  circle,  all  thefe  lines  Hill  remaining  in 
the  fame  plane. 

HELISPHERICAL  Line,  is  the  Rhumb  line  in 
Navigation  ;  being  fo  called,  becaufe  on  the  globe  it 
winds  round  the  pole  helically  or  fpirally,  coming  Hill 
nearer  and  nearer  to  it. 

HENIOCHAS,  or  Heniochus,  a  northern  con- 
ftellation,  the  fame  as  Auriga,  which  fee  Encycl . 

HERSCHEL,  the  name  by  which  the  French,  and 
rnoll  other  European  nations,  call  the  new  planet  dif- 
covered  by  Dr  Herfchel  in  the  year  1781.  Its  mark 
or  chaia&er  is  hi .  The  Italians  call  it  Ouranos,  or  U- 
rania  ;  but  the  Englilh,  the  Georgian  Planet,  or  Geor- 
gium  Sidus. 

HETERODROMUS  Vectis,  or  Lever,  in  Me¬ 
chanics,  a  lever  in  which  the  fulcrum,  or  point  of  fuf- 
penfion,  is  between  the  weight  and  the  power  ;  being 
the  fame  as  what  is  otherwife  called  a  lever  of  the  firft 
kind. 

HINZUAN,  the  proper  name  of  one  of  the  Como- 
ra  iflands,  which  by  different  writers  of  different  na¬ 
tions  has  been  called  An%uame>  Anjuan>  Juanny ,  and 
Johanna .  and  which  is  deferibed  in  the  Encyclopedia 
under  the  name  of  St  Joanna.  In  that  article,  it  is 
obferved,  that  an  anonymous  writer  has  cenfured  the 
deferiptions  of  this  ifland  given  by  the  Abbe  Reynal 
and  Major  Rooke,  as  being  not  only  exaggerated,  but 
erroneous  ;  neither  the  country  being  fo  pi&urefque  as 
the  former  reprefents  it,  nor  the  inhabitants  meriting 
the  refpeclable  cliarader  given  of  them  by  the  latter. 

There  was  not  perhaps  much  propriety  in  admitting 
into  fuch  a  work  as  the  Encyclopedia  Britannic  a ,  the 
anonymous  cenfure  of  deferiptions,  authenticated  by  the 
names  of  refpe&able  authors  ;  but  the  belt  reparation 
which  we  can  make  to  ^hofe  authors,  is,  to  inform  oui* 
readers,  that  their  deferiptions  of  Hinzuan  are  confirm- 
.  ed  by  Sir  William  Jones,  whofe  teflimony,  we  believe, 
no  man  will  controvert.  That  accomplifhed  fcholar, 
who  vifited  the  ifland  on  his  voyage  to  India,  thus  dc- 
feribes  its  appearance  from  the  bay  in  which  the  fhip 
rode  at  anchor. 

“  Before  us  was  a  vaft  amphitheatre,  of  which  you 
may  form  a  general  notion  by  pi&uring  in  your  minds 
a  multitude  of  hills  infinitely  varied  in  fize  and  figure, 
and  then  fuppofing  «them  to  be  thrown  together,  with 
a  kind  of  artlefs  fymmetry,  in  all  imaginable  pofitions. 
The  back  ground  was  a  feries  of  mountains,  one  of 
which  is  pointed,  near  half  a  mile  perpendicularly  high 


miles  from  the  fliore  :  all  of  them  richly  clothed  with 
wood,  chiefly  fruit  trees,  of  an  exquifite  verdure.  I 
had  feen  many  a  mountain  of  ftupendous  height  in 
Wales  and  Swiflerland,  but  never  faw  one  before,  round 
the  bofom  of  which  the  clouds  were  almoft  continually 
rolling,  while  its  green  fummit  rofe  flourifhing  above 
them,  and  received  from  them  an  additional  brightnefs. 
Next  to  this  diftant  range  of  hills  was  another  tier,  part 
of  which  appeared  charmingly  verdant,  and  part  rather 
barren  ;  btit  the  contrail  of  colours  changed  even  this 
nakednefs  into  a  beauty  :  nearer  flill  were  innumerable 
mountains,  or  rather  cliffs,  which  brought  down  their 
verdure  and  fertility  quite  to  the  beach  ;  fo  that  every 
fliade  of  green,  the  fv/eetefl  of  colours,  was  difplayed 
at  one  view  by  land  and  by  water.  But  nothing  con¬ 
duced  more  to  the  variety  of  this  enchanting  profpeCl, 
than  the  many  rows  of  palm  trees,  efpecially  the  tall 
and  graceful  Arecas ,  on  the  fhores,  in  the  valleys,  and 
on  the  ridges  of  hills,  where  one  might  almoll  fuppofe 
them  to  have  been  planted  regularly  by  delign.  A 
more  beautiful  appearance  can  fcarce  be  conceived, 
than  fuch  a  number  of  elegant  palms  in  fuch  a  fixa¬ 
tion,  with  luxuriant  tops,  like  verdant  plumes,  placed 
at  juft  intervals,  and  fhowing  between  them  part  of  the 
remoter  landfcape,  while  they  left  the  reft  to  be  Ap¬ 
plied  by  the  beholder’s  imagination.  The  town  of 
Matfamiido  lay  on  our  left,  remarkable  at  a  diftance  for 
the  tower  of  the  principal  mofque,  which  was  built  by 
Halimah,  a  queen  of  the  ifland,  from  whom  the  pre- 
fent  king  is  defeended  :  a  little  on  our  right  was  a  fmall 
town,  called  Bant  uni.  Neither  the  territory  of  Nice , 
with  its  olives,  date  trees,  and  cyprefles,  nor  the  ifles  of 
Hieres,  with  their  delightful  orange  groves,  appeared 
fo  charming  to  me,  as  the  view  from  the  road  of  Hin- 
ziian.” 

Sir  William  Jones,  fpeaking  of  the  inhabitants,  takes 
notice  of  the  Lordsy  Dukes ,  and  Princes ,  of  whom  we 
have  made  mention  after  Major  Rooke.  “  The  frigate, 
(fays  he)  was  prefently  furrounded  with  canoes,  and 
the  deck  foon  crowded  with  natives  of  all  ranks,  from 
the  high  born  chief,  who  wafhed  linen,  to  the  half- 
naked  flave,  who  only  paddled.  Moft  of  them  had  let¬ 
ters  of  recommendation  from  Englifhmen,  which  none 
of  them  were  able  to  read,  though  they  fpoke  Englifli 
intelligibly  ;  and  fome  appeared  vain  of  titles,  which 
our  countrymen  gave  them  in  play,  according  to  their 
fuppofed  ftations  :  we  had  Lords ,  Dukesy  and  Princes 
on  board,  foliciting  our  cuftom,  and  importuning  us  for 
prefents.  In  fadt,  they  were  too  fenfible  to  be  proud 
of  empty  founds,  but  juftly  imagined,  that  thofe  ridi¬ 
culous  titles  would  ferve  as  marks  of  diftindion,  and, 
by  attracting  notice,  procure  for  them  fomething  fub- 
flantial.”  He  fpeaks  with  great  refpeCt  of  the  king, 
whofe  name  was  nhmed,  as  well  as  of  feveral  chiefs 
whom  he  faw,  and  feems  to  have  met  with  no  man  of 
rank  on  the  ifland  whofe  character  was  contemptible, 
but  Selim  the  king’s  eldeft  fon.  For  the  behaviour  of 
that  prince,  the  old  fovereign  made  the  beft  apology 
that  he  could,  while  he  privately  aflured  the  interpre¬ 
ter,  that  he  was  much  difpleafed  with  it,  and  would 
not  fail  to  exprefs  his  difpleafure.  He  concluded  his 
converfation  with  a  long  harangue  on  the  advantage 
which  the  Englifli  might  derive  from  fending  a  fhip  e- 
very  year  from  Bombay  to  trade  with  his  fubjeds,  and  on 
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Hinzuar.  the  wonderful  cheapnefs  of  their  commodities,  cfpecial- 
ly  of  their  cowries.  Ridiculous  as  this  idea  might 
feem,  it  fhowed  (fays  Sir  William)  an  enlargement  of 
mind,  a  defire  of  promoting  the  interefl  of  his  people, 
and  a  fenfe  of  the  benefits  arifing  from  trade,  which 
could  hardly  have  been  expe&ed  from  a  petty  African 
chief,  and  which,  if  he  had  been  fovereign  of  Yemen, 
might  have  been  expanded  into  rational  proje&s  pro¬ 
portioned  to  the  extent  of  his  dominions. 

The  mafter  of  the  frigate  learned  from  one  of  the 
chiefs  a  few  curious  circumflances  concerning  the  go¬ 
vernment  of  Hinzuan  ;  which  he  found  to  be  a  mo¬ 
narchy  limited  by  an  ariftocracy.  The  king,  he  was 
told,  had  no  power  of  making  war  by  his  own  authori¬ 
ty  ;  but,  if  the  affembly  of  nobles,  who  were  from  time 
to  time  convened  by  him,  refolved  on  a  war  with  any 
of  the  neighbouring  illands,  they  defrayed  the  charges 
of  it  by  voluntary  contributions  ;  in  return  for  which, 
they  claimed  as  their  own  all  the  booty  and  captives 
that  might  be  taken.  The  hope  of  gain  or  the  want 
of  flaves  is  ufually  the  real  motive  for  fuch  enterprifes, 
and  oftenfible  pretexts  are  eafily  found  :  at  that  very 
time,  he  underftood  they  meditated  a  war,  becaufe  they 
wanted  hands  for  the  following  harveft.  Their  fleet 
confifted  of  fixteen  or  feventcen  fmall  veftels,  which 
they  manned  with  about  two  thoufand  five  hundred 
iflanders,  armed  with  mufkets  and  cutlafles,  or  with 
bows  and  arrows.  Near  two  years  before  they  had 
poflefied  themfelves  of  two  towns  in  May  at  a,  which 
they  ft  ill  kept  and  garrifoned.  The  ordinary  expences 
v  of  the  government  were  defrayed  by  a  tax  from  two 
hundred  villages  ;  but  the  three  principal  towns  were 
exempt  from  all  taxes,  except  that  they  paid  annually 
to  the  chief  Mufti  a  fortieth  part  of  the  value  of  all 
their  moveable  property,  and  from  that  payment  nei¬ 
ther  the  king  nor  the  nobles  claimed  an  exemption. 
The  kingly  authority,  by  the  principles  of  their  consti¬ 
tution,  wa3  confidered  as  elective,  though  the  line  of 
fucceftion  had  not  in  fa6l  been  altered  fince  the  firft  e- 
ledtion  of  a  fultan. 

Sir  William  Jones  concludes  his  remarks  on  this 
iftand  with  fome  reflections  ;  of  which,  though  they  may 
be  confidered  as  digreflive,  we  are  perfuaded  our  readers 
will  approve  of  our  extending  the  circulation. 

We  have  lately  heard  of  civil  commotions  in  Hin- 
zuan,  which,  we  may  venture  to  pronounce,  were  not 
excited  by  any  cruelty  or  violence  of  Ahmed,  but  were 
probably  occafioned  by  the  infolence  of  an  oligarchy 
naturally  hoftile  to  king  and  people.  That  the  moun¬ 
tains  in  the  Comara  iflands  contain  diamonds,  and  the 
precious  metals,  which  are  ftudioufly  concealed  by  the 
policy  of  the  feveral  governments,  may  be  true,  though 
1  have  no  reafon  to  believe  it,  and  have  only  heard  it 
afierted  without  evidence  ;  but  I  hope,  that  neither  an 
expectation  of  fuch  treafures,  nor  of  any  other  advan¬ 
tage,  will  ever  induce  an  European  power  to  violate 
the  firft:  principles  of  juftice  by  afluming  the  fovereign- 
ty  of  Hinzuan,  which  cannot  anfwer  a  better  purpofe 
than  that  of  fupplying  our  fleets  with  feafonable  re- 
frefhment  ;  and,  although  the  natives  have  an  interefl: 
in  receiving  us  with  apparent  cordiality,  yet,  if  we  wifh 
their  attachment  to  be  unfeigned  and  their  dealings 
juft,  we  muft  fet  them  an  example  of  ftriCt  honefty  in 
the  performance  of  our  engagements.  In  truth,  our 
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nation  is  not  cordially  loved  by  the  inhabitants  of  &.  Hilling 
zuan,  who,  as  it  commonly  happens,  form  a  general  0- 
pinion  from  a  few  inftances  of  violence  or  breach  of 
faith.  Not  many  years  ago  an  European,  who  had 
been  hofpitably  received  and  liberally  fupported  at 
Matfamudo ,  behaved  mdely  to  a  young  married  wo¬ 
man,  who,  being  of  low  degree,  was  walking  veiled 
through  a  ftreet  in  the  evening  :  her  hufband  ran  to 
protect  her,  and  refented  the  rudenefs,  probably  with 
menaces,  poflibly  with  adtual  force  ;  and  the  European 
is  faid  to  have  given  him  a  mortal  wound  with  a  knife 
or  bayonet,  which  lie  brought,  after  the  feuffle,  from 
his  lodging.  This  foul  murder,  which  the  law  of  na¬ 
ture  would  have  jollified  the  magiftrate  in  punifhing 
with  death,  was  reported  to  the  king,  who  told  the 
governor  ( I  ufe  the  very  words  of  Alwi  a  coufin  of  the 
king’s),  that  “  it  would  be  wifer  to  hufh  it  up.”  Ah 
wi  mentioned  a  civil  cafe  of  his  own,  which  ought  not 
to  be  concealed.  When  he  was  on  the  coaft  of  Afri¬ 
ca  in  the  dominions  of  a  very  favage  prince,  a  fmall 
European  veftel  was  wrecked  ;  and  the  piince  not  only 
feized  all  that  could  be  faved  from  the  wreck,  but 
claimed  the  captain  and  the  crew  as  his  flaves,  and 
treated  them  with  ferocious  infolence.  Alwi  allured 
me,  that,  when  he  heaid  of  the  accident,  he  haftened 


to  the  prince,  fell  proftrate  before  him,  and  by  tears 
and  importunity  prevailed  on  him  to  give  the  Euro- 
pea  ns  their  liberty  ;  that  he  fupported  them  at  his  own 
expence,  enabled  them  to  build  another  veftel,  in  which 
they  failed  to  Hinzuan,  and  departed  thence  for  Europe 
or  India  ;  he  fhewed  me  the  captain’s  promiftory  notes 
for  fums,  which  to  an  African  trader  muft  be  a  con- 
fiderable  objeCt,  but  which  were  no  price  for  liberty, 
fafety,  and,  perhaps,  life,  which  his  good,  though  dif- 
interefted,  offices  had  procured.  I  lamented,  that,  in 
my  fituation,  it  was  wholly  out  of  my  power  to  aftift 
Alwi  in  obtaining  juftice  ;  but  he  urged  me  to  deliver 
an  Arjabic  letter  from  him,  enclofing  the  notes,  to  the 
governor  general,  who,  as  he  faid,  knew  him  well  ;  and 
I  complied  with  his  requeft.  Since  it  is  poftible,  that 
a  fubflantial  defence  may  be  made  by  the  perfon  thus 
accufed  of  injuftice,  I  will  not  name  either  him  or  the 
veftel,  which  he  had  commanded ;  but,  if  he  be  living,  and 
if  this  paper  fhould  fall  into  his  hands,  he  may  be  induced 
to  reflect  how  highly  it  imports  our  national  lionoui, 
that  a  people,  whom  we  call  favage,  but  who  admini- 
fter  to  our  convenience,  may  have  no  juft  caufe  to  re¬ 
proach  us  with  a  violation  of  our  contracts.” 

HIPS,  in  architecture,  are  thofe  pieces  of  timber 
placed  at  the  corners  of  a  roof.  Thefe  are  much  longer 
than  the  rafters,  becaufe  of  their  oblique  pofition.  Hip 
means  alfo  the  angle  formed  by  two  parts  of  the  roof, 
when  it  rifes  outwards. 

Hit- Roof  called  alfo  Italian  roof,  is  one  in  which  two 
parts  of  the  roof  meet  in  an  angle,  riling  outwards:  the 
fame  angle  being  called  a  valley,  when  it  finks  inwards. 

HIRCUS,  in  aftronomy,  a  fixed  ftar  of  the  firft  mag¬ 
nitude,  the  fame  with  capella. 

Hircus  is  alfo  ufed  by  fome  writers  for  a  comet,  en- 
compafted  as  it  were  with  a  mane,  feemingly  rough  and 
hairy. 

HIRUDG.  See  EncycL  A  new  fpecies  of  this  in- 
left  was  difcovered  in  the  South  Sea  by  Le  Martiniere, 
naturalift  in  Peroufe’e  voyage  of  difeovery.  Pie  found 
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it  buried  about  half  an  inch  in  a  fh  ark’s  liver,  but  could 
not  conceive  how  it  had  got  thither.  It  was  fornething 
more  than  an  inch  long,  of  a  whitilh  colour,  and  com- 
pofed  of  feveral  rings  limilar  to  thofe  of  the  taenia.  The 
hi  peri  or  part  of  its  head  was  furnifhed  with  four  fmall 
ciliated  mamilke,  by  which  it  took  its  food  ;  under  each 
mamilla  on  both  fidcs  was  a  fmall  oblong  pouch,  in  the 
form  of  a  cup  ;  and  in  the  form  of  its  injlrumenta  ci - 
larin,  it  very  nearly  refembles  the  animal  which  has 
been  fuppofed  to  be  the  caufe  of  mcafles  in  fwine.  Both 
thefe  foecies  are  referable  to  the  genus  hirudo ,  the  cha- 
raXersof  which,  as  given  by  Linnaeus,  (land  (fays  Mar- 
tiniere)  in  need  of  reformation. 

HIRUNDO  Esculrnta  (fee  Hirundo,  Encycl. 

3.),  i?  thus  defcribed  in  the  Tranfafti&ns  of  the  Ba¬ 
tavian  Society  in  the  IJland  of  Java,  vol.  iii.  ;  and  the 
defcription  confirms  the  fagacious  conjeXure  of  Mr 
Latham  refpeXing  the  fize  of  the  bird,  which  the  rea¬ 
der  will  find  in  our  article  referred  to. 

«  The  hirundo  efculenta  is  of  a  blackifh  grey  colour, 
inclining  a  little  to  green  ;  but  on  the  back  to  the  tail, 
as  well  as  on  the  belly,  this  blackifh  colour  gradually 
changes  into  a  moufe  colour.  The  whole  length  of  the 
biid  from  the  bill  to  the  tail  is  about  four  inches  and  a 
half,  and  its  height  from  the  bill  to  the  extremity  of 
the  middle  toe  three  inches  and  a  quarter.  The  diftance 
from  the  tip  of , the  one  wing  to  that  of  the  other,  when 
extended,  is  ten  inches  and  a  quarter.  The  largefl 
feathers  of  the  wings  are  about  four  inches  in  length. 
The  head  is  flat ;  but,  on  account  of  the  thicknefs  of 
the  feathers,  appears  round,  and  to  be  of  a  large  fize  in 
proportion  to  the  reft  of  the  body.  T.he  bill  is  broad, 
and  ends  in  a  fharp  extremity,  bent  downwards  in  the 


deed  not  found  at  all  in  Java,  appears  to  have  been  the  Hffpanio 
only  hirundo  efculenta  known  to  Linnaeus.  For  an  ac- 
count  of  the  eatable  nefts  of  thefe  birds,  and  the  manner 
of  colleXing  them,  fee  Cap  and  Button  in  this  Sup¬ 
plement. 

HISPANIOLA,  or  St  Domingo,  the  la^geft  cf 
the  Antilles  or  Caribbee  iflands,  has  been  dtferibed,  as 
it  ex i tied  prior  to  the  French  revolution,  in  the  Ency¬ 
clopedia.  Previous  to  the  year  1 789  the  government 
of  the  French  part  of  the  illand  was  adminifiered  by  an 
officer  called  the  Intendant,  and  a  Governor- General, 
both  nominated  by  the  crown,  and  invefted  with  autho¬ 
rity  for  three  years.  Their  powers  were  in  fome  cafe3 
diftinX,  and  in  others  united  ;  but  though  thefe  powers 
were  extenfive  and  almoft  abfolute,  the  attention  wrhich 
the  old  government  of  Fi  ance  paid  to  the  charaXer  and 
rank  of  thofe  perfons  whom  it  had  placed  over  its  fo¬ 
reign  fettlements,  fecured  to  the  inhabitants  of  Hifpa- 
niola  a  very  confiderable  fhare  of  happinefs.  In  fpite 
of  what  our  rcftlefs  innovators  call  political  evils,  figns 
of  profperity  were  everywhere  vifible  ;  their  towns  were 
opulent,  their  markets  plentiful,  their  commerce  exten¬ 
five,  and  their  cultivation  increaiing. 

Such  was,  in  1788,  the  ftate  of  the  French  colony 
in  the  illand  of  St  Domingo ;  but  in  that  eventful  year, 
the  flame,  which  had  burft  forth  in  Europe,  fpread  it* 
felf  to  the  Weft  Indies.  An  affociation  had  been  form¬ 
ed  in  France  upon  principles  fomewhat  fimilar  to  thofe 
of  our  fociety  for  the  abolition  of  the  Have  trade  ;  but 
that  aflociation,  which  called  itfelf  Anus  des  Notes ,  had 
much  more  dangerous  defigns  than  ours.  Avowing  ^ 
its  deteftation  of  every  kind  of  flaveryy  as  well  as  of  the 
African  trade,  and  condemning  thofe  abettors  of  liber* 


form  of  an  awl.  The  width  of  it  is  increafed  by  a  4  ty  who  dared  to  declare  themfclves  poffeffors  of  men, 
naked  piece  of  Ikin  fomewhat  like  parchment,  which, 
when  the  bill  is  (hut,  lies  folded  together;  but  which, 
when  the  bill  opens,  is  coniiderably  extended,  and  enables 
the  bird  to  catch  with  greater  eafe,  while  on  wing,  the 
infeXs  that  ferve  it  for  food.  The  eyes  are  black,  and 
of  a  confiderable  fize.  The  tongue,  which  is  not  fork¬ 
ed,  is  fhaped  like  an  arrow.  The  eais  are  flat,  round, 
naked  fpots,  with  fmall  oblong  openings,  and  are  entire¬ 
ly  concealed  under  the  feathers  of  the  head.  he  neca: 
is  very  fhort,  as  well  as  the  legs  and  the  bones  of  the 
wings.  The  thighs  are  wholly  covered  with  feathers  ; 
and  the  very  tender  lower  parts  of  the  legs,  and  the  feet 
themfelves,  are  covered  with  a  Ikin  like  black  parch.- 
ment.  Each  foot  has  four  toes,  three  of  which  are  be¬ 
fore  and  one  turned  backwards.  They  are  all  detached 
from  each  other  to  the  roots  ;  and  the  middle  one,  to¬ 
gether  with  the  claw,  is  fully  as  long  as  the  lower  part 
of  the  leg.  Each  toe  is  furnilhed  with  a  black,  fharp, 
crooked  claw  of  a  confiderable  length,  by  which  the 
animal  can  with  great  facility  attach  itfelf  to  crags  and 
rocks.  The  tail  is  fully  as  long  as  the  body  together 
with  the  neck  and  the  head.  When  expanded  it  has 
the  form  of  a  wedge,  and  confifts  of  ten  large  feathers 
The  four  fir  ft  on  each  fide  are  long ;  and,  when  the  tail 
is  clofed,  extend  almoft  an  inch  beyond  the  reft.  1  he 
other  feathers  decreafe  towards  the  middle- of  tae  tail, 
and  are  equal  to  about  the  length  of  the  body. 

There  is  a  variety  of  this  fpecies  of  hirundo,  with  a 
fpeckkd  breaft,  and  white  fpots  on  the  tail  feathers ; 
and  this,  though  lefs  numerous  than  the  other,  and  in. 


its  members  kept  up  an  intimate  and  clandeftine  con¬ 
nexion  with  thofe  rich  mulattoes  who  refided  in  France 
for  their  education,,  and  laboured  to- convince  them  that 
neither  their  colour  nor  their  fpurious  birth  Ihould  make 
any  civil  or  political  diftinXion  between  them  and  the 
whites  who  were  born  in  wedlock .  To  co-operate, 
as  it  were,  with  thefe  factious  and  falfe  doXrines,  the 
National  Aflembly  iflued  its  famous  declaration,  ip. 
which  it  was  maintained  that  all  mankind  are  born,  and 
continue  free,  and  equal  in  their  rights.  The  confe- 
quence  of  this  was  fuch  as  might  have  been  expeXed. 
The  mulattoes  of  Hifpaniola  inftruXed  in  the  French 
philosophy  of  the  rights  of  man,  broke  out  into  rebel¬ 
lion;  but  not  aXing  in  concert,  they  were  quickly  over¬ 
powered. 

The  fpirit,  however,  which  had  been  excited  among 
them,  ftill  continued  to  ferment  ;  and  the  National  Af- 
fembly  of  France,  taking  the  ftate  of  the  illand  into  fo- 
lemn  confideration,  decreed,  by  a  great  majority,  that 
its  intention  had  never  been  to  intermeddle  with  the  in¬ 
ternal  affairs  of  the  colony  ;  that  their  internal  legifla- 
tion  was-  entirely  their  own  and  that  the  legiflature 
of  the.  mother  country  would  make  no  innovation,  di- 
reXly  or  indireXly,  in  the  fyftem  of  commerce  in 
which  the  colonies-  were  already  concerned.  However 
grateful  this  declaration  might  be- to  the  whites  of  St 
Domingo,  and  in  the  then  ftate  of  things  however  wife 
in  itfelf,  it  occafi  ned  difconteut  and  lemonftranccs  on- 
the  part  of  the  faXious  friends  of  the  negroes.  They 
regarded  it  as  an  unwarrantable  fanXion  of  the  African 

traffic 


H  I  S 


Hifpaniola.  traffic,  and  a  confefiion,  that  the  planters  of  Hifpaniola 
were  not  colonifts,  but  an  independent  people. 

The  colonifts  themfelves,  indeed,  or  rather  their  re- 
prefentatives,  feem  to  have  thought  that  by  this  decree 
they  were  rendered  independent;  for  in  their  general 
afTembly  they  pafted  an  a6l  debarring  the  king's  dele¬ 
gate,  the  governor. general,  from  negativing  any  of 
their  future  ads.  This  violent  meafure  was  far  from 
giving  univerfal  fatisfadion.  The  weftern  parifhes  re¬ 
called  their  delegates,  while  thofe  of  Cape  Francis  re¬ 
nounced  their  obedience  to  the  whole  aftembly,  and  pe¬ 
titioned  the  governor  to  difTolve  it. 

During  thefe  diffenfions,  the  commander  of  a  (hip  of 
the  line,  which  lay  in  the  harbour  of  Port-au-Prince, 
gave  a  fnmptuous  entertainment  to  the  friends  of  the 
governor;  on  which  account  the  feamen,  who  declared 
themfelves  in  the  intereft  of  the  aftembly,  thought  fit 
to  mutiny  ;  and  the  aftembly,  in  return,  voted  their 
thanks  to  the  mutineers.  Some  of  their  partizans,  fei- 
zing  at  the  fame  time  a  powder  magazine,  the  governor 
declared  them  adheients  to  traitors,  and  called  on  all 
officers,  civil  and  military,  to  bring  them  to  puniftiment. 

.  This  was  the  fignal  for  civil  infurredion  ;  armed  troops 
took  the  field  on  both  fides  ;  and  war  feemed  inevitable, 
when  the  aftembly  refolved  to  repair  in  a  body  to  France 
and  juftify  their  paft  condud. 

In  the  mean  time  the  Amis  des  Noirs  contrived  to  ex¬ 
cite  the  people  of  colour  to  rebellion.  They  initiated 
in  the  dodrine  of  equality  and  the  rights  of  man  one 
James  Oge,  then  refiding  in  Paris  in  fome  degree  of 
affluence.  They  perfuaded  him  to  go  to  St  Domingo, 
put  himfelf  at  the  head  of  his  people,  and  deliver  them 
from  the  opprefiion  of  the  whites;  and  in  order  to  evade 
the  notice  of  government,  they  undertook  to  procure 
for  him  arms  and  ammunition  in  America.  He  em¬ 
barked  accordingly,  July  1790,  for  New  England  with 
money  and  letters  of  credit  ;  but  notwithstanding  the 
caution  of  the  Amis  des  Noirs ,  his  defigns  were  difco- 
vered  by  the  French  government,  and  his  portrait  was 
fent  out  before  him  to  St  Domingo.  He  landed  on  the 
iftand  in  Odober,  and  fix  weeks  afterwards  publifhed  a 
mariifefto,  declaring  his  intention  of  taking  up  arms,  if 
the  privileges  of  whites  were  not  granted  to  all  per  Jons 
-without  di/tinSion.  He  was  joined  by  about  200  men 
of  colour ;  and  this  little  army  of  ruffians  not  onlv  maf- 
facred  the  whites  wherever  they  fell  in  with  them  in 
fmall  numbers,  but,  by  a  Hill  more  unjuftifiable  mode  of 
condud,  took  vengeance  on  thofe  of  their  own  colour 
who  refufed  to  join  their  rebellious  ftandard.  They 
were,  however,  foon  overpowered  by  the  regular  troops; 
and  their  leader,  after  difclofing,  it  is  faid,  fome  impor¬ 
tant  fecrets,  fuftered  the  puniftiment  due  to  his  treafon. 

While  thefe  things  were  going  on  in  the  iftand,  the 
members  of  the  Colonial  Aftembly  arrived  at  Paris, 
where  they  were  received  by  the  reprefentatives  of  the 
French  people  with  marked  fymptoms  of  averfion.  The 
refolutions  compofing  their  famous  decree  were  pro¬ 
nounced  improper  ;  their  vote  of  thanks  to  the  muti¬ 
neers  was  declared  criminal  ;  they  were  themfelves  oer- 
fonally  arrefted  ;  orders  were  given  for  a  new  aftembly 
to  be  called  ;  and  the  king  was  requefted  to  augment 
the  naval  and  military  force  then  at  St  Domingo. 

The  National  Aftembly  of  France  having  decreed 
that  every  perfon  twenty-five  years  old  and  upwards,  pof- 
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ft: fling  property,  or  having  refilled  two  years  in  the  co.H^itJ, 
lony  and  paid  taxes,  (hould  be  permitted  to  vote  in  the 
formation  of  the  colonial  aflembly,  the  people  of  colour 
very  naturally  concluded  that  this  privilege  was  confer¬ 
red  upon  them.  Such,  however,  we  believe,  was  not  the 
meaning  of  the  National  Aflembly  ;  but  Gregoirc,  with 
the  other  friends  of  the  negroes,  at  laft  prevailed,  and 
mulattoes  born  of  free  parents  were  pronounced  to  be  not 
only  worthy  of  choofing  their  reprefentatives,  but  alfo 
eligible  themfelves  to  feats  in  the  colonial  affemblies. 

This  decree  facrificed  at  once  all  the  whites  in  the  ifland 
to  the  people  of  colour  ;  and  the  indignation  which  filled 
the  minds  of  both  the  royal  and  the  republican  parties 
feemed  to  have  united  them  in  one  common  caufe. 

They  refolved  to  rejed  the  civic  oath ;  to  confifcate  the 
French  property  in  the  harbour,  on  which  they  actually 
laid  an  embargo  ;  to  pull  down  the  national  colours,  and 
to  hoift  the  Britifh  ftandard  in  their  ftead.  The  mulat¬ 
toes  in  the  mean  time  colleded  in  armed  bodies,  and 
waited  with  anxious  expedation  to  fee  what  meafures 
the  colonial  aflembly  would  adopt. 

During  thefe  diffenfions,  the  negro  flaves,  into  whofe 
minds  had  been  feduloufly  inftilled  an  opinion  that  their 
rights  were  equal  to  thofe  of  their  mailers,  refolved  to 
recover  their  freedom.  On  the  morning  of  the  23d  of 
Auguft  1791,  the  town  of  the  Cape  was  alarmed  by  a 
confufed  report  that  the  flaves  in  the  adjoining  parifties 
had  revolted;  and  the  tidings  were  foon  confirmed  by  the 
arrival  of  thofe  who  had  narrowly  efcaped  the  mafiacre. 

The  rebellion  had  broken  out  in  the  parilh  of  Acul, 
nine  miles  from  the  city,  where  the  whites  had  been  A 
butchered  without  diftindion  ;  and  now  the  rebels  pro- 
ceeded  from  parilh  to  parilh,  murdering  the  men,  and 
ravi flung  the  unfortunate  women  who  fell  into  their 
hands.  In  a  Ihort  time  the  fword  was  accompanied 
with  fire,  and  the  cane-fields  blazed  in  every  diredion 
The  citizens  now  flew  to  arms,  and  the  command  of 
the  national  troops  was  given  to  the  governor,  whilft 
the  women  and  children  were  put  aboard  the  Ihips  in 
the  haibour  for  fafety.  In  the  firft  adion  the  rebels 
were  repulfed  ;  but  their  numbers  rapidly  increaling, 
the  governor  judged  it  expedient  .to  ad  folely  on  the 
defen  five.  In  the  fpacc  of  two  months  it  was  compu¬ 
ted  that  upwards  of  2000  white  perfons  perifhed ;  and  of 
the  infurgents,  who  confifted  as  well  of  mulattoes  as  of 
negroes,  not  fewer  than  1 0,000  died  by  famine  and  the 
fword,  and  hundreds  by  the  hands  of  the  executioner. 

When  intelligence  of  thefe  dreadful  proceedings  reach¬ 
ed  Paris,  the  Aflembly  began  to  be  convinced  that  its 
equalizing  principles  had  been  carried  too  far;  and  the 
famous  decree,  vvhich  put  the  people  of  colour  on  the 
fame  footing  with  the  whites,  was  repealed.  Three 
commiflioneis  were  likewife  fent  to  the  colony  to  rellore 
peace  between  the  whites  and  the  mulattoes ;  but  two 
of  them  being  men  of  bad  charader,  and  none  of  them 
poftefilng  abilities  for  the  arduous  talk  of  extinguilhing 
the  flames  of  a  civil  war,  they  returned  to  France  with¬ 
out  accomplilhing  in  any  degree  the  objed  of  their 
million. 

In  the  mean  time  the  Amis  des  Noirs  in  the  mother 
country  had  once  more  gained  the  afeendant  in  the  Na- 
tional  Aftembly ;  and  three  new  commiffioners,  San- 
thonax,  Poiverel,  and  Ailhaud,  with  6oeo  chofen  men 
from  the  national  guards,  were  embarked  for  St  Do¬ 
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mola.  mingo,  It  was  ftrongly  fufpe&ed  that  the  object  of 
r~  thefe  commiffioners  was  to  procure  unqualified  freedom 
for  all  the  blacks  in  the  ifland  ;  but  they  folemnly  fwore 
that  their  foie  pnrpofe  was  to  eftablifh  the  rights  of  the 
mulattoes,  as  decreed  by  the  law  which  had  been  lately 
repealed.  The  whites  therefore  expedted  that  a  colo¬ 
nial  affembly  would  be  convoked  but  inftead  of  this 
the  commiflioners  nominated  twelve  perfons,  of  whom 
fix  had  been  members  of  the  laft  affembly,  and  fix  were 
mulattoes,  Une  Commijfion  Intermediate,  with  authority 
to  raife  contributions  on  the  inhabitants,  the  application 
of  which,  however,  they  referved  to  themfelves.  The 
governor  finding  that  the  commiffioners  ufurped  all  au¬ 
thority,  complained  that  he  was  but  a  cypher  in  public 
affairs ;  his  complaint  was  anfwered  by  an  arreft  upon 
his  perfon,  and  he  was  ferit  a  fiate  prifoner  to  France. 

The  tyranny  of  the  commiflioners  did  not  flop  here. 
They  overawed  the  members  of  the  commiflion  inter - 
mediare ,  by  arrefling  four  of  their  number ;  and  difa- 
greeing  among  themfelves,  Santhonax  and  Polverel  dif- 
miffed  Ailhaud  from  their  councils.  War  was  by  this 
time  declared  between  the  mother  country  and  Great 
Britain,  and  prudence  compelled  the  government  of 
France  to  take  fome  care  of  the  injured  colony.  Gal- 
baud,  therefore,  a  man  of  fair  chara&er,  was  appointed 
governor,  and  ordered  to  put  the  ifland  in  a  fiate  of  de¬ 
fence  againfl  foreign  invafion  ;  but  poffefling  Weft  India 
property,  which  it  feems  was  a  legal  difqualification  for 
the  office  of  governor,  the  commiffioners  difregarded 
his  authority,  and  took  up  arms  againft  him.  Finding 
themfelves  likely  to  be  worfled,  they  offered  to  purchafe 
the  aid  of  the  rebel  negroes,  by  the  offer  of  a  pardon 
for  their  paft  conduft,  fieedom  in  future,  and  the  plun¬ 
der  of  the  capital.  Two 'of  the  negro  chiefs,  more  ho¬ 
nourable  than  the  French  commiflioners,  fpurned  at  the 
bafe  propofal ;  but  a  third,  after  the  governor  had  fled 
to  the  fhips,  entered  the  town  with  3000  revolted  ne¬ 
groes,  and  began  an  indifcriminate  maffacre.  The  mi- 
ferable  inhabitants  fled  to  the  fhore,  but  their  retreat 
#  was  flopped  by  a  party  of  mulattoes  ;  and  for  two  days 
the  flaughter  was  inceffant.  The  town  was  half  con- 
fumed  by  fire  ;  and  the  commiflioners,  terrified  at  the 
work  of  tlieir  own  hands,  fled  for  prote&ion  to  a  fhip 
of  the  line,  and  thence  iffued  a  manifefto,  which,  while 
it  tried  to  extenuate,  evinced  a  confcioufnefs  of  their 
guilt. 

Thus  was  lofi  perhaps  to  Europe,  and  loft  by  the 
frantic  conduct  of  French  philanthropifls,  the  fineft 
ifland  in  the  Weft  Indies  ;  an  ifland  which  produced 
alone  as  much  fugar  as  all  the  Britifh  Weft  India  pof- 
fefiions  united  ;  not  to  mention  the  coffee  and  indigo, 
which  were  in  immenfe  quantities  cultivated  in  Hifpa- 
niola.  Had  it  not  been  for  the  reftlefs  machinations  of 
the  Amis  des  Noirs ,  it  does  not  appear  that  fo  general 
a  revolt  would  have  taken  place  among  the  flaves ;  for 
though  the  fpirit  of  republican ifm  had  found  its  way  in¬ 
to  the  ifland,  the  republicans  joined  with  the  royalifts 
to  keep  the  negroes  in  proper  fubje&ion.  The  unfuc- 
cefsful  attempt  which,  at  the  requeft  of  the  more  re- 
fpe&able  part  of  the  inhabitants,  the  Britifh  government 
made  to  fubdue  the  execrable  commiflioners  and  their 
adherents,  is  frefh  in  the  memory  of  all  our  readers, 
and  need  not  here  be  detailed  at  length.  Suffice  it  to 
fay,  that  after  prodigies  of  valour,  our  troops  were 
compelled,  rather  by  difeafe  than  by  the  fwords  of  the 


enemy,  to  abandon  the  ifland,  which  is  now  under  the  Hollow, 
controul  of  a  negro  or  mulatto-chief.  What  will  ulti-  Holwell.  ^ 
mately  become  of  it,  future  events  muft  decide  ;  but  let  "" 
its  protra&ed  and  bloody  difputes  be  a  warning  to  all, 
and  among  others  to  our  affociation  for  the  abolition  of 
the  flave  trade,  that  it  is  impoflible  to  promote  a  good 
end  by  wicked  means,  and  that  flaves  muft  be  civilized 
before  they  be  made  free. 

HOLLOW,  in  archite&ure,  a  concave  moulding, 
about  a  quarter  of  a  circle,  by  fome  called  a  cafement, 
by  others  an  abacus. 

HoLLOw-'To'iver ,  in  fortification,  1*3  a  rounding  made 
of  the  remainder  of  two  brifures,  to  join  the  curtain  to 
the  crillon,  where  the  fmall  fhot  are  played,  that  they’ 
may  not  be  fo  much  expofed  to  the  view  of  the  enemy. 

HOLWELL  (John  Zephaniah,  Efq;),  was  a  gen¬ 
tleman  of  letters,  whofe  hiftory  is  well  intitled  to  a  place 
in  fuch  a  colledlion  as  ours ;  but,  unfortunately’,  we 
know  not  either  the  time  or  the  place  of  his  birth,  or  the 
fchool  at  which  he  was  educated.  At  an  early  period  of 
life  he  was  fent  to  Bengal  as  a  writer  in  the  Eafi-India 
Company’s  fervice,  and  in  the  year  1756,  was  ftcond  in 
council  at  Fort  William,  when  an  offence  was  given  to 
the  nabob  of  Bengal  by’  the  governor’s  prote&ing  a  fu¬ 
gitive  native.  In  revenge  for  this,  the  nabob  marched 
againft  the  fort  with  a  powerful  army.  Drake,  the 
chief  who  had  given  the  offence,  deferted  his  ftation, 
and  the  command  devolved  on  Mr  H ohvell,  who,  with 
the  few  men  he  had,  defended  the  place  to  the  laft  ex- 
tremityr.  This  oppofition  incenfed  the  nabob  againft 
Mr  Holwell ;  and  although  on  the  lurrender  he  had 
given  his  word  that  no  harm  fhould  come  to  him, 

Mr  Holwell  and  his  unfortunate  fellows  in  arms  were 
thruft  into  a  clofe  prifon,  called  the  Black  Hole  not*  gee  Caz^ 
eighteen  feet  fquare,  to  the  number  of  146  perfons,  andcu  rTA, 
into  which  no  fupply  of  air  could  come  but  by 
fmall  windows  in  one  end.  Here  for  one  whole  night 
they  were  confined  ,*the  numbers  crowded  together  cau- 
fed  a  moll  profufe  perforation,  which  was  fucceeded  by 
a  raging  thirft.  They  called  for  water,  but  the  little 
fupply  which  the  humanity  of  the  black  foldiers  could 
grant  them,  was  nearly  all  loft  in  the  ftruggle  to  obtain 
it.  Every’  few  minutes  fome  one  or  other  expired, 
through  thirft,  or  prefTure,  or  were  trampled  to  death. 

Mr  Holwell,  after  ftruggling  for  many  hours,  threw 
himfelf  down  on  a  platform,  and  in  a  fhort  fpace  of 
time  happily  became  infenfible.  In  this  difmal  dun¬ 
geon  they  were  kept  till  fix  o’clock  in  the  morning, 
when  twenty-three  only  were  found  alive.  Mr  Holwell 
himfelf  w’as  in  a  high  fever,  but  was  loaded  with  fetters 
and  otherwife  ill  treated,  yet  the  excellency  of  his  con- 
ftitution  overcame  all  his  hardflrips,  and  he  was  foon 
after  releafed  and  embarked  for  England.  In  1758  he 
publifhed  a  well  written  and  affedling  narrative  of  the 
fufferings  of  himfelf  and  his  companions.  Since  this- 
time  Mr  Holwell  has  relided  in  England,  and  has  writ¬ 
ten  feveral  tra<fis  on  Indian  affairs,  particularly  a  work, 
in  three  parts,  intitled  “  Events  relative  to  Bengal  and 
Hindoftan.” — “  The  manner  of  inoculating  for  the 
fmall  pox  in  the  Eaft  Indies.” — “  A  new  experiment 
for  the  prevention  of  crimes,”  publifhed  in  1786.  He 
has  alfo  publifhed  a  tra&  which  contains  fome  very  An¬ 
gular  fentiments  on  religious  fubjedls,  intitled  “  Differ- 
tations  on  the  origin,  nature,  and  purfuits  of  intelligent 
beings,  and  on  Divine  Providence,  religion,  and  reli¬ 
gious 
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n oirodro-  g[ou9  worfhip.”  Mr  Hoi  well  was  eleded  many  year9 

Iioohe  ag°’  anc^  ^ve<*  to  a  g00^  °ld  age,  refpeded 

-by  his  acquaintance,  and  although  much  afflidted  by 
,  bodily  complaints,  pofleffed  a  wonderful  fund  of  fpirits. 

« HOMODROMUS  Vectis,  or  Lever,  in  mecha- 
■  nics,  is  a  lever  in  which  the  weight  and  power  are  both 
on  the  fame  fide  of  the  fulcrum  as  in  the  lever  of  the 
2d  and  3d  kind;  being  fo  called,  becaufe  here  the  weight 
and  power  move  both  in  the  fame  diredion,  whereas 
in  the  heterodromus  they  move  in  oppofite  diredions. 

HOOKE  (Dr  Robert)  is  faid,  in  the  account  of 
him  which  is  publifhed  in  the  Encyclopedia,  to  have  laid 
claim  to  the  inventions  of  others,  and  to  have  boafted 
•  of  many  of  his  own,  which  he  never  communicated. 
We  will  not  prefume  to  fay  that  this  charge  is  entirely 
groundlefs ;  but  we  know  that  it  has  been  greatly  ex- 
aggerated,  and  that  many  difcoveries  undoubtedly  made 
by  him  have  been  claimed  by  others.  Of  this  the 
reader  will  find  one  confpicuous  proof  under  the  article 
Watch  ( EncycL )  ;  and  perhaps  the  following  hiftory 
of  the  inventions  to  which  he  laid  Haim  may  furnifh 
another.  It  would  be  haffii  to  charge  Lim  with  falfity 
in  any  of  them  ;  that  is  to  fay,  to  imagine  that  he  ei¬ 
ther  ilole  them  from  others,,  or-did  not  think',  at  leaft, 
that  lie  was  an  inventor.  And,  with  rtfped  to  many 
of  them,  the  priority  of  his  claim  is  beyond  difpute. 

1656,  Barometer,  a  weather  glafs. 

1657,  A  fcapement,  for  maintaining  the  vibration  of 
■*  a  pendulum. — And  not  long  after,  the  regulating  or 

balance -fpring  for  watches. 

1658,  The  double  barrelled  air-pump. - The  co¬ 

nical  pendulum. — His  firft  employment  of  the  coni¬ 
cal  pendulum  was  no  lefs  ingenious  and  fcientific  than 
it  was  original.  *He  employed  it  to  reprefent  the 
mutual  gravitation  of  the  planets ;  a  fad  which  he 
had  molt  fyftcmatically  announced.  He  had  fhewn, 
that  a  force,  perfedly  analogous  to  gravity  on  this 
earth,  operated  on  the  furface  of  the  moon  and  of  Ju¬ 
piter.  Confidering  the  numerous  round  pits  on  the 

<  furface  of  the  moon,  furrounded  with  a  fort  of  wall, 
and  having  a  little  eminence  in  the  middle,  as  the  pro- 
dudionof  volcanoes,  he  inferred,  that  the  ejected  matter 
fell  back  again  to  the  moon,  as  fuch  matter  falls  back 
again  to  the  earth.  He  faw  Jupiter  furrounded  with  an 
-<.atmofphere,  which  accompanied  him  ;  and  therefore  pref- 
fed.on  him,  as  our  air  preffes  on  the  earth; — He  inferred, 
that  it  was  the  fame  kind  of  power  that  maintained  the 
fun  and  other  planets  in  a  round  form.  He  inferred  a 
force  to  the  fun- from  the  circulation  round  him,  and 
.  he  called  it  a  gravitation ;  and  faid  that  it  was  not  the 
earth  which  dtferibed  the  ellipfe,  but  the  centre  of  gra¬ 
vity  of  the  earth  and  moon.  .He  therefore  made  a  co¬ 
nical  pendulum,  wliofe,  tendency  to  a  vertical  pofition 
reprefented  the  gravitation  to  the  fun,  and  which  was 
v  projected  at  right  angles  to  the  vertical  plane;  and  (hew¬ 
ed  experimentally,  how  the  different  proportions  of  the 
projedile  and  centripetal  tendencies  produced-  various 
degrees  of  eccentricity  in  the  orbit.  He  then  added 
another  pendulum,  deferibing  a  cone  round  the  firft, 
while  this  deferibed  a  cone  round  the  vertical  line,  in 
confer  to  lee  what  point  between  them  deferibed  the 
ellipfe.  The  refults  of  the  experiment  were  intricate 
-and  unfat isfadory  ;  but  the  thought  was  ingenious. 

:  He  candidly  acknowledged,  that  he  had  not  diicovered 
^thc  true  Uw  of  gravitation  which  would  produce  the 


defeription  of  an  ellipfe  round  the  focus ,  owing  to  his  Hoofo 
want  of  due  mathematical  knowledge  ;  and  therefore  — v* 
left  this  inveftigation  to  his  fuperiors.  Sir  Ifaac  New¬ 
ton  was  the  happy  man  who  made  the  difeovery,  after 
having  entertained  the  fame  notions  of  the  forces  which 
conneded  the  bodies  of  the  fohr  fyftem,  before  he  had 
any  acquaintance  with  Dr  Hooke,  or  knew  of  his  ('pe¬ 
culations. 

1 660,  The  engine  for  cutting  clock  and  watch  wheels, 
—The  chief  phenomena  of  capillary  attradion. — The 
freezing  of  water  a  fixed  temperature. 

1663,  The  method  of  fupplying  air  to  a  diving  bell. 

— The  number  of  vibrations  made  by  a  mufical  chord. 

1664,  His  Micrographia  was,  by  the  council  of  the 
Royal  Society,  ordered  to  be  printed  ;  but  in  that  work 
are  many  juft  notions  refpeding  refpiration,  the  com- 
po  fit  ion  of  the  atmofphere,  and  the  nature  of  light, 
which  were  afterwards  attributed  as  difcoveries  to  Ma- 
yow  and  others,  who,  though  we  are  far  from  fuppo- 
fing  that  they  dole  their  difcoveries  from  Dr  Hooke, 
were  certainly  anticipated  by  him. 

1666,  A  quadrant  by  refledion. 

1 66 7,  The  marine  barometer. — The  gage  for  found* 
ing  unfathomable  depths. 

1668,  The  meafurement  of  a  degree  of  the  meridi¬ 
an,  with  a  view  to  determine  the  figure  of  the  earth, 
by  means  of  a  zenith  fedor. 

1669,  The  the  confervatio  virium  vivarum , 

and  that  in  all  the  produdions  and  extindions  of  mo¬ 
tion,  the  accumulated  forces  were  as  the  fquares  of  the 
final  or  initial  velocities.  This  dodrine  he  announces 
in  all  its  generality  and  importance,  deducing  from  it 
all  the  confequencea  which  John  Bernoulli  values  him- 
felf  fo  highly  upon,  and  which  are  the  chief  fads  ad¬ 
duced  by  Leibnitz  in  fupport  of  his  dodrine  of  the 
forces  of  bodies  in  motion.  But  Hooke  was  perfedly 
aware  of  their  entire  correfpondence  with  the  Cartefian, 
or  common  dodrine,  and  was  one  of  the  firft  in  apply¬ 
ing  the  celebrated  39th  propofition  of  Newton’s  Prin- 
cipia  to  his  former  pofitions  on  this  fubjed,  as  a  mathe-, 
matical  demonftration  of  them. 

1673,  That  the  catenarea  was  the  beft  form  of  an 
arch. 

1674,  Steam  engine  on  Newcomen’s  principle, 

1679,  That  the  air  was  the  foie  fource  of  heat  in 
burning:  That  combuftion  is  the  folution  of  the  inflam¬ 
mable  vapour  in  air ;  and  that  in  this  folution  the  air 
gives  out  its  heat  and  light.  That  nitre  explodes  and 
caufes  bodies  to  burn  without  air,  becaufe  it  confiils 
of  this  air,  accompanied  by  its  heat  and  light  in  a  con* 
denfed  or  folid  ftate  ;  and  air  fupports  flame,  becaufe 
it  contains  the  fame  ingredients  that  gunpowder  doth, 
that  is,  a  nitrous  fpiiit :  That  this  air  diffolves  fome- 
thing  in  the  blood  while  it  is  expofed  to  it  in  the  lungs 
in  a  very  expanded  furface,  and  when  faturated  with  it, 
can  no  longer  fupport  life  nor  flame  ;  but  in  the  ad 
of  folution,  it  produces  animal  heat  ;  That  the  arterial 
and  venal  blood  differ  on  account  of  this  fomething  be¬ 
ing  wanting  in  one  of  them.  In  fhort,  the  fundamen¬ 
tal  dodrines  of  modern  chemiftry  are  fyftematically  de¬ 
livered  by  Dr  Hooke  in  his  Micrographia,  publifhed  in 
1664,  and  his  Lampas,  publifhed  in  1677. 

1680,  He  firft  obferved  the  fecondary  vibrations  of 
elaftic  bodies,  and  their  connedion  with  harmonic  founds. 

A  glafs  containing  water,  and  excited  by  a  fiddleftick, 

threw 
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threw  the  water  into  undulations,  which  were  fquare;  and  pleafant, 
hexagonal,  o&agonal,  See.  (hewing  that  it  made  vibra-  “  ' 
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~  tions  fubordinate  to  the  total  vibration  ;  and  that  the 
fundamental  found  was  accompanied  by  its  oftave,  its 
twelfth,  &c. 

1681,  He  exhibited  mufical  tones  by  means  of  tooth, 
ed  wheels,  whirled  round  and  rubbed  with  a  quill, 
which  dropped  fiom  tooth  toT5oth,  and  produced  tones 
proportioned  to  the  frequency  of  the  cracks  or  fnaps. 

1684,  He  read  a  paper  before  the  Royal  Society, 
in  which  he  affiims,  that  fome  years  before  that  period 
he  had  propofed  a  method  of  difeourfing  at  a  diftance, 
not  by  found,  but  by  fight.  He  then  proceeds  to  de- 
feribe  a  very  accurate  and  complete  telegraph,  equal, 
perhaps,  in  all  refpetts  to  tliofe  now  in  ufe.  But  fome 
years  previous  to  1684,  M.  Amontans,  had  not  invent¬ 
ed  his  telegraph  ;  fo  that,  though  the  Marquis  of  Wor- 
cefter  unqueftionably  gave  the  firft  hint  of  this  inftru- 
ment,  Dr  Hooke  appears  to  have  firft  brought  it  to 
perfeftion.  See  Telegraph,  EncycL  ;  and  a  book, 
publifhed  1726,  entitled  Philofophlcal  Experiments  and 
Vb/ervations  of  the  late  eminent  Dr  Robert  Hooke. 

We  are  indebted  to  him  for  many  other  difeoveries 
of  lefler  note  ;  fuch  as  the  wheel  barometer,  the  uni- 
verfal  joint,  the  manometer,  ferew  divided  quadrant, 
telefcopic  fights  for  aftronomical  inftruments,  reprefen- 
tation  of  a  mufcular  fibre  by  a  chain  of  bladders,  expe¬ 
riments  (hewing  the  inflexion  of  light,  and  its  attrac¬ 
tion  for  folid  bodies,  the  curvilineal  path  of  light  thro* 
the  atmofphcre. 

HORNE  (George,  D.  D.),  late  Lord  Bifhop  of 
Norwich,  was  a  man  of  fnch  amiable  difpofitions,  pri¬ 
mitive  piety,  and  exemplary  morals,  that  we  wifh  it 
were  in  our  power  to  do  juftice  to  his  character.  His 
life,  it  is  true,  has  been  already  written,  at  confiderable 
length,  by  two  authors,  poffcffed  of  erudition  and  of 
iinqueft  ion  able  Integrity  ;  hut  mere  erudition  is  by  no 
means  fufficient  to  fit  a  man  for  difeharging  the  duties 
of  a  biographer.  It  was  not  the  learning  of  Johnfon, 
but  his  fagacity,  and  intimate  acquaintance  with  human 
nature,  that  placed  him  fo  far  above  his  contemporaries 
in  this  department  of  literature. 

Of  Bifhop  Horne’s  biographers,  one  poffeffed,  in¬ 
deed,  the  great  advantage  of  having  lived  in  habits  of 
Intimacy  with  him  from  his  boyifh  years.  In  the  au¬ 
thenticity  of  his  narrative,  therefore,  the  fulled  confi¬ 
dence  may  be  placed  :  and  that  narrative  we  fhall  faith¬ 
fully  follow;  referving,  however,  to  ourfelves  the  liberty 
of  fometimes  making  reflexions  on  the  various  inci¬ 
dents  recorded,  widely  different  from  thofe  of  the  au¬ 
thor. 

Geoige  Horne  was,  in  1730,  born  at  Otham  in  Kent, 
a  village  near  Maidftone,  giving  the  name  to  a  pariffi, 
of  which  his  father  was  the  redlor.  He  was  the  fe- 
cond  of  four  fons  ;  of  whom  the  eldeft  died  in  very 
early  life,  and  the  youngeft,  who  is  flill  alive,  fucceeded 
his  father  both  in  the  re&ory  of  Otham  and  in  that  of 
Breda  In  the  county  of  Suffex.  He  had  Hkewife  three 
fillers,  of  whofe  fortunes  we  know  nothing. 

Mr  Horne,  the  father  of  the  family,  was  of  a  tem¬ 
per  fo  remarkably  averfe  from  giving  pain  or  trouble 
upon  any  occafion,  that  he  uffd  to  awake  his  fon 
George,  when  an  infant,  by  playing  upon  a  flute,  that 
the  change  from  (leeping  to  awaking  might  be  gradual 
Suppl.  Vol.  I.  Part  II. 


Having  been  for  fome  years  a  tutor  at  hDrne. 

Oxford,  he  took  upon  himfelf  the  early  part  of  the  - v 

claffical  education  of  this  favourite  fon  ;  an  office  of 
which  he  was  well  qualified  to  difeharge  the  duties. 

Under  fuch  an  inflrudlor,  the  fuojetl  of  this  memoir 
led  a  very  pleafant  life,  and  made  a  rapid  progrefs  in 
^ree^  and  Latin  languages.  By  the  perfuafion  of 
a  friend,  however,  he  was,  at  the  age  of  thirteen,  placed 
in  the  fchool  of  Maidftone,  then  under  the  care  of  a 
Mr  Bye,  eminent  for  his  knowledge  of  ancient  litera¬ 
ture.  And  remaining  with  this  gentleman  two  years, 
he  added  much  to  his  (lock  of  learning;  and,  amoncr 
other  things,  a  little  elementary  knowledge  of  the  He* 
brew  tongue,  which  Mr  Bye  taught  on  the  plan  of 
Buxtorf.  Though  Dr  Horne  afterwards  reje&ed  that 
plan,  he  readily  admitted,  that  the  knowledge  of  it  was 
of  great  advantage  to  him. 

At  the  age  of  fifteen,  he  was  removed  from  Maid- 
done  fchool  to  Univerfity  college  Oxford,  where  his  fa¬ 
ther  had  happily  obtained  for  him  a  fcholarfhip.  At 
college  his  dudie3  weie,  in  general,  the  fame  with  thofe 
of  other  virtuous  and  ingenious  youths  ;  while  the  vi¬ 
vacity  of  his  converfation,  and  the  propriety  of  his  con¬ 
duct,  endeared  him  to  all  whofe  regard  was  creditable. 

About  the  time  of  his  taking  his  bachelor’s  degree,  he 
was  chofen  a  fellow  of  Magdalen  College  ;  and  foon  af- 
tenvards,  if  not  before,  commenced  author. 

The  hiftory  of  his  authorfhip  is  curious,  and  we  (hall 
give  it  at  fome  length.  While  he  was  deeply  engaged 
in  the  dudy  of  oratory,  poetry,  and  every  branch  of 
polite  literature,  he  was  initiated  by  his  faithful  friend 
Mr  Jones  in  the  myderies  of  Hutchinfonianifm  ;  but 
Mr  Jones  was  not  his  preceptor.  Indeed  that  gentle¬ 
man  informs  us,  that  when  he  (ird  communicated  to 
Mr  Horne  the  novelties  with  which  his  own  mind  was 
filled,  he  found  his  friend  very  little  inclined  to 
confider  them  ;  and  had  the  mortification  to  fee,  that 
he  was  himfelf  lofing  ground  in  Mr  Horne’s  edeem, 
even  for  making  the  attempt  to  convert  him.  At  this 
we  are  not  to  be  much  furprifed.  Mr  Horne,  though, 
by  his  biographer’s  account,  no  deep  Newtonian,  faw,’ 
or  thought  he  few,  the  necedity  of  a  vacuum  to  the  pof- 
libility  of  motion  ;  and  as  we  believe  that  every  man, 
who  knows  the  meaning  of  the  words  motion  and  vacu¬ 
um,  and  whofe  mind  is  not  biaffed  in  favour  of  a  fydem, 
fees  the  fame  thing,  it  was  not  to  be  fuppofed,  that  a 
youth  of  found  judgment  would  haftily  relinquifh  fo 
natural  a  notion.  By  Mr  Horne,  however,  it  was  at 
length  felinquifhed.  Mr  Jones  introduced  him  to 
Mr  George  Watfon,  a  fellow  of  Univerfity  college, 
whom  he  reprefents  as  a  man  of  very  fnperior  accom- 
plifhments;  and  by  Mr  Watfon  Mr  Horne  was  made 
a  Hutchinfonian  of  fuch  zeal,  that  at  the  age  of  nine¬ 
teen  he  implicitly  adopted  the  wild  opinion  of  the  au¬ 
thor  of  that  fydem,  that  Newton  and  Clarke  had  form¬ 
ed  the  defign  of  bringing  the  Heathen  Jupiter ,  or  Stoical 
amma  muticli ,  into  the  place  of  the  God  of  the  univerfe. 

With  fuch  a  convi&ion  impreffed  upon  his  mind,  it  is 
not  wonderful  that  he  fnould  endeavour  to  diferedit  the 
fydem  of  NewtCn.  This  he  attempted,  by  publifhing 
a  parallel  between  that  fydem  and  the  Heathen  doc¬ 
trines  in  the  Somnium  Scipionis  of  Cicero.  That  pub¬ 
lication,  which  was  anonymous,  we  have  never  feen  ; 
but  Mr  Jones  himfelf  admits  it  to  have  been  exception* 
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Horre.  able  ;  and  the  amiable  author  feem3  to  have  been  of  the 
— fame  opinion,  for  he  never  republilhed  it,  nor,  we  be¬ 
lieve,  replied  to  the  anfwers  which  it  provoked. 

He  did  not,  however,  defcrt  the  caufe,  but  published, 
foon  afterwards,  a  mild  and  ferious  pamphlet,  which  he 
called  A  Fair ,  Candid,  and  Impartial  State  of  the  Cafe 
between  Sir  Ifaac  Newton  and  Mr  Hutchinfon.  Even 
of  this  pamphlet  we  have  not  been  able  to  procure  a 
fight  ;  but  Mr  Jones  allures  us,  that  the  author  al¬ 
lows  to  Sir  Ifaac  the  great  merit  of  having  fettled 
laws  and  rules  in  natural  philofophy,  and  of  having 
meafured  forces  as  a  mathematician  with  fovereign  (kill  ; 
whilft  he  claims  for  Mr  Hutchinfon  the  difcovery  of 
the  true  phyfiological  caufes,  by  which,  under  the 
power  of  the  Creator,  the  natural  world  is  moved  and 
direded. 

If  this  be  a  fair  view  of  the  fate  of  the  cafe ,  it  allows 
to  Newton  more  than  ever  Newton  claimed,  or  has 
been  claimed  for  him  by  his  fondeft  admirers  ;  for  the 
laws  and  rules,  which  he  fo  faithfully  followed  in  the 
fludy  of  philofophy,  were  not  fettled  by  him,  but  by 
the  illuftrious  Bacon.  With  refped  to  the  true  caufes 
here  mentioned,  we  have  repeatedly  had  occafion,  du¬ 
ring  the  courfe  of  this  Work,  to  declare  our  opinion, 
that  all  men  are  equally  ignorant  of  them,  if  they  be 
confidered  as  any  thing  diftind  from  the  general  laws 
by  which  the  operations  of  nature  are  carried  on.  To 
the  difcovery  of  other  phyfiological  caufes,  Newton,  in 
his  greateil  woik,  made  indeed  no  pretenfion  ;  but  it 
rnny  be  worth  while,  and  can  hardly  be  confidered  as 
a  digreffion,  to  confider  what  are  the  pretenfions  of 
Hutchinfon,  to  which  Meffrs  Horne  and  Jones  gave 
fo  decided  a  preference. 

Mr  Hutchinfon  himfelf  writes  fo  obfcurely,  that  we 
dare  not  venture  to  tranflate  his  language  into  common 
Englifti,  left  we  ffiould  undeftgnedly  mifreprefent  his 
meaning  ;  but  according  to  Mr  Jones,  who  has  ftudied 
his  works  with  care,  his  diftingu idling  dodrine  in  phi¬ 
lofophy  is,  that  “  The  forces,  of  which  the  Newtonians 
treat,  are  not  the  forces  of  nature  ;  but  that  the  world 
is  carried  on  by  the  adion  of  the  elements  on  one  ano¬ 
ther,  and  all  under  God.”  What  is  here  meant  by 
the  elements,  we  are  taught  by  another  eminent  dil- 
ciple  of  that  fchool.  “  The  great  agents  in  nature, 
which  carry  on  all  its  operations,  are  certainly  (fays 
Mr  Parkhurft)  the  fluid  of  the  heavens  ;  or,  in  other 
words,  the  fire  at  the  orb  of  the  fun,  the  light  iffuing 
from  it,  and  the  fpirit  or  grofs  air  conftantly  fupport- 
ing,  and  concurring  to  the  adions  of  the  other  two.” 
(See  Cherubim  in  this  Supplement).  Mr  Home  a- 
dopted  this  fyftem  in  preference  to  the  Newtonian ;  be- 
caufe,  fays  his  biographer,  “  It  appeared  to  him  no¬ 
thing  better  than  raving,  to  give  adive  powers  to  mat¬ 
ter,  fuppofing  it  capable  of  adling  where  it  is  not ;  and 
to  affirm,  at  the  fame  time,  that  all  matter  is  inert,  that 
is,  inadive  ;  and  that  the  Deity  cannot  ad  but  where 
he  is  prefent,  becaufe  his  power  cannot  be  but  where 
bis  fubjlance  is.” 

That  much  impious  arrogance  has  been  betrayed, 
not  by  Newtonians  only,  but  by  philofophers  of  every 
fchool,  when  treating  of  the  modus  operandi  of  the 
Deity,  we  feel  not  ourfelves  inclined  to  controvert;  but 
we  never  knew  a  well-informed  Newtonian,  who  fpoke 
of  the  adive  powers  of  matter  but  in  a  metaphorical 
Stale  and  fuch  language  is  ufed,  and  rauft  be  ufed,  by 


the  followers  of  Hutchinfon.  Mr  Jones  fpeaks  of  the  Horne 
adion  of  the  elements  ;  and  Mr  Parkhurft  calls  the  fluid 
of  the  heavens,  which,  according  to  him,  confifts  of  fire, 
light,  and  air,  agents  ;  but  it  would  Purely  be  nncandid 
to  accufe  thefe  two  pious  men  of  animating  the  ele¬ 
ments,  though  wc  know  that  action  and  attiviiy,  in  the 
literal  fenfe  of  the  words,  can  be  predicated  only  of 
living  beings.  With  refped  to  giving  adive  powers  to 
matter,  therefore,  the  followers  of  Hutchinfon  rave  juft 
as  much  as  thofe  of  Newton  ;  and  we  fee  not  the  ra¬ 
ving  of  either  in  any  other  light  than  as  the  neceffary 
confeq uence  of  the  poverty  of  language. 

But  the  Newtonian  makes  matter  ad  upon  matter 
at  a  diftance  !  No  ;  the  genuine  Newtonian  does  not 
make  matter  ad.  (in  the  proper  fenfe  of  the  word)  at 
all  ;  but  he  believes,  that  God  has  fo  eonftituted  mat¬ 
ter,  that  the  motions  of  different  maffes  of  it  are  affed- 
cd  by  each  other  at  a  diftance  :  and  the  Hutchinfonian 
holds  the  very  fame  thing.  As  this  celeftial  fluid  of 
Mr  Parkhurft \s  confifts  partly  of  air,  we  know,  by  the 
teft  of  experiment,  that  it  is  elaftic.  The  particles  of 
which  it  is  compofed  are  therefore  diftant  from  each 
other;  and  yet  they  refill  compreffion.  How  does 
the  Plutchinfonian  account  lor  this  fad  ?  Perhaps  he 
will  fay,  that  as  matter  is  in  itfelf  equally  indifferent  to 
motion  and  reft,  God  has  fo  eonftituted  the  particles 
of  this  fluid,  that  though  they  poffefs  no  innate  power 
or  adivity  of  their  own,  they  are  afftded  by  each  other 
at  a  diftance,  in  confequence  of  his  fiat  at  the  creation. 

This  we  believe  to  be  the  only  folution  of  the  difficulty 
which  can  be  given  by  man  ;  but  it  is  the  very  anfwem 
given  by  the  Newtonians  to  thofe  who  objed  to  them 
the  abfurdity  of  fuppofing  matter  to  he  affeded  by  mat¬ 
ter  at  a  diftance.  That  the  motions  of  the  heavenly 
bodies  are  affeded  by  the  prefence  of  each  other  is  a 
fad,  fay  they,  which  appears  incontrovertible.  “  We 
have  afeertained  with  precifion  the  laws  by  which  thefe 
motions  are  regulated  :  and  without  troubling  ourfelves 
with  the  true  phyfiological  caufes,  have  demon  ft  rated 
the  agreement  of  the  phenomena  with  the  laws.  The 
interpofition  of  this  celeftial  fluid  removes  not  a  Angle 
difficulty  with  which  our  dodrine  is  fuppofed  to  be 
clogged.  To  have  recouffe  to  it  can  therefore  ferve  no. 
purpofe,  even  were  the  phenomena  confiftent  with  the  na¬ 
ture  of  an  elaftic  fluid  confidered  as  a  phyfical  caufe  ; 
but  this  is  not  the  cafe.  It  is  demonftrable  (fee  A  stro- 
nomy  and  Dynamics  in  this  Sitppl.),  that  the  motions  of 
the  heavenly  bodies  are  not  confiftent  with  the  mechanifm 
of  an  elaftic  fluid,  confidered  as  the  caufe  of  thefe  mo¬ 
tions  ;  and  therefore,  whether  there  be  fncli  a  fluid  or 
not  diffufed  through  the  folar  fyftem,  we  cannot  allow 
that  it  is  the  great  agent  in  nature  by  which  all  its  ope¬ 
rations  are  carried  on.” 

Such  might  be  the  reafoning  of  a  well  informed  New¬ 
tonian  in  this  controverfy  ;  and  it  appears  fo  conclufive 
againft  the  objedions  of  Hutchinfon  to  the  Newtonian 
forces,  as  well  as  againft  the  agents  which  he  has  fub- 
flituted  in  their  ftead,  that  fome  of  our  readers  may  he 
difpofed  to  call  in  queftion  the  foundnefg  of  that  man’s 
underftanding  who  could  become  a  Hutchinfonian  fo 
zealous  as  Mr  Horne.  But  to  thefe  gentlemen  we  beg 
leave  to  reply,  that  the  founded  and  moft  upright  mind 
is  not  proof  againft  the  influence  of  a  fyftem,  efpecially 
if  that  fyftem  has  novelty  to  recommend  it,  and  at  the 
fame  time  confifts  of  parts,  of  which,  when  taken  fepa- 
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rately,  many  are  valuable.  Such  was 
Hutchinfon  when  adopted  by  Mr  Horne.  It  was  then 
but  very  little  known  ;  it  could  be  fludied  only  through 
the  medium  of  Hebrew  literature,  not  generally  culti¬ 
vated  ;  and  that  literature,  to  the  cultivation  of  which 
Mr  Hutchinfon  had  given  a  new  and  a  better  turn,  is 
in  itfelf  of  the  utmoft  importance.  Let  it  be  obferved, 
too,  that  the  Hutchinfonians  have,  for  the  moll  part, 
been  men  of  devout  minds,  zealous  in  the  csufe  of 
Chriftianity,  and  untainted  by  Arianifm,  Socinianifm, 
and  the  other  herefies  which  have  fo  often  divided  the 
church  of  Chrift  and  when  all  thefe  circumftances 
are  taken  into  confideration,  it  will  not  be  deemed  a 
proof  of  any  defeft  in  Mr  Horne’s  undemanding,  that 
in  early  life  he  adopted  the  whole  of  a  fyftem,  of  which 
fome  of  the  parts  contain  fo  much  that  is  good  ;  Spe¬ 
cially  when  it  is  remembered,  that  at  JirJl  view  the  a- 
gency  of  the  celeftial  fluid  appears  fo  plaufible,  that  for 
a  time  it  feems  to  have  impofedupon  the  mind  of  New¬ 
ton  himfelf.  . 

But  the  truth  is,  that  Mr  Horne  was  at  no  period 
of  his  life  a  thorough- paced  Hutchinfonian.  It  is  con- 
fefled  by  Mr  Jones,  that  “  Mr  Hutchinfon  and  his  ad¬ 
mirers  laid  too  great  a  ftrefs  on  the  evidence  of  He¬ 
brew  etymology  ;  and  that  fome  of  them  carried  the 
matter  fo  far,  as  to  adopt  a  mode  of  fpeaking,  which 
had  a  nearer  refemblance  to  cant  and  jargon  _  than  to 
found  fenfe  end  fober  learning.  Of  this  (continues  he) 
Mr  Horne  was  very'  foon  aware  ;  and  he  was  in  io 
little  danger  of  following  the  example,  that  he  ufed  to 
difplay  the  foibles  of  fuch  perfons  with  that  mirth  and 
good  humour,”  which  he  poffeffed  in  a  more  exquifite 
degree  than  moll  men.  This  feems  to  be  complete 
evidence  that  he  was  never  a  friend  to  the  etymologi¬ 
cal  part  of  the  fyftem  ;  and  the  prefent  writer  can  at- 
left,  that,  in  the  year  17 86,  he  feemed  by  his  conver- 
fation  to  have  loft  much  of  his  conviftion  of  the  agency 
of  the  celeftial  fluid.  He  continued,  indeed,  to  ftudy 
the  Hebrew  Scriptures  on  the  plan  of  Mr  Hutchinfon, 
unincumbered  with  the  Maforetic  points,  or  with  rab¬ 
binical  interpretations ;  and  the  fruits  of  his  lludies  are 
in  the  hands  of  the  religious  public,  in  works  which, 
by  that  public,  will  be  efteemed  as  long  as  their  lan¬ 
guage  is  underftood.  .  „ 

Hitherto  Mr  Horne  was  a  layman,  but  he  mterelt- 
ed  himfelf  in  every  thing  concetted  with  religion,  as 
much  as  the  moft  zealous  dignitary  of  the  church;  and 
confidering  the  naturalization  of  the  Jews  as  a  meafure 
at  leaft  indecent  in  a  Chriftian  country,  he  publ.ihed, 
in  an  evening  paper,  a  feries  of  letters  on  that  fubjeft, 
both  when  the  Jew  bill  was  depending,  and  after  it  had 
pa  fled  the  houfe.  The  letters  were  anonymous  ;  but 
they  attrafted  much  notice,  and  many  groundless  con- 
ieftures  were  made  refpedtmg  their  author.  To  the 
real  author,  the  meafure  which  they  oppofed  was  fo 
very  obnoxious,  that  he  refufed  to  dine  at  the  table  of 
a  friend,  only  becaufe  the  fon- in-law  of  Mr  Pelham  was 
to  be  there.  And  he  was  not  much  more  friendly  to 
the  marriage-ad  than  to  the  Jew-bill.  If  he  confider- 
ed  the  one  as  difgraeeful  to  religion,  he  probab  y 
thought  that  the  other,  with  its  numerous  claufes,  might 

be  made  a  fnare  for  virtue.  .  ,  , 

The  time  now  approached  when  he  was  to  .ake  ho  y 
orders,  which  to  him  was  a  very  fenous  affair  ;  and 
when  he  gave  an  account  of  his  ordination  to  an  mti- 
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the  fyftem  of  mate  friend,  he  concluded  the  letter  with  the  following 
refie&fons,  which,  even  in  an  abftrad  like  this,  it  would 
be  unpardonable  to  omit :  # 

“  May  he,  who  ordered  Peter  three  times  to  feed 
his  lambsy  give  me  grace,  knowledge,  and  (kill,  to  watch 
and  attend  to  the  flock  which  he  purchafed  upon  the 
crofs,  and  to  give  reft  to  thofe  who  are  under  the  bur¬ 
den  of  fin  and  forrow.  It  hath  pleafed  God  to  call 
me  to  the  miniftry  in  very  troublefome  times  indeed, 
when  a  lion  and  a  bear  have  broken  into  the  fold,  and 
are  making  havoc  among  the  fheep.  With  a  firm, 
though  humble  confidence,  do  I  purpofe  to  go  Torch  ; 
not  in  my  own  ftrength,  but  in  the  ftrength  of  the  Lord 
God;  and  may  he  profper  the  work  of  my  hands  !” 
This  was  in  the  year  1753,  when  the  pious  author  was 
hardly  23  years  of  age  ;  and  he  had  not  been  many 
months  in  orders,  when  one  of  the  moft  celebrated 
preachers  in  the  metropolis  pronounced,  that  “  George 
Horne  was,  without  exception,  the  beft  preacher  in 

England.  ”  # 

In  the  year  1756,  he  was  again  involved  in  contro- 
verfy.  A  pamphlet  had  been  publifhed  at  Oxford, 
fuppofed  by  Mr  Kennicot,  who  afterwards  gained  fuch 
fame  as  a  collator  of  Hebrew  manuferipts,  entitled  A 
Word  to  the  Hutchinfonians,  in  which  Mr  Horne  wan 
perfonally  ftruck  at/  To  this  work  our  author  replied 
in  a  fmall  trad,  called  An  Apology  for  certain  Gentlemen 
in  the  Univerfity  cf  Oxford,  Afperfed  in  a  late  Anony¬ 
mous  Pamphlet  ;  and  whatever  may  be  thought  of  the 
queftion  at  iffue,  all  men  mull  admiie  the  temper  with 
which  the  apologift  condu&ed  himfelf  under  very  great 

provocation.  . 

But  it  was  not  about Hutchinfonianiim  alone  that  theie 
two  illuflrious  men  were  doomed  to  differ.  Mr  Horne 
took  a  decided  part  againft  Mr  Kennicott’s  propofal 
for  collating  the  text  of  the  Hebrew  bible,  with  fuch 
manuferipts  as  could  be  found,  for  the  purpole  of  re* 
forming  the  text ,  and  preparing  it  for  a  new  tranfiation 
into  the  English  language  ;  and  in  the  year  1760,  he 
publifhed  /i  View  of  Mr  Kennicott' s  Method  oj  Cor - 
retting  the  Hebrew  Text,  with  three  Queries  formed 
thereon ,  and  humbly  fubmitted  to  the  Chriftian  world. 
That  his  alarm  was  011  this  occafion  too  great,  experi¬ 
ence  has  (hewn  ;  but  that  it  was  not  groundlefs,  is  evi¬ 
dent  from  the  View,  in  which  the  reader  will  find  a- 
bove  20  inttances  from  Mr  Kennicott’s  differtations 
(fee  Kennicott,  Encycl),  to  (hew  what,  an  inunda¬ 
tion  of  licentious  criticifm  was  breaking  in  upon  the 
f acred  text.  Indeed  there  is  reafon  to  believe,  that  this 
traft,  together  with  another  on  the  fame  fide  of  the 
queftion  by  Dr  Rntherforth  of  Cambridge,  contributed 
to  reprefs  the  collator’s  rafhnefs,  and  to  make  the 
Bible  cf  Dr  Kennicott  the  valuable  work  which  we 
find  it.  Be  this  as  it  may,  fuch  was  the  moderation  of 
the  Drs  Kennicott  and  Horne,  that  though  their  ac¬ 
quaintance  commenced  in  hoilility,  they  at  length  con- 
traded  for  each  other  a  friendfhip,  which  lafted  to  the 
end  of  their  lives,  and  ftill  fubfifts  between  their  farm- 
iies. 

In  what  year  Mr  Horne  was  admitted  to  the  degree 
of  D.  D.  and  when  he  was  chofen  prefident  of  his  col¬ 
lege,  Mr  Jones  has  not  informed  us  ;  but,  if  our  me¬ 
mory  does  not  deceive  us,  he  had  obtained  both  thefe 
preferments  when,  in  the  year  17 72>  he  gave  to  the 
public  a  fmall  work,  8vo,  intitkd  Confidcratims  on  the 
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Life  and  Death  of  St  John  the  Baptijl,  _ , 

'  the  fubftance  of  a  courfe  of  fermons,  which  he  had 
many  years  before,  in  conformity  to  an  eftabliihed  cuf- 
tom  at  Magdalen  College,  preached  before  the  univerfity 
of  Oxford.  Mr  Jones,  fpeaking  of  it,  fays,  that  “  he 
is  perfuaded,  there  was  no  other  man  of  his  time,  whofe 
fancy  as  a  writer  was  bright  enough,  whofe  (kill  as  an 
interpreter  was  deep  enough,  and  whofe  heart  as  a  mo 
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This  trafl  was  not.  have  been  clfildifh  ;  but  the  hero  of  the  tale  13  ex 
hibited  as  talking  like  a  fcl.ool  boy  of  his  conferences’ 
with  Charon,  and  his  reluctance  to  go  into  the  Stygian 
terry. boat,  and  as  confoling  himfelf  with  the  thought 
of  leaving  all  his  friends,  and  his  brother’s  family  in 
particular,  in  great  profperity  !  !  !  The  abfurdities  of 
this  letter  did  not  efcaPe  the  watchful  and  penetrating 
eye  of  Dr  Horne  ;  and  as  he  could  not  miflake  its  oh 
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negyric  will  be  thought  extravagant,  and  of  courfe  it 
will  defeat  its  own  purpofe  ;  but  the  work  is  certainly 
a  work  of  merit.  1 

In  the  year  177 6,  when  the  author  was  vice-chan¬ 
cellor,  was  published,  in  two  volumes  4*0,  Dr  Horne’s 
Commentary  on  the  Pfalms.  It  is  a  work  of  which 
very  different  opinions  have  been  formed,  though  It  was 
the  re ful t  of  the  labour  of  twenty  years.  That  it  will 
always  be  a  favourite  companion  of  the  devout  Chriftian, 
we  are  as  much  inclined  to  believe  as  Mr  Jones;  but  we 
cannot,  without  belying  our  own  judgment,  fay  that  it 
appears  to  us  calculated  to  produce  much  general  good 
in  an  age  like  the  prefent.  Granting  it  to  be  true,  which 
we  believe  will  not  be  granted  without  fome  exceptions, 
that  Clarke,  and  Hoadley,  and  Hare,  and  Middleton, 
and  Warburton,  and  Sherlock,  and  South,  and  Wil¬ 
liam  Law,  and  Edmund  Law,  had  turned  the  public 
attention,  of  which  they  had  got  the  entire  command, 
too  much  to  the  letter  of  the  bible  to  the  negled  of  the 
fpirlt  of  it ;  fhould  not  Dr  Horne,  after  the  example  of 
St  Paul,  have  let  in  the  light  gradually  upon  fuch  weak 
organs  as  thofe  of  the  public  thus  difeafed,  rather  than 
pour  it  upon  them  at  once  in  a  flood  of  fplendor.  The 
apoflle  “  fed  his  Corinthian  converts  with  milk  and  not 
with  meat,”  when  he  found  them  unable  to  bear  the 
latter  food  ;  and  there  is  reafon  to  fufpeft  that  the  car¬ 
nal  followers  of  Warburton,  and  Sherlock,  and  South, 
were  unable  to  bear,  at  once,  fuch  ftrong  meat,  as  that 
which  makes  the  fifteenth  pfalm  a  portrait  of  our  Sa¬ 
viour.  Indeed,  we  think  it  not  improbable  that  the 
mind  of  Sherlock  would  have  recoiled  with  horror  from 
the  very  conception  of  the  pojibility  of  Jtfus  Chrift 
“  fwcanng  to  his  neighbour  and  difappointing  him*” 
though  that  conception  muff  have  paffed  through  a  mind 
which  was  certainly  as  pure  as  his.  The  commentary, 
however,  though  truth  thus  compels  us  to  fay  that,  in 
our  opinion,  it  is  far  from  perfect,  is  certainly  a  work 
of  great  learning,  great  genius,  and  fervent  piety,  and 
fuch  as  the  devout  Chriftian  will  perufe  again  and  again 
with  much  advantage. 

Dr  Horne’s  next  work  was  of  a  different  kind,  and, 
we  think,  of  a  fuperior  order.  In  the  year  1776  was 
publilhed  a  letter  of  Dr  Adam  Smith's,  giving  an  ac¬ 
count  of  the  death  of  Mr  David  Hume.  The  objed  of 
the  author  was  to  fhew  that  Mr  Hume,  notwithftand- 
ing  his  fceptical  principles,  had  died  with  the  utmoil 
compofure,  and  that  in  his  life  as  well  as  at  his  death 
he  had  condu&ed  himfelf  as  became  one  of  the  wifefl 
and  heft  men  that  ever  exifted.  The  letter  is  very  much 
laboured,  and  yet  does  no  honour  either  to  the  author  or 
his  friend.  It  could  not  reprefent  Mr  Hume  as  fupporting 
himfelf  under  the  gradual  decay  of  Nature  with  the  hopes 
of  a  happy  immortality  ;  but  it  might  have  reprefented 
him  as  taking  refuge,  with  other.infidels,  in  the  eternal 
deep  of  death.  This,  though  but  a  gloomy  profped,  would 


Life,  Death ,  and  Philofophy  of  his  Friend  David  Hume \ 
Lfqj  by  one  of  the  People  called  Chriftians.  The  rea 
foning  of  this  little  trait  is  clear  and  conclufive,  while 
its  keen,  though  good  humoured  wit  is  inimitable ;  and 
it  was,  fome  years  afterwards,  followed  by  a  feries  of 
Letters  on  Infidelity,  compofed  on  the  fame  plan,  and  with 
much  of  the  fame  fpirit.  This  fault  volume,  to  the 
fecund  edition  or  which  the  letter  to  Dr  Smith  was 
prefixed,  is  better  calculated  than  almoft  any  other  with 
which  we  are  acquainted,  to  guard  the  minds  of  youth 
again  ft  the  infidtous  ftrokes  of  infidel  ridicule,  the  only 
dangerous  weapon  which  infidelity  has  to  wield. 

When  the  letters  on  infidelity  were  p.tbliffied,  their 
author  had  for  fome  time  been  Dean  of  Canterbury, 
where  he  was  beloved  by  the  chapter  and  almoft  adored 
by  the  citizens.  He  was  a  very  frequent  preacher  in 
the  cathecral  and  metropolitical  church,  where  the 
writer  of  this  /Trent  /ketch  has  liftened  to  him  with  de- 
light,  and  feeu  thoufands  of  people  of  very  various  de- 
icnptions  hang  with  rapture  on  his  lips.  As  a  preacher 
indeed  he  excelled ;  and  notwithftanding  the  ftiortnefs  of 
his  fignt,  which  deprived  him  of  fome  of  the  graces  of  a 
pulpit  orator,  fuch  were  the  excellence  of  his  matter, 
the  Ample  elegance  of  his  ftyle,  and  the  fvveetnefs  of 
his  voice,  that,  when  at  the  primary  vifitation  of  the  pre- 
fcnt  archbilhop, he  preached  his  admirable  ferraon  on  the 
nuty  of  Contending  for  the  Faith,  the  attention  of  more 
than  2000  people  was  fo  completely  fixed,  that  the  fmall-  ' 
e“  n°'fc  vvas  not  to  he  heard  through  the  whole  crowded 
choir.  Of  the  importance  of  preaching,  and  of  the  pro- 
per  mode  of  performing  that  duty,  he  had  very  juft  no¬ 
tions  i  and  though  lie  never  had  himfelf  a  parochial  cure 
of  fouls,  it  was  the  defire  and  pleafure  of  his  life  to 
make  himfelf  ufeful  in  the  pulpit  wherever  he  was 
whether  in  town  or  in  fhe  molt  obfeure  corner  of  the 

c“y-,  JTonr  ®r  volumes  of  his  fermons  have  been 
publilhed  iince  his  death. 

In  the  year  1787  he  piibliflicd,  under  the  name  of  an 
undergraduate  of  the  univerfity  of  Oxford,  a  letter  to  Dr 
inejlley,  in  which  he  made  that  oracle  of  Socinianilm 
almoft  as  ridiculous  as,  in  the  letter  to  Dr  Smith,  he 
hao  formerly  made  the  hero  of  modern  fcepticifm. 

1  he  merits  ofDr  Horne,  which  had  made  him  pre- 
fidcnt  of  Magdalen  College,  a  king’s  chaplain,  and  dean 
of  Canterbury,  raued  him,  we  think  in  the  year  1700, 
to  the  fee  of  Norwich;  and  he  had  foon  an  opportunity 
of /hewing,  that  he  had  not  loft  fight  of  his  fpiritual 
charaiter  in  the  fplendor  of  the  peer  of  parliament, 
i  he  ocotch  Lpifcopahans  had  for  fome  time  been  foli- 
citing  the  legislature  to  repeal  certain  penal  laws  of  un¬ 
common  feverity,  under  which  they  had  groaned  for 
upwards  of  forty  years  ;  but  they  found  it  a  work  of  *  Sec 
no  little  difficulty  to  make  the  equity  of  their  claim  ge- Scotch 
ne rally  understood  •  In  removing  this  difficulty  no  man  Episcova. 
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was  more  alfifting  to  them  than  the  Dean  of  Canter- ^^4, 
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e.  bury,  to  whom  their  religious  and  political  principles 
—  were  well  known ;  and  he  continued  his  affiftance  after 
he  was  bifhop  of  Norwich.  Indeed  the  whole  bench 
{hewed,  on  this  occafion,  a  zeal  for  the  interefts  of  true 
religion  every  way  becoming  their  chara&er  of  Chriftian 
bifhops;  and  after  Dr  Horne  was  removed  to  a  better 
world,  the  Scotch  Episcopalians  found  among  his  furvi- 
ving  brethren  friends  as  zealous  and  a&ive  as  he. 

Dr  Horne,  though  a  very  handfome  man,  was  not 
naturally  of  a  ftrong  confiitution  ;  and  from  the  difad- 
vantage  of  being  uncommonly  near  lighted,  he  had  not 
been  able  to  increafe  its  ftrength  by  the  practice  of  any 
athletic  exercife.  The  only  amufement  in  which  he 
took  delight  was  agreeable  converfacion  ;  and  his  life 
was  therefore  what  is  called  fedentary.  The  confe- 
quence  of  this  was,  that  the  infirmities  of  age  came  fall 
upon  him  ;  and  when  the  defign  was  formed  of  making 
him  a  bifhop,  he  felt  himfelf  little  inclined  to  undertake 
the  charge  of  fo  weighty  an  office.  He  was,  however, 
prevailed  upon  -to  accept  of  the  fee  of  Norwich;  blit  he 
enjoyed  his  new  dignity  for  a  very  fhort  period,  if  he 
can  with  truth  be  laid  to  have  enjoyed  it  at  all.  His 
health  declined  rapidly  ;  and,  in  the  autumn  of  1791, 
he  fuffered,  while  on  the  road  from  Norwich  to  Bath, 
a  paralytic  (troke,  the  effe&s  of  which  he  never  reco¬ 
vered  He  lingered  a  month  or  two,  with  fuch  appa¬ 
rent  changes  in  the  Hate  of  his  health  as  fometimes  gave 
delufive  hopes  to  his  family,  till  the  1 7th  of  January 
1792,  when  he  died  in  the  62 d  year  of  his  age,  with 
thofe  hopes  which  can  be  excited  only  by  the  confciouf- 
nefs  of  a  well  fpent  life,  and  by  a  firm  trufl  in  the  pro- 
mifes  of  the  gofpel. 

In  this  fhort  fketch  of  the  life  of  bjffiop  Horne  we 
have  taken  the  liberty  to  exprefs  our  diffent  from  fome 
of  his  opinions,  and  to  Hate  the  reafons  on  which  that 
diffent  reds.  By  himfelf  we  know  that  this  part  of  our 
conduct  would  have  been  'applauded  ;  but  it  is  poffible 
that  by  fome  of  his  friends  it  may  be  deemed  difrefpeft- 
ful  to  his  memory.  To  thefe  gentlemen  we  beg  leave 
to  obferve,  that  if  Johnfon  made  the  praife  of  KyrI, 
Pope’s  man  of  Rofs,  really  more  folid  by  making  it 
more  credible,  it  will  be  difficult  to  perfuade  us  that  we 
have  done  any  injury  to  Dr  Horne’s  fame  by  avoiding 
the  extravagant  panegyric  of  thofe  who  feem  to  have 
confidered  him  as  a  man  exempted  from  error.  He 
was  firft  induced  to  favour  the  Hutchinfonians  becaufe 
he  thought  he  perceived  danger  to  religion  in  the  New¬ 
tonian  do&rines  of  attraction  and  repuffion;  and  we  very 
readily  admit  that  many  Newtonians,  not  underftanding 
the  do&rines  of  their  mafter,  have  exprefted  themfelves 
in  fuch  a  manner  as  could  not  render  a  religious  man 
partial  to  their  fyftem.  But  from  the  dangers  of  mif- 
take  no  fyftem,  whether  religious  or  philofophical,  was 
ever  free  ;  and  the  atheiilical  purpofes  which  the  agency 
of  ethers  and  celeftial  fluids  has  lately  been  made  to  lerve, 
muft  induce  every  man  of  piety  to  paufe  before  he  ad¬ 
mit  fuch  agency.  Dr  Horne  lived  to  witnefs  fome  of 
its  pernicious  effe&s ;  and  we  have  reafon  to  believe 
that  they  made  a  due  impreffion  on  his  mind  ;  but  he 
fpent  his  latter  years,  as  indeed  he  had  fpent  the  greater 
part  of  his  life,  in  nobler  purfuits  than  the  ftudy  of  hu¬ 
man  fcience ;  he  fpent  them  in  the  proper  employments 
of  a  Chriftian,  a  clergyman,  and  a  bifhop.  His 
was  founded  on  a  rock  ;  and  it  was  that  genuine  faith 
which  worketh  by  love ;  for  though  his  preferments 
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Hoven, 


were  rich,  his  charity  kept  pace  with  them  ;  and  it  Hurogra- 
has  been  proved  that,  notvvithftanding  his  proper  e- 
conomy,  he  hoarded  not  one  fhilling  of  his  annual  in¬ 
come.  This  was  an  elevation  of  charade r  above  all  li¬ 
terary,  above  all  philofophic  fame.  The  author  of  this 
article  had  the  honour  to  be  known  to  Dr  Horne,  to 
enjoy,  if  he  miftook  not,  a  (hare  in  his  frfendfhfp,  and  to 
correfpond  v/ith  him  regularly  for  many  years;  and 
there  is  not  one  of  his  rational  admirers  who  more  fully 
admits  the  truth  of  the  character  given  of  him  by  I)r 
Thurlow  late  bifhop  of  Durham  when  fucceedfng  him 
in  the  office  of  proCtor  in  the  Univerfity.-  “  As  to  the 
lafl  proCtor  (faid  he)  I  {ball  fpenk  of  him  but  in  few 
words,  for  the  truth  of  which  I  can  appeal  to  all  that 
are  here  prefent.  If  ever  virtue  itfelf  was  vifible  and 
dwelt  upon  earth,  it  was  in  the  perfon  who  this  day  lays 
down  his  office.” 

Soon  after  he  was  advanced  to  the  piefidentffiip  of 
Magdalen  college,  this  great  and  good  man  married  the 
only  daughter  of  Philip  Burton,  Efq;  a  gentleman  of 
conliderable  fortune.  By  this  lady  he  had  three  daugh¬ 
ters,  of  whom  the  eldeft:  was  married  to  a  clergyman  a 
fhort  time  before  the  death  of  her  father,  and  the  two 
younger  were,  in  1796;  refiding  with  Mrs  Horne  in 
Hertfordfhire. 

HOROGRAPHY,  the  art  of  making  or  conftruCt- 
ing  dials;  called  alfo  dialling,  horologiography,  gnomo- 
r.ica,  fciatherica,  photofciatherica,  &c. 

HOROPTER,  in  optics,  is  a  right  line  drawn 
through  the  point  where  the  two  optic  axes  meet,  pa¬ 
rallel  to  that  which  joins  the  centres  of  the  two  eyes,  or 
the  two  pupils. 

HORSE-Shoe,  in  fortification,  is  a  work  fometimes 
of  a  round,  fometimes  of  an  oval  figure,  inclofed  with  a 
parapet,  raifed  in  the  ditch  of  a  marfhy  place,  or  in  low 
grounds ;  fometimes  alfo  to  cover  a  gate  ;  or  to  ferve  as 
a  lodgment  for  foldiers,  to  prevent  furprifes,  or  relieve 
an  over  tedious  defence. 

KOVEN  is  a  word  of'  the  fame  import  with  rat - 
fed,  fivtrllt'dy. tumefied*  It  is  particularly  applied  to  black 
cattle  and  fheep,  when  from  eating  too  voracioufly  of 
clover,  or  any  other  fucculent  food,  they  become  fwol- 
len.  Such  cattle  are*  in  the  language  of,  the  farmer, 
called 

Hoven-  Cattle ;  and  the  beaft,  whether  bullock  or 
fheep,  which  is  hoven,  when  left  without  relief,  dies  in 
half  an  hour.  The  caufe  of  the  difeafe  is  the  extra¬ 
quantity  of  air  taken  down  with  that  kind  of  food, 
which,  in  its  p  aft  age  from  the  paunch  upwards,  forces 
the  broad  leaves  of  the  clover  before  it,  till  they  clofe 
up  the  paftage  at  the  entrance  of  the  paunch,  and  pre¬ 
vent  the  wind  from  going  upwards  in  its  regular  courfe. 

The  ufual  method  of  relief  is  to  ftab  the  animal  in  the 
paunch  ;  an  operation' which  is  always  dangerous, *and 
has  often  proved  fatal.  It  was  therefore  with  good 
reafon  that  the  Society  for  the  Encouragement  of  Arts, 
Manufactures,  and  Commerce,  voted  a  bounty  of  fifty 
guineas  to  Mr  Richard  Eager  of  Graffham  farm,  near 
Guildford,  for  making  public  a  very  limple  method 
praCtifed  by  him  for  the  cure  of  hoven- cattle.  It  is 
this ;  ct  let  the  grazier  or  farmer  have  always  ready 
fmooth  knobs  of  wood,  of  different  fizes,  fixed  to  the 
end  of  a  flexible  cane,  which  for  oxen  fhould  be  at  leaft 
fix  feet  long,  and  for  fheep  three  feet.  V/ hen  a  beafl 
ia  hoven,  let  one  perfon  take  hold  of  him  by  the  noftril 

and 
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IVj u^hton ,  anj  one  horn  .  1 et  another  hold  his  tongue  fad  in  one 
hand,  putting  the  cane  down  his  throat  with  the  other. 
Be  careful  not  to  let  the  animal  get  the  knob  of  the  cane 
between  his  grinders :  obferve  alfo  to  put  the  cane  far 
enough  down;  the  whole  length  will  not  injure.  You 
will  find  the  obflacle  at  the  entrance  of  the  paunch  : 
pufh  the  cane  hard,  and  when  you  perceive  a  fmeil  to 
come  from  the>paunch,  and  the  animal’s  body  to  fink, 
the  cure  is  performed,' and  Nature  will  a-d  for  itfelf.” 

This  method,  we  doubt  not,  will  prove  fucceffful ;  but 
might  not  the  purpofe  be  as  well,  if  not  better,  effect¬ 
ed,  by  ufing,  inftead  of  the  cane  and  knob,  a  piece  of 
thick  fluff  rope,  which,  in  many  places  of  Scotland,  is 
employed  to  force  dtiwn  turnips  or  potatoes  when  they 
{tick  in  the  throat  of  a  bullock  ? 

HOUGHTON  ( - )  is '  a  man  to  whom  the 

fcience  of  geography  is  fo  much  indebted,  that  we  are 
almoff  afhamed  to  confefs  that  we* know  not  his  Chri- 
ftian  name,  the  place  where  he  was  born,  or  the  age  at 
which  he  died.  He  had  been  a  captain  in  the  69th  regi¬ 
ment,  arid  in  the  year  1779  had  acled  under  General 
Rooke  as  fort  major  in  the  ifland  of  Goree.  Hearing, 

*  fometime  in  the  year  1789,  or  perhaps  earlier,  that  the 
African  affociation  wiflied  to  penetrate  to  the  Niger  by 

•  the  way  of  Gambia,he  expreffed  his  willingnefs  to  under¬ 
take  the  execution  of  their  plan.  For  this  talk  he  was 
peculiarly  fitted.  A  natural  intrepidity  of  character, 
which  feemed  inacceflible  to  fear,  and  an  eafy  flow  of 
con  flit  utional  good  humour,  which  seven  the  rougheff 
accidents  of  life  were  not  able  to  fnbdue,  formed  him  for 
exploring  the  country  of  relentlefs  favages  ;  whilft  the 
darknefs  of  his  complexion  was  fuch,  that  he  fcarcely 
differed  in  appearance  from  the  Moors  of  Barbary,  whofe 
drefs  in  travelling  he  intended  to  affume. 

His  inftru&ions  from  the  affociation  were,  to  afeer- 
tain  the  courfe,  and,  iffpoffible,  the  rife  and  termination 
of  the  Niger ;  and  after  vifiting  the  cities  of  Tombuc- 
too  and  Houssa  (fee  thefe  articles  in  this  Supplement }, 
to  return  by  the  way  of  the  defart,  or  by  any  other 
route  which  the  circumflances  of  his  fituation  at  the 
time  might  recommend  to  his  choice. 

Haying  left  England  on  the  16th  of  Q&ober  1790, 
he  arrived  at  the  entrance  of  the  Gambia  on  the  10th 
of  November,  and  was  kindly  received  by  the  king  of 
« Proceeding  ^arra,  who  remembered  the  vifit  which  the  Major  had 
r  of  the  formerly  paid  him  from  the  ifland  of  Goree  ;  and  who 
can  Ajpvcia-4  now,  in  return  for  a  fmall  prefent  of  the  value  of  20s. 
.ytson.  cheerfully  tendered  protection  and  afliftance  as  far  as  his 

dominion  or  influence  extended. 

An  offer  from  the  mafter  of  an  Englifh  veffel  em- 
„  ployed  in  the  trade  of  the  river,  enabled  the  Major,  and 
•the  interpreter  he  had  engaged  on  the  coaft,  to  proceed 
to  Junk  icon  da  ;  where  lie  purchafed  from  the  natives  a 
hetffe  and  live  affes,  and  prepared  to  pafs  with  the  mer- 
chandife  winch  conftituted  his  travelling  fund,  to  Me¬ 
dina,  the  capital  of  the  fmall  kingdom  of  Woolli. 

Fortunately  for  him,  a  few  words,  accidentally  drop¬ 
ped  by  a  negro  woman  in  the  Mandingo  language,  of 
which  he  had  haflily  acquired  a  fuperficial  knowledge, 
■excited  fufpicions  of  danger ;  and  gave  him  intimation 
of  a  confpiracy  which  the  negro  miftreffes  of  the  tra¬ 
ders,  who  feared  that  the  Major’s  expedition  portended 
.  the  ruin  of  their  commerce,  had  formed  againft  his  life. 
Afraid,  therefore,  of  travelling  by  the  cuffomary  route, 

availed  himfclf  of  the  opportunity  which  the  dry  fea- 
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fon  and  the  tide,. of  ebb  afforded  of  fwimmiug  his  horfeHougfo, 
and  his  affes  acrofs  the  flream  ;  and  having  by  thofe 
means  avoided  the  parties  who  were  fent  for  his  deft  ruc¬ 
tion,  he  proceeded  with  much  difficulty  on  the  fouthern 
fide  of  the  river,  to  that  diftrift  of  Cantor  which  is  op. 
pofite  to  the  kingdom  -of  Woolli.  There  he  repaffed 
the  Gambia,  and  fent  a  meffenger  to  inform  the  king 
of  his  arrival,  and  to  requell  a  guard  for  his  prote&ion. 

.  An  effort,  commanded  by  the  king’s  fon,  was  imme- 
diately  difoatched  ;  and  the  Major,  whofe  intended  pre- 
fent  had  been  announced,  was  kindly  received,  and  hoi*, 
pitably  entertained  at  Medina. 

The  town  is  fituated  at  the  diftance  of  about  900 
miles  by  water  from  the  entrance  of  the  Gambia  ;  and 
the  country  adjacent  abounds  in  corn  and  cattle,  and, 
generally  fpeaking,  in  all  things  that  are  requifite  for 
the  fupport,  or  effential  to  the  comfort  of  life.  Two 
different  feds  of  religion  diffinguifh  rather  than  divide 
the  people;  the  one  is  compofed  of  the  profeffors  of  the 
Mahometan  faith,  who  are  called  Bufhreens;  the  other, 
and,  it  is  faid,  the  more  numerous,  confifts  of  thofe 
who,  denying  the  million  of  the  prophet,  avow  them¬ 
selves  deills,  and  from  their  cultom  of  drinking  with 
freedom  the  liquors  of  which  he  prohibited  the  ufe,  are 
denominated  Souikees  or  drinking  men. 

In  a  letter  from  Major  Houghton  to  his  wife,  which 
a  feaman  preferved  from  the  wreck  of  a  veffel  in  which 
the  difpatches  to  the  fociety  were  loft,  the  Major  in¬ 
dulged  the  refle&ions  that  naturally  aroff  from  his  paft 
and  prefent  fituations.  A  bilious  fever  had  attacked 
him  loon  after  his  arrival  in  the  Gambia;  but  his  health 
was  now  unimpared — a  confpiracy  had  affailed  his  life  ; 
but  the  danger  was  paffed — the  journey  from  Junki- 
conda  had  expofed  him  to  innumerable  hardfliips ;  but 
he  was  now  in  poffeffion  of  every  gratification  which 
the  kindnefs  fcf  the  king  or  the  hofpitality  of  the  people 
could  enable  him  to  enjoy.  Delighted  with  the  healthi- 
nefs  of  the  country,  the  abundance  of  the  game,  the  fe- 
curity  with  which  he  made  his  excurfions  on  horfeback, 
and  above  all,  with  the  advantages  that  would  attend 
the  ereftion  of  a  fort  on  the  falubrious  and  beautiful 
hill  of  Fatetenda,  where  the  Englifh  once  had  a  fa&ory, 
he  expreffes  his  earned:  hope  that  his  wife  will  hereafter 
accompany  him  to  a  place  in  which  an  income  of  ten 
pounds  a  year  will  fupport  them  in  affluence ;  and  that 
fhe  will  participate  with  him  in  the  pleafure  of  rapidly 
acquiring  that  vaft  wealth  which  he  imagines  its  com¬ 
merce  will  afford. 

While,  in  this  manner,  he  indulged  the  dream  of  fu¬ 
ture  profperity,  and  with  ftill  more  ample  fatisfadlion 
contemplated  the  eclat  of  the  difeoveries  for  which  he 
was  preparing,  but  in  the  purfuit  of  which  he  was  re¬ 
tarded  by  the  abfence  of  the  native  merchant,  for 
whofe  company  he  had  engaged,  he  found  himfelf  fud- 
denly  involved  in  unexpected  and  irrdiftible  misfortune. 

A  fire,  the  progrefs  of  which  was  accelerated  by  the 
bamboo  roofs  of  the  buildings,  confumed  with  fuch  ra¬ 
pidity  the  houfe  in  which  he  lived,  and  with  it  the 
greateft  part  of  Medina,  that  feveral  of  the  articles  of 
merchandise,  to  which  he  trullcd  for  the  cxpences  of 
his  journey,  were  ceftroyed  ;  and  to  add  to  hi-s  afflic¬ 
tion,  his  faithlefs  interpreter,  who  had  made  an  ineffec¬ 
tual  attempt  on  his  goods,  difappeared  with  his  horfe 
and  three  of  his  affes  ;  a  trade  gun  which  lie  Had  pur¬ 
chafed  on  the  river  foon  afterwards  burff  in  his  hands, 

anl 


H  O  U  t  75 

and  wounded  him  in  the  face  and  arm  :  and  though  the 
hofr.itable  kindnefs  of  the  people  of  the  neighbouring 
town  of  Barraconda,  who  cheerfully  opened  their 
j,oufes  to  more  than  a  thoufand  families,  whofe  tene¬ 
ments  the  flames  had  confumcd,  was  anxioufly  exerted 
for  his  relief;  yet  the  lofs  of  his  goods,  and  the  conic- 
qnent  diminution  of  his  travelling  fund,  were  evils 
which  no  kindnefs  could  remove.  , 

It  was  in  th’s  fituation  that,  wearied  with  the  fruit  - 
lefs  hope  of  the  return  of  the  native  trader,  with  whom 
he  had  contracted  for  his  journey,  he  refolved  to  avail 
himfelf  of  the  company  of  another  fltve  merchant,  who 
was  lately  arrived  from  the  fouth,  and  was  now  on  his 
way  to  his  farm  on  the  frontier  of  the  kingdom  of 
Bambouk.  Accordingly,  on  the  evening  of  the  8th 
of  May,  he  proceeded  by  moon  light  and  on  foot,  with 
Pis  taro  afTes,  which  the  fervants  of  the  flave  merchant 
offered  to  drive  with  their  own,  and  which  carried  the 
wreck  of  his  foitune  ;  and  journeying  by  a  north  eaft 
courfe,  arrived  on  the  fifth  day  at  the  uninhabited  fron¬ 
tier  which  feparates  the  kingdoms  of  Woolli  and  Bon- 

He  had  now  paffed  the  former  limit  of  European 
difcovery and  while  "he  remarked  with  pleafure  the 
numerous  and  extenfive  population  of  this  unvifited 
country,  he  obferved,  that  the  long  black  hair  and 
copper  complexion  of  the  inhabitants  announces  their 
Arab  original.  They  are  a  branch  of  that  numerous 
tribe  which,  under  the  appellation  of  Foolies,  have  over- 
fpread  a  confiderable  part  of  Senegambia  ;  and  their 
religious  diftin&ions  are  fimilar  to  thofe  which  prevail 
in  the  kingdom  of  Woolli. 

A  journey  of  I  50  miles,  which  was  often  interrupt¬ 
ed  by  the  engagements  of  his  companion,  who  traded 
in  every  town,  conduced  him  to  the  banks  of  the  Fa- 
lemc,  the  fouth-wcflern  boundary  of  the  kingdom  of 
Bambouk.  Its  ftream  was  exhaulled  by  the  advanced 
Hate  of  the  dry  feafon,  and  its  bed  exhibited  an  ap¬ 
pearance  of  (late  intermixed  with  gravel. 

Bambouk  is  inhabited  by  a  nation,  whofe  woolly 
hair  and  fable  complexions  befpeak  them  of  the  negro 
race,  but  whofe  character  Teems  to  be  varied  in  propor¬ 
tion  as  the  country  rifes  from  the  plains  of  its  weftern 
divifion  to  the  highlands  of  the  eaft.  U1‘h^d 

into  fefts,  like  the  people  of  Woolli  and  Bondou,  by 
the  different  tenets  of  Mahomedans  and  Deifts,  they 
are  equally  at  peace  with  each  other,  and  mutually  to¬ 
lerate  the  refpe&ive  opinions  they  condemn. 

Agriculture  and  pafturage,  as  in  the  negro  Hates 
on  the  coaft  of  the  Atlantic,  are  their  chief  occupa¬ 
tions;  but  the  progrefs  which  they  have  made  m  the  ma- 
nufafluring  arts,  is  fuch  as  enables  them  to  fmelt  the  r 
iron  ore,  and  to  furnilh  the  ieverat  mftruments  of  huf- 
’  bandiy  and  war.  Cloth  of  cotton,  on  the  other  hand 
which  in  this  part  of  Africa  feems  to  be  the  umverfa 
wear,  they  appear  to  weave  by  a  difficult  and  'aboiios 
procefs  ;  and  to  thefe  two  circumftances  .t  is  probably 
owing,  that  with  them  the  meafnre  of  value  is  not,  as 
On  the  coaft,  a  bar  of  iron,  but  a  piece  of  clot  . 

The  common  vegetable  food  of  the  inhabitants  ap¬ 
pears  to  confift  of  rice  ;  their  animal,  of  beef  or  mut¬ 
ton.  A  liquor,  prepared  from  fermented  honey,  f,*?‘ 
plies  the  want  of  wine,  and  furmfhes  the  means  of  thofe 
feftive  entertainments  thSt  conftitute  the  luxury  o. 
court  of  Bambouk. 
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On  the  Major’s  arrival  at  the  banks  of  the  river  Fa- II 
lerfre,  he  found  that  the  war  which  had  lately  fubfifted 
between  the  kings  of  Bondou  and  Bambouk  was  ter¬ 
minated  by  the  ceffion  to  the  former  of  the  conquefts 
he  had  made  in  the  low  lard  part  of  the  dominions  of 
the  latter  ;  and  that  the  king  of  Bondou  had  taken  up 
his  rtfidene'e  in  the  territory  which  he  had  thus  obtain¬ 
ed. 

The  Major  haftened  to  pay  his  refpefls  to  the  vic¬ 
torious  prince,  and  to  offer  a  fimilar  prefent  to  that 
which  the  kings  of  Barra  and  Woolli  had  cheerfully  * 
accepted  ;  but  to  his  great  difappointment  an  ungra¬ 
cious  reception,  a  fallen  permiflion  to  leave  the  prefent, 
and  a  ftem  command  to  repair  to  the  frontier  town 
Tom  which  he  came,  were  followed  by  an  intimation 
that  he  fhould  hear  again  from  the  king.  According¬ 
ly,  on  the  next  day,  the  king's  fon,  accompanied  by  an 
armed  attendance,  entered  the  houfe  in  which  the  Ma¬ 
jor  had  taken  up  his  temporary  dwelling,  and  demand¬ 
ed  a  fight  of  all  the  articles  he  had  brought..  From- 
thefe  the  prince  ftle&ed  whatever  commodities  were 
belt  calculated  to  gratify  his  avarice,  cr  pieafe  his  eye  ; 
and  to  the  Major's  great  difappointment,  took,  from 
him  the  blue  coat  in  which  he  hoped  to  make  his  ap¬ 
pearance  on  the  day  of  his  introdu&ion  to  the  Sultan- 
of  Tombu&oo.  Happily,  however,  a  variety .  of  ar¬ 
ticles  were  fuccefsfully  concealed,  and  otheis  cf  inferior 
value  were  not  confidered  as  fufficiently  attra&ive. 

The  Major  now  waited  with  impatience  for  the  per¬ 
formance  of  the  promife  which  the  flave  merchant,  with 
whom  he-  had  travelled  from-  the  Gambia,  had  made  of 
proceeding  with  him  to  Forobu&oo  \  but  as  the  mer¬ 
chant  was  obliged  to  fpend  a  few  days  at  his  rice  farm 
on  the  banks  of  the  Faleme,  the  Major  accepted  an  in¬ 
vitation  to  the  hofpitahty  of  his  roof.  There  he  ob- 
fe-rved,  with  extreme  regret,  that  the  apprehenflon  of  a 
fcarcity  of  grain  had  alarmed  his  friend  ;  and  that, 
dreading  the  confequences  of  leaving  his  family  in  fo 
perilous  a  feafon  to  the  chances  of  the  market,  he  had 
determined  on  colle£ing,  before  his  departure,  a  fuf- 
ficient  fupply  for  their  fupport.  This  argument  for 
delay  was  too  forcible  to  be  oppofed  ;  and  therefore 
the  Major  refolved  to  employ  the  interval  in  vifitmg 
the  kin^  of  Bambouk,  who  reflded  in  the  town  of  Fer- 
banna,  on  the  eaftern  fide  of  the  Sena  Coles,  or  river  of 
Gold.  Unfortunately,  however,  by  a  miftake  of  hi* 
guide,  he  loft  his  way  in  one  of  the  vaft  woods  of  the 
country  ;  and  as  the  rainy  feafon,  which  commenced 
with  the  new  moon  on  the  4th  of  July,  and  was  intro¬ 
duced  with  a  wefterly  wind,  was  now  fet  in,  the  ground 
on  which  he  patted  the  night  was  deluged  with  rain, 
while  all  the  Iky  exhibited  that  continual  blaze  of 
lightning,  which  in  thofe  latitudes  often  accompanies 
the  tornado.  Diftreffed  by  the  fever,  which  began  to 
attail  him,  the  Major  continued  his  route  at  the  break 
c£  day,  and  waded  with  difficulty  through  the  river 
Serra  Coles,  which  was  fwelled  by  the  floods.,  and 
on  the  banks  of  which  the  alligators  were  balking  in 
the  temporary  fun-flune. 

Scarcely  had  he  reached  Ferbanna  when  Ins  lever 
rofe  to  a  height  that  rendered  him  delirious ;  but  the 
ftrength  of  his  conftitution,  and  the  kindnefs  of  the  ne¬ 
gro  family  to  which  his  guide  had  conduced  him,  fur- 
mounted  the  dangerous  dittafe  ;  and  in  the  friendly  re¬ 
ception  which  was  given  him  by  the  king  of  Bambouk, 
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•  he  foon  forgot  the  hardfhips  of  his  journey.  . 
informed  him,  that  the  Ioffes  he  had  lately  fuftained  in 
the  conteft  with  the  armies  of  Bondou,  arofe  from  his 
having  exhaufled  his  ammunition  ;  for,  as  the  French 
traders,  who  formerly  fupplied  his  troops,  had  aban¬ 
doned  the  fort  of  St  jofeph,  and,  either  from  the  dry- 


ed  the  navigation  of  the  upper  part  of  the’Senegal,  he 
had  no  means  of  repleniffiing  his  (lores  ;  whereas  his  e- 
nemy,  .the  king  of  Bondou,  continued  to  receive  from 
the  Butifli,  through  the  channel  of  his  agents  on  the 
Gambia,  a  conftaut  and  adequate  fupply. 

Major  Houghton  availed  himfelf  of  the  opportunity 
which  this  converfation  afforded,  to  fugged  to  the 
king  the  advantage  of  encouraging  the  Britifh  to  o- 
pen  a  trade  by  the  way  of  his  dominions  to  the  popu¬ 
lous  cities  on  the  banks  of  the  Niger. 

Such  was  the  date  of  the  negociation,  when  all  buff 
nefs  was  fufpendcd  by  the  arrival  of  the  annual  prefents 
of  Mead,  which  the  people  of  Bambouk,  at  that  feafon 
of  the  year,  are  accudomed  to  fend  to  their  king ;  and 
which  are  always  followed  by  an  intemperate  fellival  of 
fevcral  fucceflive  days. 

In  the  interim,  the  Major  received,  and  gladly  ac¬ 
cepted,  the  propofal  of  an  old  and  refpedable  merchant 
of  Bambouk  ;  who  offered  to  condudl  him  on  horfe- 
back  to  Tombudloo,  and  to  attend  him  back  to  the 
Gambia.  A  premium  of  L.  12  5,  to  be  paid  on  the 
Major’s  return  to  the  Britifh  fadlory  at  Junkiconda, 
was  fixed  by  agreement  as  the  merchant’s  future  re¬ 
ward.  It  was  further  determined,  that  the  Major 
fhould  be  fnrnifhed  with  a  horfe  in  exchange  for  his 
two  affes ;  and  diould  convert  into  gold  dud,  as  the 
mod  portable  fund,  the  fcanty  remains  of  the  goods  he 
had  brought  from  Great  Britain. 

This  plan  was  much  approved  by  the  king,  to  whom 
the  merchant  was  perfonally  known ;  and  who  gave  to  the 
Major  at  parting,  as  a  mark  of  his  edeem,  and  a  pledge 
of  his  future  friendfhip,  a  prefent  of  a  purfe  of  gold 

With  an  arrnnnt  of  - a  _  nr  •  t  , 
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The  king  but  he  was  (hewn  at  a  didance  the  fpot  in  the  wood, 
to  which  his  body  was  dragged,  and  where  it  was  left 
a  prey  to  corruption. 

Thus  perifhed,  in  the  prime  of  life,  Major  Houghton 
a  man  whofe  travels  enlarged  the  limits  of  European 
difcovery,  and  vvhofe  accounts  of  the  places  which  he  vifit- 


nefs  of  the  lad  feafon,  or  from  other  caufes  had  defert  ed  wereft  7  '  pkces  whfch  he  vir»- 

ed  the  navigation  of  the  upper  part  of  the’se neiral  e'  S  which  the 


Britifh  conful  at  Tunis  colledled  from  the  Barbarv 
merchants.  " 

,  „t?Y5ifAM-the  Cap'tal.°f  an  AfWcan  empite,  on  the 
banks  of  the  Niger,  13  a  city  which  has  excited  much 

cunofity  among  men  of  fcience,  fince  it  was  drd  men¬ 
tioned  to  a  committee  of  the  African  Affociation  about 
the  year  1790.  The  perfon  from  whom  they  re¬ 
ceived  their  information  was  an  Arab,  of  the  name  of 

7h°ria!td  t  lat  the  P°Pulation  of  Houffa, 
where  he  had  redded  two  years,  was  equalled  only  (f0  far 

as  h,s  knowledge  extended)  by  that  of  London  and 
Cairo  .  and,  in  his  rude  unlettered  way,  he  deferibed 
the  government  as  monarchical,  yet  not  unlimited ;  its 
jud.ee  a.  ferae,  but  d.refted  by  written  laws  ;  and  the 
rights  of  landed  property  as  guarded  by  the  inditutions 
of  certain  hereditary  officers,  vvhofe  fundlions  appear  to 
be  fimilar  to  thofe  of  the  Canongoes  of  Hindoftan  (See 
Cakongoes  m  this  Suppl.).  and  whofe  important  and 
complicated  duties  imply  an  unufual  degree  of  civiliza- 
tion  and  refinement  For  the  probity  of  the  merchants 
of  Houffa,  the  Arab  expreffed  the  highed  refpeft  ;  but 
remarked,  with  ind.gnation,  that  the  women  were  ad- 
muted  to  fociety,  and  that  the  honour  of  the  huffiand 
was  often  infecure.  Of  their  written  alphabet  he 
knew  no  more,  than  that  it  is  perfeftly  different  from  the 
Arabic  and  the  Hebrew  charafters  ;  but  he  reprefented 
the  art  of  writing  as  common  in  Houffa.  And  when  he 
defenbed  the  manner  in  which  their  pottery  is  made, 
he  gave,  unknowingly  to  himfelf,  a  reprefentation  of 
7a"T  G(ecianwlieel.  In  paffmg  to  Houffa  from 
1  ombuctoo,  in  which  lad  city  he  had  refided  feven 


,  r  J  .  ;  ,  — rcnuec  lcven 

With  an  account  of  thefe  preparations  the  Major  cfofed  K-  77  nCI  Tv."  1  if  ^ an^s  op  Niger  more  numerouf- 
his  laft  difpatch,  of  the  24th  July  1 791  ;  and  the  A-  Cairo  P  anr  h"  thofe/f  the  NLi,e’  Alexandria  to 
frican  affociation  entertained  fo  I  fome  time  fanguine  higher’  ideat  outlie' wealffi8  fJbv'0u/.]>’  lmP'effed  with 
hopes  of  his  reaching  Tombudtoo.  Alas!  thefe  hopes  of  Houffa  tin  r,c  r  ant^  g'andeur  of  the  empire 

SLtft  1  he  “ 

•h.,  having  reached  J„aa  (See  .h.r  ar.iei.  in  di  fire  dJ deSed  h'/shll  o^eS 

bv  tetters  whirli  _ •  i  r  b  1  .  .  .  _  .  _ 


Supplement),  he  there  met  with  fome  Moors  who  were 
travelling  to  Tiffieet  (a  place  by  the  fait  pits  in  the 
Great  Defart,  ten  days  journey  to  the  northward)  to 
purchafe  fait  ;  and  that  the  Major,  at  the  expence  of 
(ome  tobacco  and  a  muiket,  engaged  them  to  convey 
him  thither.  It  is  impoffible  (fays  Mr  Park)  to  form 
any  other  opinion  on  this  determination,  than  that  the 
Moors  intentionally  deceived  him  with  a  view  to  rob 
and  leave  him  in  the  Defart.  At  the  end  of  two  days 
he  fufpeded  their  treachery,  and  infilled  on  returning 
to  J-rra.  Finding  him  perfitl  in  this  determination^ 
the  Moors  robbed  him  of  every  thing  which  he  poffefs- 
ed,  and  went  off  with  their  camels.  Being  thus  defert- 
ed,  he  returned  to  a  watering  place,  in  poffeffion  of  the 
Moors,  called  Farra  j  and  being  by  thefe  unfeeling 
wretches  refufed  food,  which  he  had  not  tailed  for  fome 
days,  he  funk  at  lalt  under  his  misfortunes.  Whether 
he  adually  died  of  hunger,  or  was  murdered  outright 
Fy  the  favage  Mahometans,  Mr  Park  could  not  learn  ; 


by  letters  which  the  committee  received  from  his  Majef- 
ty  sconfuls  at  Tunis  and  Morocco  ;  and  it  has  been 
put  beyond  all  poffibility  of  doubt  by  Mr  Park,  who  re¬ 
ceived  from  various  perfons  fuch  concurring  accounts  of 
it,  could  not  be  the  offspring  of  deliberate  falfehood. 
Trom  a  well  informed  fliereeff,  who  had  vifited  Houffa, 
and  lived  fome  years  at  1  ombuftoo,  he  learned,  that  the 
orny  of  thefe  cities  was  the  larged  that  the  (hereeff  had 
ever  feen  ;  and  by  comparing  this  man’s  account  ofits 

hIrPParknhaVri'tr  °f  W,OU'  °ther  cities>  which 
Mr  Park  had  feen  one  or  two,  we  can  hardly  edi- 

777'"  MltantS  °f,  Hou‘Ta  *  a  lef.  number  than 
100,000  Many  merchants,  with  whom  our  traveller 
converfed,  reprefented  Houffa  as  larger,  and  more  po¬ 
pulous  than  Tombudloo,  and  the  trade,  police,  and 
government  as  nearly  the  fame  in  both.  In  that  cafe 
the  king  of  Hoc®,  ,„d  chief  office,  of  £ 

Moors,  and  zealots  for  the  Mahometan  religion  ;  but 
they  cannot  be  fo  intolerant  as  the  fovereign  of  Tom- 

bu&oo. 
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jfo  ,  bu&oo,  and  his  minifters ;  for  in  Houfla,  Mr  Park  was 
H°u  told  that  the  negroes  are  in  greater  proportion  to  the 
an  Moors  than  in  Tombu&oo,  and  that  they  have  like- 
^  wife  fome  fhare  in  the  government.  According  to  ac¬ 
counts  derived  from  Barbary  merchants,  the  people  of 
Honda  have  the  art  of  tempering  their  iron  with  more 
than  European  flcill ;  and  their  files  in  particular  are 
much  fuperior  to  thofe  of  Great  Britain  and  France. 
The  confuls  at  Tunis  and  Morocco  afliired  the  com¬ 
mittee  of  the  African  AfFociation,  that  at  both  thefe 
courts  the  eunuchs  of  the  feraglio  are  brought  from 
Houfla. 

To  thofe  who  may  ftill  entertain  doubts  of  fo  much 
refinement  being  to  be  found  in  the  interior  parts  of  a 
country,  contidered  as  peculiarly  favage,  we  fhall  only 
obferve,  in  the  words  of  the  committee  of  affociation, 
that  it  is  by  no  means  “  impoflible  that  the  Carthagi¬ 
nians,  who  do  not  appear  to  have  perifhed  with  their 
cities,  may  have  retired  to  the  foutliern  'parts  of  Afri¬ 
ca  ;  and  though  loft  to  the  Defart,  may  have  carried 
with  them  to  the  new  regions  which  they  occupy, 
fome  portion  of  thofe  arts  and  fciences,  and  of  that 
commercial  knowledge,  for  which  the  inhabitants  of 
Carthage  were  once  fo  eminently  famed.  In  Major 
RennePs  laft  map  of  North  Africa,  Houfla  is  placed  in 
1 6°  and  about  20'  N.  L.  and  40  30'  E.  Long. 

HOUZOUANAS  are  a  wandering  people,  who 
inhabit  that  part  of  Africa,  which,  in  a  dire&ion  from 
eaft  to  weft,  extends  from  Caffraria  to  the  country  of 
the  Greater  Nimiquas  (See  Nimiqjjas,  in  this  Suppl.) 
According  to  the  map  prefixed  to  Vaillant’s  new 
travels,  the  diftrift  occupied  by  the  Houzouanas  lies 
between  1 6°  and  2  90  call  longitude.  Of  its  breadth 
from  fouth  to  north,  we  are  ignorant  ;  but  it  begins  at 
the  23d  parallel,  and  ftretchcs  northward  probably  a 
great  way. 

Me  Vaillant  is  inclined  to  believe,  that  the  Houzoua- 
nas  are  the  original  ftem  of  the  various  nations,  inhabit¬ 
ing  at  prefent  the  fouthehi  part  of  Africa,  and  that 
from  them  all  the  tribes  of  the  eaftern  and  weftern 
Hottentots  arc  defeended.  The  people  themfelves 
know  nothing  of  their  origin ;  but  to  the  queftions  that 
are  put  to  them  on  the  fubje&,  they  always  reply,  that 
they  inhabit  the  country  which  was  inhabited  by  their 
anceftors.  At  the  Cape,  M.  Vaillant  received  the  fol 
lowing  account  of  them,  which,  though  he  does  not 
warrant  its  authenticity,  has  much  the  appearance  of 
being  authentic. 

When  the  Europeans  firft  eftabliftied  themfelves  at 
the  Cape,  the  Houzouanas  inhabited  the  country  of 
Camdebo,  the  fnowy  mountains,  and  the  diftridt  that 
feparates  thefe  mountains  from  Caffraria.  Become 
neighbours  to  the  colony,  in  confequence  of  its  extend¬ 
ing  itfelf  towards  them,  they  at  firft  lived  on  peaceable 
terms  with  the  planters  ;  and^  as  they  difplayed  more 
intelligence  and  greater  adfivity  than  the  Hottentots, 
they  were  even  employed  in  preference  to  alii  ft  in  culti¬ 
vating  the  land  and  in  forming  the  fet dement.  This  good 
underftanding  and  harmony  were,  however,^  foon  inter¬ 
rupted  by  that  multitude  of  lawlefs  banditti  fent  from 
Holland  to  people  the  country. 

Thofe  worthlefs  profligates  wifhed  to  enjoy  the  fruits 
of  the  land  without  the  trouble  of  tilling  it.  .  Educa¬ 
ted,  befides,  with  all  the  prejudices  of  the  whites,  they 
Suppl,  Vol.  I.  Part  II. 


imagined  that  men  of  a  different  colour  were  born  only  Houzou- 
to  be  their  flaves.  They  accordingly  fubje&ed  them  ara9 
to  bondage,  condemned  them  to  the  moil  laborious  fer-  ~ 
vices,  and  repaid  thofe  fcrvices  with  harfh  and  fevere 
treatment  The  Houzouanas,  incenfed  at  fuch  arbitra¬ 
ry  and  tyrannical  condu&,  refufed  any  longer  to  work 
for  them,  and  retired  to  the  defiles  of  their  mountains. 

The  planters  took  up  arms  and  purfued  them  ;  they 
maffacred  them  without  pity,  and  feized  on  their  cattle 
and  their  country.  Thofe  who  efcaped  their  atrocities 
betook  themfelves  to  flight,  and  removed  to  the  land 
which  they  now  occupy  ;  but,  on  quitting  their  former 
poflefilons,  they  fwore,  in  their  own  name  and  that  of 
their  pofterity,  to  exterminate  thofe  European  mon- 
fters,  to  be  revenged  againft  whom  they  had  fo  many 
incitements.  And  thus,  if  tradition  be  true,  was  a 
peaceful  and  indnftrious  nation  rendered  warlike,  vin¬ 
dictive,  and  ferocious. 

This  hatred  has  been  perpetuated  from  generation  to 
generation,  though  the  Houzouanas  of  the  prefent  day 
are  ignorant  of  the  original  caufe  of  it.  Bred  up  with 
an  invincible  aveifion  to  the  planters,  they  know  only 
that  they  are  animated  to  plunder  and  deftroy  them  •; 
but  it  is  only  by  a  vague  fentiment  of  deteftation,  with 
the  fource  of  which  they  are  unacquainted  ;  and  which, 
though  it  renders  them  cruel  towards  the  planters,  does 
not  prevent  them  from  being  good,  kind,  and  humane, 
towards  each  other. 

The  Houzouanas,  being  known  only  by  their  incur- 
fions  and  plundering,  are  in  the  colonies  often  confound¬ 
ed  with  the  Boftimen,  and  diftinguifhed  by  the  fame 
appellation.  Sometimes,  however,  from  their  tawny 
colour,  they  are  called  Chinefe  Hottentots  ;  and,  by 
means  of  this  double  denomination,  ill-informed  travel¬ 
lers  may  eafily  be  led  into  an  error,  of  which  the  con¬ 
fequence  muft  be,  that  their  narratives  will  be  replete 
wdth  abfurdity  and  falfehoods. 

Their  real  name,  and  the  only  one  which  they  give 
themfelves,  is  that  of  Houzouana  ;  and  they  have  no¬ 
thing  in  common  with  the  Bofhmen,  who  are  not  a 
diflindt  people,  but  a  mere  colle&ion  of  fugitives  and 
free-booters.  The  Houzouanas  form  no  alliances  but 
among  themfelves.  Being  almoft  always  at  war  with 
the  furrounding  nations,  they  never  mix  with  them  ; 
and,  if  they  confent  at  any  time  to  admit  a  ftranger  in¬ 
to  their  hordes,  it  is  only  after  a  long  acquaintance,  a 
fort  of  apprenticefhip,  during  which  he  has  given  proofs 
of  his  fidelity,  and  eftabliftied  his  courage.  Such  in¬ 
deed  are  their  courage  and  predatory  habits,  that  they 
are  the  dread  of  all  the  furrounding  tribes  ;  and  the 
Hottentots  who  accompanied  M.  Vaillant  trembled  at 
the  very  thought  -of  entering  the  Houzouana  territo¬ 
ries.  Nay,  after  they  had  lived  many  days  among 
them,  and  had  experienced  their  fidelity,  they  conti¬ 
nued  under  the  daily  apprelienfion  of  being  mafiacred 
by  them.  Yet  one  of  their  own  countrymen,  who  had 
lived  long  among  the  Houzouanas,  gave  fuch  a  charac¬ 
ter  of  that  people  as  fhould  have  baniftied  thofe  idle 
fears. 

“  The  Houzouanas  (faid  he),  are  by  no  means  what 
you  fuppofe  them  to  be,  murderers  by  profeflion.  If 
they  fometimes  ftied  blood,  it  is  not  from  a  third  of 
carnage,  but  to  make  juft  reprifals  that  they  take  up 
arms.  Attacked  and  perfecuted  by  furrounding  na- 
5  C  tions, 
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IInu2ou-  tions,  they  have  found  themfelves  reduced  to  the  ne- 
an^  ceffity  of  hying  to  inaccefiible  places  among  the  barren 
Jm  v  mountains,  where  no  other  people  could  exifr. 

“  If  they  find  antelooes  and  damans  to  kill;  if  the 
nymphs  of  ants  are  abundant  ;  or  if  their  good  fortune 
brings  them  plenty  of  locufts — they  remain  within  the 
precinfts  of  their  rocks  ;  but  if  the  provifions  neceffary 
to  fubfifrence  fail,  the  nations  in  their  neighbourhood 
mnft  fuffer.  From  the  fummits  of  their  mountains, 
they  furvey  at  a  diftance  the  countries  around  ;  and,  if 
they  obferve  cattle,  they  make  an  incurfion  to  carry 
them  off,  or  daughter  them  upon  the  fpot,  according 
to  circumflances;  but  though  they  rob,  they  never  kill, 
except  to  defend  their  lives,  or  by  way  of  retaliation  to 
revenge  an  ancient  injury. 

“  It  happens  fometimes,  however,  that  after  very 
fatiguing  expeditions  they  return  without  booty  ;  either 
becaufe  the  obje&s  of  their  attack  have  difappeared,  or 
becaufe  they  have  been  repulfed  and  beaten.  In  fuch 
cafes,  the  women,  exafperated  by  hunger  and  the  la¬ 
mentation  of  their  children  crying  for  food,  become  al- 
moft  furious  with  padion.  Reproaches,  infult,  and 
threats,  are  employed  ;  they  wifh  to  feparate  from  fuch 
daftardly  men,  to  quit  hufbands  defritute  of  courage, 
and  to  feek  others  who  will  be  more  anxious  to  pro¬ 
cure  prcvifion  for  them  and  their  children.  In  fhort, 
having  exhaufled  whatever  rage  and  defpair  could 
fuggeft,  they  pull  off  their  fmall  apron  of  modefly,  and 
beat  their  hufbands  about  the  head  with  it  till  their 
arms  are  weary  of  the  exercife. 

“  Of  all  the  affronts  which  they  can  offer,  this  is  the 
moil  infulting.  Unable  to  withstand  it,  the  men  in 
their  turn  become  furious.  They  put  on  their  war- 
cap,  a  fort  of  helmet  made  with  the  fkin  that  covers 
the  neck  of  the  hyaena,  the  long  hair  of  which  forms  a 
crell  that  floats  over  the  head,  and,  fetting  out  like 
madmen,  never  return  till  they  have  fucceeded  in  carry¬ 
ing  off  fome  cattle. 

“  When  they  come  back,  their  wives  go  to  meet 
them,  and  extol  their  courage  amidfr  the  fondefl  ca- 
reffes  In  a  word,  nothing  is  then  thought  of  but 
mirth  and  jollity  ;  and,  till  fimilar  feenes  are  recalled  by 
fimilar  wants,  paft  evils  are  forgotten.” 

Such  was  the  character  given  of  this  formidable 
people  to  M.  Vaillant  at  his  firft.  interview  with  them  ; 
and  during  the  long  excurfions  which  he -made  in  their 
company,  they  did  not  belie  it  in  a  fingle  inflance.  In 
many  refpe&s  they  appeared  to  refemble  the  Arabs, 
v/ho,  being  alfo  wanderers,  and  like  them  brave  and 
adduced  to  rapine,  adhere  with  unalterable  fidelity  to 
their  engagements,  and  defend,  even  to  the  lafl  drop  of 
their  blood,  the  traveller  who  civilly  purchafes  their 
Services,  and  puts  himfelf  under  their  protdfrion.  In 
our  author’s  opinion,  if  it  be  at  all  practicable  to  tra- 
verfe  from  fouth  to  north  the  whole  of  Africa,  it  could 
only  be  under  the  conduct  of  the  Houzouanas  ;  and  he 
really  thinks  that  fifty  men  of  their  temperate,  brave, 
and  indefatigable  nation,  would  be  fufficient  to  protect 
an  er.terprifing  European  through  that  long  and  ha¬ 
zardous  journey. 

Yet  thtfe  people,  fo  fuperior  both  in  body  and  mind 
to  the  other  natives  of  South  frica,  are  but  of  low 
ftature  ;  and  a  perfon  five  feet  four  inches  in  height  is 
accounted  among  them  very  tall  but  in  their  little  bo¬ 
dies;  perfe&ly  well  proportioned;  are  united;  with  fur- 


prifing  ftrength  and  sguity,  a  certain  air  of  alTurance,  Hem, 
boldnefs,  and  haughtinefs,  which  awes  the  beholder,  anas 
and  with  which  our  author  was  greatly  pleafed.  Of  — y 
all  the  favage  races,  he  faw  none  that  appeared  to  be 
endowed  with  fo  a&ive  a  mind,  and  fo  hardy  a  confli. 
tution. 

Their  head,  though'  it  exhibits  the  principal  charac- 
teri fries  of  that  of  the  Hottentot,  is,  however,  rounder 
towards  the  chin.  They  are  alfo  not  fo  black  in  com. 
plexion  ;  but  have  the  lead  colour  of  the  Malays,  dif- 
tingui fried  at  the  Cape  by  the  name  of  bouguinee . 
Their  hair,  more  woolly,  is  fo  friort  that  he  imagined 
at  firfr  their  heads  to  have  been  friaved.  The  nofe  too 
is  frill  flatter  than  that  of  the  Hottentots  ;  or,  rather, 
they  feem  altogether  deftitute  of  a  nofe  ;  what  they 
have  confifring  only  of  two  broad  noftrils  which  pro¬ 
ject  at  mofr  but  five  or  fix  lines.  From  this  confirma- 
tion  of  the  nofe,  a  Houzouana,  when  feen  in  profile,  ig 
the  reverfe  of  hand  fome,  and  confiderably  refembles  an 
ape.  When  beheld  in  front,  he  prefents,  on  the  firfr 
viewT,  an  extraordinary  appearance,  as  half  the  face 
feems  to  be  forehead.  The  features,  however,  are  fo 
expreffive,  and  the  eyes  fo  large  and  lively,  that,  not- 
withftanding  this  fmgularity  of  look,  the  countenance 
is  tolerably  agreeable. 

As  the  heat  of  the  climate  in  which  he  lives  renders 
clothing  unneceffary,  he  continues  during  the  whole 
year  almofr  entirely  naked,  having  no  other  covering 
than  a  very  fmall  jackal  fkin  faftened  round  his  loins  by 
twro  thongs,  the  extremities  of  which  hang  down  to  his 
knees.  Hardened  by  this  conftant  habit  of  nakednefs, 
he  becomes  fo  infenfible  to  the  variations  of  the  atmof- 
phere,  that  when  he  removes  from  the  burning  lands 
of  the  level  country  to  the  fnow  and  hoar-frofr  of  Ills 
mountains,  he  feems  indifferent  to  and  not  even  to  feel 
the  cold. 

His  hut  in  nowife  refembles  that  of  the  Hottentot. 

It  appears  as  if  cut  vertically  through  the  middle;  fo 
that  the  hut  of  a  Hottentot  would  make  two  of  thofe 
of  the  Houzouanas.  During  their  emigrations,  they 
leave  them  Handing,  in  order  that,  if  any  other  horde 
of  the  fame  nation  pafs  that  w7ay,  they  may  make  ufe 
of  them.  When  on  a  journey,  they  have  nothing  to 
repofe  on  but  a  mat  fufpended  from  two  flicks,  and 
placed  in  an  inclined  polition.  They  often  even  fieep 
on  the  bare  ground.  A  projecting  rock  is  then  Ef¬ 
ficient  to  fhelter  them  ;  for  every  thing  is  fuited  to  a 
people  whofe  confritutions  are  proof  againfr  the  fevered 
fatigue.  If,  however,  they  flop  anywhere  to  fojourn 
for  a  while,  and  find  materials  proper  for  conftruding 
huts,  they  then  form  a  kraal ;  but  they  abandon  it  oh 
their  departure,  as’  is  the  cafe  with  all  the  huts  which 
they  ere£l.  <• 

This  cufrom  of  labouring  for  others  of  their  tribe 
announces  a  focial  character  and  a  benevolent  difpoii- 
tion.  They  are,  indeed,  not  only  affectionate  hufbands 
and  good  fathers,  but  excellent  companions.  When 
they  inhabit  a  kraal,  there  is  no  fuch  thing  among  them 
as  private  property  ;  whatever  they  poffefs  is  in  com¬ 
mon.  If  two  hordes  of  the  fame  nation  meet,  the  re¬ 
ception  is  on  both  fides  friendly  ;  they  afford  each  o- 
ther  mutual  protection,  and  confer  reciprocal  obliga¬ 
tions.  In  fhort,  they  treat  one  another  as  brethren, 
though  perhaps  they  are  perfeft  frrangers,  and  have 
never  feen  each  other  before. 
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Active  and  nimble  by  nature,  the  Houzouanas  con 
fider  it  as  amufement  to  climb  mountains,  and  the  moil 
elevated  peaks  ;  and  they  conduced  M.  Vaillant,  his 
fervants  and  cattle,  over  precipices,  and  through  defiles, 
which  he  and  his  Hottentots  would  have  deemed  abso¬ 
lutely  impaflable.  The  only  arms  of  this  people  aie 
bows  and  arrows,  in  the  ufe  of  which  they  are  very  ex¬ 
pert.  Ti  e  arrows,  which  are  uncommonly  fhort,  are 
carried  on  the  fhoulder  in  a  quiver,  about  eighteen 
inches  in  length,  and  four  in  diameter,  made  of  the  bark 
of  the  doe,  and  covered  with  the  fkin  of  a  large  fpecies 
of  lizard,  which  thefe  wanderers  find  in  all  their  rivers, 
particularly  on  the  banks  of  Orange  and  Fifh- River. 

Nodurnal  fires  are  a  peculiar  language  underftood 
and  employed  by  almoft  all  favage  nations.  None, 
however,  have  cartied  this  art  fo  far  as  the  Houzoua- 
nas,  hecaufe  none  have  fo  much  need  of  underftauding 
and  bringing  it  to  perfection.  If  it  be  neceffary  to 
announce  a  defeat  or  a  vi&ory,  an  arrival  or  departure, 
a  fuccefsful  plundering  expedition,  or  the  want  of  aflitt- 
ance,  in  a  word,  any  intelligence  whatever,  they  are 
able,  either  by  the  number  of  their  fires  or  the  manner 
in  which  they  arrange  them,  to  make  it  known  m  an 
inftant.  They  are  even  fo  fagacious  as  to  vary  then- 
fires  from  time  to  time,  left  their  enemies  fhould  be¬ 
come  acquainted  with  their  fignals,  and  treacherou  y 
employ  them  in  their  turn  to  furprife  them. 

Our  author  fays,  that  he  is  unacquainted  with  the 
principles  of  thefe  fignals,  invented  with  fo  much  mge- 
nuity.  He  did  not  requeft  information  ;  hecaufe  he 
very  rationally  inferred  that  his  requeft  would  not  have 
been  granted  ;  but  he  obfetved,  that  three  iires  kindled 
at  the  diftance  of  twenty  paces  from  each  other,  fo  as 
to  form  an  equilateral  triangle,  were  the  figual  forrally- 

^Among  the  phyfical  qualities,  which,  in  M.  \  ail- 
lant’s  opinion,  prove  that  the  Houzouanas  are  a  di- 
ftimft  nation,  he  mentions  the  enormous  natural  rump 
of  the  women,  as  a  deformity  which  diltinguiihes  them 
from  every  other  people,  favage  or  polifhed,  which 
he  had  ever  known.  “  I  have  feveral  times  (fays  he) 
had  occafion  to  remark,  that,  among  the  female  Hot- 
tentots  in  general,  as  they  advance  in  age,  the  imenor 
part  of  the  back  fwells  out,  and  acquires  a  fize  which 
greatly  exceeds  the  proportion  it  bore  in  infancy  with 
the  other  parts  of  the  body.  The  Houzoi.ana  women, 
having  in  their  figure  fome  refemblance  to  the  Hotten¬ 
tots,  and  appearing,  therefore,  to  be  of  the  fame  race, 
one  might  be  induced  to  believe  that  their  projedion 
behind  is  only  the  Hottentot  rump  more  fwelled  and 
extended.  1  obferved,  however,  that  among  the  form¬ 
er  this  fingularity  was  an  excrefcence  of  flow  growth, 
and  in  fome  meafure  an  infirmity  of  old  age  ;  whereas 
among  the  latter  it  is  a  natural  deformity,  an  ongmal 
charatteriftic  of  their  race.  The  Houzouana  mothers 
wear  on  their  reins,  like  our  miners,  a  ton  which i  co¬ 
vers  this  protuberance  of  the  poftenors  ;  but  which, 
being  thin  and  pliable,  yields  to  the  quivering  of  the 


flefh,  and  becomes  agitated'  in  the  fame  manner.  When  uncriry^ 
on  a  journey,  or  when  they  have  children  too  young  to 
follow  them,  they  place  them  upon  their  rump.  I 
faw  one  of  thefe  women  run  in  this  manner  with  a 
child,  about  three  years  of  age,  that  ftood  ereft  on^  its 
feet  at  her  hack,  like  a  foot-boy  behind  a  carriage. 

If  one  half  of  what  our  traveller  fays  of  the  aftivity 
and  enterprifing  fpirit  of  this  fingular  people  be  true, 
might  not  the  African  Affociation,  now  that  the  Cape 
is  a  Britifh  province,  fend  a  fecond  Houghton,  or  fe- 
cond  Park,  to  make  difeoveries  in  that  unexplored 
country,  under  the  protedlion  of  the  Houzouanas  ? 

We  do  not  indeed  think  that  it  would  be  poffihle  to  tra- 
verfe  the  whole  extent  of  Africa  from  fouth  to  north, 
but  Vaillant  penetrated  farther  in  that  direction  than 
any  one  had  done  before  lum  \  and  it  appears,  that  with 
his  intrepid  Houzouanas  he  might  have  penetrated 
much  farther. 

HUNG  ARY-Water,  is  fpirit  of  wine  diftilled 
upon  rofemary,  and  which  therefore  contains  its  oily 
and  ftrong  feented  eflence  (fee  Pharmacy,  n°  365,  En- 
cycl.).  To  be  re3llv  good,  fays  Profeftor  Beckmann,  fjifl.  of  In. 
the  foirit  of  wine  ought  to  be  very  ftrong,  and  the  rofe-i intitm. 
mary  frefh  ;  and  if  that  be  the  cafe,  the  leaves  are  as 
proper  as  the  flowers,  which,  according  to  the  prescrip¬ 
tion  of  fome,  fhould  only  be  taken.  It  is  likewife  ne- 
cefiary  that  the  fpirit  of  wine  be  diftilled  feveral  times 
upon  the  rofemary  ;  but  that  procefs  is  too  troubkfome 
and  expenfive  to  admit  of  this  water  being  difpofed  of 
at  the  low  price  it  is  ufually  fold  for  ;  and  it  is  certain, 
that  the  greater  part  of  it  is  nothing  elfe  than  common 
brandy,  united  with  the  eflence  of  rofemary  hi  the  fim- 
pleft  manner.  In  general,  it  is  only  mixed  with  a  few 
drops  of  the  oil.  For  a  long  time  paft,  this  article  has 
been  brought  to  us  principally  from  France,  where  it  is 
prepared,  particularly  at  Beaucaire,  Montpellier,  and 
other  places  in  Languedoc,  in  which  that  plant  grows 
in  great  abundance. 

The  name  Hungary  water  Teems  to  fignify,  that  this 
water,  fo  celebrated  for  its  medicinal  virtues,  is  an  Hun¬ 
garian  invention  ;  and  we  read  in  many  books,  that  the 
receipt  for  preparing  it  was  given  to  a  queen  of  Hun¬ 
gary  by  a  hermit  ;  or,  as  others  fay,  by  an  angel,  who 
appeared  to  her  in  a  garden,  all  entrance  to  which  was 
(hut,  in  the  form  of  a  hermit  or  a  youth.  Some  call 
the  queen  St  Ifabelh  ;  but  thofe  who  pretend  to  be  belt 
acquainted  with  the  circumftance  affirm,  that  Elizabeth, 
wife  of  Charles  Robert  king  of  Hungary,  and  daugh¬ 
ter  of  Uladiflaus  II.  king  of  Poland,  who  died  in  1380 
or  1  38 1 ,  was  the  inventreis.  By  often  walking  with  this 
fpirit  of  rofemary,  when  in  the  70th  year  of  her  age, 

(he  was  cured,  as  we  are  told,  of  the  gout  and  an  uni- 
verfal  lamenefs  ;  fo  that  (he  not  only  lived  to  pafs  80, 
but  became  fo  lively  and  beautiful,  that  (he  was  courted 
by  the  king  of  Poland,  who  was  then  a  widower,  and 
who  wi filed  to  make  her  his  fecond  wife. 

The  Profefifor  juftly  confiders  this  ftory  as  a  ridicu¬ 
lous  fable  (a).  “  It  appears  to  me  -'(fey 6  he)  moft  pro- 

c  C  'i  bable. 


,  ,  ,  , ,  •  .^cn  a  oofthumous  work  of  John  Prevot,  who  fays,  that  in  the 

4^™ , ...  ”,  *,  s=».,  <,»«»•. — 

inl  TSl?  \  v.  f  Hnno-'-v  heir"  very  infirm  and  much  troubled  with  the  gout  in  the  7  2d  year  of  my 

“  I  Elizabeth,  queen  or  riungjuv,  ^  ;  age, 
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Hunter,  bable,  that  the  French  name  Peau  de  la  reine  cPHongric , 
Was  chofen  by  thofe  who,  in  latter  times,  prepared  fpi- 
rit  of  rofemary  for  fale,  in  order  to  give  greater  confe- 
quence  and  credit  to  their  commodity ;  as  various  me¬ 
dicines,  fome  years  ago,  were  extolled  in  the  gazettes 
under  the  title  of  Pompadour,  though  the  celebrated 
lady,  from  whofe  name  they  derived  their  importance, 
certainly  neither  ever  faw  them  nor  ufed  them.” 

HUNTER  (John),  the  celebrated  furgeon,  was  the 
youngeft  child  of  John  Hunter  of  Kilbride,  in  the 
county  of  Lanark.  He  was  born  on  the  14th  of  July 
1728,  at  Long  Calderwood,  a  fmall  eftate  belonging 
to  the  family  ;  and  lofing  his  father  when  he  was  about 
ten  years  of  age,  he  was,  perhaps,  too  much  indulged 
by  his  mother.  One  confequence  of  this  was,  that  at 
the  grammar- fchool  he  made  no  progrefs  in  learning  ; 
and  he  may  be  faid  to  have  been  almoft  totally  illiterate 
when,  in  September  1748,  he  arrived  in  London.  His 
brother,  Dr  William  Hunter,  of  whom  an  account  is 
given  in  the  Encyclopedia ,  was  then  the  mod  celebrated 
teacher  of  anatomy,  and  John  had  exprefled  a  defire  to 
affift  him  in  his  researches.  The  Do&or,  who  was  very 
defirous  to  ferve  him,  and  anxious  to  form  fome  opi¬ 
nion  of  his  talents  for  anatomy,  gave  him  an  arm  to 
diffe&  for  the  mufcles,  with  the  neceffary  dire&ions 
how  it  was  to  be  done  ;  and  he  found  the  performance 
fuch  as  greatly  exceeded  his  expe&ation. 
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In  the  fummer  months  of  1750,  Mr  Hunter  attend, 
ed  the  hofpi'tal  at  Chelfea  ;  in  1751,  he  became  a  pu- 
pil  at  St  Bartholomew’s,  and  in  the  winter  was  prefent 
at  operations  occafionally,  whenever  any  thing  extraor. 
dinary  occurred.  The  following  fummer  he  went  to 
Scotland;  and  in  1753  entered,  >t  is  difficult  to.con. 
ceive  for  what  reafon,  as  a  gentleman  ^commoner  at  St 
Mary  hall,  Oxford.  In  1754  he  became  a  furgeon’s 
pupil  at  St  George’s  hofpital,  where  he  continued  du¬ 
ring  the  fummer  months  ;  and  in  1756  was  appointed 
houfe-furgeon. 

In  the  winter  175*,  Dr  Hunter  admitted  him  to 
a  partnerfhip  in  his  le&ures,  and  a  certain  portion  of 
the  courfe  was  allotted  to  him ;  befides  which,  he  gave 
le&ures  when  the  Do&or  was  called  away  to  attend  his 
patients.  Making  anatomical  preparations  was  at  this 
time  a  new  art,  and  very  little  known  ;  every  prepara¬ 
tion,  therefore,  that  was  fkilfully  made,  became  an  ob- 
je&  of  admiration  ;  many  were  wanting  for  the  ufe  of 
the  le&ures ;  and  the  Do&or  being  himfelf  an  enthu- 
liaft  for  the  art,  left  no  means  untried  to  infufe  into  his 
brother  a  love  for  his  favourite  purfuits.  How  well 
he  fucceeded,  the  colle&ion  afterwards  made  by  Mr 
Hunter  will  fufficiently  evince. 

Anatomy  feems  to  have  been  a  purfuit  for  which 
Mr  Hunter’s  mind  was  peculiarly  fitted,  and  he  applied 
to  it  with  an  ardour  and  perfeverance  of  which  there  is 


Hunter. 


T_r-  c.  a  rr  .  /  .  .  ,  _  .  ,  .  Mluuul  411111  penevtrance  or  wmen  there  is 

His  nrlt  eflay  m  anatomy  having  thus  gained  him  ^  hardly  any  example.  His  labours  were  fo  ufeful  to  his 


fome  credit,  Mr  Hunter  was  now  employed  in  a  diffec 
tion  of  a  more  difficult  nature  ;  this  was  an  arm  in 
which  all  the  arteries  were  inje&ed,  and  thefe,  as  well 
as  the  mufcles,  were  to  be  expofed  and  preferved.  The 
manner  in  which  this  was  performed,  gave  Dr  Hunter 
fo  much  fatisfa&ion,  that  he  did  not  fcruple  to  fay, 
that  his  brother  would  become  a  good  auatomift,  and 
that  he  fhould  not  want  for  employment.  From  this 
period  we  may  confider  Mr  Hunter  as  having  ferioufly 
engaged  in  anatomy  ;  and  under  the  inftru&ions  of  Dr 
Hunter,  and  his  affiftant  Mr  Symonds,  he  had  every 
opportunity  of  improvement,  as  all  the  diffe&ions  at 
this  time  carried  on  in  London  were  confined  to  that 
fchool. 

In  the  fummer  1 749,  MrChefelden,  at  the  requeft 
of  Dr  Hunter,  permitted  him  to  attend  at  Chelfea  Hof¬ 
pital  ;  and  he  there  learned  the  firft  rudiments  of  for¬ 
ger/; 

The  following  winter  he  was  fo  far  advanced  in  the 
knowledge  of  human  anatomy,  as  to  in(tru&  the  pupils 
in  diffe&ion,  to  whom  Dr  Hunter  had  very  little  time 
to  pay  attention.  This  office,  therefore,  fell  almoft  en¬ 
tirely  upon  him,  and  was  his  conftant  employment  du¬ 
ring  the  winter  feafon. 


brother  s  colle&ion,  and  fo  gratifying  to  his  difpofition, 
that  although  in  many  other  refpe&s  they  did  not  agree, 
this  fimple  tie  kept  them  together  for  many  years* 

Mr  Hunter  worked  For  ten  years  on  human  anato¬ 
my,  during  which  period  he  made  himfelf  mailer  of 
what  was  already  known,  as  well  as  made  fome  addi¬ 
tion  to  that  knowledge.  He  traced  the  ramifications 
of  the  olfa&ory  nerves  upon  the  membranes  of  the  nofe, 
and  difeovered  the  courfe  of  fome  of  the  branches  of 
the  fifth  pair  of  nerves.  In  the  gravid  uterus,  he  tra¬ 
ced  the  arteries  of  the  uterus  to  their  termination  in 
the  placenta.  He  was  alfo  the  firft  who  diicovered  the 
exiftence  of  the  lymphatic  veffels  in  birds. 

Many  parts  of  the  human  body  being  fo  comnlex,  that 
their  flru&ure  could  not  be  underftood,  nor  their  ufes 
afeertained,  Mr  Hunter  was  led  to  examine  fimilar  parts 
in  other  animals,  in  which  the  llru&ure  was  more 
fimple,  and  more  within  the  reach  of  invefligation ;  this 
carried  him  into  a  wide  field,  and  laid  the  foundation 
of  his  colle&ion  in  comparative  anatomy. 

In  this  new  line  of  purfuit,  this  a&ive  inquirer  be¬ 
gan  with  the  more  common  animals,  and  preferved  fuch 
parts  as  appeared  by  their  analogy,  or  in  fome  other 
way,  to  elucidate  the  human  economy.  It  was  not  his 
_ intention 


age,  ufed  for  a  year  th.s  receipt, -given  to  me  by  an  ancient  hermit,  whom  I  never  faw  before  nor  fince;  anil  was 
not  only  cured,  but  recovered  my  ftrength,  and  appeared  to  all  fo  remarkably  beautiful,  that  the  king  of  Poland 
3,  r  ^  ™  “  "}arriaSe-  hre  h?mS  a  widower  and  I  a  widow.  I,  however,  tefufed  him  for  the  love  of  my  Lord 
Jelus  Chnlt,  from  one  of  whofe  angels,  I  believe,  I  received  the  remedy.  The  receipt  is  as  follows  • 

“  R-  Takf  of  a<lua  v‘tse>  four  times  diftilled,  three  parts,  and  of  the  tops  and  flowers  of  rofemary  two  parts  • 
put  thefe  together  in  a  clofe  veflel,  let  them  Hand  in  a  gentle  heat  50  hours,  and  then  diftil  them  Take 
one  dram  of  this  in  the  morning  once  every  week,  either  in  your  food  or  drink,  and  let  your  face  and 
the  difeaied  limb  be  warned  with  it  every  morning.  - 

It  renovates  the  ftrength,  brightens  the  fpirits,  purifies  the  marrow  and  nerves,  reftores  and  preferves  the 
fight,  and  prolongs  life.”  Thus  far  from  the  Breviary.  Then  follows  a  confirmation  which  Prevot  gives  from 
his  own  experience.  b 


1 


HUN  [ 

n ter.  intention  to  make  diffe&ions  of  particular  animals, 

v— —  t0  inditute  an  inquiry  into  the  various  organizations  by 
which  the  functions  of  life  are  performed,  that  he  might 
thereby  acquire  fome  knowledge  of  general  principles. 

So  eagerly  did  Mr  Hunter  attach  himftlf  to  com¬ 
parative  anatomy,  that  he  fought  by  every  means  in  his 
power  the  opportunities  of  profecutin^  it  with  advan¬ 
tage.  He  applied  to  the  keeper  of  wild  beads  in  the 
Tower  for  the  bodies  of  thofe  which  died  there  ;  and 
he  made  limilar  applications  to  the  men  who  fhowed 
wild  heads.  He  purchafed  all  rare  animals  which  came 
in  his  way  ;  and  thefe,  with  fuch  others  as  were  pre- 
fented  to  him  by  his  friends,  he  entrnfted  to  the  fhovv- 
men  to  keep  till  they  died,  the  better  to  encourage 
them  to  a  did  him  in  his  labours.. 

His  health  was  fo  much  impaired  by  exceflive  atten¬ 
tion  to  his  purfuits,  that  in  the  year  1760  he  was  ad- 
vifed  to  go  abroad,  having  complaints  in  his  bread, 
which  threatened  to  be  confumptive.  In  October  of 
that  year,  Mr  Adair,  infpeCtor-general  of  hofpitals,  ap¬ 
pointed  him  a  furgeon  on  the  itaff ;  and  in  the  follow¬ 
ing  Turing  he  went  with  the  army  to  Bellifle,  leaving 
Mr  Hew  Ion  to  afiift  hit  brother  during  his  abfence 

Mr  Hunter  ferved,  while  the  war  continued,  as  fe- 
nior  furgeon  on  the  daff,  both  in  Bellifle  and  Portugal, 
till  the  year  1763;  and  in  that  period  acquired  his 
knowledge  of  gun-fliot  wounds.  On  his  return  to  Eng¬ 
land  he  fettled  in  London  ;  where,  not  finding  the  e- 
moluments  from  his  half- pay  and  private  practice  fuffi- 
cient  to  fupport  him,  he  taught  praftical  anatomy  and 
operative  furgery  for  feveral  winters.  He  returned  alfo, 
with  unabated  ardour,  to  comparative  anatomy  ;  and 
as  his  experiments  could  not  be  carried  on  in  a  large 
town,  he  purchafed  for  that  purpofe,  about  two  miles 
from  London,  a  piece  of  ground  near  Brompton,  at  a 
place  called  Earl's  Court,  on  which  he  built  a  houfe. 
In  the  courfe  of  his  inquiries,  this  excellent  anatomid 
afeertained  the  changes  which  animal  and  vegetable 
fubdances  undergo  in  the  domach  when  aCted  on  by 
the  gadric  juice  ;  he  difcovered,  by  means  of  feeding 
young  animals  with  madder  (which  tinges  growing 
bones  red),  the  mode  in  which  a  bone  retains  its  fhape 
during  its  growth  ;  and  explained  the  procefs  of  exfo¬ 
liation,  by  which  a  dead  piece  of  bone  is  feparated  from 
the  living. 

His  fondnefs  for  animals  made  him  keep  feveral  of 
different  kinds  in  his  houfe,  which  by  attention  he  ren¬ 
dered  familiar  with  him,  and  amufed  himfelf  by  obfer- 
ving  their  peculiar  habits  and  inflinCts  ;  but  this  fami¬ 
liarity  was  attended  with  confiderable  rifk,  and  fome- 
times  led  him  into  fitnations  of  danger,  of  which  the 
following  is  a  remarkable  inffance  : 

Two  leopards,  which  were  kept  chained  m  an  out- 
houfe,  had  broken  from  their  confinement,  and  got  in¬ 
to  the  yard  among  fome  dogs,  which  they  immediately 
attacked  ;  the  howling  this  produced  alarmed  the  whole 
neighbourhood;  Mr  Hunter  ran  into  the  yard  to  fee 
what  was  the  matter,  and  found  one  of  them  getting 
up  the  wall  to  make  his  efcape,.  the  other  furrounded 
by  the  dogs ;  he  immediately  laid  hold  of  them  both, 
and  carried  them  back  to  their  den;  but  as  foon  as  they 
were  fecured,  and  he  had  time  to  refleft  upon  the  rifle 
of  his  own  fiiuation,  he  was  fo  much  agitated,  that  he 
was  in  danger  of  fainting. 

On  the  fifth  of  February  1767,  ke  wa5  ca0*€n  a 
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but  low  of  the  Royal  Society.  His  defire  for  improvement  Hunter, 
in  thofe  branches  of  knowledge  which  might  afiift  in  ’  v^~ 

his  refearches,  led  him  at  this  time  to  propofe  to  Dr 
George  Fordyce  and  Mr  Gumming,  an  eminent  me¬ 
chanic,  that  they  fliould  adjourn  from  the  meetings  of 
the  Royal  Society  to  fome  coffee-houfe,  and  difeufs  fuch 
fubjeCts  as  were  connected  with  fcience.  This  plan 
was  no  fooner  cftablilhed,  than  they  found  their  num¬ 
bers  increafed  ;  they  were  joined  by  Sir  Jofeph  Banks, 

Dr  Solander,  Dr  Mafkelyne,  Sir  George  Shuckburgh, 

Sir  Harry  Euglefield,  Sir  Charles  Blagden,  Dr  Noothe, 

Mr  llamfden,  Mr  Watt  of  Birmingham,  and  many 
others.  At  thefe  meetings  difeoveries  and  improve¬ 
ments  in  different  branches  of  philofophy  were  the  ob¬ 
jects  of  their  confidcration ;  and  the  works  of  the  mem¬ 
bers  were  read  over  and  criticifed  before  they  were 
given  to  the  public.  It  was  in  this  year  that,  by  are 
exertion  in  dancing,  after  the  mufcles  of  the  leg  were 
fatigued,  he  broke  his  tendo  achillis.  ri  his  accident, 
and  the  confinement  in  confequence  of  it,  led  him  to 
pay  attention  to  the  fubjeCt  of  broken  tendons,  and  to 
make  a  feries  of  experiments  to  afeertain  the  mode  of 
their  union. 

In  the  year  176*',  Mr  Hunter  became  a  member  of 
the  corporation  of  furgeons ;  and  in  the  year  following, 
through  his  brother's  intereft,  he  was  elected  one  of 
the  furgeons  of  St  George's  hofpital.  In  May  1771, 
his  Treatife  on  the  Natural  Hiflory  of  the  Teeth  was 
publifhed  ;  and  in  July  of  the  fame  year  he  married 
Mifs  Home,  the  eldcft  daughter  of  Mr  Home,  furgeon 
to  Burgoyne's  regiment  of  light  horfe.  The  expence 
of  his  purfuits  had  been  fo  gieat,  that  it  wras  not  till 
feveral  years  after  his  fir  ft  engagement  with  this  lady 
that  his  affairs  could  be  fufficiently  arranged  to  admit 
of  his  marrying. 

Though  after  his  marriage  his  private  praCtice  and 
profefllonal  character  advanced  rapidly,  and  though  his 
family  began  to  increafe,  he  ftill  devoted  much  of  his 
time  to  the  forming  of  his  collection,  which,  as  it  daily  v 
became  larger,  was  alfo  attended  with  greater  expence. 

The  whole  fuit  of  the  belt  rooms  in  his  houfe  w'ere  oc¬ 
cupied  by  his  preparations  ;  and  he  dedicated  his  morn¬ 
ings,  from  fun  rife  to  eight  o’clock  (the  hour  forbreak- 
faft),  entirely  to  his  purfuits.  To  thefe  he  added  fuch 
parts  of  the  day  as  were  not  engaged  in  attending  his 
patients. 

The  knowledge  he  derived  from  his  favourite  {Indies 
he  conftnntly  applied  to  the  improvement  of  the  art  o£ 
furgery,  and  omitted  no  opportunity  of  examining  mor¬ 
bid  bodies  ;  from  which  he  made  a  collection  of  faCls 
which  arc  invaluable,  as  they  tend  to  explain  the  real 
caufes  of  fymptoms,  which  during  life  could  not  be  ex¬ 
actly  afeertained,  the  judgment  of  the  praftitioner  be¬ 
ing  too  frequently  milled  by  theoretical  opinions,  and 
delnfive  fenfations  of  the  patients. 

In  the  practice  of  furgery,  where  cafes,  occurred  in- 
which  the  operations  proved  inadequate  to  their  inten¬ 
tion,  he  always  inveftigated,  with  uncommon  care,  the 
caufes  of  that  want  of  fuccefs  ;  and  in  this  way  de¬ 
tected  many  fallacies,  as  well  as  made  fome  important 
difeoveries,  in  the  healing  art.  He  detected  the  caufe 
of  failure,  common  to  all  the  operations  in  ufe  for  the 
radical  cure  of  the  hydrocele,  and  was  enabled  to  pro¬ 
pofe  a  mode  of  operating,  in  which  that  event  can  with 
certainty  be  avoided.  He  afeertained*  by  experiments 

and 
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Hunter,  and  obfervations,  that  expofure  to  atmofphencal  air  The  expence  of  employing  profeffcd  draughtimen,  the  H 

— ^  Amply,  can  neither  produce  nor  increafe  inflammation,  difficulty  of  procuring  them,  and  the  difadvantage  which 

He  difcovered  in  the  blood  fo  many  phenomena  con-  they  laboured  under  in  being  ignorant  of  the  fubje& 

ne&ed  with  life,  and  not  to  be  referred  to  any  other  they  were  to  reprefent,  made  him  defirous  of  having  an 
caufe,  that  he  confidered  it  as  alive  in  its  fluid  ftate.  able  perfon  in  his  houfe  entirely  for  that  purpofe. 

He  improved  the  operation  for  the  fiflula  lachrymalis,  With  this  view  he  engaged  an  ingenious  young  artift 
by  removing  a  circular  portion  of  the  os  unguis  inftead  to  live  with  him  for  ten  years ;  his  time  to  be  wholly 

of  breaking  it  down  with  the  point  of  a  trochar.  He  employed  as  a  draughtfinan,  and  in  making  anatomical 

alfo  difcovered  that  the  gallric  juice  had  a  power  when  preparations.  This  gentleman,  whofe  name  was  Bell, 

the  ftomach  was  dead  of  diflolving  it  ;  and  gave  to  the  loon  became  a  very  good  practical  anatomift,  and  from 

Royal  Society  a  paper  on  this  fubje&,  which  is  publish-  that  knowledge  was  enabled  to  give  a  foirited  and  se¬ 
ed  in  the  Philofophical  Tranfa&ions.  curate  refembiance  of  the  fubje&s  he  drew,  fuch  as  is 

In  the  winter  1773?  formed  a  plan  of  giving  a  rarely  to  be  met  with  in  reprefentations  of  anatomical 
.courfe  of  le&ures  on  the  theory  and  principles  of  fur-  fubje&s.  By  his  labours  Mr  Hunter’s  colle&ion  is  en- 
gery,  with  a  view  of  laying  before  the  public  his  own  riched  with  a  confiderable  number  of  very  valuable 
opinions  upon  that  fubje&.  For  two  winters  he  read  diawings,  and  a  great 'variety  of  curious  and  delicate 
.his  le&ures  gratis  to  the  pupils  of  St  George’s  Hofpi-  anatomical  preparations. 

tal  ;  and  in  1775*  gave  a  courfe  for  money  upon  the  In  January  1776,  Mr  Hunter  was  appointed  fur. 
fame  terms  as  the  other  teachers  in  the  different  branches  geon  extraordinary  to  his  Majefty  ;  and  in  the  fpring 
of  medicine  and  furgery.  But  giving  le&ures  was  al-  he  gave  to  the  Royal  Society  a  paper  on  the  belt  mode- 
ways  particularly  unpleafant  to  him  ;  fo  that  the  de-  of  recovering  drowned  perfons. 

fire  of  fubmitting  his  opinions  to  the  world,  and  learn-  In  the  autumn  he  was  taken  extremely  ill,  and  the 
ing  their  general  eftimation,  were  fcarcely  fufficient  to  nature  of  his  complaints  made  his  friends,  as  well  as 
.  overcome  his  natural  diflike  to  {peaking  in  public.  He  himfelf,  confider  his  life  to  be  in  danger.  When  he 
never  gave  the  firft  ledure  of  his  courfe  without  taking  refle&ed  upon  his  own  fituation,  that  all  his  fortune 
30  drops  of  laudanum  to  take  off  the  effc&s  of  his  un-  .had  been  expended  in  his  purfuits,  and  that  his  family 
eafinefs.  had  no  provifion  but  what  ffiould  aiife  from  the  fale  of 

Comparative  anatomy  may  be  confidered  as  the  pur-  his  colle&ion,  he  became  very  folicitous  to  give  it  its 
fuit  in  which  Mr  Hunter  was  conftantly  employed.  No  full  value,  by  leaving  it  in  a  ffate  of  arrangement.  This 
opportunity  efcaped  him.  In  the  year  1773,  at  the  he  accomplished  with  the  affiftance  of  Mr  Bell  and  his 
requeff  of  his  friend  Mr  Walflv  he  differed  the  torpe-  brother-in-lav/  Mr  Home. 

do,  and  laid  before  the  Royal  Society  an  account  of  In  1778,  he  publifhed  the  fecond  part  of  his  Treat ife 
its  ele&rical  organs.  A  young  elephant,  which  had  on  the  Teeth,  in  which  their  difeafes,  and  the  mode  of 
been  prefented  to  the  Queen  by  Sir  Robert  Barker,  treatment  are  confidered.  This  rendered  his  work  uo- 
died,  and  the  body  was  given  to  Dr  Hunter,  which  af-  on  that  fubje&  complete.  He  publifhed  alfo  in  the 
forded  Mr  Hunter  an  opportunity  of  examining  the  Philofophical  Tranfa&ions  a  paper  on  the  Heat  of  Ani. 
ilru&ure.of  that  animal  by  affifting  his  brother  in  the  mals  and  Vegetables.  In  1779,  he  publifhed  his  account 
diffe&ion  ;  flnee  that  time  two  other  elephants  died  in  of  the  Free  Martin  in  the  -Philofophical  Tranfa&ions.; 
the  Queen’s  menagerie,  both  of  which  came  under  Mr  and  in  1780,  he  laid  before  the  Royal  Society  an  ac- 
Hunter’s  examination.  .In  1774*  publifhed  in  the  count  of  a  woman  who  had  the  fmall  pox  during  preg- 
Philofophical  Tranfa&ions  an  account  of  certain  re-  nancy,  where  the  difeafe  feemed  to  have  been  communi- 
ceptacles  of  air  in  birds,  which  communicate  with  the  cated  to  the  fcetus. 

lungs,  and  are  lodged  both  amo-g  the  flefhy  parts  and  >In  1781,  he  was  ele&ed  a  fellow  of  the  Royal  So- 
holiovv  bones  of  thefe  animals  ;  and  a  paper  on  the  Gilla-  ciety  of  Sciences  and  Belles  Lettres  at  Gottenburg. 
roo  trout,  commonly  called  in  Ireland  the  Gizzard -  And  in  1782,  he  gave  the  Royal  Society  a  paper  on 
trout.  '  ^  the  Organ  of  Hearing  in  Fifh.  Befides  the  papers 

In  1775,  feveral  animals  of  that  fpecies,  calledthe  which  he  prefented  to  that  learned  body,  he  read  fix 
gymnotus  eleftricus  of  Surinam,  were  brought  alive  to  this  Croonion  le&ures  upon  the  fubje&  of  Mufcular  Action, 
country,  and  by  their  ele&rical  properties  excited  very  for  the  years  1776,  1778,  1779,  1780,  1781-,  and 
.much  the  public  attention.  Mr  Walfh,  defirous  of  1782.  In  thefe  le&ures  ke  colle&ed  all  his  obfervations 
purfuing  hifc  invefligations  of  animal  ele&ricity,  made  a  upon  mufcles,  refpe&ing  their  powers  and  effe&s,  and 
number  of  experiments  on  the  living  animals ;  and  to  the  ilium  li  by  which  they  are  affe&cd  ;  and  to  thefe 
give  his  friend  Mr  Hunter  an  opportunity  of  examining  he  added  Comparative  Obfervations  upon  the  moving 
them,  purchafed  thofe  that  died.  An  anatomical  ac-  Powers  of  Plants. 

count  of  their  ele&rical  organs  was  drawn  up  by  Mr  Thefe  le&ures  were  not  publifhed  in  the  Philofophi- 
Hunter,  and  publifhed  in  the  Philofophical  Traufac-  cal  Tranfa&ions,  for  they  were  withdrawn  as  Toon  as 
tions.  In  the  fame  volume  there  is  a  paper  of  his,  con-  read,  not  being  confidered  by  the  author  as  complete 
taining  experiments  on  animals  and  vegetables  refpec-  differtations,  -but  rather  as  materials  for  fome  future 
ting  their  power  of  producing  heat.  publication. 

In  the  courfe  of  his  purfuits,  Mr  Hunter  met  with  It  is  much  to  be  regretted  (fays  Mr  Home)  that  Mr 
many  parts  of  animals  where  natural  appearances  could  Hunter  was  fo  tardy  in  giving  his  obfervations  to  the 
not  be  preferved,  and  others,  in  which  the  minuter  vef-  public  ;  but  fuch  was  his  turn  for  invefligation,  and  fo 
fels  could  not  be  diflin&ly  feen  when  kept  in  fnirits  ;  extenfive  the  fcale  upon  which  he  inftituted  his  inqui- 
:4  was  therefore  neceffrry  to  have  them  drawn,  either  ries,  that  he  always  found  fomethirg  more  to  be  accorn- 
at  the  moment,  or  before  they  were  put  into  bottles,  plifhed,  and  was  unwilling  to  publifli  any  thing  which 
2  "  appeared 
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aooeared  to  himfelf  un fin i (lied.  His  obfervations  on  the 
Mufcular  Adion  of  the  Blood-veflels  were  laid,  before 
the  Royal  Society  in  1780,  and  yet  he  delayed  pubhlh- 
ing  them  till  his  Obfervations  on  the  Blood  and  Inflam¬ 
mation  were  arranged  ;  and  they  make  part  of  the  vo- 
lurne  which  was  pubhfhed  after  his  death. 

In  17S3,  he  was  chofen  into  the  Royal  Society  of 
Medicine  and  the  Royal  Academy  of  Surgery  in  1  aris; 
nnd  the  fame  year  the  leaie  of  the  houfe  which  he  oc¬ 
cupied  in  Jermyn  ftreet  having  expired,  he  purchafed 
the  leafe  of  a  large  houfe  on  the  eaft-fide  of  Leicefter- 
iuuare,  and  the  whole  lot  of  ground  adjoining  to  Caftle- 
ftreet,  on  which  there  was  another  houfe.  In  the  mid¬ 
dle  fpace  between  the  two  houfes,  he  ereCted,  at  the  ex¬ 
pence  of  L.3C00,  a  building  for  his  colle&ion  ;  though, 
unfortunately  for  his  family,  the  leafe  did  not  extend  be¬ 
yond  24  yeais.  .  , 

In  the  building  formed  for  the  cohesion  there  was 
a  room  fifty -two  feet  long,  by  twenty- eight  feet  wide, 
lighted  from  the  top,  and  having  a  galkry  all  round, 
for  containing  his  preparations.  Under  this  were  two 
apartments;  one  for  his  ledures,  and  the  other,  with  no 
particular  deilination  at  firft,  but  afterwards  made  ufe 
of  for  weekly  meetings  of  medical  friends  during  the 
winter.  To  this  building  the  houfe  in  Caftle-ftreet  was 
entirely  fubfervient  ;  and  the  rooms  in  it  were  ufed  for 
the  different  branches  of  human  and  comparative  ana- 

Abont  this  period  Mr  Hunter  may  be  confidered  as 
at  the  height  of  his  chirurgical  career ;  his  mind  and 
body  were  both  in  their  full  vigour.  His  hands  were 
capable  of  performing  whatever  was  fuggefted  by  his 
mind;  and  his  judgment  was  matured  by  former  expe¬ 
rience,  Some  in  fiances  of  his  extraordinary  fkill  may 
very  properly  be  mentioned. 

He  removed  a  tumor  from  the  fide  of  the  head  and 
neck  of  a  patient  at  St  George’s  Hofpital,  as  large  as 
the  head  to  which  it  was  attached;  and  by  bringing  the 
cut  edges  of  the  fkin  together,  the  whole  was  nearly 
healed  by  the  firft  intention. 

He  difleded  out  a  tumor  on  the  neck,  which  one  of 
the  beft  operating  furgeons  in  this  country  had  decla¬ 
red,  rather  too  itrongly,  that  no  one  but  a  fool  or  a 
madman  would  attempt ;  and  the  patient  got  perfectly 

He  difeovered  a  new  mode  of  performing  the  opera¬ 
tion  for  the  popliteal  aneurifm,  by  taking  up  the  fe¬ 
moral  artery  on  the  anterior  part  of  the  thigh,  without 
doing  any  thing  to  the  tumor  in  the  ham.  1  he  iatety 
and  efficacy  of  this  mode  have  been  confirmed  by  many 
fubfequent  trials  ;  and  it  muft  be  allowed  to  Hand  very 
high  among  the  modern  improvements  miurgery.  . 

If  we  coiifider  Mr  Hunter  at  this  period  of  his  life,  it 
will  afford  us  a  flrong  pidure  of  the  turn  of  his  mind, 
of  his  defire  to  acquire  knowledge,  and  his  unremitting 
affidnity  in  profecuting  whatever  was  the  objeft  of  his 

attention.  _  .  r,. 

He  was  engaged  in  a  very  extenfive  private  practice; 
he  was  furgeon  to  St  George’s  Hofpital ;  he  was  giving 
a  very  long  courfe  of  leftures  in  the  winter  ;  he  was  car¬ 
rying  on  his  inquiries  in  comparative  anatomy;  had  a 
fchool  of  practical  human  anatomy  to  his  houfe  ;  and 
was  always  employed  in  fome  expenments  reipecting  the 

animal  economy.  .  . 

He  was  always  felicitous  for  fome  improvement  m 
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medical  education  ;  and,  with  the  amftance  of  Hr  For- 
dyce,  inftituted  a  medical  fociety,  which  he  allowed  to 
meet  in  his  ledure- rooms,  and  of  which  he  was  chofen  one 
of  the  patrons.  This  fociety,  called  the  Lyceum  Medlcum 
Lendinenfe ,  under  his  ati'pices  and  thofc  of  Dr  Fordyce, 
has  acquired  conli durable  reputation,  both  from  the 
numbers  and  merits  of  its  members. 

In  the  year  1786,  in  cor.Cquence  of  the  death  of  Mr 
Middleton,  Mr  Hunter  was  appointed  deputy  furgeon- 
general  to  the  aimy.  He  now  pubhfhed  his  work  up¬ 
on  the  Venereal  Difeafe-,  which  had  been  long  exped> 
ed  by  the  public  ;  and,  if  we  may  judge  from  the  rapid 
fale  of  the  firft  edition,  thefe  expectations  have  not  been 
difappointed.  He  alfo  pubhfhed  a  work  entitled,  Ob*- 
fcrvations  on  certain  Paits  of  the  Animal  Economy* 

In  this  work  he  has  colleded  feveral  of  his  papers  m- 
ferted  in  the  Philofophical  Tranfadions,  which  related 
to  that  fubjed,  having  permiffion  from  the  prefident 
and  council  of  the  Royal  Society  to  reprint  them  ;  there 
are  alfo  Obfervations  upon  fome  other  Parts  of  the  Ani¬ 
mal  Economy,  which  had  not  before  been  publiffied* 
This  work  met  with  a  very  ready  fale. 

In  the  year  1787,  he  gave  a  paper  to  the  Royal  So¬ 
ciety,  containing  an  Experiment  to  determine  the  Etled 
of  extirpating  one  Ovarium  on  the  Humber  of  Young  ; 
a  paper  in  which  the  wolf,  jackall,  and  dog,  are  proved 
to  be  of  the  fame  fpecies ;  and  a  third  upon  the  Ana¬ 
tomy  of  the  Whale  Tribe.  Thefe  papers  procured  him 
the  honour  of  receiving  Sir  John  Copley’s  annual  gold 
medal,  given  as  a  mark  of  diflinguifhed  abilities. 

His  collection,  which  had  been  the  great  objedt  of 
his  life,  both  as  a  purfuit  and  an  amufement,  was.  now 
brought  into  a  ftate  of  arrangement ;  and  gave  him  at 
length  the  fatisfadion  of  fhewing  to  the  public  a  fenes 
of  anatomical  fadts  formed  into  a  fyftem,  by  which  the 
economy  of  animal  life  was  illuftrated.  He  (hewed  it 
to  his  friends  and  acquaintances  twice  a-year,  in  Odof- 
ber  to  medical  gentlemen,  and  in  May  to  noblemen  and 
gentlemen,  who  were  only  in  town  during  the  fpring. 
This  cuftom  he  continued  to  his  death. 

Upon  the  death  of  Mr  Adair,  which  happened  in  the 
year  1792,  Mr  Hunter  was  appointed  infpedtor-generai 
of  hofpitals,  and  furgeon  general  to  the  army.  He  was 
alfo  eledted  a  member  of  the  Royal  College  of  Surgeons 
in  Ireland.  In  the  year  1791,  he  was  fo  much  enga¬ 
ged  in  the  duties  of  his  office,  as  furgeon-geheral  to  the 
army,  and  his  private  pradice,  that  he  had  little  time 
to  beftow  upon  his  fcientifical  objeds  ;  but  his  leifure 
time,  fmali  as  it  was,  he  wholly  devoted  to  them. 

In  1-792,  he  was  eleded  an  honorary  member  of  the 
Chirurgo  Phyfical  Society  of  Edinburgh,. and  was  cho¬ 
fen  one  of  the  vice- prefident s  of  the  Veterinary  College, 
then  firft  eilablifhed  in  London.  He  pubiifhed  in  the 
Tranfadions  of  the  Society  for  the  Improvement  of  me¬ 
dical  and  chirurgical  Knowledge,  of  which  fociety  he 
was  one  of  the  original  members  and  a  zealous  promo¬ 
ter,  three  papers  on  the  following  fubjeds  :  Upon  the 
Treatment  of  Inflamed  Veins,  on  In  ofufeeption,  and 
on  a  Mode  of  conveying  Food  into  .the  Stomach  dm 
Cafes  of  Faralyfis  of  the  (Efophagus. 

He  finifhed  his  Obfervations  on  ihe  Economy  of  Bees, 
and  prefented  them  to  the  Royal  Society.  Thefe  ob¬ 
fervations  were  made  at  Earl’s  Court,  and  had  engaged 
his  attention  for  many  years ;  every  inquiry  into  the 
economy  of  thefe  infedts  had  been  attended  by  almoft 

unfiirm  o  unt  abl  e 
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unfurmountable  difficulties ;  but  thefe  proved  to  him 
only  an  incitement,  and  the  contrivances  he  made  ufe 
of  to  bring  the  different  operations  of  thefe  indefatigable 
animals  to  view  were  almofl  without  cud. 

Earl’s  Court  to  Mr  Hunter  was  a  retirement  from 
the  fatigues  of  his  profeffion  ;  but  in  no  refped  a  re¬ 
treat  from  his  labours;  there,  on  the  contrary,  they  were 
carried  on  with  lefs  interruption,  and  with  an  unwearied 
perfeverance.  From  the  year  1772  till  his  death,  lie 
made  it  his  cuflom  to  fleep  there  during  the  autumn 
months,  coming^to  town  only  during  the  hours  of  bu- 
iinefs  in  the  forenoon,  and  returning  to  dinner. 

It  was  there  he  carried  on  his  experiments  on  di- 
geftion,  on  exfoliation,  on  the  tranfplanting  of  teeth  in¬ 
to  the  combs  of  cocks,  and  all  his  other  inveftigations 
on  the  animal  economy,  as  well  in  health  as  in  difeafe. 
The  common  bee  was  not  alone  the  fubjed  of  his  ob- 
fervation,  but  the  wafp,  hornet,  and  the  lefs  known 
kinds  of  bees,  were  alfo  objeds  of  bis  attention.  It  was 
.there  he  made  the  feries  of  preparations  of  the  external 
and  internal  changes  of  the  filk  worm  ;  alfo  a  feries  of 
the  incubation  of  the  egg,  with  a  very  valuable  fet  of 
drawiags  of  the  whole  feries.  The  growth  of  vegetables 
was  alfo  a  favourite  fubjed  of  inquiry,  and  one  on  which 
he  was  always  engaged  in  making  experiments. 

The  colledion  of  comparative  anatomy  which  Mr 
Hunter  has  left,  and  which  may  be  confidered  as  the 
great  objed  of  his  life,  mull  be  allowed  to  be  a  proof 
of  talents,  affiduity,  and  labour,  which  cannot  be  con¬ 
templated  without  furprife  and  admiration.  It  remains 
an  unequivocal  tell  of  his  perfeverance  and  abilities,  and 
an  honour  to  the  country  in  whofe  fchools  he  was  edu¬ 
cated,  and  by  the  patronage  of  which  he  was  enabled 
on  fo  extenfive  a  fcale  to  carry"  on  his  purfuits.  In  this 
collection  we  find  an  attempt  to  expofe  to  view  the  gra¬ 
dations  of  Nature,  from  the  moll  fimple  Hate  in  which 
life  is  found  to  exilt,  up  to  the  molt  perfect  and  moll 
complex  of  the  animal  creation — man  himfelf. 

By  the  powers  of  his  art,  this  colledor  has  been  ena¬ 
bled  fo  to  expofe,  and  preferve  in  fpirits  or  in  a  dried 
ftate,  the  different  parts  of  animal  bodies  intended  for 
fimilar  ufes,  that  the  various  links  of  the  chain  of  per- 
tfedion  are  readily  followed  and  may  be  clearly  under- 
ftood.. 

This  colledion  of  anatomical  fads  is  arranged  ac¬ 
cording  to  the  fubjeds  they  are  intended  to  illuffrate, 
which  are  placed  in  the  following  order :  Flrj ?,  Parts 
conftruded  for  motion.  Secondly ,  Parts  effential  to  ani¬ 
mals  refpeding  their  own  internal  economy.  Thirdly , 
Parts  fuperadded  for  purpofes  cocneded  with  external 
objeds.  Fourthly ,  Parts  for  the  propagation  of  the  fpe- 
cies  and  maintenance  or  fupport  of  the  young. 

Mr  Hunter  was  a  very  healthy  man  for  the  firft  forty 
years  of  his  life  ;  and,  if  we  except  an  inflammation  of 
his  lungs  in  the  year  1759,  occafioned  moll  probably 
by  his  attention  to  anatomical  purfuits,  he  had  no  com¬ 
plaint  of  any  confequence  during  that  period.  In  the 
fpring  of  1769,  in  his  forty. firft  year,  lie  had  a  regular 
lit  of  the  gout,  which  returned  the  three  following 
fprings,  but  not  the  fourth  ;  and  in  the  fpring  of  1773, 
having  met  with  foniething  which  very  forcibly  affeded 
his  mind,  he  was  attacked  at  ten  o’clock  in  the  forenoon 
with  a  pain  in  the  ftomach,  attended  with  all  the  fymp- 
toms  of  angina  peftoris.  In  the  life  of  him  prefixed  to 
his  Treatifi  on  the  Blood ,  Inflammation^  and  Gun-Shot 


]  HUN 

Wounds f  the  reader  will  find  one  of  the  mod  complete 
hiftories  of  that  difeafe  upon  record.  Suffice  it,  in  this 
place,  to  fay,  that  for  twenty  years  he  was  fubjed  to 
frequent  and  fevere  attacks  of  it,  which  however  did 
not,  till  a  fhort  time  before  his  death,  either  impair  his 
judgment  or  render  him  incapable  of  performing  opera¬ 
tions  in  forgery.  “  In  autumn  1790  (fays  Mr  Home), 
and  in  the  fpring  and  autumn  1791,  he  had  more  fevere 
attacks  than  during  the  other  periods  of  the  year,  but 
of  not  more  than  a  few  hours  duration  :  in  the  begin¬ 
ning  of  Odober  1792,  one,  at  which  I  was  prefept, 
was  fo  violent  that  I  thought  he  would  have  died.  On 
Odober  the  16th,  1793,  when  in  his  ufual  Hate  of 
health,  he  went  to  St  George’s  Hofpital,  and  meeting 
with  fome  things  which  irritated  his  mind,  and  not  be¬ 
ing  perfedly  mailer  of  the  circumftances,  he  withheld 
his  fentiments  ;  in  which  Hate  of  reftraint  he  went  into 
the  next  room,  and  turning  round  to  Dr  Robertfon, 
one  of  the  pliyficians  of  the  hofpital,  he  gave  a  deep 
groan  and  dropt  down  dead  ;  being  then  in  his  65th 
year,  the  fame  age  at  which  his  brother  Dr  Hunter  had 
died.” 

It  is  a  curious  circumftance,  that  the  firft  attack  of 
thefe  complaints  was  produced  by  an  affedion  of  the 
mind,  and  every  future  return  of  any  confequence  arofe 
from  the  fame  caufe ;  and  although  bodily  exercife,  or 
detention  of  the  ftomach,  brought  on  flighter  affedions, 
it  ftill  required  the  mind  to  be  affeded  to  render  them 
fevere  ;  and  as  his  mind  was  irritated  by  trifles,  thefe 
produced  the  moll  violent  effeds  on  the  difeafe.  His 
coachman  being  beyond  his  time,  or  a  fervant  not  at¬ 
tending  to  his  dire&ions,  brought  on  the  fpalrris,  while  a 
real  misfortune  produced  no  effed. 

Mr  Hunter  was  of  a  fliort  ftature,  uncommonly  ftrong 
and  adive,  very  compadly  made,  and  capable  of  great 
bodily  exertion.  His  countenance  wa3  animated,  open, 
and  in  the  latter  part  of  his  life  deeply  impreffed  with 
thoughtfulnefs.  When  his  print  was  fhewn  to  Lavater, 
he  faid,  “  That  man  thinks  for  himfelf.”  In  his  youth 
he  was  cheerful  in  his  difpofition,  and  entered  into 
youthful  follies  like  others  of  the  fame  age  ;  but  wine 
never  agreed  with  his  ftomach;  fo  that  after  fome  time 
he  left  ft  off  altogether,  and  for  the  laft  twenty  years 
drank  nothing  but  water. 

His  temper  was  very  warm  and  impatient,  readily 
provoked,  and,  when  irritated,  not  eafily  foothed.  His 
difpofition  was  candid,  and  free  from  referve,  even  to  a 
fault.  He  hated  deceit ;  and  as  he  was  above  every 
kind  of  artifice,  he  detefted  it  in  others,  and  too  open¬ 
ly  avowed  his  fentiments.  His  mind  was  uncommonly 
adive;  it  was  naturally  formed  for  inveftigation,  and 
that  turn  difplayed  ltfelf  on  the  molt  trivial  occafions, 
and  always  with  mathematical  exadnefs.  What  is  cu¬ 
rious,  it  fatigued  him  to  be  long  in  a  mixed  company 
which  did  not  admit  of  conneded  convention  ;  more 
particularly  during  the  laft  ten  years  of  his  life. 

He  required  lefs  relaxation  than  raoft  other  men  ; 
feldom  fleeping  more  than  four  hours  in  the  night,  but 
almoft  always  nearly  an  hour  after  dinner;  this,  pro¬ 
bably,  arofe  from  the  natural  turn  of  his  mind  being  fo 
much  adapted  to  his  own  occupations,  that  they  were 
in  reality  his  amufement,  and  therefore  did  not  fatigue. 

In  private  pradice  he  was  liberal,  fcrupuloufly  honeft 
in  faying  what  was  really  his  opinion  of  the  cafe,  and 
ready  upon  all  occafions  to  acknowledge  his  ignorance* 
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whenever  there  was  any  thing  which  he  did  not  under- 
Hand. 

In  converfation,  he  fpoke  too  freely,  and  fometimes 
hardily,  of  his  contemporaries;  but  if  he  did  not  do  jufticc 
to  their  undoubted  merits,  it  arofe  not  from  envy,  but 
from  his  thorough  conviction  that  furgery  was  as  yet  in 
its  infancy,  and  he  himfelf  a  novice  in  his  own  art;  and 
his  anxiety  to  have  it  carried  to  perfe&ion,  made  him 
think  meanly  and  ill  of  every  one  vvhofe  exertions  in  that 
refpecft  did  not  equal  his  own. 

HURTERS,  in  fortification,  denote  pieces  of  tim¬ 
ber,  about  fix  inches  fquare,  placed  at  the  lower  end  of 
the  platform,  next  to  the  parapet,  to  prevent  the  wheels 
of  the  gun  carriages  from  damaging  the  parapet. 

HYDROGRAPHICAL  Charts  or  Maps,  more 
ufually  called  fea-charts,  are  projections  of  fome  part  of 
the  fea,  or  coalt,  for  the  ufe  of  navigation.  In  thefe 
are  laid  down  all  the  rhumbs  or  points  of  the  compals, 
the  meridians,  parallels,  Sec.  with  the  coafts,  capes,  iflands, 
rocks,  flioals,  (hallows,  See.  in  their  proper  places,  and 
proportions. 

HYDROMETER,  1*3  an  inftrument,  of  which  fo 
much  has  been  faid  jn  the  Encycl.  under  that  title,  and 
in  the  article  Specific  Gravity ,  that  we  certainly 
fhould  not  again  introduce  it  in  this  place,  but  to  guard 
our  readers  againft  error,  when  ftudying  the  works  of 
the  French  cheraifts.  Thefe  gentlemen,  who  are  fo 
flrongly  attached  to  every  thing  which  is  new,  as  to 
believe  that  their  anceftors  have  for  ages  been  wander¬ 
ing  in  the  mazes  of  ignorance,  refer  very  frequently  to 
the  pefe- liqueur  of  Bauine  ;  and  as  that  inflrument  has 
never  been  generally  ufed  in  this  country,  it  becomes 
our  duty  to  deferibe  its  conftru&ion. 

Inftead  of  adopting  the  fimpler  method  of  immediate 
numerical  reference  to  the  denlity  of  water  expreffed  by 
unity,  as  is  done  in  all  modern  tables  of  fpecific  gravi* 
ty,  he  had  recourfe  to  a  procefs  fimilar  to  that  of  gra¬ 
duating  the  ftems  of  thermometers  from  two  fixed 
points.  The  firft  of  thefe  points  was  obtained  by  im- 
merfing  his  inftrument,  which  is  the  common  areome¬ 
ter,  confiding  of  a  ball,  Item,  and  count*  >poife,  in  pure 
water,  /it  that  point  of  the  item  which  was  interfered 
by  the  furface  of  the  fluid,  he  marked  zero,  or  the  com¬ 
mencement  of  his  graduations.  In  the  next  place,  he 
provided  a  number  of  folutions  of  pure  dry  common 
fait  in  water :  thefe  folutions  contained  refpeCtively 
one,  two,  three,  four,  &c.  pounds  of  the  fait ;  and  in 
each  folution  the  quantity  of  water  was  fuch,  as  to 
make  uo  the  weight  equal  to  one  hundred  pounds  in 
the  whole  ;  fo  that  in  the  folution  containing  one 
pound  of  fait,  there  were  ninety-nine  pounds  of  water  ; 
in  the  folution  containing  two  pounds  of  fait,  there 
were  ninety-eight  pounds  of  water,  and  fo  of  the  reft. 
The  inftrument  was  then  plunged  in  the  firft  folution, 
in  which  of  courfe  it  floated  with  a  larger  portion  of 
the  ftem  above  the  fluid,  than  when  pure  water  was 
ufed.  The  fluid,  by  the  interfe&ion  of  its. furface  up¬ 
on  the  ftem,  indicated  the  place  for  marking  his  firft 
degree  ;  the  fame  operation  repeated,  with  the  fluid 
containing  two  pounds  of  fait,  indicated  the  mark  for 
the  fecond  degree  ;  the  folution  of  three  pounds  afford¬ 
ed  the  third  degree  ;  and  in  this  manner  his  enumera¬ 
tion  was  carried  as  far  as  fifteen  degrees.  T-  he  firft 
fifteen  degrees  afterwards,  applied  with  the  compaffes 
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repeatedly  along  the  ftem,  ferved  to  extend  the  gradua¬ 
tion  as  far  as  eighty  degrees,  if  required. 

This  inftrument,  which  i3  applicable  to  the  admea- 
furement  of  denfities  exceeding  that  of  pure  water,  is 
commonly  diftinguffhed  by  the  name  of  the  Hydro  me* 
ter  for  /alts. 

The  hydrometer  for  fpirits  is  eoriftrudted  upon  the 
fame  principle  ;  but  in  this  the  counterooife  is  fo  ad- 
jufted,  that  moft  part  of  the  ftem  rifes  above  the  fluid 
when  immerfed  in  pure  water,  and  the  graduations  to 
exprefs  inferior  denlities  are  continued  upwards.  A 
folution  of  ten  parts  by  weight  of  fait  in  ninety  parts 
of  pure  water,  affords  the  firft  point,  or  zero,  upon  the 
ftem  ;  and  the  mark  indicated  by  pure  water  is  called 
the  tenth  degree  ;  whence,  by  equal  divifions,  the  re¬ 
maining  degrees  are  continued  upwards  upon  the  ftem 
as  far  as  the  fiftieth  degree. 

Thefe  experiments,  in  both  cafes,  are  made  at  the 
tenth  degree  of  Reaumur,  which  anfwers  very  nearly 
to  fifty-five  of  Fahrenheit. 

HYDRUS,  or  Water  Serpent,  one  of  the  new 
fouthern  conltellations,  including  only  ten  ftars. 

HYGROMETER,  is  all  inftrument  of  fo  much 
importance  to  the  meteorologift,  that  it  becomes  us  to 
give  fome  account  of  every  improvement  of  it  which 
has  fallen  under  our  notice.  In  the  Encyclopedia,  the 
principles  upon  which  hygrometers  are  conftrudted  have 
been  clearly  dated,  and  the  defers  of  each  kind  of  hy¬ 
grometer  pointed  out. 

Inftead  of  hairs  or  cat-gut,  of  which  hygrometers 
of  the  firft  kind  are  commonly  made,  Caffebois,  a  Be¬ 
nedictine  monk  at  Mentz,  propofed  to  make  fuch  hy¬ 
grometers  of  the  gut  of  a  filk  worm.  When  that  in- 
fed!  is  ready  to  fpin,  there  are  found  in  it  two  veffels 
proceeding  from  the  head  to  the  ftomach,  to  which 
they  adhere,  and  then  bend  towards  the  back,  where 
they  form  a  great  many  folds.  The  part  of  thefe  vef¬ 
fels  next  the  ftomach  is  of  a  cylindric  form,  and  about 
a  line  in  diameter.  Thefe  veffels  contain  a  gummy  fort 
of  matter  from  which  the  worm  fpins  its  filk  ;  and, 
though  they  are  exceedingly  tender,  means  have  been 
devifed  to  extract  them  from  the  infedt,  and  to  prepare 
them  for  the  above  purpofe.  When  the  worm  is  a- 
bout  to  fpin,  it  is  thrown  into  vinegar,  and  fuffered  to 
remain  there  twenty  four  hours ;  during  which  time 
the  vinegar  is  abforbed  into  the  body  of  the  infedt,  and 
coagulates  its  juices.  The  worm  being  then  opened, 
both  the  veffels,  which  have  now  acquired  ftrength,  are 
extra&ed ;  and,  011  account  of  their  pliability,  are  ca¬ 
pable  of  confiderablc  extenfiou.  That  they  may  not, 
however,  become  too  weak,  they  are  ftretched  only  to 
the  length  of  about  fifteen  or  twenty  inches.  It  is 
obvious  that  they  mull  be  kept  fufliciently  extended 
till  they  are  completely  dry.  Before  they  attain  to 
that  date,  they  mull  be  freed,  by  means  of  the  nail  of 
the  ringer,  from  a  (limy  fubftance  which  adheres  to 
them  Such  a  thread  will  fuftain  a  weight  of  fix  pounds 
without  breaking,  and  may  be  ufed  for  an  hygrome¬ 
ter  in  the  fame  manner  as  cat-gut ;  but  we  coufefs  that 
we  do  not  clearly  perceive  its  fuperiority. 

To  an  improvement  of  the  hygrometer  conflru&ed 
on  the  third  principle,  dated  in  the  Encyclopedia ,  M. 
Hochheimer  was  led  in  the  following  manner : 

Mr  Lowitz  found  at  Dmitriewflc  in  Aftracan,  on 
5  I)  the 
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Hy^rome-  the  banks  of  the  Wolga,  a  thin  bluifh  kind  of  flate 
ier  which  attiaded  moifture  remarkably  foon,  but  again 
v  ™  fuffered  it  as  foon  to  efcape.  A  plate  of  this  flate 
weighed,  when  brought  to  a  red  heat,  175  grains,  and, 
when  faturated  with  water,  247  :  it  had  therefore  im- 
bibed,  between  complete  drynefs  and  the  point  of  com¬ 
plete  moifture,  72  grains  of  water.  Lowitz  fufpended 
a  round  thin  plate  of  this  flate  at  the  end  of  a  very  de¬ 
licate  balance,  faflened  within  a  wooden  frame,  and  fuf¬ 
pended  at  the  other  arm  a  chain  of  filver  wire,  the  end 
of  which  was  made  fail  to  a  Aiding  nut  that  moved  up 
and  down  in  a  fmall  groove  on  the  edge  of  one  fide  of 
the  frame.  He  determined,  by  trial,  the  pofition  of 
the  nut  when  the  balance  was  in  equilibrio  and  when  it 
had  ten  degrees  of  over- weight,  and  divided  the  fpace 
between  thefe  two  points  into  ten  equal  parts,  adding 
fuch  a  number  more  of  thefe  parts  as  might  be  necef- 
fary.  When  the  ftone  was  fufpended  from  the  one  arm 
of  the  balance,  and  at  the  other  a  weight  equal  to  175 
grains,  or  the  weight  of  the  done  when  perfedly  dry, 
the  nut  in  the  groove  fhewed  the  excefs  of  weight  in 
grains  when  it  and  the  chain  were  fo  adj lifted  that  the 
balance  flood  in  equilibrio.  A  particular  apparatus  on 
the  fame  principles  as  a  vernier,  applied  to  the  nut, 
fhewed  the  excefs  of  weight  to  ten  parts  of  a  grain. 
Lowitz  remarked  that  this  hygrometer  in  continued 
Wet  weather  gave  a  moifture  of  more  than  5  5  grains, 
and  in  a  continued  heat  of  113  degrees  of  Fahrenheit 
only  i ^  degree  of  moifture. 

The  hygrometer  thus  invented  by  Lowitz  was,  how¬ 
ever,  attended  with  this  fault,  that  it  never  threw  off 
the  moifture  in  the  fame  degree  as  the  atmofphere  be¬ 
came  drier.  It  was  alfo  fometimes  very  deceitful,  and 
announced  moifture  when  it  ought  to  have  indicated 
that  drynefs  had  again  begun  to  take  place  in  the  at¬ 
mofphere.  To  avoid  thefe  inconveniencies,  M.  Hoch- 
heiiner  propofes  the  following  method  : 

1.  Take  a  fquare  bar  of  fleel  about  two  lines  in 
thicknefs,  and  from  ten  to  twelve  inches  in  length,  and 
form  it' into  a  kind  of  balance,  one  arm  of  which  ends 
in  a  ferew.  On  this  ferew  let  there  be  ferewed  a  lead¬ 
en  bullet  of  a  proper  weight,  inftead  of  the  common 
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weights  that  are  fufpended.  2.  Take  a  glaf*  plate  Hygrome. 
about  ten  inches  long,  and  feven  inches  in  breadth,  de-  ter 
ftroy  its  polifh  on  both  fides,  free  it  from  all  moifture  H  \ 
by  rubbing  it  over  with  warm  afhes,  fufuend  it  at  the  chclion' 
other  end  of  the  balance,  and  bring  the  balance  into  — 
equilibrium  by  ferevving  up  or  down  the  leaden  bullet. 

3.  Mark  now  the  place  to  which  the  leaden  bullet  is 
brought  by  the  ferew,  as  accurately  as  poffible,  for  the 
point  of  the  greateft  drynefs.  4.  Then  take  away  the 
glafs  plate  from  the  balance,  dip  it  completely  in  water, 
give  it  a  fhake  that  the  drops  may  run  off  from  it,  and 
wipe  them  carefully  from  the  edge.  5.  Apply  the 
glafV plate  thus  moiftened  again  to  the  balance,  and 
bring  the  latter  into  equilibrium  by  ferewing  the  leadea 
bullet.  Mark  then  the  place  at  which  the  bullet  (lands 
as  the  higheft  degree  of  moifture.  6.  This  apparatus 
is  to  be  fufpended  in  a  frnall  box  of  well  dried  wood, 
fufficfently  large  to  fuffer  the  glafs^plate  to  move  up 
and  down.  An  opening  muft  be  made  in  the  lid,  ex- 
adly  of  fuch  a  fize  as  to  allow  the  tongue  of  the  ba¬ 
lance  to  move  freely.  Parallel  to  the  tongue  apply  a 
graduated  circle,  divided  into  a  number  of  degrees  at 
pleafure  from  the  higheft  point  of  drynefs  to  the  high¬ 
eft  degree  of  moifture.  The  box  muft  be  pierced  with 
fmall  holes  on  all  the  four  fides,  to  give  a  free  paffage 
to  the  air  ;  and  to  prevent  moifture  from  penetrating 
into  the  wood  by  rain,  when  it  may  be  requifite  to  ex- 
pofe  it  at  a  window,  it  muft  either  be  lackered  or 
painted.  To  fave  it  at  all  times  from  rain,  it  may  be 
covered,  however,  with  a  fort  of  roof  fitted  to  it  in  the 
moft  convenient  manner.  But  all  thefe  external  appem 
dages  may  be  improved  or  altered  as  may  be  found  ne- 
ceffary. 

HYPEBOLA  Deficient,  is  a  curve  having  only 
one  afymptote,  though  two  hyperbolic  legs  running  out 
infinitely  by  the  fide  of  the  afymptote,  but  contrary  ways. 

HYPOTRACHELION,  in  Architedure,  is  ufed 
for  a  little  frize  in  the  Tnican  and  Doric  capital,  be¬ 
tween  the  aftragal  and  annulets  ;  c  filed  alfo  the  colerin 
and  gorgerin.  The  word  is  applied  by  fome  authors 
in  a  more  general  fenfe,  to  the  neck  of  any  column,  or 
that  part  ot  its  capital  below  the  aftragal. 


I. 


Jacobins.  JACOBINS,  in  the  language  of  the  prefent  day,  is 

— - ~v - J  the  name  affumed,  at  the  beginning  of  the  French 

revolution,  by  a  party  in  Paris,  which  was  outragiouf- 
Iy  democratic*!,  and  fanatically  impious.  This  party, 
which  confided  of  members  of  the  National  Affembly, 
and  of  others  maintaining  the  fame  opinions  and  pur- 
fuing  the  fame  objeds,  formed  itfelf  into  a  club,  and 
held  its  meetings  in  the  hall  belonging  to  the  jacobin 
friars,  where  meafures  were  fecretly  concerted  for  ex¬ 
citing  infurredions,  and  over-awing  at  once  the  legiflv 
ture  and  the  king.  The  name  of  Jacobin ,  though  it 
was  derived  from  the  hall  where  the  club  firft  met,  has 
fince  been  extended  to  all  who  are  enemies  to  mo¬ 
narchy,  arfftocracy,  and  the  Chriftian  religion  ;  and 
who  would  have  every  man  to  be  his  own  prieft  and 
his  own  lawgiver.  Hence  it  is,  that  we  have  Jaco¬ 


bins  in  Great  Britain  and  Ireland,  as  well  as  in  France.  Jacobir 

Of  the  proceedings  of  the  French  Jacobins,  fome  — 
account  has  been  given,  in  the  Encyclopedia,  under  the 
title  Revolution,  and  the  fubjed  will  be  refumed  in 
this  Supplement  under  the  fame  title.  The  purpofe  of 
the  prefent  article  is  to  trace  the  principles  of  the  fed 
from  their  fource  ;  for  thefe  principles  are  not  of  yefter- 
day. 

“  At  its  very  firft  appearance,  (lays  the  Abbe  Bar- 
ruel),  this  fed  counted  300,000  adepts  ;  and  it  was 
fupported  by  two  millions  of  men,  fcattered  through 
France,  armed  with  torches  and  pikes,  and  all  the  fire¬ 
brands  of  the  revolution.”  Such  a  wide  fpread  con- 
fpiracy  could  not  be  formed  in  an  inftant  ;  and  indeed 
this  able  writer  has  completely  proved,  that  this  led,  with 
all  its  confpiracies,  is  in  itfelf  no  other  than  “the  coalition 
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ob:ns  of  a  triple  feft,  of  a  triple  confpiracy,  in  which,  long 
w  -y— -  before  the  revolution,  the  overthrow  of  the  altar*  the 
ruin  of  the  throne,  and  the  diffolution  of  all  civil  focie- 
ty,  had  been  debated  and  determined.” 

It  is  known  to  every  fcholar,  that  there  have  been 
in  all  ages  and  countries  men  of  letters  and  pretenders 
to  letters,  who  have  endeavoured  to  fignalize  themfelves 
individually  by  writing  againft  the  religion  of  their 
country;  but  it  was  referved  for  the  philofophifts  (a) 
of  France  to  enter  into  a  combination  for  the  exprefs 
purpofe  of  eradicating  from  the  human  heart  every  re¬ 
ligious  fentiment.  The  man  to  whom  this  idea  firft 
occurred  was  Voltaire  ;  who,  daring  to  be  jealous  of 
his  God,  and  being  weary,  as  he  faid  himfelf,  of  hear¬ 
ing  people  repeat  that  twelve  men  were  fufftcient  to 
eftablifh  Chriftianity,  refolved  to  prove  that  one  might 
be  fufEcient  to  overthrow  it.  Full  of  this  projeft,  he 
fwore,  before  the  year  1730,  to  dedicate  his  life  to^ts 
accomplifhment ;  and  for  fome  time  he  flattered  him¬ 
felf  that  he  fhould  enjoy  alone  the  glory  of  deftroy- 
ing  the  Chriftian  religion.  He  found,  however,  that 
aflbeiates  would  be  neceffary  ;  and  from  the  numerous 
tribe  of  his  admirers  and  difciples,  he  chofe  D’Alem¬ 
bert  and  Diderot  as  the  moft  proper  perfons  to  co¬ 
operate  with  him  in  his  defigns.  How  admirably  they 
were  qualified  to  a&  the  part  afhgned  them,  may  be 
conceived  from  the  life  of  Diderot  in  this  Supplement . 

But  Voltaire  was  not  fatisfied  with  their  aid  alone. 

He  contrived  to  embark  in  the  fame  caufe  Frederic 
II.  of  Pruflia,  who  wifhed  to  be  thought  a  philofo- 
pher,  and  who  of  courfe  deemed  it  expedient  to  talk 
and  write  againft  a  religion  which  he  had  never  flu- 
died,  and  into  the  evidence  of  which  he  had  probably 
never  deigned  to  enquire.  This  royal  adept  was  one 
of  the  moft  zealous  of  Voltaire’s  coadjutors,  till  he  dif- 
covered  that  the  philofophifts  were  waging  war  with 
the  throne  as  well  as  with  the  altar.  This  indeed  was 
not  originally  Voltaire’s  intention.  He  was  vain  ;  he 
loved  to  be  careffed  by  the  great ;  and,  in  one  word, 
he  was,  from  natural  difpofition,  an  ariftocrate  and  ad¬ 
mirer  of  royalty  :  But  when  he  found  that  almoft  eve¬ 
ry  fovereign,  but  Frederic,  difapproved  of  his  impious 
projects  as  foon  as  he  perceived  their  ijfue ,  he  determin¬ 
ed  to  oppofe  all  the  governments  on  earth,  rather  than 
forfeit  the  glory,  with  which  he  had  flattered  himfelf, 
of  vanquifhing  Chrift  and  his  apoflles  in  the  field*  of 
contrqverfy. 

He  now  fet  himfelf,  with  D’Alembert  and  Diderot, 
to  excite  univerfal  diicontent  with  the  eflablifhed  order 
of  things.  This  was  an  employment  entirely  fuited  to 
their  difpofition  ;  for  not  being  in  any  fenfe  great  them- 
felves  (b),  they  wifhed  to  pull  all  men  down  to  their 
own  level.  How  effc&ually  they  contrived  to  convert 
the  Encyclopadie  into  an  engine  to  ferve  their  purpofes, 
has  been  fhown  already  4  but  it  was  not  their  only  nor 
their  moft  powerful  engine ;  they  formed  fecret  fo- 
cieties,  affumed  new  names,  and  employed  an  enigma- 
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tical  language.  Thus,  Frederic  is  called  Luc;  D’Alcm-  Jacfthmi^ 
bert,  Protagoras ,  and  {oractimts Bertrand ;  Voltaire,  Ra¬ 
ton;  and  Diderot,  Platon ,  or  its  anagram  Tonpla;  while 
the  general  term  for  the  confpirators  is  Cacoucc .  In 
their  fecret  meetings  they  profeffed  to  celebrate  the 
myfleries  of  Mythra  ;  and  their  great  object,  as  they 
profeffed  to  one  another,  was  to  confound  the  wretch , 
meaning  J —  C — .  Voltaire  propofed  to  eftablifh  a 
colony  of  philofophifts  at  Cieves,  who,  prote&ed  by  the 
king  of  Pruflia,  might  publifli  their  opinions  without 
dread  or  danger;  and  Frederic  was  difpofcd  to  take 


them  under  his  proteftion,  till  he  difeovered  that  their 
opinions  were  anarchical  as  well  as  impious,  when  he 
threw  them  off,  and  even  wrote  againft  them. 

They  contrived,  however,  to  engage  the  minifters  of 
the  court  of  France  in  their  favour,  by  pretending  to 
have  nothing  in  view  but  the  enlargement  of  fcience,  in 
works  which  fpoke  indeed  refpebt fully  of  revelation, 
while  every  difeovery  which  they  brought  forward  was 
meant  to  undermine  its  very  foundation.  When  the 
throne  was  to  be  attacked,  and  even  when  barefaced 
atheifm  was  to  be  promulgated,  a  number  of  impious 
and  licentious  pamphlets  were  difperfed,  for  fome  time 
none  knew  how,  from  a  fecret  fociety  formed  at  the 
Hotel  d’Holbach  at  Paris.  Tliefe  were  fold  for  trifles, 
or  diftributed  gratis  to  fchooimafters,  and  others  who 
were  likely  to  circulate  their  contents.  D’Alembert, 
Diderot,  and  Condorcet,  who  was  now  affociated  with 
the  other  confpirators,  flattered  the  ambition  of  every 
man  among  the  great,  and  cfpecially  of  the  Duke  d’Or- 
leans,  the  richeft  fubjeft  in  Europe,  and  a  prince  of  the 
blood  of  France.  The  firft  and  the  laft  of  tliefe  three 
adepts  had,  by  their  mathematical  knowledge,  got  fuch 
an  afcendancynn  the  Roy?d  Academy  of  Sciences,  that 
they  could  admit  or  exclude  candidates  as  they  knew 
them  to  be  friendly  or  inimical  to  the  proje&s  of  the 
confpirators ;  and  they  had  contrived,  by  matchlefs  ad- 
drefs  and  unwearied  perieverance,  to  fill  almoft  all  the 
feminaries  of  education  with  men  of  their  own  prin¬ 
ciples. 

Thus  was  the  public  mind  in  France  completely  cor¬ 
rupted,  when  the  mafon  lodges,  over  which  the  infamous 
Orleans  prefided,  were  vifited  by  a  delegation  from  the 
German  illuminati  ;  and  nothing  more  was  neceffary  to 
produce  the  fe&  of  Jacobins ,  by  whole  intrigues  and 
influence,  France,  as  M.  BarrucI  expreffes  himfelf, 
has  become  a  prey  to  every  crime.  It  was  by  the  ma¬ 
chinations  of  this  fe&  that  its  foil  was  flained  with  the 
blood  of  its  pontiffs  and  priefls,  its  rich  men  and  nobles  ; 
with  the  blood  of  every  clafs  of  its  citizens,  without  re¬ 
gard  to  rank,  age,  or  fex.  Thefe  difciples  of  Voltaire 
were  the  men  who,  after  having  made  the  unfortunate 
Louis,  his  queen,  and  fiftcr,  drink,  to  the  very  dregs, 
the  cup  of  outrage  and  ignominy  during  a  long  confine¬ 
ment,  folemnly  murdered  them  on  a  f’caffold,  proudly 
menacing  all  the  fovereigns  of  the  earth  with  a  ihnilar 
fate.  Yet  think  not,  indignant  reader,  that  the  ways 
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(a)  This  term  was  invented  by  Abbe  Barruel,  and  we  have  adopted  it,  as  denoting  fomething  very  different 
from  the  meaning  of  the  word  philofopher . 

(b)  We  do  not  by  this  mean  to  infimiate  that  D’Alembert  was  not  a  man  of  fcience.  He  wa?  perhaps  the 
only  man  of  fcience  in  that  gang  ;  but  he  was  a  m after  of  no  fcience  but  mathematics  ;  and  his  birth  being  ob- 
feure,  if  not  fpunous,  and  abftracl  mathematics  not  furnifhing  ready  accefs  to  the  great,  his  ideas,  when  compa¬ 
red  with  Voltaire’s,  were  grovelling,  and  (as  M,  Barruel  fays)  he  was  afraid  to  be  feen. 
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Jaghire  of  Providence  are  unequal.  The  nations  of  Europe 
II  were  ripe  for  chaftifement ;  and  that  chaftifement  thefe 
^a£°‘  villains  were  employed  to  infliCt:  but  their  own  punifh- 
v  ment  did  not  linger.  Voltaire  died  in  agonies  of  de- 
fponding  remorfc,  which  can  be  exceeded  only  by  the 
torments  of  the  damned.  There  is  reafon  to  believe 
that  the  end  of  D’Alembert  and  Diderot  very  much 
refembled  that  of  their  leader  ;  while  the  more  hardened 
adept,  Condorcet,  became  his  own  executioner  ;  and  the 
other  chiefs  of  the  rebellion  have  regularly  inflicted  ven¬ 
geance  on  each  other,  every  alteration  of  the  French 
conftitution  (and  thefe  alterations  have  been  many)  be¬ 
ing  followed  by  the  execution  of  thofe  by  whom  the 
government  was  previoufly  adminiftered. 

JAGHIRE,  alignment  made  in  Bengal  by  an  Im¬ 
perial  grant  upon  the  revenue  of  any  diftriCt,  to  defray 
civil  or  military  charges,  penfions,  gratuities,  &c. 

JAGHIREDER,  the  holder  of  a  Jaghire. 

St  JAGO,  the  largeft  and  mod  populous  of  the  Cape 
de  Verde  Iflands,  of  which  fome  account  has  been  gi¬ 
ven  in  the  Encyclopedia^  is  reprefented  by  Sir  George 
Staunton  as  liable  to  long  and  cxcefiive  droughts,  for 
which  no  philofophical  caufe  can  be  afhgned.  When 
the  e_mbafly  to  China  touched  at  it  in  the  latter  end  of 
1792,  it  wa3  in  a  date  of  abfolute  famine.  Little  or 
no  rain  had  fallen  for  about  three  years  before.  The 
rivers  were  almod  all  entirely  dry.  The  furface 
of  the  earth  was,  in  general,  naked  of  any  herbage. 
The  greated  part  of  the  cattle  had  perifhed,  not  lefs 
through  drought  than  want  of  food.  Of  the  inhabi¬ 
tants  many  had  migrated,  and  many  were  famifhed  to 
death.  Nor  was  this  calamity  peculiar  to  St  Jago.  All 
the  iflands  of  Cape  de  Verde  were  faid  to  have  experi¬ 
enced  the  fame  long  drought,  and  to  be  confequently  in 
a  date  of  fimilar  defolation.  Yet  the  frequent  fhowers 
which  were  obferved  by  the  firft  navigators  who  touch¬ 
ed  at  St  Jago,  induced  them  to  give  to  the  ifland  the 
name  of  Pluivalis  ;  and  no  change  had  been  obferved 
in  the  deady  current  of  wind,  blowing  from  the  ead, 
which  is  common  to  tropical  climates. 

‘‘What  were  the  uncommon  circumftances  (fays  Sir 
George)  that  took  place  in  the  atmofphere  of  that  part 
of  Africa  to  which  the  Cape  de  Verde  iflands  lie  con¬ 
tiguous,  or  in  the  vad  expanfe  of  continent  extending 
to  the  ead  behind  it,  and  from  which  this  direful  effedt 
mud, have  proceeded  (as  they  happened  where  no  man 
of  fcience  exided  to  obferve  or  to  record  them),  will 
therefore  remain  unknown  ;  nor  is  theory  bold  enough 
to  fupply  the  place  of  obfervation.  Whatever  was  the 
caufe  which  thus  arreded  the  bountiful  hand  of  Nature, 
by  drawing  away  the  fources  of  fertility,  it  was  obfer- 
vable,  that  fome  few  trees  and  plants  perfevered  to  flou- 
rifh  with  a  luxuriance,  indicating  that  they  dill  could 
extradl  from  the  arid  earth  whatever  portion  of  humi¬ 
dity  it  was  neceffary  to  derive  from  thence  for  the  pur¬ 
pose  of  vegetable  life,  though  it  was  denied  to  others.” 

Befide  the  trees  of  the  palm  kind,  which  are  often 
found  verdant  amidd  burning  fands,  nothing,  for  ex¬ 
ample,  could  be  more  rich  in  flavour,  or  abound  more 
-  with  milky,  though  corrofive  juice,  than  the  afclepias 
gigantea  (fee  Asclepias,  EncycL ),  growing  plenti¬ 
fully,  about  feveral  feet  high,  without  culture,  indeed, 
but  undidurbed,  it  being  of  no  avail  to  cut  it  down  in 
favour  of  plants  that  would  be  ufeful,  but  required  the 
aid  of  more  moidure  from  the  atmofphere.  The  jatro- 
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pha  curcas,  or  phyfic  nut  tree,  which  the  French  Wed  Jago, 
Indians,  with  fome  propriety,  call  hots  immortel ,  and^~Y*- 
plant,  on  that  account,  in  the  boundaries  of  their  edates, 
appeared  as  if  its  perpetuity  was  not  to  be  affe&ed  by 
any  drought.  Some  indigo  plants  were  dill  cultivated 
with  fucctfs  in  (haded  vales,  together  with  a  few  cot¬ 
ton  fhrubs.  Throughout  the  country  fome  of  thofe 
fpecies  of  the  mimofa,  or  fenfxtive  plant,  which  grow 
into  the  fize  of  trees,  were  mod  common,  and  did  not 
appear  to  languifh.  In  particular  fpots  the  annona,  or 
fugar  apple  tree,  was  in  perfe&  verdure.  The  boraffus, 
or  great  fan  palm,  lifted,  in  a  few  places,  its  lofty  head 
and  fpreading  leaves  with  undiminifhed  beauty.  *  In  a 
bottom,  about  a  mile  and  a  half  behind  the  town  of 
Praya,  was  dill  growing,  in  a  healthy  date,  what  may 
be  called  for  fize  a  phenomenon  in  vegetation,  a  tree 
known  to  botanids  by  the  name  of  adanfonia,  and  in 
Englifh  called  monkey  bread  tree .  The  natives  of  St 
Jago  call  it  kabifera  ;  others,  baobab.  Its  trunk  mea- 
fured  at  the  bafe  no  lefs  than  56  feet  in  girth  ;  but  it 
foon  divided  into  two  great  branches,  one  rifing  perpen¬ 
dicularly,  and  meafuring  42  feet  in  circumference.  That 
of  the  other  was  about  26.  By  it  dood  another  of  the 
fame  fpecies,  whofe  Angle  trunk,  of  38  feet  girth,  at¬ 
tracted  little  notice  from  the  vicinity  of  its  huge  com¬ 
panion. 

But  the  annual  produce  of  agriculture  was  fcaicely 
to  be  found.  The  plains  and  fields,  formerly  produc¬ 
tive  of  corn,  fugar-canes,  or  plantains,  nourifhed  by  re¬ 
gular  falls  of  rain,  now  bore  little  ftmblance  of  vegeta¬ 
tion.  Yet  in  the  fmall  number  of  plants  which  furvi- 
ved  the  drought,  were  fome  which,  from  the  fpecimens 
fent  to  Europe,  were  found  to  have  been  hitherto  un¬ 
known.  Vegetation  quickly,  indeed,  revived  wherever, 
through  the  foij,  any  moidure  could  be  conveyed. 

Sir  George  reprefents  Praya,  the  rtlidence  of  the 
Portuguefe  Viceroy,  as  a  hamlet  rather  than  a  town. 

It  confids  of  about  ico  very  fmall  dwellings,  one  dory 
high,  fcattered  on  each  fide  of  the  plain,  which  extend¬ 
ed  near  a  mile  in  length,  and  about  the  third  of  a  mile- 
in  breadth  ;  and  fell  off,  all  around,  to  the  neighbour¬ 
ing  valleys  and  to  the  fea.  Not  being  commanded  by 
any  neighbouring  eminence,  it  was  a  fltuation  capable 
of  defence  ;  the  fort,  however,  or  battery,  was  almod 
in  ruins ;  and  the  few  guns  mounted  on  it  wrere  modly 
honey-combed,  and  placed  on  carriages  which  fcarcely 
held  together. 

A  party  belonging  to  the  embafly  eroded  the  coun¬ 
try  to  the  ruins  of  St  Jago,  the  former  capital  of  the 
ifland,  iitnated  in  the  bottom  of  a  vale,  through  which, 
ran  a  ftream,  then  both  fmall  and  fluggifh.  On  each 
lide  of  that  dream  are  the  remains  of  dwellings  of  con- 
fiderable  fclidity  and  fize  ;  and  the  fragments  of  glafs 
ludres,  dill  hanging  from  the  ceilings  of  fome  of  the 
principal  apartments,  denote  the  elegance  or  riches  that 
were  once  difplayedJn  this  now  deferted  place.  Not 
above  half  a  dozen  families  remain  in  it  at  prefent ;  the 
red  abandoned  it,  or  perifhed.  Here  was  dill,  how¬ 
ever,  an  attempt  at  a  flight  manufactory  of  driped  cot- 
ton  flips,  the  fame  as  are  made  in  the  other  parts  of 
the  ifland,  for  the  ufe  of  the  Africans  on  the  main,  w ho 
pay  for  them  in  flaves,  elephants  teeth,  and  that  gum 
which  is  generally  called  arabic. 

Amidd  the  ruins  of  St  Jago,  the  party  found  a  Por¬ 
tuguefe,  to  whom  one  of  them  was  recommended,  and 
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who  received  them  with  the  mod  cordial  bofpitality  in 
his  houfe,  and  treated  them  with  every  fpecies  of  tiopl. 
cal  fruits  from  his  garden,  lying  on  each  fide  the  river. 

He  had  been  a  navigator ;  and  informed  them  that 
the  ifle  of  Brava,  one  of  the  Cape  de  Verde  s,  was  a 
fitter  and  fafer  place  for  (hips  to  call  at  for  water  and 
provifions  than  the  ifland  of  fit  Jago;  th'at  it  had  three 
harbours  ;  one  called  Puerto  1*  urno  on  the  eaft  fide  of 
the  ifland,  from  which  vefiels  ir.uft  warp,  or  be  towed 
out  by  boats  ;  the  Puerto  Fajendago  to  the  weft  ;  and 
the  Puerto  Ferreo  to  the  foutli,  which  was  the  belt  tor 
large  (hips,  and  into  which  runs  a  fmall  river.  In  an¬ 
other  of  the  Cape  de  Veide  iflands,  called  San  Vicente, 
he  obferved  that  there  was  alfo  a  large  harbour  on  the 
north  end,  but  that  frefh  water  was  at  fome  diftance 
from  it  :  and  there  was  like  wife  a  good  port  at  Bona- 
villa.  This  information  of  the  harbours  m  the  ille  of 
Brava  was  confirmed  by  accounts  given  by  others  to 
Sir  Erafmus  Gower,  who  recommends  to  make  a  trial 

of  them.  r  . 

JALOFFS,  or  Yaloffs,  are  an  aftive,  powertui, 
and  warlike  people,  inhabiting  great  part  of  that  traft 
of  Africa  which  lies  between  the  Senegal  and  the  Man- 
dingo  dates  on  the  Gambia  (See  Man  dingoes  in  this 
Supplement).  Their  nofes,  fays  Mr  Park,  are  not  fo 
much  depreffed,  nor  their  lips  fo  protuberant,  as  thole 
of  the  generality  of  Africans ;  and  though  their  ikm  is 
of  the  deepeft  black,  they  are  confidered  by  the  white 
traders  as  the  moft  fightly  Negroes  in  that  part  of  the 
continent  where  they  live.  They  are  divided  into  fe- 
veral  independent  Hates  or  kingdoms,  which  are  fre¬ 
quently  at  war  with  their  neighbours  or  with  each  o- 
ther.  In  their  manners,  fuperllitions,  and  government, 
they  have  a  greater  refemblance  to  the  Mandingoes 
than  to  any  other  nation  ;  but  excel  them  in  the  manu- 
fafture  of  cotton  cloth,  fpinmng  the  wool  to  a  finer 
thread,  weaving  it  in  a  bioader  loom,  and  dyeing  it  of 
a  better  colour.  They  make  very  good  foap,  by  boil¬ 
ing  ground  nuts  in  water,  and  then  ad-ing  a  ley  of 
wood  afhes.  They  likewife  manufadure  excellent  iron, 
which  they  carry  to  Bondou  to  barter  for  fait.  Their 
language  is  faid  to  be  copious  and  fignfficatit,  and  is 
often  learned  by  Europeans  trading  to  Senegal.  From 
the  names  of  their  numerals,  as  given  by  Mr  Park,  it 
would  appear  that  their  numeration  proceeds  by  jives* 

as  ours  does  by  tens.  .  . 

Our  author  relates  the  event  of  a  religious  war,  which, 
as  it  difplays  a  generof.ty  of  charafter  very  uncommon 
among  favages,  will  afford  pleature  to  the  minds  of 
many  of  our  readers.  Almami  Abdulkader,  fovere.gn 
of  a  Mahomedan  kingdom  called  Foota  Torra,  fent 
to  Darnel,  a  king  of  the  Jaloffs,  an  imperious  mef- 
fage,  commanding  him  and  his  fubjefts  to  embiace  rn- 
ftantly  the  faith  of  the  prophet.  1  he  ambaffador  ha¬ 
ving  got  admiffion  to  the  prefence  of  Darnel,  ordered 

cT3k„iv«  »e,.  £”a»giy  bid  tf"**3*S . . . 

prince,  and  the  ambaffador  explained co°X  prifoners  along  with  Abdulkader  by  the  watering  place 
“  With  this  knife  (faid  he)  Abdu  D  ,  m  fn  the  woods,  and  carried  in  the  fame  fhip  with  him  to 

feend  to  fhave  the  head  of  Darnel,  it  -Uarnei  win  tm  -  -  -  "  "  ’ 

brace  the  Mahomedan  faith  ;  and  with  this  other  knife 
Abdulkader  will  cut  the  throat  of  Damd,  if  Dame  - 
fufes  to  embrace  it:  Take  your  choice.  —Dame1  coolly 

told  the  ambaffador  that  he  had  no  choice  to  make. 


JalofFi?) 

Jarra. 


he  neither  chofe  to  have  his  head  fhaved,  nor  his  throat 
cut.  And  with  this  anfwer  the  ambaffador  was  civilly 
difmiffed. 

Abdulkader  took  his  meafures  accordingly ;  ^and 
with  a  powerful  army  invaded  Darnel’s  country.  The 
inhabitants  of  the  towns  and  villages  filled  up  their 
wells,  deftroyed  their  provifions,  carried  off  their  effefts, 
and  abandoned  their  dwellings,  as  he  approached.  By 
this  means  he  was  led  on  from  place  to  place,  until  he 
had  advanced  three  days  journey  into  the  country  of 
the  Jaloffs.  He  had,  indeed,  met  with  no  oppofition  ; 
but  his  aimy  had  fullered  fo  much  from  the  fcarcity  of 
water,  that  feveral  of  his  men  died  by  the  way.  I  his 
induced  him  to  direfl  his  march  towards  a  watering 
place  in  the  woods,  where  his  men,  having  quenched 
their  thirft,  and  being  overcome  with  fatigue,  lay  down 
carelefsly  to  fleep  among  the  bullies.  In  this  fitua- 
tion  they  were  attacked  by  Darnel  before  day  break, 
and  completely  routed.  Many  of  them  were  trampled 
to  death  as  they  lay  afleep  by  the  Jaloffs  liorfes;  others 
were  killed  in  attempting  to  make  their  efcape ;  and  a 
Hill  greater  number  were  taken  prifoners.  Among  the 
latter  was  Abdulkader  himfelf.  This  ambitious,  or 
rather  frantic  prince,  who,  but  a  month  before,  had 
fent  the  threatening  meffage  to  Darnel,  was  now  him¬ 
felf  led  into  his  prefence  as  a  miferable  captive.  The 
behaviour  of  Darnel,  on  this  occafion,  is  never  mention¬ 
ed  by  the  finging  men  *  but  in  terms  of  the  higheft  ap-  *  The  bijlo* 
probation  ;  and  it  was,  indeed,  fo  extraordinary  in 
African  prince,  that  the  reader  may  find  it  difficult  to£0V"  ry* 
give  credit  to  the  recital.  When  his  royal  prifoner  was. 
brought  before  him  in  irons,  and  thrown  upon  the 
ground,  the  magnanimous  Darnel,  inftead  of  fetting  his 
foot  upon  his  neck,  and  tabbing  him  with  his  fpear, 
according  to  the  cullom  in  fuch  cafes,  addreffed  him  as 
follows  “  Abdulkader,  anfwer  me  this  queltion.  If 
the  chance  of  war  had  placed  me  in  your  fituation,  and 
you  in  mine,  how  would  you  have  treated  me  ?”  “  I 

would  have  tliruil  my  fpear  into  your  heart  (returned 
Abdulkader  with  great  lirmnefs)  ;  and  I  know  that  a 
fimilar  fate  awaits  me.”  44  Not  fo  (faid  Darnel) ;  my 
fpear  is  indeed  red  with  the  blood  of  your  fubje&s  kill- 
ed  in  battle,  and  I  could  now  give  it  a  deeper  llain,  by 
dipping  it  in  your  own  ;  but  this  would  not  build  up 
my  towns,  nor  bring  to  life  the  thoufands  who  fell  in 
the  woods.  I  will  not  therefore  kill  you  in  cold  blood, 
but  1  will  retain  you  as  my  Have,  until  I  perceive  that 
your  prefence  in  your  own  kingdom  will  be  no  longer 
dangerous  to  your  neighbours  ;  and  then  I  will  confi- 
der  of  the  proper  way  of  difpofing  of  you.”  Abdul- 
kader  was  accordingly  tetained,  and  worked  as  a  Have 
for  three  months ;  at  the  end  of  which  period,  Darnel 
liftened  to  the  folicitations  of  the  inhabitants  of  Foota 
Torra,  and  rellored  to  them  their  king.  Strange  as 
this  {lory  may  appear,  Mr  Park  has  no  donbt  of  the 
truth  of  it.  It  was  told  to  him  at  Malacotta  by  the 
Negroes ;  it  was  afterwards  related  to  him  by  the  Eu¬ 
ropeans  on  the  Gambia  \  by  fome  of  the  French  at 
Goree  ;  and  confirmed  by  nine  {laves,  who  were  taken 
prifoners  alo.ng  witn  Abdulkader  by  the  watering  place 
in  the  woods,  and  carried  in  the  fame  {hip  with  him  to 
the  Weft  Indies.— Such  generofity  as  this  reflets  ho¬ 
nour  on  human  nature. 

JARRA,  is  a  town  of  confiderable  extent  in  the 
Mooriih  kingdom  of  Ludamar  in  Africa,  The  houfee 

arx 
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t  !r  l>(  are  built  of  clay  and  ftone  intermixed,  a  kind  of  wall  fome  grafs  or  green  fods,  covered  with  dung  from  the  Icfino* 
very  common  in  many  parts  of  Scotland,  where  clay  is  (heep  pens,  is  thrown  over  it  ;  and  under  thefe  it  is  fo  l'hy” 
made  to  fupply  the  place  of  mortar.  The  greater  part  well  preferved,  that  the  whole  fummer  through  it  is  Jet)l>' 
of  the  inhabitants  of  Jarra  are  Negroes  from  the  bor-  fent  the  diltance  of  60  Spanifh  miles  to  Lilhon.  “Vo¬ 

ders  of  the  fouthern  dates,  who  prefer,  fays  Mr  Park,  “When  the  ancients*  therefore,  wifhe  I  to  have  cooling 
a  precarious  protefiiou  under  the  Moors,  which  they  liquors,  they  either  drank  the  melted  (how,  or  put  fome 
^purchafe  by  a  tribute,  to  the  being  continually  expofed  of  it  in  their  wine,  or  they  placed  jars'  filled  with  wine 
to  their  predatory  hoftilities.  The  tribute  which  they  in  the  fnow,  and  differed  it  to  cool  there  as  long  as  they 
pay  is  confideiable  ;  and  they  manifed  the  mod  unli-  thought  proper.  That  ice  was  alfo  preferved  for  the 
inited  obedience  and  fubmiffion  to  their  Mocrifirfupe-  like  purpofe,  is  probable  from  the  teftimonv  of  various 
riors ;  by  whom  they  are,  in  return,  treated  with  the  authors  ;  but  it  appears  not  to  have  been  ufed  fo  much 
utmod  indignity  and  contempt.  I  he  h/Toors  m  this,  in  warm  countries  as  in  the  northern.  Even  at  prefent 
and  the  other  dates  adjoining  the  country  of  the  Ne-  fiiow  is  employed  in  Italy,  Spain,  and  Portugal ;  but  in 
groes,  refemble  in  their  perfons  the  Mulattoes  of  the  Perfia  ice.  I  have  never  any  where  found  an  account 
Wed  Indies,  and  feem  to  be  a  mixed  race  between  the  of  Grecian  or -Roman  ice-houfes.  By  the  writers  on 
Moors,  properly  fo  called,  of  the  north,  and  the  Ne-  agriculture  they  are  not  mentioned.” 
groes  of  the  fouth  ;  poffeffmg  many  of  the  word  qua-  ICHNOGRAPHY,  in  architcfiure,  is  a  tranfverfe 
hties  of  both  nations.  Jarra  is  fitnated  in  1 50  3'  N.  or  horizontal  fefiion  of  a  building,  exhibiting  the  plot 

Lat.  and  6°  48'  E.  Long.  _  of  the  whole  edifice,  and  of  the  feveral  rooms  and  apart  - 

IBIS.  Under  the  generic  name  Tantalus  (£n-  ments  in  any  dory ;  together  with  the  thicknefs  of  the 
eye!.),  we  have  deferibed,  after  Mr  Bruce,  a  bird  which  walls  and  partitions;  the  dimenfiotis  of  the  doors,  win. 

'  he  found  in  Abyffinia,  and  concluded  to  be  the  facred  dows,  and  chimneys;  the  nrojefiures  of  the  columns  and 

ibis  of  ancient  Egypt.  M.  Vaillant,  during  his  lad  piers,  with  every  thing  vifible  in  fuch  a  fefiion. 
travels  in  Africa,  _ found,  in  fome  lakes  near  the  cle-  JEBB  (John),  was  born  in  Southampton  dreet,  Co- 
phants  river,  a  bird  very  different  from  Mr  Bruce’s,  vent  Garden,  London  on  the  16th  of  February  1736. 
which  he  confidered  as  belonging  to  the  fame  fpecies  ;  He  was  the  elded  fon  of  the  Rev.  John  Jebb,  dean  of 
and  which^he  deferibes  thus :  It  is  three- feet  in  height.  Calhel,  in  the  kingdom  of  Ireland.  He  received  the 
Its  head  and  throat,  which  are  extremely  bare,  are  co-  elements  of  his  education  in  different  fchools,  and  was 
vered  with  a  (kin  of  the  brighted  red,  terminated  by  a  admitted,  July  7.  1753,  penlioner  in  the  univerfity 
band  of  a  beautiful  orange,  which  feparates  the  naked  of  Dublin,  whence  he  removed,  November  the  9th 
part  from  that  covered  with’ feathers.  The  upperpart  1754,  to  St  Peter’s  college  in  Cambridge,  where  he  was 
of  the  wings,  having  broad  ffripes  of  a  fine  violet  co-  likewife  a  penlioner.  In  January  1 757  he  proceeded  to  the 
lour,  agreeably  Shaded,  is  bordered  by  a  white -band  of  degree  of  B.  A.  and  his  place  in  the  didribiition  ofacade- 
feathers,  the  thick  and  filky  beards  of  which,  feparated  mical  honours  was, on  that  occafion,  fecond  wrangler,  the 
from  each  other,  have  a  perfect  refemblance  to  a  rich  late  eminent  mathematician  Dr  Waring  being  the  fird. 
fringe.  The  quills  of  the  wings  and  tail  are  of  a  green-  In  1758  he  obtained  the  fecond  prize  of  fifteen  gui- 
ilh  black,  which,  .as  it  receives  the  light  in  a  more  neas,  annually  given  by  the  univerfity  to  the  authors 
or  lefs  oblique  direfiion,  affumes  the  appearance  of  of  the  bed  compofitions  in  Latin  profe,  being  fenior 
violet  or  purple.  The  red  of  the  plumage  is  of  a  beau-  or  middle  bachelors  of  arts.  Dr  Roberts,  afterwards 
tiful  white.  The  bill,  which  is  long  and  fomewhat  provod  of  Eton  college,  obtained  the  fird. 
crooked,  is  yellow;  as  aie  the  feet.  This  bird  belongs  In  the  month  of  June  1760,  Mr  Jebb  was  ad- 
to  the  genus  of  the  ibis,  of  which  we  are  already  ac-  mitted  probationer  fellow  of  St  Peter’s  colleo-e,  and 
qnainted  with  feveral  fpecies.  .  proceeded  to  the  degree  of  Mader  of  Arts  at  the  com- 

ICE-House.  '  See  that  article,  Encyclopedia..  Pro-  mencement  in  the  fame  year  ;  and  on  the  fird  of  July 
feffor  .Beckmann,  in  the  third  volume  of  his  Hiftory  of  1761,  was  confirmed  fellow  by  Dr  Mawfon,  bifhop 
Inventions,  has  proved  clearly  that  the  arcient3  were  of  Ely.  *  ^ 

well  acquainted  with  what  ferved  the  purpofe  of  ice-  On  the  6th  of  June  1762,  he  was  ordained  dea- 

h°?5e.ru  ,.  C0,n  at  BuSden  bf  Dl<  John  Green,  bifhop  of  Lin- 

1  he  art  (fays  he)  of  preferving  fnow  for  cooling  coin;  and  on  the  23th  of  September,  1763,  he  was 
liquors  during  the  fummer,  in  warm  countries,  was  admitted  by  the  fame  bifhop  into  pried’s  orders, 

known  in  the  earlied  ages.  This  prafiice  is  mention-  On  the  22d  of  Auguft, ‘r  764,  Mr  Jebb  was  col- 

r*/Wri,,  ed  by  Solomon  *,  and  proofs  of  it  arefo  numerous  in  lated  by  Dr  Matthias' Mawfon,  bifhop  of  Ely,  to  the 
31XV.  15.  the  works  of  the  Greeks  and  the  Romans,  that  it  is  fmall  vicarage  of  Gamlingay,  near  Potton,  in  Bedford- 
unneceffary  for  me  to  quote  them,  efpecially  as  they  fhire,  upon  the  recommendation  of  Dr  Law,  mader  of 
have  been  collefied  by  others.  How  the  repofitdries  Peterhoufe.  On  the  17th  of  the  following  Ofiober, 
for  keeping  it  were  conftrufied,  we  are  not  exprefsly  he  was  defied  by  the  univerfity  into  the  refiory  of  O- 
told  ;  but  it  is  probable  that  the  fnow  was  preferved  in  vington,  near  Watton,  in  Norfolk,  after  a  competition 
pits  or  trenches.  with  the  Rev.  Henry  Turner,  then  fellow  of  St  John’s 

“  When  Alexander  the  Great  befieged  the  city  of  college, afterwards  vicar  of  B unveil,  in  Cambridgefhire. 

Petra,  he  caufed  30  trenches  to  be  dug,  and  filled  with  Upon  cading  up  the  votes,  there  appeared  to  be  for 
fnow,  which  was  covered  with  oak  branches;  and  which  Mr  Jebb  91,  for  Mr  Turner  73  ;  and  accordingly  he 
kept  in  that  manner  for  a  long  time.  Plutarch  fay's,  was  indituted  into  the  fame  the  13th  of  December  fol- 
tljat  a  covering  bf  chaff  and  coarfe  cloth  is  fufficient ;  lowing. 

and  at  prefent  a  like  method  is  purfued  in  Portugal.  .  On  the  2 9th  of  the  fame  month,  (December  1764) 

;  Where  the  fnow  has  been  collefied  in  a  deep  gulph,  Mr  Jebb  married  Anne,  elded  daughter  of  the  llev. 

t  James 
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James  Torkington,  redor  of  Little  Stukeley,  in  Hun- 
tingdonihire.  and  of  lady  Dorothy  Sherard,  daughter 
of  Philip,  fecond  earl  of  Harborough. 

Early  in  the  year  176^,  Mr  Jebb,  together  with 
the  Rev  Robe  it  Thorpe,  fellow  of  Peterhoufe,  and 
the  Rev.  George  Woolafton,  fellow  of  Sidney  college, 
publiflied,  in  a  fmtill  quarto,  a  comment  on  thofe  parts  of 
Sir  Ifaac  Newton’s  Principia  which  more  immediately 
1  elate  to  the  fyftem  of  the  world.  The  title  of  the  joint 
work  of  tliefe  able  and  judicious  philofophers  was, 

“  Excerpta  quaedam  e  Ntwtoni  principiis  philofophiae 
naturalis,  cum  nods  variorum.”  A  work,  of  which 
the  univerfity  of  Cambridge  continues  to  bear  teftimo- 
vy  to  the  excellence,  by  the  general  ufe  of  it  in  the 
courfe  of  academical  education. 

Mr  Chappelow  profeffor  of  Arabic,  dying  on  the 
14th  of  January  1768,  Mr  Jebb  offered  himfelf  a  can¬ 
didate  for  the  vacant  chair  ;  but  it  was  given  to  Dr 
Hallifax,  afterwards  biftiop  of  Gloncefter  ;  a  man  of  de* 
ferved  celebrity,  of  whom  we  regret  that  it  was  not  in 
our  power  to  give  a  biographical  iketch. 

On  July  id.  1769,  Mr  Jebb  was  inftituted  to  the  vica¬ 
rage  of  Flixton,  near  Bungay,  in  Suffolk,  on  the  prefenta- 
tion  of  William  Adair,  Efq.  of  Flixton-hall  ;  and  on 
the  4th  of  April  1770,  was  inftituted  to  the  united 
redor  les  of  Homersfield  and  St  Crofs,  parnhes  conti¬ 
guous  to  Flixton,  upon  the  fame  prefentation  :  being 
alfo,  in  the  fummer  of  the  fame  year,  nominated  chap¬ 
lain  to  Robert  earl  of  Harborough.  In  confequence 
of  the  acceffion  of  tliefe  preferments,  though  not  eoh- 
fidcrable  in  themfelves,  he  refigned,  fome  time  in  the 
month  of  Odober  1771,  the  redory  of  Ovington, 
which  he  had  received  from  the  univerfity  ;  and  Mr 
Sheepfhanks,  fellow  of  St  John’s  college,  was  eleded  in 

his  place.  ... 

Dr  Hallifax  fucceeding  to  the  profeflorfhip  of  civil 
law,  in  the  month  of  Odober  1770,  upon  the  death  of 
Dr  Ridlington,  Mr  Jebb  once  more  folicited  that  of  A- 
rabic,  which  Dr  Hallifax  then  vacated ;  but  lie  had  by  this 
time  difplayed  filch  an  innovating  fpirit  in  religion,  that 
the  univerfity  gave  the  vacant  profeflorfhip  to  Mr  Cra¬ 
ven,  a  man  refpeded  even  by  Mr  Jebb  and  his  friends. 

Early  in  the  year  1771,  a  defign  was  formed  of  ap¬ 
plying  to  oarliament  for  relief  in  the  matter  of  fub- 
feription  to  the  liturgy,  and  thirty-nine  articles  of  the 
Church  of  England  ;  and  in  the  profecution  of  this  de¬ 
fign  Mr  Jebb  took  a  very  adive  part,  fie  attended 
different  meetingsof  the  difeontented  clergy,  held  at  the 
Feathers  tavern,  London,  aflifted  in  the  drawing  up  o 
their  petition,  and  wrote  their  circular  letter,  which 
wave  to  the  public  an  account  of  their  aims.  He  bn- 
bed  himfelf  at  the  fame  time  in  making  various  at 
tempts  to  bring  about  what  he  called  a  reformation  o 
the  univerfity  of  Cambridge :  but  finding  them  fruit- 
lefs,  he  letired,  on  the  25th  of  June  1772,  to  ilungay, 
wlieie  he  lludied  French  and  Italian,  and  proceeded  in 
a  plan  of  fome  political  or  conjlitutional  lectures.  ■ 

He  had  by  this  time  ccafed  to  read  the  prayers  of 
the  church,  though  he  ftill  continued  to  preach  occa- 
nonallv  ;  and  the  Archdeacon  of  Suffolk,  holding,  Una 
vear,  his  ufual  viftation  of  fome  neighbouring  pariihes 
ki  the  church  of  Flixton,  Mr  Jebb  preached  fuch- a 
fermon  again*  fubfcription,  as  drew  upon  himie.l  a 
public  rebuke  from  the  Archdeacon,  111  the  pielence  ot 
the  clero-y.  “  Much  altercation,  (fays  he]  eniued  5 
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and  for  fome  days  I  expected  a  fummons  to  Norwich  ; 
but  have  heard  no  more  of  it.  I  acted  thus ,  with  a 
view  to  call  the  attention  oj  the  Norwich  clergy  to  our 
caufe  ;  and  have  in  part  fueceeded.”  * 

He  aded  much  more  honourably  than  this,  when, 
in  1775,  he  religned  all  his  preferments  in  the  church  ; 
which  furely  he  ought  not  to  have  retained  one  day 
aiter  his  confidence  would  not  permit  him  to  read  the 
prayers  of  the  liturgy.  He  now  refolved  to  become  a 
phyfician  ;  and  after  attending  St  Bartholomew’s  hof- 
pital  in  London  for  fix  months,  as  the  pupil  of  Dr 
William  Pitcairn,  he  received,  on  the  1 8th  of  March 
1777,  a  diploma  of  Dodor  of  Phyfic  from  the  univer¬ 
fity  of  St  Andrews!!  He  did  not,  however,  com¬ 
mence  pradice  till  the  5th  of  February  1778;  and  even 
then  he  continued  to  attend  the  ledures  of  Dr  Hun¬ 
ter,  Mr  John  Hunter,  and  Dr  Higgins.  On  the  1 8th 
of  February  1779  he  was  ele&ed  a  Fellow  of  the  Royal 
Society. 

Dr  Jebb,  at  the  breaking  out  of  the  American  war, 
had  fhewn  himfelf  at  Cambridge  a  warm  partisan  of- 
the  revolting  colonies  ;  and  of  courfe  a  keen  advocate* 
for  what  he  called,  and,  we  doubt  not,  thought,  the 
civil  liberties  of  mankind.  He  now  fignalized  him¬ 
felf  by  “  An  addrefs  to  the  Freeholders  of  Middlefex,” 
affcmbled  at  Free  mafon’s  tavern  in  Great  Queen- ft rect, 
on  Monday,  December  the  20th  1779,  for  the  purpole- 
of  eftablifhing  meetings  to  maintain  and  fupport  the 
freedom  of  eledion.  Upon  this  occalion,  he  commu¬ 
nicated  to  James  Townfend,  Efq.  chairman  of  that 
meeting,  the  above  addrefs,  under  the  fignature  of 
“  Salas  Publica  prefuming,  that  if  the  fentiments  • 
appeared  to  be  founded  in  reafon,  they  would  not  be 
the  lefs  regarded  on  account  of  their  being  fnggefted 
by  an  unknown  individual.” 

This  addrefs  was  immediately  printed,  and  very 
foon  pa  fled  through  three  editions,  each  being  enlarged 
by  the  addition  of  frefh  matter  ;  and  in  1782,  followed 
the  fourth  edition  corrected,  which  alfo  bore  our  au* 
thor’s  name  in  the  title  page. 

About  the  end  of  February  178-,  Dr  Jebb  was  ap¬ 
pointed  by  the  committee  of  the  county  of  Hunting* 
don,  one  of  their  deputies,  to  attend  a  meeting  in  Lon¬ 
don  of  reprefentatives  from  certain  other  petitioning 
counties,  in  order  to  concert- meafures  for  the  more  et- 
fedual  reform  of  the  prefent  eonftitntion  of  the  honfe 
cf  commons.  Soon  afterwards  he  became  one  of  the 
m  >ft  adive  members  of  "  the  fociety  for  conftitutional 
information  ;”  of  which  the  objed,  according  Jo  their 
own  account,  was  to  diffufe  throughout  the  kingdom, 
as  univerfaliy  as  poflible,  a  knowledge  of  the  great  prin¬ 
ciples  of  conftitutional  freedom,  particularly  filch  as  re- 
fped  the  eledion  and  duration  of  the  reprefentative  body. 

With  this  view  (fay  they),  conftitutional  trads,  intend¬ 
ed  for  the  extenfion  of  this  knowledge,  and  to  communi¬ 
cate  it  to  pei ions  of  all  ranks,  are  printed  and  diilri- 
buted  gratis,  at  the  expence  of  the  fociety.  E  flays, 
and  extrads  from  various  authors,  calculated  to  pro¬ 
mote  the  fame  defign,  are  alfo  publifhed  under  the  di¬ 
rection  of  the  fociety,  in  feveral  of  the  newspapers  ; 
and  it  is  the  wifh  of  the  fociety  to  extend  this  know¬ 
ledge  throughout  every  part  of  the  united  kingdoms,, 
and  10  convince  men  of  all  ranks,  that  it  is  their  inter¬ 
red,  as  well  as  their  duty,  to  fupport  a  free  confuta¬ 
tion,  and  to  maintain  and  aflert  thole  common  *right-s. 
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Jebb,  which  are  effential  to  the  dignity  and  to  the  happinefs 

v  of  human  nature.”  Could  Dr  Jebb  have  forefeen  all 

the  mifchiefs  which  have  flowed  from  this  inftitution  ; 
could  he  have  forefeen  the  wonderful  fpawn  of  fac¬ 
tious  focieties  which  have  fprung  from  it  as  from  a 
parent  flock,  our  veneration  for  genius  and  learning 
will  not  permit  us  to  believe,  that  he  would  have  ne- 
gledled  the  ftudies  of  his  p.ofeflion  for  the  fake  of  ta¬ 
king  the  lead  in  party  politics. 

Dr  Petit,  one  of  the  phyficians  of  St  Bartholo¬ 
mew’s  hofpital,  dying  the  26th  of  May,  Dr  Jebb  offer¬ 
ed  himfelf  a  candidate  to  fucceed  to  that  appointment. 
The  eledlion  came  on  the  23d  of  June  ;  when  Dr 
Budd,  his  antagonift,  fucceeded  by  a  great  majority. 

The  oppofition  which  was  made  to  his  election  at 
St  Bartholomew’s,  followed  him  in  the  winter,  when 
he  offered  himfelf  at  St  Thomas’s  hofpital  in  the  bo- 
rough.  Indeed  he  relinquiflied  his  pretenfions  there 
fooner  than  in  the  former  place  ;  but  for  no  other  rea- 
fon  than  becaufe  he  found  that  all  his  political  prin¬ 
ciples  were  likely  to  be  again  objected  to  him,  and  to 
hazard  his  fucctfs. 

In  the  year  1783  he  concurred  with  others  in  form¬ 
ing  “  the  fociety  for  promoting  the  knowledge  of  the 
feriptures,”  which  met  firft  on  the  20ch  of  September 
in  that  year,  and  whofe  meetings  continued  to  be  held, 
and,  for  ought  we  know  to  the  contrary,  are  Hill  held 
at  Effex-houfe.  The  fketch  of  their  plan  was  chiefly 
written  by  Dr  Jebb  ;  and  their  objed  was  to  propa¬ 
gate  the  dodrires  of  Unitarianifm,  for  which  he  was  as 
great  a  zealot  as  for  civil  liberty. 

His  health  now  began  to  decline;  but  during  his 
confinement,  he  ftndied  the  Saxon  language,  the  An¬ 
glo-Saxon  laws,  Englifh  hiftory  and  antiquities,  with  a 
view  to  examine  into  our  criminal  code,  and  particular 
points  of  liberty.  The  vigour  of  his  mind  was  ftill 
equal  to  the  furnifhiiig  himfelf  with  this  frefh  ffore  of 
knowledge  ;  he  forefaw  the  advantage  of  fnch  an  ac- 
quifition  in  the  inveffigation  of  the  legal  rights  ofEng- 
Iifhmen,  and  had  defigned  to  have  employed  it  in  the 
fupport  of  fome  great  conffitutional  queftions,  which 
he  confidered  as  effential  to  the  freedom  of  his  country. 

But  as  the  year  began  to  dawn,  it  was  very  ob- 
fervable  to  many  of  his  friends  that,  according  to  every 
appearance,  and  without  fome  very  great  and  lingular 
effort  of  nature,  his  increafed  debility  would  defeat 
every  exertion  of  the  inoft  judicious  medical  afliftance, 
and  terminate  the  remaining  fparks  of  human  life. 

In  this  enfeebled  ftate,  his  mind  was  a£ive.  His 
“  Thoughts  on  Prifons”  were  printed  and  circulated 
in  the  county  of  Suffolk  in  1785,  by  his  much  valued 
friend  Mr  Lofft  ;  and  there  is  fufficient  reafon  for  con¬ 
cluding  that  this  little  tra&  had  effed  on  the  delibera¬ 
tions  of  the  juftices  at  Ipfwich  and  Bury,  then  en¬ 
gaged  in  ere&ing  a  new  gaol  for  the  divifion  of  Ipf- 
wich,  and  a  new  houfe  of  corre&ion  for  that  of  Bury. 

The  good  effeds  of  this  very  excellent  trad,  it 
was  apprehended,  would  be  extended  by  a  more  general 
publication.  In  this  hope  Dr  Jebb  revifed  and  cor- 
reded  it  with  his  dying  hand  :  and  his  furviving  friend 
publi flied  it  foon  after  his  death,  adding  thereto  “  an 
abftrad  of  felonies  created  by  flatute  and  other  articles 
relative  to  the  penal  law. 

He  continued  to  linger  till  May  the  2d  1786,  when, 
about  8  o’clock  in  the  evening,  he  breathed  his  laff, 


leaving  behind  him,  among  men  of  different  perfuaflons,  JefFtrbni: 
very  different  charaders.  By  the  diffenters  he  is  fel-  Jtrhoaj 
dom  mentioned  but  as  the  Great  Jebb ;  by  churchmen,  — r— 
his  abilities  are  univerfally  allowed,  whilfl  regret  is  ex- 
preffed  that  they  v/ere  fo  often  employed  in  fupport  of 
fadion  and  herefy.  His  moral  charader  has  never 
been  afoerfed. 

JEFFERSONTA,  a  new  plant  lately  dffcovcred  in 
Georgia  by  Dr  Brickel  of  Savannah,  and  fo  named  by 
him  in  compliment  to  the  vice  prefldent  of  the  United 
States.  In  the  Monthly  Magazine  for  July  179S  we 
have  the  following  defeription  of  it: 

Jeffersonia  pentendria  monogynia. 

Calyx,  below,  compofed  of  five  fliort  oval  imbricated 
leaves  ;  corolla,  monophyllous,  funnel  fhaped,  on  the  re¬ 
ceptacle,  fub-.pentangnlar,  bearing  the  filaments  near  the 
bafe,  its  margin  hypocrateriform,  divided  into  five  round 
duds  nearly  equal ;  Jiyle,  pitiform,  fhorter  than  the  pe¬ 
tal,  but  longer  than  the  ffamens  ;  Jligma ,  quadripid;  an¬ 
thers,  ered,  linear,  fagittated  ;  fruit,  two  univalved,  ca- 
riiiated,  polyfpermous  capfules,  united  at  thebafe,  open¬ 
ing  on  their  tops  and  contiguous  Tides,  having  flat  feeds, 
with  a  marginal  wing. 

Only  one  fpecies  is  as  yet  difeovered,  JeJferfonta  fem -  • 
pervireus .  it  is  a  flirub  with  round  polilhed  twining 
fteins,  which  climb  up  on  bufhes  and  finall  trees  ;  the 
petioles  fhort,  oppofite;  leaves  oblong,"  narrow,  entire, 
evergreen,  acute;  flowersaxillary,  yellow,  having  a  fweet 
odour.  ^  The  woods  are-  full  of  this  delightful  flirub, 
which  is  covered  with  bloffoms  for  many  months  in  the 
year. 

JERBOA,  fee  Mus,  EncycL  where  deferiptions  are 
given  of  the  jaculus  or  common  jerboa,  and  of  the  Ara¬ 
bian,  Egyptian,  and  Siberian  jerboas.  A  variety  of 
this  animal  has  lately  been  found  in  Canada  by  Major- 
general  Davies,  F.  R.  S.  and  L.  S>  who  fays  it  belongs 
to  Schreber’s  genus  of  Dipns,  and  may  be  thus  charac- 
terifed  :  Dipus  Canadensis  palmis  tetradatlylis,  plantis 
petit  adafty  Us,  caudd  annulatil  undique  fetosd,  corpore  loti - 
giore ..  The  truth,  however,  feems  to  be,  that  it  is  only 
a  variety,  if  indeed  a  variety,  of  the  Siberian  jerboa. 

The  beautiful  figure  indeed  given  by  General  Davies 
of  the  Canadian  jerboa  differs  in  fome  reipeds  from  our 
figure  of  the  Sibericus.  Its  ears  lie  flat  and  farther 
down  the  neck  ;  its  belly  is  not  fo  large  ;  its  toes  are 
longer  ;  and  it  has  no  brufh  at  the  end  of  the  tail ;  but 
the  habits  of  the  two  animals  feem  to  be  the  fame.  This 
will  be  apparent  from  the  following  extrads  of  the  Ge¬ 
neral’s  letter  to  the  Linnean  Society  : 

<c  T.  he  firff  I  was  fo  fortunate  to  catch  was  taken  in 
a  large  field  near  the  falls  of  Montmorenci,  and  by  its 
having  ftrayed  too  far  from  the  fkirts  of  the  wood, 
allowed  myftlf,  with  the  afiiflance  cf  three  other  gen¬ 
tlemen,  to  furround  it,  and  after  an  hour’s  hard  chafe 
to  get  it  unhurt,  though  not  before  it  was  thoroughly 
fatigued  ;  which  might  in  a  great  meafure  accelerate  its 
death. 

tc  During  the  tirtte  the  animal  remained  in  its  ufual 
vigour,  its  agility  was  incredible  for  fo  fmall  a  creature. 

It  always  took  progrefilve  leaps  of  from  three  to  four, 
and  fometimes  of  five  yards,  although  feldom  above  12 
or  14  inches  from  the  fnrface  of  the  graf3  ;  but  I  have 
frequently  obferved  others  in  fhrubby  places  and  in  the 
woods,  amongft  plants,  where  they  chiefly  refidc,  leap 
confifferably  higher.  When  found  in  fuch  places,  it  is 

impoflible 
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Irboa  impoffifcle  to  take  them,  from  their  wonderful  agility,  every  veflel,  great  and  fmall 
ifrce<  and  their  evading  all  purfuit  by  bounding  into  the  thick- 
^  ^  '  eft  cover  they  can  find.” 

fE'hat  the  Canadian,  as  well  as  the  Siberian  Jerboa 
fleeps  through  the  winter,  feems  evident  from  a  fpecimen 
having  been  found,  towaids  the  end  of  May,  inclofed 
in  a  ball  of  clay,  about  the  fize  of  a  cricket  ball,  nearly 
an  inch  in  thicknefs,  perfectly  fmooth  within,  and  about 
twenty  inches  under  ground.  It  was  given  to  the  Ge¬ 
neral  ;  who  proceeds  thus  : 

“  How  long  it  had  been  under  ground  it  is  impofli- 
ble  to  fay  ;  but  as  I  never  could  obferve  thefe  animals 
in  any  parts  of  the  country  after  the  beginning  of  Sep¬ 
tember,  I  conceive  they  lay  themfelves  lip  fome  time  in 
that  month,  or  beginning  of  O&ober,  when  the  froft  be¬ 
comes  (harp  :  nor  did  I  ever  fee  them  again  before  the 
lail  week  in  May,  or  beginning  of  June.  From  their 
being  enveloped  in  balls  of  clay,  without  any  appearance 
of  food,  I  conceive  they  fleep  during  the  winter,  and 
remain  for  that  term  without  fnftenancc.  As  foon  as 
I  conveyed  this  fpecimen  to  my  houfe,  I  depolked  it,  as 
it  was,  in  a  fmall  chip-box,  in  fome  cotton,  waiting  with 
great  anxiety  for  its  waking;  but  that  not  taking  place  at 
the  feafon  they  generally  appear,  I  kept  it  until  I  found 
it  begin  to  fmell  :  I  then  fluffed  it,  and  preferved  it  in 
its  toipid  pofition.  I  am  led  to  believe,  its  not  recover¬ 
ing  from  that  date  arofe  from  the  heat  of  my  room  du¬ 
ring  the  time  it  was  in  the  box,  a  fire  having  been  con- 
ftantly  burning  in  the  ftove,  and  which,  in  all  probabi¬ 
lity  was  too  great  for  refpiration.  I  am  led  to  this 
conception  from  my  experience  of  t*he  fnow  bird  of  that 
country,  which  always  expires  in  a  few  days  (after  be¬ 
ing  caught,  although  it  feeds  perfe&ly  well)  if  exposed 
to  the  heat  of  a  room  with  a  fire  or  ftove ;  but  being 
jnourifhcd  with  fnow,  and  kept  in  a  cold  room  or  paffage, 
will  live  to  the  middle  of  fummer.” 

JETTE,  the  border  made  round  the  ftilts  under  a 
pier,  in  certain  old  bridges,  being  the  fame  with  darling ; 
confiding  of  a  ftrong  framing  of  timber  filled  with  flones, 
chalk,  &c.  to  preferve  the  foundations  of  the  piers  from 
injury. 


J1LLIFREE  is  a  town  on  the  northern  bank  of  the 
river  Gambia,  oppofitc  to  James’s  ifiand,  where  the 
Englifh  had  formerly  a  fmall  fort.  The  kingdom  of 
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Thefe  duties,  or  cufloms, Illuminati^ 
are  generally  collected  in  perfon  by  the  alkaid  or  gover-  ~  v 
nor  of  Jillifree,  who  is  attended  by  a  numerous  train  of 
noify  and  troublefome  dependants,  who,  by  their  fre¬ 
quent  intercourfe  with  the  Englifh,  have  acquired  a 
frhattering  of  our  language,  and  beg  for  every  thing 
which  they  fancy  with  fuch  earneftiiefs,  that  traders,  in 
order  to  get  quit  of  them,  are  frequently  obliged  to 
grant  their  requefts.  Lat.  130  16'.  Long.  x6°  1C'  call 
from  Greenwich.  r 

ILLUMINATI  is  the  name  which  was  afiumed  byosjfft  0f 
a  fecret  fociety  or  order,  founded,  on  the  ftrfl  of  May  the  ilhimi- 
1776,  by  Dr  Adam  Weifhaupt  profeffor  of  canon  lawnati. 
in  the  univerfity  of  Ingolftadt.  The  real  objedl  of  this 
order  was,  by  clandeftine  arts,  to  overturn  every  govern¬ 
ment  and  every  religion  ;  to  bring  the  fciences  of  civil 
life  into  contempt ;  and  to  reduce  mankind  to  that  ima- 
ginary  flate  of  Nature  when  they  lived  independent  of 
each  other  on  the  fpontaneous  productions  of  the  earth. 

Its  avowed  objeCl,  however,  was  very  different.  It  pro- 
feffed  to  diffufe  from,  fccret  focieties,  as  from  fo  many 
centres,  the  light  of  fcience  over  the  world  ;  to  propa¬ 
gate  the  pureft  principles  of  virtue ;  and  to  re-inftate 
mankind  in  the  happinefs  which  they  enjoyed  during 
the  golden  age  fabled  by  the  poets.  Such  an  objedt 
was  well  adapted  to  make  a  deep  impreflion  on  the  in¬ 
genuous  minds  of  youth  ;  and  to  young  men  alone 
Weifhaupt  at  fir  ft  addrefled  himfelf. 

It  will  naturally  occur  to  the  reader,  that  the  means 
of  attaining  this  glorious  objedl  fhould  have  been  made 
as  public  as  poflible;  and  that  the  veil  of  fecrecy  thrown 
over  the  proceedings  of  the  order  was  calculated  to  ex¬ 
cite  fufpicion,  and  to  keep  even  young  men  of  virtue  and 
fagacity  at  a  diftance.  In  any  other  country  than  Ger¬ 
many  fecrecy  might  perhaps  have  had  this  effedl ;  but 
various  circumflanees  confpired  there  to  make  it  operate 
with  a  powerful  attra&ion. 

Ever  fince  free-mafonry  had  acquired  fuch  reputa¬ 
tion  throughout  Europe,  a  multitude  of  petty  fecret 
focieties  had  been  formed  in  the  univerfities  of  Ger¬ 
many,  each  having  its  lodge,  its  mafter,  its  myfteries, 
all  modelled  on  thofe  founded  by  mafons  coming  from 
England  and  Scotland  (a).  Before  the  foundation  of 
Wdfhaupt’s  order,  thefe  lodges,  we  believe,  were  in 


Barra,  in  which  it  is  fituated,  produces  great  plenty  of  general  harmlefs  ;  or  if  they  were  produ&ive  of  any 
the  necefiaries  of  life  ;  but  the  chief  trade  of  the  inhabi-  evil,  it  was  only  by  giving  the  youth  of  the  univerfities 
tants  is  in  fait,  which  they  carry  up  the  river  in  canoes;  a  tafte  for  fecrecy  and  myfticifm.  Of  this  Weifhaupt 
and,  in  return,  bring  down  Indian  corn,  cotton  cloths,  availed  himfelf ;  and  as  foon  as  he  had  conceived  the  out- 
elephants  teeth,  fmall  quantities  of  gold  dull,  &c.  “  The  lines  of  his  plan,  and  digefted  part  of  his  fyftcm,  he  ini¬ 
number  of  canoes  and  people  conftantly  employed  in  tiated  two  of  his  own  pupils,  to  whom  he  gave  the  names 
this  trade,  make  the  king  of  Barra  (fays  Mr  Park)  of  Ajax  and  Tiberius,  affuming  that  of  Spartacu3 
more  formidable  to  Europeans  than  any  other  chieftain  to  himfelf.  Thefe  two  difciples  foon  vying  with  their 
on  the  river,  and  have  encouraged  him  to  eftablifh  thofe  mafter  in  impiety  (for  it  will  be  feen  by  and  bye  that  he 
exorbitant  duties,  which  traders  of  all  nations  are  ob-  was  moll  impious),  he  judged  them  worthy  of  being  ad- 
litred  to  pav  at  entry,  amounting  nearly  to  L.  20  on  mitted  to  his  myfteries,  and  conferred  on  them  the  liigh- 
Suppl.  Vol.  I.  Part  II.  iE  eft 


(a)  Such,  we  are  forry  to  fay,  is  the  cafe  Hill.  In  a  letter,  dated  the  10th  of  May  1799,  which  we  received 
from  a  gentleman  of  learning  and  honour  then  refiding  ;n  Upper  Saxony,  is  the  following  account  of  the  univer- 
fity  of  Jena  :  “  This  univerfity  contains  from  two  to  three  thoufand  ftudents,  who  are  almoft  all  republicans, 

and  go  about  the  country  in  republican  uniforms.  They  are  all  formed  into  clubs  or  fecret  focieties ;  and  the 
quarrel  of  one  member  of  a  club  is  taken  up  by  all.  The  confequence  is,  that  the  number  of  duels  among  the 
different  clubs  is  inconceivable.  The  weapon  is  generally  the  fabre,  and  the  duel  often  ends  in  the  death  of  one 
of  the  combatants.”  Yet  gentlemen  of  Great  Britain  fend  their  fon3  to  Germany  to  be  educated  l 


% 

Art  of  the 
founder. 
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Illuminati  cft  degree  which  he  had  as  yet  invented.  He  called 
-  them  Arcopagitcs ,  denominated  this  monflrous  affociation, 

THE  ORDER  OF  ILLUMINATI,  Or  1LLUM1NEES,  and  in- 

ftalled  himfelf  general  of  the  order. 

When  public  report  fpread  the  news  in  Germany  of 
this  new  order  having  been  founded  in  the  univerfity  of 
Ingolftadt  by  Weifhaupt,  it  was  generally  fuppofed  to 
be  one  of  thofe  little  college-lodges  which  could  not  Al¬ 
tered  the  adepts  after  they  had  finiihed  their  ftudies. 
Many  even  thought  that  Weifhaupt,  who  was  at  that 
time  a  i'worn  enemy  to  the  Jefuits,  had  founded  this 
lodge  with  no  other  view  than  to  form  a  party  for  him¬ 
felf  agfi nil  thefe  fathers,  who  after  the  fuppreffion  of 
their  order  had  been  continued  fn  their  offices  of  public 
teachers  at  the  univerfity  of  Ingolftadt  ;  and  this  opi¬ 
nion  the  illuminees  were  at  pains  to  propagate.  His 
charader,  too,  was  at  this  time  fuch  as  to  remove  every 
fufpicion  from  the  public  mind.  A  feeming  affiduity 
in  his  duty,  and  a  great  {hew  of  zeal  and  erudition  in 
expounding  the  laws,  eafily  milled  people  to  believe 
that  his  whole  time  and  talents  were  engrofled  with  the 
ftudy  of  them  ;  and  if  we  are  to  credit  his  own  account, 
Ingolftadt  had  never  witneffed  a  profefior  fo  well  calcu¬ 
lated  to  add  new  luftre  to  its  univerfity. 

This  feems,  indeed,  to  have  been  the  general  opinion 
as  well  as  his  own  ;  for,  fome  time  after  the  foundation 
of  his  order,  he  applied  himfelf  with  fuch  diligence  and 
apparent  candour  to  the  duties  of  his  office,  that  he  was 
cliofen  what  Abbe  Barruel’s  tranflator  calls  superior 
of  the  univerfity.  This  new  dignity  only  added  to  his 
hypocrify,  and  Furnifhcd  him  with  frefh  means  of  carry¬ 
ing  on  his  dark  defigns.  He  converted  his  lioufe  into 
one  of  thofe  boarding  houfes  where*young  men,  perpe¬ 
tually  under  the  eye  of  their  mailers,  are  fuppofed  to 
be  better  preferved  than  anywhere  elfe  from  the  dangers 
which  threaten  them  at  that  age.  He  foljcited  fathers 
and  mothers  to  entrnfl  their  children  to  his  care;  and, 
counterbalancing  in  fecret  the  leffbns  which  he  was  ob¬ 
liged  to  g've  in  public,  he  fent  home  his  pupils  well 
difnofed  to  continue  the  fame  career  of  fedudion  which 
he  himfelf  carried  on  at  Ingolftadt.  Attocioufly  im¬ 
pious,  we  fee  him  (fays  M.  Barruel),  in  the  firft  year 
of  his  illuminifm,  aping  the  God  of  Chriftianity,  and  or¬ 
dering  Ajax,  in  the  following  terms,  to  propagate  the 
dodrines*"  of  his  new  gofpel :  “  Did  not  Chrift  fend  his 
apoftles  to  preach  his  gofpel  to  the  univerfe  ?  You  that 
are  my  Peter,  why. fhould  you  remain  idle  at  home  ?  Go 
then  and  preach.” 

Tliefe  preachers  had  yet  received  no  particular  defig- 
nation  ;  for  when  his  firft  adepts  were  initiated,  he  was 
far  from  having  completed  the  code  of  his  order.  He 
knew  that  years  and  experience  were  neceffary  to  per- 
fed  that  gradual  fyftem  of  initiations  and  trials  which, 
according  to  the  plan  he  had  conceived,  his  novices 
were  to  undergo  ;  but  he  could  not  endure  the  idea  of 
facrificing  years  to  mere  theoretic  projeds ;  and  he 
flattered  himfelf  with  the  hopes  of  fupplying  the  defi¬ 
ciencies  of  his  incomplete  code  by  provifional  regula¬ 
tions  and  private  inftrudions,  and  of  acquiring  affociates 
who  would  receive  his  new  gofpel  implicitly,  and  co- 
3  operate  with  him  in  all  his  views, 
bridedin  At  length,  however,  the  code  was,  completed,  and 
claffbofthe  fed  divided  into  two  grand  clafles  ;  and  each  of  thefe 
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again  fubdivided  into  lefler  degrees,  proportionate  to  the  Hluminatr. 
progrefs  of  the  adepts.  - v— J 

“  The jzrjl  clafs  is  that  of  Preparation.  It  con-  ^  4 

tains  four  degrees,  viz.  thofe  of  Novice ,  of  Mincrval ,  of  non  and 
Minor  Ilhtminee,  or  Ilium  mat  us  Minor ,  and  of  Major 
Illumines ,  or  IUum'inatus  Major .  To  this  clafs  belong 
likewife  fome  intermediary  degrees,  borrowed  from  free- 
mafonry,  as  means  of  propagation.  Of  the  mafonic 
degrees,  the  code  of  the  Illuminati  admits  the  firft  three 
without  any  alteration  ;  but  it  adapts  more  particularly 
to  the  views  of  the  fed  the  degree  of  Scotch  Knight,  and 
flyles  it  the  degree  of  Directing  Illumines,  or  Illuminatus 
dirigens . 

The  feco?id  clafs  is  that  of  the  My ster  1  es,  which  The  Myf. 
are  fubdivided  into  the  lejfer  and  greater  myjleries.  Theteries. 
leffer  comprehend  the  prieflliood,  andadminiftiationof  the' 
fed,  or  the  degrees  of  prlejls ,  and  of  regents  or  princes . 

In  the  greater  myjleries  are  comprehended  the  two 
degrees  of  Magus  or  philofopher,  and  of  the  Man-king . 

Idle  elefi  of  the  latter  compofe  the  council  and  degree  of 
Areopagites . 

“  In  all  thefe  claftes,  and  in  every  degree  (fays  the 
Abbe  Barruel),  there  is  an  office  of  the  utmoft  confe- 
quence,  and  which  is  common  to  all  the  brethren.  It  5 
is  that  which  is  occupied  by  him  .  who  is  known  in  the  The  re¬ 
code  by  the  appellation  of  Recruiter,  or  Brother  A//- cruiter, 
nuator .  This  (continues  our  author)  is  not  a  term  of 
my  invention  :  it  is  really  to  be  found  in  the  code,  and 
is  the  denomination  of  that  illuminee  whofe  employment 
is  to  entice  members  into  the  fed.” 

As  the  whole  ftrength  of  the  order  depended  upon  * 
the  vigilant  and  fuccefsful  cxercife  of  this  office,  fome 
brethren  were  carefully  inftruded  for  it,  who  might  af¬ 
terwards  vifit  the  different  towns,  provinces,  and  king¬ 
doms,  in  order  to  propagate  the  dodrinesof  illuminifm. 
Weifhaupt  propofed  to  felect  as  his  apoftles  either  weak 
men,  who  would  implicitly  obey  his  orders,  or  men  of 
.abilities,  who  would  improve  the  office  by  artifices  of 
their  own.  It  was,  however,  a  duty  which  every  brother 
was  obliged  to  exercife  once  or  twice  in  his  life,  under 
the  penalty  of  being  forever  condemned  to  the  lo<ver 
degrees. 

To  flimulate  the  ardour  of  the  brother  infi nuator,  he 
was  appointed  fuperior  over  every  novice  whom  he 
fhould  convert.  To  affift  his  judgment,  he  was  inftrud¬ 
ed  in  three  important  points  concerning  the  defeription 
of  men  whom  he  ought  to  feled  for  converfion,  the 
means  which  he  ought  to  employ  for  enticing  them  to 
enter  the  order,  and  the  arts  which  he  ought  to  ftudy  to 
form  their  charader.  ^ 

To  enable  the  recruiter  to  determine  whom  he  ought  To  pry  in¬ 
to  feled  for  converfion,  he  was  to  infinuate  himfelf  intot0  the  c^‘ 
all  companies  ;  he  was  to  pry  into  the  charader  of  a^rne«° 
whom  he  fhould  meet  with,  whether  friends,  relations, 
ft  rangers,  or  enemies  ;  he  was  to  write  down  all  his  re¬ 
marks  regularly  every  day ;  to  point  out  their  ftrong 
and  weak  Tides,  their  paffions  and  prejudices,  their  inti¬ 
macies,  their  interefts,  and  their  fortune.  This  journal 
was  to  be  tranfmitted  twice  every  month  to  the  fiipe- 
riors  ;  by  which  means  the  order  would  learn  who  were 
friendly  or  hoftile  to  their  views,  and  who  were  the  in¬ 
dividuals  to  whom  they  ought  to  dired  their  arts  of  fe- 
dudion  (b). 

The 


(b)  As  a  fpecimen  of  the  journals  kept  by  the  iafinuators,  and  of  the  charadera  which  the  illuminees  feleded 
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The  perfons  to  be  excluded  were  all  fuch  as  would 
expofe  the  order  to  fufpicion  or  reproach.  All  ind.1- 
creet  talkers,  all  who  were  Droved  violent,  and  difficult  to 
be  managed,  alladdifted  to  drunken ntls,  and  all  Pagans, 
Jews,  and  Jefuits,  were  to  be  rejedled.  As  the  patron- 
are  of  princes  would  tend  much  to  enrich  and  flrengtlien 
tb’e  fociety,  it  was  agreed  to  admit  them  to  the  infeiior 
degrees,  but  they  were  never  to  be  initiated  into  the 
grand  myfteries  ;  they  wete  never  to  rile  beyond  the 
degree  of  Scotch  knight. 

The  peifons  to  be  feleded  were  young  men  of  all 
Rations,  from  eighteen  to  thirty  ;  but  particularly  thofe 
whofe  education  was  not  completed,  and  confequently 
whofe  habits  were  not  formed.  “  Seek  me  out  (fays 
Weifhaupt  in  his  dire&ions  co  the  infinuator)  the  dex¬ 
terous  and  dafhing  youths.  We  mull  have  adepts  who  are 
infinuating,  intriguing,  full  of  refource,  bold  and  enter- 
prifmg ;  they  mull  alfo  be  flexible  and  tradable,  obedi¬ 
ent,  docile,  and  fociable.”  In  another  place  he  fays, 

“  Above  all  things  pay  attention  to  the  figure,  and  lelect 
the  well  made  men  and  handfome  young  fellows.  They 
are  generally  of  engaging  manners  and  nice  feelings. 
When  properly  formed,  they  are  the  bell  adapted  tor  ne- 
gociations  ;  for  firfl  appearances  prepoffefs  in  their  fa¬ 
vour.  It  is  true,  they  have  not  the  depth  that  men  of 
more  gloomy  countenances  often  have.  They  are  not 
the  perfons  to  be  entrujled  with  a  revolt,  or  the  care  of  Jtir- 
rinr  up  the  people;  but  it  is  for  that  very  reafon  we  mull 
know  how  tochoofe  our  agents.  I  am  particularly  fond 
of  thofe  men  whofe  very  foul  is  painted  in  their  eyes, 
whofe  foreheads  are  high,  and  whofe  countenances  are 
open.  Above  all,  examine  well  the  eyes,  for  they  are 
the  very  mirrors  of  the  heart  and  foul.  Obferve  the 
look,  the  gait,  the  voice.  Every  external  appearance 
leads  us  to  diftinguilh  thofe  who  are  ht  for  our  fchool. 

Though  young  men  were  preferred,  yet  perions  ot 
all  ages  were  to  be  admitted  if  their  charader  accorded 
with  the  principles  of  the  order.  The  infinuator  was 
defired  to  feek  out  thofe  who  were  diihnguiffied  by  their 
power,  riches,  or  learning.  “  Spare  no  pains  (fays 
Weifhaupt),  fpare  nothing  in  the  acquifition  of  inch 
adepts.  If  heaven  refufe  its  fuecour,  conjure  hell. 
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Fkftere fi  nequeas  fuperos,  Acheronta  moveto.’  ■ - 

Perfons  were  to  be  Tingled  out  from  thofe  profeflions 
which  give  men  influence  over  others,  or  put  them  in 
the  molt  favourable  fituation  for  difleminating  any  pe¬ 
culiar  opinions.  With  this  view,  fchoolmafters,  and  fu- 
perintendants  of  ecclefiaftic  femiiiaries,  were  to  be  fought 
after  with  much  care.  Bookfellers,  poll  mailers,  and 
the  fccretarits  of  poll*  offices  were  alfo  to  be  fele&ed. 

Thofe  profeflions  which  accuftomed  men  to  fpeak  and 
argue,  as  that  of  counfellors  and  attorneys,  and  even  phy- 
ficians,  were  alfo  to  be  courted.  “  They  are  worth 
having  (fays  Weifhaupt),  but  they  are  fometimes  real 
devils,  fo  difficult  are  they  to  be  led ;  they  are,  how¬ 
ever,  worth  having  when  they  can  be  gained  over.” 

Every  exertion  was  to  be  made  to  gain  the  officers  of  a 
prince,  whether  prefiding  over  provinces  or  attending 
him  in  his  councils.  “  He  that  has  done  this,  has  done 
more  than  if  he  had  engaged  the  prince  himfelf.” 

There  was  alfo  another  defeription  of  men  of  whom 
Weifhaupt  very  wifely  judged  that  they  would  be  ad¬ 
mirably  fitted  for  the  diffuiion  of  his  do&rines.  Thcfe 
were  the  difappointed  and  difTacisfied.  “  Seledt  thofe 
in  particular  (fays  he)  who  have  met  with  misfortunes, 
not  from  accidents,  but  from  fome  injuftice  ;  that  is  to 
fay,  in  other  words,  the  difeontented  ;  for  fuch  men  are 
to  be  called  into  the  bofom  of  illuminifm  as  into  their 
proper  afylum.  *  ....  io 

When  the  infinuator  has  made  choice  of  his  vi&im,  An  1  their 
he  is  required  to  draw  from  his  diary  a  view  of  his  cha-chara<5j:er* 
rafter,  opinions,  principles,  and  connections.  This  he tewb e^fu 
is  to  tranfmit  to  the  fuperiors  for  their  examination,  andr”org<  1 
that  they  may  compare  it  with  the  diaries  which  they 
have  already  received,  perhaps  from  different  infinuators- 
When  the  choice  of  the  infinuator  is  approved,  the  fu¬ 
periors  determine  which  of  the  infinuators  will  be  belt 
qualified  to  perform  the  tafk  of  feducing  their  candidate. 

Two  different  methods  were  recommended  ;  one  of 
which  was  to  be  employed  in  enticing  men  who  were 
fomewhat  advanced  in  life  or  difliiiguithed  by  fcience  ; 
the  other  was  to  be  ufed  in  feducing  young  men  whofe 
character  was  not  formed. 

5  E  2  With 


for  propagating  their  principles,  we  (hall  give  the  character  of  Zwack,  denominated  Cato,  as  it  is  deferibed  in  the 

t3b«  FmncU  xtS  Zviack  waffo^of  Philip  Zwack,  commifTary  of  the  Chambre  des  Comptes,  and  was  born  at 
Ratiffion  ;  at  the  time  of  his  initiation  (a9th  May  1776)  he  was  twenty  years  of  age,  and  had  fimfhed  his  col- 

^  He  "hen  about  five  feet  high  5  his  peifon  emaciated  with  debauchery ;  his  conftitution  bordering  on  me- 
1  u  ,  \  c  nf  o  dirtv  errev  weak  and  languifhing;  his  complexion  pale  and  fallow  ;  his  health  weak,  and 

SSi,1 XyT*:  «  dSdS  k"  cof.  .nd  W  ;  hi.  I*,  light  I b,ow„  ,  g.i.  precipitate  ; 

Ms  eves  always  caft  towards  the  ground  ;  under  the  nofe,  and  on  each  fide  of  the  mouth,  a  mole 

t^  s  S  tender  and  philanthropic  in  an  extraordinary  degree;  but  ftoic  when  in  a  melancholy  mood ;  other- 
wife  f  rue  friend,  circumfpeft,  referred,  extremely  fecret ;  often  fpeakmg  advantageoufly  of  h.mfelf ;  envious  of 
other Toole’s  perfections  ;  voluptuous  ;  endeavouring  to  improve  h.mfelf ;  little  calculated  for  numerous  affem- 
b  ies-  choleric  and  violent,  but  eaf.ly  appeafed ;  willingly  giving  his  private  opinions  when  one  has  the  precaution 
to  iaife  him,  though  contradifting  him  ;  a  lover  of  novelties.  On  religion  and  conference  widely  differing  from 
!he  received  ideas  ;  and  thinking  precifely  as  he  ought,  to  become  a  good  member  of  the  order. 

<‘  IIi  predoniinant  paffions  are,  pride,  love  of  glory,  prob,ty  ;he  .a  eafily  provoked  ;  has  an  extraordinary 
liis  preaom  p  uafcuftora  0f  fpeaking  of  himfelf  and  of  his  own  peifedions;  he  ts  alfo  a  per- 

feaPmafteyr?n  thltts  of  diffimulation ;  a  proper  perfon  to  be  received  into  the  order,  as  applying  h.mfelf  part,, 
cularrlo  the  ftudy  of  the  human  heart.”  Such  is  the  chafer  of  the  beloved  d.fciple  of  Weifhaupt,  the  in¬ 
comparable  Cato,  and  a  leader  of  the  feft  of  the  illummees  ! 
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Illuminati.  With  men  of  knowledge,  who  had  already  imbibed 
^ie  Pr*nc^es  modern  philofophifm’  (for  no  true  phi- 
Proper  me .lofophers  were  to  be  attempted),  the  infinuator  was  to 
thods  of  fe-  affume  the  chara&er  of  a  philosopher  well  acquainted 
during  men  with  the  myfteries  of  ancient  times.  He  was  to  defcant 
ledee°W*  uPon  t^le  ^mPortance  the  Secret  dodlrines  tranfmitted 
by  tradition,  to  quote  the  gymnofophifts  of  India,  the 
priefts  of  lfis  in  Egypt,  and  thofe  of  Eleufis,  with 
the  Pythagorean  School  in  Greece.  He  was  to  learn 
by  heart  certain  paffages  from  Ifocratee,  Cicero,  and 
Seneca,  that  he  might  have  them  ready  upon  all  occa* 
lions.  He  was  to  throw  out  hints,  that  thefe  Secret  doc¬ 
trines  explained  the  difficult  queftions  concerning  the 
origin  and  order  of  the  univerfe,  the  Providence  of 
God,  the  nature  of  the  foul,  its  immortality  and  future 
deftination  ;  he  was  to  infpire  them  with  the  belief  that 
the  knowledge  of  thefe  things  would  render  life  more 
agreeable  and  pain  more  Supportable,  and  would  enlarge 
their  ideas  of  the  majefty  of  God  :  he  was  then  to  declare 
that  he  had  been  initiated  into  thefe  myfteries.  If  the 
candidate  expreffed  any  curiofity  to  be  made  acquainted 
with  them,  the  infinuator  was  firft  to  afcertain  his  opi¬ 
nions  upon  Some  leading  points,  by  propofing  to  him  to 
write  a  differtation  upon  certain  queftions.  Should  the 
anfwers  not  pleafe  the  inftnuator,  he  was  to  relinquifh 
his  prey  ;  but  ffiould  they  be  Satisfactory,  the  candidate 
was  to  be  admitted  to  the  firft  degree. 

1%  When  the  feledted  vidtim  was  young,  and  had  not  im- 

And  young kibed  any  of  thofe  opinions  which  correfponded  with 
nien>  the  principles  of  the  fedt,  a  different  method  was  to  be 
followed.  “  Let  your  firft  care  (fays  the  legifiator  to 
his  infinuators)  be  to  gain  the  affedtion,  the  confidence, 
and  the  efteem  of  thofe  whom  you  are  to  entice  into  the 
order.  Let  your  whole  conduct  be  fuch,  that  they  Shall 
furmife  Something  more  in  you  than  yon  wifh  to  ffiew ; 
hint,  that  you  belong  to  Some  fecret  and  powerful  So¬ 
ciety  ;  excite  by  degrees,  and  not  at  once,  a  wifh  in 
your  candidate  to  belong  to  a  Similar  fociety.  Certain 
arguments  and  certain  books,  which  the  infinuator  muft 
have,  will  greatly  contribute  to  raife  fuch  a  wifh  ;  fuch, 
for  example,  are  thefe  which  treat  of  the  union  and 
ftrength  of  affociations,” 

Every  infinuator  muft  be  provided  with  books  of  this 
fort.  But  that  their  fuccefs  might  not  depend  Solely 
upon  books,  Weifhaupt  gave  to  his  difciples  a  Specimen 
of  the  artifices  which  they  might  employ.  The  infi¬ 
nuator  might  begin  by  obferving,  that  a  child  in  the 
cradle,  abandoned  to  itfelf,  is  entirely  helplefs ;  and  that 
it  is  by  the  affiftance  of  others  that  it  acquires  ftrength; 
and  that  princes  owe  their  greatnefs  and  their  power  to 
the  union  of  their  fubjedls.  Then  the  infinuator  might 
touch  on  the  importance  of  knowing  mankind,  and  the 
arts  of  governing  them  ;  that  one  man  of  parts  might  ea- 
fily  lead  hundreds,  even  thoufands,  if  he  but  knew  his 
advantages.  He  was  next  to  dwell  upon  the  defers  of 
civil  fociety ;  to  mention  how  little  relief  a  man  can  ob¬ 
tain  even  from  his  beft  friends ;  and  how  very  neceffary 
it  is  for  individuals  to  fupport  one  another  in  thefe  days; 
to  add,  that  men  would  triumph  even  over  heaven  were 
they  but  united.  He  was  to  adduce  as  examples,  the 
influence  of  the  freemafons  and  of  the  Jefuits.  He  was 
to  affert,  that  all  the  great  events  which  take  place  in  the 
world  depend  upon  hidden  caufes,  which  thefe  focieties 
powerfully  influence.  He  was  to  awake  in  the  breaft 
of  his  pupil  the  defire  of  reigning  in  fecret;  of  prepa- 
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ring  in  his  clofet  a  new  conftitution  for  the  world ;  and  Illuminati, 
of  governing  thofe  who  think  they  govern  others.  - y— j 

After  thefe,  or  other  artifices  of  the  fame  kind,  have  r3 

been  employed,  if  the  candidate  be  infpired  with  an  ar-v^°a£eno* 
dour  to  be  initiated,  and  give  fatisfaftory  anfwers  to  the 
queftions  propofed  to  him,  he  is  immediately  admitted 
a  novice.  But  ffiould  he  reje&  all  means  of  fedu&ion, 
let  him  take  heed  to  himfelf;  “  for  the  vengeance  of 
fecret  focieties  is  not  a  common  vengeance;  it  is  the  hid¬ 
den  fire  of  wrath.  It  is  irreconcileable  ;  and  fcarcely 
ever  does  it  ceafe  the  purfuit  of  its  vidlims  until  it  has 
feen  them  immolated.”  l4 

The  period  of  the  noviciate  varied  according  to  thePeri°dof 
age  of  the  new  convert  to  illuminifm.  At  firft  it  con-the?ovU 
tinned  three  years  for  thofe  under  eighteen  years  ofCiatC* 
age,  two  years  for  thofe  between  eighteen  and  twenty, 
four,  and  one  year  for  thofe  who  were  near  thirty  ;  but 
it  was  afterwards  ffiortened. 

The  novice  was  not  acquainted  with  any  of  the  or¬ 
der  except  his  infinuator,  under  whofe  diredlion  lie 
remained  during  his  noviciate.  The  firft  leffons  which 
he  was  taught  refpedled  {he  inviolable  nature  of  the  fe- 
crecy  which  every  illuminee  was  obliged  to  obferve. 

He  was  told  that  filence  and  fecrecy  were  the  very  foul 
of  the  order  ;  that  ingenuoufnefs  was  a  virtue  only  with 
refpedl  to  his  fuperiors  ;  and  that  diftruft  and  referve 
were  fundamental  principles.  He  was  enjoined  never 
to  fpeak  of  any  circumftance  relating  to  the  order,  con¬ 
cerning  his  own  admiffion,  or  the  degree  which  he  had 
received,  not  even  before  brethren,  without  the  ftrongell 
neceffity  ;  and  was  required  to  fign  a  declaration  to  this 
purpofe.  1S 

The  novice  was  next  taught  the  di&ionary  of  the  or-  Didionary, 
der,  its  geography,  calendar,  and  cypher.  To  prevent  g^aphy,. 
the  poflibihty  of  difeovery,  every  illuminee  received 
new  name,  which  was  chara&eriftic  of  his  difpofitions, of\heL 
or  of  the  fervices  which  were  expe&ed  of  him.  Thus  der. 
Weifhaupt,  as  we  have  obfeived,  was  called  Spartacus , 
becaufe  lie  pretended  to  wage  war  again  ft  thofe  oppref- 
fors  who  had  reduced  mankind  to  flavery  ;  and  Zwack, 
as  we  have  feen,  was  named  Catoy  becaufe  he  had 
written  a  differtation  in  favour  of  fuicide,  and  had  once 
determined  to  commit  that  crime. 

According  to  the  new  geography  of  the  order,  Ba¬ 
varia  was  called  jdchaia  ;  Munich  was  called  Athens  ; 

Vienna  was  named  Rome ;  Wurtzburg  was  denomina¬ 
ted  Carthage ;  and  Ingolftadt,  the  fountain  of  the  or¬ 
der,  was  called  EpheJ'us ,  and  by  the  profound  adepts, 

Eleufis .  The  novice  had  alfo  to  learn  the  Perfian  ca¬ 
lendar,  which  the  order  had  adopted.  Their  era  began 
A.  D.  630.  The  months  received  new  names:  May 
was  called  Adarpahafht ;  June,  Chardad ;  July,  Ther- 
meh ;  Auguft,  Merdedmeh  ;  and  fo  on.  The  cypher 
confifted  of  numbers  which  correfponded  to  the  letters 
of  the  alphabet,  in  this  order  a ,  hf  ct  d ,  anfwering  to  the 
numbers  12,  11,  10,  9. 

The  novice  had  next  to  ftudy  the  fatules  of  the  illu- 
mineesy  which  he  was  affured  contained  nothing  injurious 
to  the  ftate,  to  religion,  or  to  good  morals.  He  was 
next  defired  to  apply  himfelf  to  acquire  the  morality  of 
the  order  ;  which  he  was  to  do,  not  by  reading  the  go- 
fpels,  but  by  pending  Epidtetus,  Seneca,  and.  Anto¬ 
ninus,  and  by  ftudying  the  works  of  the  modern  fo- 
phifts  Weiland,  Meiners,  and  Helvetius,  See.  The 
ftudy  of  man  was  alfo  recommended  as  the  moil  intereft- 
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ing  of  all  the  fciences.  He  was  taught  this  ftudy  not 
merely  as  a  fcience,  but  as  an  art.  A  model  of  a  jour¬ 
nal  was  given  him,  and  he  was  required  to  infert  in  it 
obfervations  upon  the  character  of  every  per  fan  that  he 
happened  to  meet  with.  To  quicken  his  diligence,  the 
infinuator  occafionally  examined  his  journal.  In  .  the 
mean  time  the  infinuator  was  watching  him  as  a  centinel, 
and  noting  down  regularly  obfervations  upon  the  de- 
feds  and  merits  of  his  pupil,  which  he  always  fent  to 
his  fuperiors. 

The  great  objed  of  the  infinuator  was  to  entangle  the 
novice,  and  to  bind  him  indiffolubly  to  the  order.  With 
this  view  he  required  the  novice  to  draw  a  faithful  pic¬ 
ture  of  himfelf,  under  the  pretence  that  he  would  thus 
know  himfelf  better.  He  defired  him  to  write  down 
his  name,  his  age,  his  countiy,  his  refidence,  and  his 
employment  j  to  give  a  lift  of  the  books  in  his  library  ; 
to  ftate  his  revenue  ;  to  enumerate  his  friends  and  ene¬ 
mies,  and  the  caufe  of  his  enmities.  He  was  alfo  to  give 
a  fimilar  account  of  his  father  and  mother,  his  brothers 
and  lifters,  and  to  be  very  careful  in  pointing  out  their 
pafiions  and  prejudices,  their  ftrong  and  weak  Tides. 

In  the  mean  time,  the  infinuator  wa3  occupied  in  draw¬ 
ing  up  a  new  ftatement  of  every  thing  he  had  been  able 
to  difeover  of  the  chara&er  and  condud  of  the  novice. 
This  ftatement  was  tranfmitted  to  the  fuperiors,  and 
compared  with  the  former.  If  the  novice  was  approved, 
he  was  then  admitted  to  the  fecond  degree,  upon  his  an- 
fwering,  in  a  fatisfa&ory  manner,  twenty-four  grand 
qneftions,  which  might  enable  the  order  to  judge  of  his 
principles  and  the  credit  to  which  he  was  entitled,  and 
would  fix  him  down  by  ftronger  ties  to  the  authority  of 
the  fuperiors.  The  deteftable  principles  of  the  illmm- 
nees  now  begin  to  appear,  as  will  be  evident  from  the 
following  queftions  which  we  have  fele&ed  : 

Have  you  ferioufly  refle&ed  on  the  importance  of  the 
ftep  you  take,’  in  binding  yourfelf  by  engagements  that 
are  unknown  to  you  ?  Bhould  you  ever  difeover  in  the 
order  any  thing  wicked  or  unjuft  to  be  done,  what  part 
would  you  take  ?  Do  you,  moreover,  grant  the  power 
of  life  and  death  to  our  order  or  fociety  l  Are  you 
difpofed,  upon  all  occafions,  to  give  the  preference  to 
!£ed  by  men  of  our  order  over  all  other  men  >  Do  you  fubje& 
fociety.  yourfelf  to  a  blind  obedience,  without  any  rejlri  Elion  what¬ 
soever  ? 

The  novice  having  thus  furrendered  his  confcienee, 
his  will,  and  his  life,  to  the  devotion  of  the  confpirators, 
and  thus  fnbfcribed,  with  his  own  hand,  and  confirmed 
by  his  oath,  a  refolution  to  become  the  moil  abjed 
Have,  was  now  deemed  qualified  to  afeend  to  the  fecond 
degree,  called  Minerval. 

In  the  dead  hour  of  midnight  he  was  conduced  to  a 
18  retired  apartment,  where  two  of  the  order  were  waiting 
infficn  tQ  rec€;ve  him.  The  fuperior,  or  his  delegate,  appear- 
;  rf  Mi-ed  (landing  in  a  fevere  and  threatening  pojture  ;  he  held 
fal.  a  glimmering  lamp  in  his  hand,  and  a  naked  fword  lay 
before  him.  The  novice  was  afked,  whether  he  ftill  per- 
fifted  in  his  intention  of  adhering  to  the  order  ?  Upon 
anfwering  in  the  affirmative,  he  was  ordered  into  a  dark 
room,  there  to  meditate  in  filcnce  on  his  refolution.  [On 
his  return,  he  was  ftri&ly  and  repeatedly  queftioned  if 
he  was  determined  to  give  implicit  obedience  to  all  the 
laws  of  the  order  ?  The  infinuator  became  fecurity  for 
his  pupil,  and  then  requefted  for  him  the  prote&ion  of 
the  order,  which  the  fuperior  granted  with  great  folem- 
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nity,  protefting  that  nothing  would  be  found  there  hurt-Iflummatn 
ful  to  religion,  to  morals,  or  to  the  ftate.  Having  thus  "  v ~ 
faid,  the  fuperior  takes  up  the  naked  fword,  and  point¬ 
ing  it  at  the  heart  of  the  novice,  threatens  him  with  the 
fatal  confequences  of  betraying  the  fecrets  of  the  order. 

The  novice  again  takes  an  oath,  by  which  he  binds 
himfelf,  in  the  moft  unlimited  manner,  to_  ferve  the  or¬ 
der  with  his  life,  honour,  and  eftate,  and  to  obferve  an 
inviolable  obedience  and  fidelity  to  all  his  fuperiors. 

He  is  then  admitted  a  Minerval,  and  henceforth  is  al¬ 
lowed  to  attend  the  academy  of  the  fe&.  i9 

The  Minerval  academy  was  compofed  of  10,  12,  or  Minerval 
15  Mineivals,  and  placed  under  the  direction  of  a  ma-academy^ 
jor  Illumine e.  It  met  twice  every  month  in  an  inner 
apartment,  feparated  from  the  other  rooms  of  the  man- 
fion  by  an  antichamber  ;  the  door  of  which  was  to  be 
fhnt  with  care  during  the  meeting,  and  ftrongly  fecu- 
red  by  bolts.  At  the  commencement  of  every  meet* 
ing,  the  prefident  read  and  commented  upon  fome  fe- 
le£t  paffages  of  the  Bible,  Seneca,  Epi&etus,  Marcus, 

Aurelius,  or  Confucius  ;  evidently  with  a  view  of  dimi* 
milling  the  reverence  for  the  facred  writings,  by  thus 
placing  them  on  a  level  with  the  heathen  moralifts. 

Then  e?.ch  brother  was  afked  what  books  he  had  read 
lincc  laft  meeting,  what  obfervations  he  had  made,  and 
what  fervices  he  had  performed  for  promoting  the  fuc- 
cefs  of  the  order  ?  lo 

To  each  Minerval  academy  a  library  belonged.  Thisl^  library* 
was  formed  by  the  contributions  of  the  brethren,  by 
prefents  of  books,  and  by  another  method  very  ex¬ 
traordinary.  All  lllnminees  adding  as  librarians,  or 
keepers  of  archives,  were  admonilhed  to  Jleal  fuch. 
books  or  manuferipts  as  might  be  ufefnl  to  the  order. 

At  one  time,  fending  a  lift  of  the  books  which  he  will¬ 
ed  to  be  embezzled  from  the  library  of  the  Cannes, 

Weifhaupt  lays,  “  All  thefe  would  be  of  much  greater 
ufe  if  they  were  in  our  hands.  What  do  thofe  rafeals 
do  with  all  thefe  books  ?” 

Every  brother  at  his  admifiion  was  required  to  declare 
to  what  art  or  fcience  he  meant  chiefly  to  apply  ;  and  it 
was  expe&ed,  that  he  fhould  afterwards  every  year  give 
an  account  of  the  difeoveries  or  improvements  which  he 
had  made.  All  the  other  brethren  who  were  occupied 
in  the  fame  ftudies,  were  defired  to  give  him  every  pof- 
fible  afiiftance.  '1  hus  a  kind  of  academy  was  formed,, 
to  which  thofe  who  could  not  ferve  it  by  their  talents 
might  give  pecuniary  contributions.  That  this  acade¬ 
my  might  have  the  appearance  of  a  literary  fociety, 
prizes  were  annually  diftributed  ;  the  beft  difeourfe  was 
publifhed,  and  the  profits  fent  to  the  coffers  of  the  or¬ 
der. 

Every  month  the  preTidcnt  was  to  take  a  review  of  the 
faults  which  he  hadobferved  in  his  pupils,  and  examine 
them  concerning  thofe  which  they  might  have  been 
confcious  of  in  themfelves  ;  and  it  would  be  an  un¬ 
pardonable  negledl,  fay  the  ftatutes,  fhould^  any  pupil 
pretend,  that  during  the  fpace  of  a  whole  month  he  had 
remarked  nothing,  reprehenfible. 

It  is  impofiible  to  read  thefe  rules  without  admiring 
them.  Were  men  but  half  as  anxious,  attentive,  and 
careful,  to  render  themfelves  good  citizens  and  good 
men,  as  thefe  men  were  to  render  themfeves  fuccelsful*  ,  , 

confpirators,  what  a  bleffed  world  fhould  we  fee  1  t0  ^ 

The  Minerval  was  rigoroufly  ferutinized,  whether  hegreeof 
was  ready  to  fubmit  to  every  torture,  or  even  to  com-llor  illum5\ 
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ViUiHnati  mit  fuidde,  rather  than  give  any  information  againft  the 
u*— y— — '  orc|er  Suicide  was  reckoned  not  only  innocent,  but  ho¬ 

nourable,  and  was  alfo  reprefented  as  a  peculiar  fpecies  of 
voluptuoufnefs.  In  order  to  difcover  the  fentiments  of 
the  Minervals  upon  this  fubjed,  they  were  required  to 
write  a  difteitation  upon  the  charader  and  death  of  Ca¬ 
to,  or  any  fimilar  fubjed.  They  were  alfo  defired  to 
difcufs  the  favourite  dodrine  of  Weifhaupt,  that  the 
end  fa  unifies  the  means  ;  a  principle  of  the  moil  per¬ 
nicious  tendency,  which  would  render  calumny,  aftafii- 
nation,  fedition,  and  treafou,  laudable  and  excellent. 
Next,  they  were  called  upon  to  compofe  a  diflertation, 
by  which  their  opinions  concerning  ' kings  and  priefts 
might  be  afeertained.  If  they ‘performed  all  thefe  talks 
with  the  fpirit  of  an  infidel,  and  the  defperate  firmnefs 
of  a  confpirator,  they  were  then  judged  worthy  of  be¬ 
ing  promoted  to  the  degree  of  minor  illumines. 

The  minor  illuminees  held  meetings  fimilar  to  thofe 
of  the  Minerval  academy.  It  was  neceffary  that  the 
22  prefident  fhould  be  one  who  was  raifed  to  the  degree  of  * 
Minor  illu-prieft,  and  initiated  in  the  myfteries;  but  he  was  re¬ 
trained  for  fllI*rcd  to  perfuade  his  pupils,  that  beyond  the  degree 
the  degree  which  he  had  attained  there  were  no  myfteries  to  be 
©f  difelofed.  rfhe  minor  illuminees  were  to  be  fo  trained, 

that  they  might  look  upon  themfelves  as  the  founders 
of  the  order;  that  by  this  powerful  motive  they  might 
be  animated  to  diligence  and  exertion.  With  this  view, 
hints  were  fcattered  rather  than  precepts  enjoined.  It 
was  infinuated,  that  the  world  was  not  fo  delightful  as 
it  ought  ;  that  the  happinefs  for  which  man  was  made 
is  prevented  by  the  misfortunes  of  fome,  and  the  crimes 
of  others  ;  that  the  wicked  have  power  over  the  good  ; 
that  partial  infurredion  is  ufelefs ;  and  that  peace,  con¬ 
tentment,  and  fafety,  might  be  eafily  obtained  by  means 
drawn  from  the,,  greateft  degree  of  force  of  which  hu¬ 
man  nature  is  capable.  Such  views,  it  is  added,  adua- 
ting  a  fecret  fociety,  would  not  only  be  innocent,  but 
moft  worthy  of  the  wife  and  well,  difpofed. 

Weifhaupt  had  formed,  with  peculiar  care,  a  code 
for  this  degree,  which  was  intitled  InJIruttions  for  form¬ 
ing  ufful  Labourers  in  Illuminifm.  Thefe  inftruclions 
difcover  an  aftonifliing  knowledge  of  human  nature,  and 
are  drawn  up  with  a  degree  of  iyftematic  coolnefs  which 
perhaps  no  confpirator  before  him  ever  exhibited  He 
lays  down  rules,  by  which  the  charader  of  almoft  any 
perfon  may  be  afeertained.  He  recommends  to  the 
minor  illuminees,  to  attend  to  the  conduct  of  any  per¬ 
fon  entrufted  to  their  care,  at  two  periods  ;  wheri  he  is 
tempted  to  be  what  he  ought  not  to  be,  and  when,  re¬ 
moved  from  the  influence  of  every  external  temptation, 
he  follows  the  didates  of  his  inclination.  They  were 
to  ftudy  the  peculiar  habits  and  ruling  paffions  of  each  ; 
to  kindle  his  ardour  by  defcanting  on  the  dignity  of  the 
order,  and  the  utility  of  its  labours ;  to  infufe  a  fpirit 
of  observation,  by  afleing  queftion3,  and  applauding  the 
wifdom  of  the  anfwers ;  to  correct  the  failings  of  their 
pupil,  by  fpeaking  cf  them  as  if  they  were  not  his, 
and  thus  making  him  judge  in  liis  own  caufe  ;  to  in- 
ftrud  and  advife,  not  by  tedious  declamation,  but  by 
fometimes  dropping  a  few  words  to  the  pnrpofe,  when 
the  mind  fhould  be  in  a  proper  ftate  to  receive  them. 
Above  all,  they  were  direded  to  avail  themfelves  of 
thofe  moments  when  they  obferved  a  pupil  difeontented 
with  the  world.  “  It  is  then  (fays  Weifhaupt)  yon 
mu  ft  prefs  the  fweliing  heart,  ftimulate  the  fer  Ability, 
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and  demonftiate  how  neceffary  fecret  foe fe ties  are  for  Illuminati 
the  attainment  of  a  better  order  of  things. ” 

Having  pa  fled  with  applaufe  through  the  ftates  of,  V? 
probation  already  clefcribed,  the  minor  ilium inee  is  T°'ch  n9“ 
promoted  to  the  rank  of  major  illuminee,  or  Scotch 
novice.  As  major  illuminee,  he  is  encompafled  with 
more  rigid  chains  ;  and  as  Scotch  novice,  he  1 a  dil- 
patched  as  a  mifiionary  into  mafonic  lodges,  to  convert 
the  brethren  to  illuminifm.  ' 

The  candidate  for  this  degree  is  ftridly  examined,  in 
order  to  difcover  what  opinions  he  now  entertains  con¬ 
cerning  the  objed  of  the  fociety ;  the  motives  that 
prompted  him  to  join  it  ;  whether  he  is  difpofed  ftill  to 
co-operate  with  the  reft  of  the  brethren  in  accomplifh- 
ing  the  grand  objed  ;  and  whether  lie  be  a  member  of 
any  other  fociety  ;  and  what  are  the  duties  which  it  re¬ 
quires. 

The  fertile  genius  of  Weifhaupt  is  not  exhaufted  ;  he 
has  ftill  in  referve  artifices  more  profound,  and  bonds 
more  powerful  ;  his  refources  keep  pace  with  the  pro- 
grefs  of  his  fchemes.  He  now  lays  a  fnare  for  his  pu¬ 
pils,  from  which  he  hopes  none  can  efcape,  and  there¬ 
fore  he  flatters  himfelf  they  are  his  for  ever.  He  de-Ca,.?4, 
mands  of  every  candidate  for. higher  degrees,  to  write, foJwgha 
as  a  proof  cf  confidence,  a  minute  and  faithful  account  Agrees 
cf  his  whole  life,  without  any  referve  or  difiimulation/u^m^  t0 
Referve  or  diflimulation  would  indeed  be  vain  ;  for  thenewtnal?a 
moft  fecret  eircumftances  of  his  life  are  already  well 
known  to  the  adepts,  by  means  of  innumerable  fpies, 
who,  by  the  appointment  of  the  fuperiors,  have,  un¬ 
known  to  him,  been  watching  and  ferutinizing  all  his 
adions  and  words,  his  temper,  pafiions,  and  opinions. 

Now  is  p’refented  to  the  candidate  the  code  of  the 
brother  ferutator,  called  by  the  order  the  nofee  te  ipftm 
(know  thyfelf).  This  is  a  catechifm,  containing  from 
a  thoufand  to  fifteen  hundred  queftions,  concerning  his 
perfon,  his  health,  his  education,  his  opinions,  his  in¬ 
clinations,  his* habits,  his  pafiions,  his  prejudices,  and 
even  his  weaknefles.  Queftions  are  alfo  propofed  re- 
fpeding  his  acquaintances,  his  relations,  friends,  and  ene¬ 
mies.  The  candidate  is  required  to  enumerate  his  fa¬ 
vourite  colours,  to  deferibe  his  language,  the  nature 
of  his  converfation,  his  gait  and  geftures.  Nothing,  in 
fhort,  is  omitted  that  can  tend  to  diftfnguifh  his  charac¬ 
ter  as  an  individual,  or  as  a  member  of  fociety.  Upon 
many  qualities  in  his  charader,  thirty,  forty,  or  fome- 
times  near  a  hundred  queftions  are  propofed.  The 
following  fpecimen  will  enable  the  reader  to  judge  what 
aftonifhing  care  Weifnaupt  employed  to  diferiminate 
charaders. 

Is  his  gait  flow,  quick,  or  firm  ?  Are  his  fteps  long, 
fhort,  dragging,  lazy,  or  flapping  ?  Is  his  language  re¬ 
gular,  difordcrly,  or  interrupted  ?  In  fpeaking,  does  he 
agitate  his  hands,  his  head,  or  his  body  with  vivacity  ? 

Does  he  clofc  upon  the  perfon  he  is  fpeaking  to  ?  Does 
he  hold  him  by  the  arm,  clothes,  or  button-hole  ?  Is 
he  a  great  talker,  or  is  he  taciturn  ?  If  fo,  why  ?  Is  it 
through  prudence,  ignorance,  refped,  or  floth  ?  &c. 
Concerning  liis  education ,  he  is  queftioned  to  whom 
does  he  owe  it  ?  Has  he  always  been  under  the  eyes  of 
his  parents  ?  How  has  he  been  brought  up  ?  Has  he 
any  eftcem  for  his  mailers  ?  Has  he  travelled,  and  in 
what  countries  ? 

By  thefe  queftions  his  temper  and  difpofitions  might 
be  accurately  known.  His  leading  pafiions  would  be 
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difcovcred  by  the  following  queries 
himfelf  with  different  parties,  which  does  he  adopt  ; 
the  ftrongeft  or  the  weakeft  ;  the  wittieft  or  the  moil 
ftupid  ?  Or  does  he  form  a  third  ?  Is  he  conftant  and 
firm  in  fpite  of  all  obftacles  ?  How  is  he  to  be  gained  ? 
by  praife,  by  flattery,  or  low  courtftup  ;  by  women, 
money,  or  the  entreaties  of  his  friends  ?  Does  he  love 
fatire  ;  and  on  what  does  he  exercife  that  talent  ?  on  re¬ 
ligion,  hypocrify,  intolerable,  government,  minifters, 
monks  See, 

All  thefe  queftions  are  to  be  anfwered  and  lhultrated  - 
by  fads.  It  is  neceffary  to  obferve,  that  the  feru- 
tators  alfo  give  in  written  anfwers  to  all  thefe  queftions. 
When  the  candidate  has  thus  given  a  minute  hiitory  of 
his  life,  and  revealed  all  his  fecrets,  his  foibles,  his  er¬ 
rors,  his  vices,  and  his  crimes,  Weifhaupt  triumphantly 
exclaims,  “  Now  I  hold  him  ;  I  defy  him  to  hurt  us  ; 
if  he  fhould  wifh  to  betray  us,  we  have  alfo  his  fe¬ 
crets.  ” 

The  adept  is  next  introduced  into  a  dark  apartment, 
where  he  folemnly  fwears  to  keep  fecret  whatever  he 
may  learn  from  the  order.  He  then  delivers  up  the 
hiftory  of  his  life,  fealed,  when  it  is  read  to  the  lodge, 
and  compared  with  the  character  drawn  of  him  by  the 
brother  lcrutators.  A  corner  of  the  veil  is  now  lifted 
up,  {till,  however,  with  extreme  caution.  Nothing  ap- 
pears  palpable  but  the  pureft  principles  and  molt  ge¬ 
nerous  defigns.  At  the  fame  time  many  things  are 
darkly  fnggefted,  which  are  incompatible  with  purity 
and  generality  ;  for  while  the  utmoft  care  is  tmptoyed 
to  deceive  the  underftanding,  nothing  is  neglected  that 
can  tend  fecretly  to  corrupt  the  heart.  ^  A  number  of 
queftions  are  alked  ;  the  evident  intention  of  which  is 
to  make  the  adept  difeontented  with  the  prefent  moral 
government  of  the  world,  and  to  excite  the  defire  of 
attempting  a  great  revolution.  After  anfwering  thefe 
queft  ions, & the  fecretary  opens  the  code  of  the  lodge  ; 
and  having  informed  the  young  illuminee  that  the  ob¬ 
ject  of  the  order  is  to  diffufe  the  pure  truth,  and  to 
make  virtue  triumph,  he  proceeds  to  fhow  that  this 
is  to  be  accomplifhed  by  freeing  men  from  their  preju 
dices,  and  enlightening  their  underftandirig3.  “To 
attain  this,  (continues  the  fecretary),  we  muft  trace 
the  origin  of  all  fciences,  we  muft  reward  opprefted  ta¬ 
lents,  we  muft  undertake  the  education  of  youth  ;  and, 
forming  an  indiffoluble  league  among  the  moft  powerful 
geniufes,  we  muft  boldly,  though  with  prudence,  com¬ 
bat  funerftition,  incredulity,  and  folly  ;  and  at  length 
form  our  people  to  true,  juft,  and  uniform  principles  on 
dl  fubjeas  ”  The  fecretary  adds,  that  in  attempting  to 
diveft  vice  of  its  power,  that  the  virtuous  may  be  re¬ 
warded  even  in  this  world,  the  order  is  counteracted  by 
princes  and  priejis ,  and  the  political  conjliiutions  of  na¬ 
tions  ;  that,  however,  it  was  not  intended  to  excite  re¬ 
volutions  and  oppofe  force  by  force,  blit  merely  to 
bind  the  hands  of  the  prote&ors  of  diforder,  and  to 
govern  without  appearing  to  command  ;  that  the  pow¬ 
ers  of  the  earth  muft  be  encompaffed  with  a  legion  of 
indefatigable  men,  all  direding  their  labours  towards 
the  improvement  of  human  nature.  Were  there  but 
a  certain  number  of  fuch  men  in  every  country,  each 
might  form  two  others.  "  Let  thefe  (fays  he)  only 
be  united,  and  nothing  will  be  impoftible  to  our  order. . 
All  this  is  very  fpecious  ;  it  is  well  contrived  to  taici- 
»ate  the  imagination  of  the  young,  and  the  heart  o 
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<<  When  he  finds  the  generous  and  benevolent,  while,  under  all  this  pre*  Illuminati-^ 
tended  regard  to  virtue  and  to  the  happrnefs  of  mankind,  rm~~v  f 
is  concealed  a  moft  formidable  coilfpiracy  againft  the 
peace  of  the  world. 

After  this  addrefs  is  delivered,  the  major  illuminee 
is  prefented  with  the  codes  of  the  inftnuator  and  feru- 
tator  ;  for  he  muft  now  infpedf  the  pupils  of  the  ir.li- 
nuators,  and  muft  exercife  the  office  of  ferutator  while 
prefiding  over  the  Minerval  academies. 

The  next  degree,  which  is  that  of  Scotch  knight, 
is  both  intermediate  and  ftationary.  It  is  ftationary 
for  thofe  who  are  not  fufficiently  imbued  with  the 
principles  of  the  order,  and  intermediate  for  thofe  who 
have  imbibed  the  true  fpirit  of  illuminifm.  The  Scotch 
knights  were  appointed  the  directors  o.r  all  the  prepa¬ 
ratory  degrees,  and  to  watch  over  the  interefts  of  the 
order  within  their  diftrift.  They  were  to  ftudy  plans 
for  increafing  the  revenues  of  the  order,  and  to  endea¬ 
vour  to  promote  to  public  offices  of  confidence,  of 
power  and  wealth,  as  many  of  the  adepts  as  poffible  ; 
and  to  ftrive  to  acquire  an  abfolute  fway  in  the  ma- 
fonic  lodges.  They  were  to  procure  the  management 
of  the  mafonic  funds;  and  while  they  were  to  perfuade 
the  brethren  that  thefe  were  expended  according  to 
their  own  orders,  they  were  to  employ  them  for  pro¬ 
moting  the  views  of  the  order.  Thus  one  office  of  the 
Scotch  knights  was  to  embezzle  the  money  that  was 
entrufted  to  them,  in  order  to  d’*ffufe  truth,  and  to  make 
virtue  triumph. 

After  palling  with  applaufe  through  this  long  and 
tedious  probation,  the  adept  is  introduced  to  the  clafs 
of  the  my  ft  erics.  He  is  not  yet,  however,  made  ac¬ 
quainted  with  the  whole  fecrets  of  the  fociety  ;  he  muft 
ftill  fubmit  to  new  trials  ;  his  curiofity  muft  be  farther 
excited,  his  imagination  muft  be  kept  longer  upon  the 
ftretch,  and  his  principles  of  depravity  be  rendered 
more  violent  and  inveterate  before  the  vail  be  entirely 
withdrawn,  which  will  difeover  to  him  Weifhaupt  and 
his  infernal  crew,  plotting  the  deftru&ion  of  the  laws, 
feknees,  and  religion  of  mankind.  The  degree  of 
epopt  or  prieft,  to  which  the  adept  was  next  raifed, 
opened  to  view,  however,  fo  great  a  part  of  the  myf- 
teries,  that  the  reader  will  be  fully  prepared  to  exped  - 
the  fecrets  which  remain  to  be  unfolded  in  the  other 
degrees. 


Before  being  admitted  to  the  degree  of  epopt,  the  Prepara- 
adept  was  required  to  give- a  written  anfwer  to  ten  pre-dons  for 
liminary  queftions.  The  infinuations  againft  the  efta-j^k**6^ 
blifhed  order  of  the  world,  which  had  formerly  been 
flightly  mentioned,  increafe  now  to  an  indired  propo- 
fal  to  attempt  a  complete  revolution.  The  candidate 
is  afked,  whether  he  thinks  the  world  has  arrived  at 
that  happy  ftate  which  w*as  intended  by  nature  ?  Whe¬ 
ther  civil  affociations  and  religion  attain  the  ends  for 
which  they  were  defigned  ?  Whether  the  fciences  are 
conducive  to  real  happinefs  ?  or  whether  they  are  not 
merely  the  offspring  of  the  unnatural  ftate  in  which  men 
live,  and  the  crude  inventions  of  crazy  brains  ?  1 1  is  then 
propofed  as  a  queftion,  whether  there  did  not  in  un¬ 
dent  times  exift  an  order  of  things  more  fimple  and 
happy  ?  What  are  the  beft  means  for  reftoring  man¬ 
kind  to  that  ftate  cf  felicity  ?  Should  it  be  by  public 
meafures,  by  violent  revolutions,  or  by  any  means  that 
would  enfure  fuccefs  ?  Would  it  r.ot  be  proper,  with 
this  dew,  to  preach  to  mankind  a  religion  more  per- 
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Illuminati.  fe£l,  and  a  philofophy  more  elevated  ?  And,  in  the 
'  meantime,  is  it  not  adviJablc  to  diffeminate  the  truth 
in  fecret  focieties  r 

Should  the  anfwers  given  to  thcfe  queflions  accord 
with  the  fentiments  of  the  order,  on  the  day  fixed  for. 
the  initiation,  the  candidate  is  blindfolded,  and,  along 
with  his  introducer,  is  put  into  a  carriage,  the  win¬ 
dows  of  which  are  darkened  After  many  windings 
and  turnings,  which  it  would  be  impoflible  for  the 
adept  to  trace  back,  he  is  conduced  to  the  porch  of 
the  temple  of  the  myfleries.  His  guide  flrips  him  of 
the  mafonic  ififignia  which  he  wore  as  a  knight,  re¬ 
moves  the  bandage  from  his  eyes,  and  prefents  him 
with  a  drawn  fword  ;  and  then  having  flri&ly  enjoined 
him  not  to  advance  a  ftep  till  he  is  called,  leaves  him 
to  his  meditations.  At  length  he  hears  a  voice  ex¬ 
claiming,  “  Come,  enter,  unhappy  fugitive  ;  the  fa¬ 
thers  wait  for  you ;  enter,  and  fhut  the  door  after  you.” 

He  advances  into  the  temple,  where  he  fees,  a  throne 
with  a  rich  canopy  rifing  above  it,  and  before  it,  lying 
upon  a  tabic,  a  crown,  a  feeptre,  a  fword,  fome  pieces 
of  gold,  and  precious  jewels,  interlaid  with  chains. 

At  the  foot  of  the  table,  on  a  fcarlet  eufhion,  lie  a 
white  robe,  a  girdle,  and' the  fimple  ornaments  of  the 
facerdotal  order.  The  candidate  is  required  to  make 
his  choice  of  the  attributes  of  royalty,  or  of  the  white 
robe.  If  he  chufe  the  white  robe,  which  he  knows  it 
is  expedfed  he  fbould  do,  the  hierophant,  or  inftrudlor, 
thus  add  relies  him  :  “  Health  and  happinefs  to  your 
great  and  noble  foul.  Such  was  the  choice  we  expedl- 
ed  from  you.  But  flop  ;  it  is  not  permitted  you  to 
invdl  yourfelf  with  that  robe  until  you  have  heard  to 
what  we  now  deftine  you.”  The  candidate  is  then 
ordered  to  fit  down  ;  the  book  of  the  myfleiies  is  open¬ 
ed,  and  the  whole  brethren  lifien  in  filence  to  the  voice 
of  the  hierophant. 

The  exordium  is  long  and  pompous  ;  much  artifice 
is  concealed  in  it,  and  much  eloquence  difplayed.  It 
expatiates  on  the  fublime  and  generous  views  of  the  fo- 
cicty  ;  evidently  with  the  defire  of  lulling  afleep  the 
fufpicion  of  the  candidate,  of  exciting  him  to  admira* 
tion,  and  of  infpiring  him  with  enthufiafm.  The  hie¬ 
rophant  then  proceeds  to  unveil  the  myfleries.  He 
launches  out  into  a  fplendid  defeription  of  the  original 
flate  of  mankind  ;  when  health  was  their  ordinary  ftate, 
when  meat,  and  drink,  and  fhclter,  were  their  only 
wants.  At  that  period  (fays  he)  men  enjoyed  the 
mofl  incflimable  blefiings,  equality  and  liberty ;  they  en¬ 
joyed  them  to  their  utmoft  extent :  but  when  the  wan¬ 
dering  life  ccafed,  and  property  darted  into  exiflence  ; 
when  arts  and  fciences  began  to  fiourifh  ;  when  a  dif- 
tin&ion  of  ranks  and  civil  affociations  were  eflabliflied, 

“  liberty  was  ruined  in  its  foundation,  and  equality  dif* 
appeared.  The  world  then  ceafed  to  be  a  great  fami¬ 
ly,  to  be  a  fingle  empire  ;  the  great  bond  of  nature  was 
rent  afunder.”  Wants  now  increafed,  and  the  weak 
imprudently  fubmitted  to  the  wife  or  the  flrong,  that 
they  riiight  be  prote&ed.  As  the  fubmiffion  of  one 
perfon  to  another  arifes  from  wants,  it  ceafes  when  the 
wants  no  longer  exifl.  Thus  the  power  of  a  father  is 
at  an  end  when  the  child  has  acquired  his  flrength. 

Every  man,  having  attained  to  years  of  diferetion, 
may  govern  himfelf ;  when  a  whole  nation,  there¬ 
fore,  is  arrived  at  that  period,  there  can  exifl  no  farther 
plea  for  keeping  it  in  wardfhip. 
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previous  to 
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Such  a  (late  as  that  of  civil  focicty,  is  then  repre-  HluminatL 

Tented  as  incompatible  with  the  pra&ice  of  virtue, - y— - 

“  With  the  divifion  of  the  globe,  and  of  its  dates, 
benevolence  (fays  the  hierophant)  was  reflraincd  with¬ 
in  certain  limits,  beyond  which  it  could  no  longer  be 
extended.  Patriot ifm  was  deemed  a  virtue  ;  and  he 
was  fly  led  a  patriot  who,  partial  towards  his  country¬ 
men,  and  u nj ufl  to  others,  was  blind  to  the  merits  of 
(hangers,  and  believed  the  very  vices  of  his  own  coun¬ 
try  to  be  perfedlions.  We  really  beheld  (continues 
he)  patriotifm  generating  localifm,  the  confined  fpirit 
of  families,  and  even  egoifm.  Diminifh,  rejeft  that 
love  of  country,  and  mankind  will  once  more  learn  to 
know  and  love  each  other  as  men.  Partiality  being 
call  afide,  a  union  of  hearts  will  once  more  appear, 
which  will  expand  itfelf  over  the  globe.  V 

Thefe  unphilofophical  declamations,  cnthufiaftically 
pronounced,  at  length  make  the  profelyte  exclaim,  in 
unifon  with  his  mailer,  “  Are  fnch  then  the  confe- 
quences  of  the  inftitution  of  dates,  and  of  civil  fociety  ? 

O  folly  !  Oh  people  !  that  you  did  not  forefee  the  fate 
that  awaited  you  ;  that  you  fhould  yourfelves  have  fe- 
conded  your  defpots  in  degrading  human  nature  to  fer- 
vitude,  and  even  to  the  condition  of  the  brute  !” 

Having  wrought  up  the  profelyte  to  this  pitch  of 
frenzy,  and  enumerated  all  the  evils  which,  according 
to  Weifhaupt,  arife  from  political  affociation,  the  hie¬ 
rophant  comes  to  reveal  the  means  by  which  the  grie¬ 
vances  of  the  human  race  may  be  redreffed.  “  Provi¬ 
dence  (he  fays)  has  tranfmitted  the  means  to  us  of  fe- 
cretly  meditating,  and  at  length  operating,  the  falva- 
tion  of  human  kind.  Thefe  means  are  the  fecret 
fchools  of  philofophy.  Thefe  fchools  have  been  in  all 
ages  the  archives  of  nature,  and  of  the  rights  of  man. 

Thefe  fchools  fhall  one  day  retrieve  the  fall  of  human 
nature,  and  princes -and  nations  sham  disappear 

FROM  THE  FACE  OF  THE  EARTH  ;  and  that  without 
any  violence.  Human  nature  fhall  form  one  great  family, 
and  the  earth  diall  become  the  habitation  of  the  man 
of  reafon.  Reafon  fhall  be  the  only  hook  of  laws,  the 
foie  code  of  man.  This  is  one  of  our  grand  my f  cries. 

Attend  to  the  demontlration  of  it  ;  and  learn  "how  it 
has  been  tranfmitted  down  to  us.” 

This  pretended  demonflration  makes  part  of  the  fame 
fophiftical  harangue  ;  and  confifls  in  panegyrics  on  the 
dignity  of  human  nature  ;  in  a  bafelefs  morality  ;  and 
in  a  fcandalous  perverfion  of  the  Chriflian,  feriptures, 
with  a  thfphemous  account  of  the  miniftry  of  the  Sa¬ 
viour  of  the  world. 

“  What  ilrange  blindnefs  (continues  the  hiero¬ 
phant)  can  have  induced  men  to  imagine,  that  human 
nature  was  always  to  be  governed  as  it  has  hitherto 
been  ?  Where  is  the  being,  who  has  condemned  men, 
the  bed,  the  wifefl,  and  the  mofl  enlightened  men,  to 
perpetual  flavery  ?  Why  fhould  human  nature  be  be¬ 
reft  of  its  moil  perfect  attribute,  that  of  governing 
itfelf?  Why  are  thofe  perfons  to  be  always  led  who 
are  capable  of  conducing  themfelves  ?  Is  it  then  im- 
pofiible  for  mankind,  or  at  lead  the  greater  part  of 
them,  to  come  to  majority  ?  Are  we  then  fallen  fo  low 
as  not  even  to  feel  our  chains,  as  to  hug  them,  and  not 
cherifh  the  flattering  hope  of  being  able  to  break  them, 
and  recover  our  liberty  >  No;  let  us  own  that  it  is  not 
impoflible  to  attain  universal  independence.” 

The  principal  means  which  Weifhaupt  offers  to  his 
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j  nlnati.  adepts  for  the  conqueft  of  this  land  of  promile,  is  to 

^  -v - diminifh  the  wants  of  the  people  ;  and  accordingly  the 

Mumi  co^e  denounces  eternal  war  with  every  fpecies  of  com- 
"  ene™1”  merce.  Hence  the  hierophant  proceeds  to  inform  the 
candidate,  that  he  who  wifhes  to  fubjeft  nations  to 
his  yoke,  need  but  to  create  wants,  which  he  alone  can 
fatisfy.  “  Confer  (fays  he)  upon  the  mercantile  tribe 
fome  rank  or  fome  authority  in  the  government,  and 
you  will  have  created  perhaps  the  mod  formidable,  the 
moft  defpotic  of  all  powers.  He,  on  the  contrary,  who 
willies  to  render  mankind  free,  teaches  them  how  to 
refrain  from  the  acquifition  of  things  which  they  can* 
not  afford  :  he  enlightens  them,  he  infufes  into  them 
hold  and  inflexible  manners.  If  you  cannot  diffufe,  at 
the  fame  inflant,  this  degree  of  light  among  all  men, 
at  leaft  begin  by  enlightening  yourielf,  and  by  render¬ 
ing  yourfelf  better.  The  mode  of  diffufing  univerfal 
light  is,  not  to  proclaim  it  at  once  to  the  whole  world, 
but  to  begin  with  yourfelf ;  then  turn  to  your  next 
neighbour:  you  two  can  enlighten  a  third  and  a  fourth: 
let  thefe  in  the  fame  manner  extend  and  multiply  the 
number  of  the  children  of  light,  until  numbers  and  force 
Jhall  throw  power  into  your  bands .  You  will  foon  ac¬ 
quire  fufficient  force  to  bind  the  hands  of  your  opponents , 
to  fubjugate  them ,  and  to  ftifle  wicktdnefs  in  the  em¬ 
bryo  i.  e.  you  will  foon  be  able  to  flifle  every  prin¬ 
ciple  of  law,  of  government,  of  civil  or  political  fociety, 
whofe  very  inftitution,  in  the  eyes  of  an  illuminee,  is 
the  germ  of  all  the  vices  and  misfortunes  of  human  na¬ 
The  hierophant,  continuing  to  infid  on  the  neceUity 
of  enlightening  the*  people  to  operate  the  grand  revo¬ 
lution,  feems  to  be  apprehenfrve  that  the  candidate 
may  not  yet  clearly  conceive  the  real  plan  of  this  re¬ 
volution,  which  is  in  future  to  be  the  foie  objeft  of  all 
his  inftru&ions.  Let  your  inflru&ions  and  lights  be 
univerfally  diffufed  ;  fo  fhall  you  render  mutual  feenrity 
univerfal  ;  and  fecurity  and  injlrudion  will  enable  or  to 
live  without  prince  or  government.  The  inflrudion 
which  is  to  accomplifh  this  great  end,  is  indru&ion  in 
morality ,  and  morality  alone  ;  for  «  true  morality  is  no¬ 
thing  elfe  than  the  art  of  teaching  men  to  Jhake  of  their 
ivardjbip ,  to  attain  the  age  of  manhood  ;  and  thus  to 
need  neither  princes  nor  governments*  The  mora* 
lity  which  is  to  perform  this  miracle,  is  not  a  morality 
of  vain  fubtleties.  It  is  not  that  morality  which,  de¬ 
grading  man,  renders  him  carelefs  of  the  goods  of  this 
world,  forbids  him  the  enjoyment  of  the  innocent  plea- 
fures  of  life,  and  infpires  him  with  the  hatred  of  his 
neighbour.  Above  all ,  it  mull  not  be  that  morality 
which,  adding  to  the  miferies  of  the  miferable,  throws 
them  into  a  date  of  pufillanimity  and  deipair,  by  the 
threats  of  hell  and  the  fear  of  devils .  It  muft  be  a  di¬ 
vine  do&rine,  fuch  as  Jefus  taught  to  his  difciples,  and 
of  which  he  gave  the  real  interpretation  in  his  fecret 
conferences.” 

The  impious  hierophant  then  proceeds,  with  match- 
hemies  of  lefs  blafphemy,  to  reprefent  the  Redeemer  of  mankind 
■hrift.  as  teaching,  like  the  Grecian  fophifts,  an  exoteric  and 
an  efoteric  doftrine.  He  deferibes  him  as  the  grand 
mailer  of  the  illuminees  ;  and  affirms,  that  the  objeit  ot 
his  [cent,  which  is  loft  to  the  world  in  general,  has 
been  preferved  in  their  myfteries.  It  was  “  to  rem- 
ftate  mankind  in  their  original  equality  and  ti- 
berty,  and  to  prepare- the  means.  This  explains  m 
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what  fenfe  Chrift  was  the  Saviour  and  Redeemer  of  the  Illuming 
world.  The  do&rine  of  original  fin,  of  the  fall  of  ”~>T~ 
man,  and  of  his  regeneration,  can  now  be  underflood. 

The  date  of  pure  nature,  of  fallen  or  corrupt  nature, 
and  the  date  of  grace,  will  no  longer  be  a  problem. 

Mankind,  in  quitting  their  date  of  original  liberty ,  fell 
from  the  date  of  nature,  and  lojl  their  dignity.  In  their 
civil  fociety,  under  their  governments,  they  no  longer 
live  in  the  date  of  pure  nature,  but  in  that  of  fallen 
and  corrupt  nature.  Jf  the  moderating  of  their  paf* 
fions,  and  the  diminution  of  their  wants,  reindate  them 
in  their  primitive  dignity,  that  will  really  conditute 
their  redemption  and  their  Jlate  of  grace.  It  is  to  this 
point  that  morality,  and  the  mod  perfe&  of  all  mora¬ 
lity,  that  of  Jefus,  leads  mankind.  When  at  length 
this  dodlrine  fhall  prevail  throughout  the  world,  the 
reign  of  the  good  and  of  the  ele<d  fhall  be  eftablifhed.” 

This  language  (as  M.  Barruel  obferves)  is  furely 
not  enigmatical ;  and  the  profelyte  who  has  heard  it  > 

without  fhuddering,  may  flatter  himfelf  -  with'  being  ^ 
worthy  of  this  Antichriftian  priefthood.  He  is  led  i>repara- 
back  to  the  porch,  where  he  is  inveded  with  a  white  tory  rites  te¬ 
tanic  and  broad  fcarlet  belt  of  filk.  The  fleeves  of 
the  tunic,  which  are  wide,  are  tied  in  the  middle 
and  at  the  extremities  with  ribbons  likewife  of  fcar¬ 
let  ;  and  the  candidate  is  recalled  into  the  temple 
of  myderies.  He  is  met  by  one  of  the  brethren, 
who  does  not  permit  him  to  advance  till  he  has 
declared  “  whether  he  perfe&ly  underdands  the  dif- 
courfe  which  lias  been  read  to  him  ;  whether  be  has 
any  doubts  concerning  the  doctrines  taught  in  it ;  whe¬ 
ther  his  heart  is  penetrated  with  the  fan&ity  of  the 
principles  of  the  order  ;  whether  he  is  fenfible  of  the 
call,  feels  the  ftrength  of  mind,  the  fervent  will,  and  all 
the  diiintereftednefs  requifite  to  labour  at  th e.  grand  un¬ 
dertaking  ;  whether  he  is  ready  to  make  a  facrifice  of 
his  will ,  and  to  fuffer  liimfelf  to  be  led  by  the  mod  ex¬ 
cellent  fuperiors  of  the  order.” 

The  rites  of  the  preceding  degree  were  in  impious  de-  initiation  to 
rifion  of  the  facrament  of  the  Lord’s  flipper;  tliofe  of  the  the  pried- 
prefent  are  an  atrocious  mimicry  of  facerdotal  ordination  *,  h°mi. 
at  which,  as  every  one  knows,  the  Lord  s  flipper  is  like¬ 
wife  celebrated.  A  curtain  is  drawn,  and  an  altar  ap¬ 
pears  with  a  crucifix  upon  it.  On  the  altar  is  a  bible  ; 
and  the  ritual  of  the  order  lies  on  a  reading  defk,  with 
a  cenfer  and  a  phial  full  of  oil  befide  it.  The  dean, 
or  preiident,  who  adls  the  part  of  a  bifhop,  bleffe9  the 
candidate,  cuts  hair  from  the  crown  of  his  head,  a- 
noints  him,  clothes  him  in  the  vedments  of  the  prieft- 
liood,  and  pronounces  prayers  after  the  fafhion  of  the 
order.  He  prefent9  him  with  a  cap,  faying,  “  Cover 
thyfelf  with  this  cap  ;  it  is  more  precious  than  the 
royal  diadem.”  The  mock  communion  is  then  diftri- 
buted  ;  and  it  confids  of  milk  and  honey,  which  the 
dean  gives  to  the  profelyte,  faying,  “  This  is  that 
which  nature  gives  to  man.  Refledl  how  happy  lie 
would  dill  have  been,  if  the  defire  of  fnperfluities  had 
not,  by  depriving  him  of  a  tade  for  fuch  iimple  food, 
multiplied  his  wants,  and  poifoned  the  balm  of  life.” 

The  ceremonies  are  terminated  by  delivering  to  the 
epopt  that  part  of  the  code  which  relates  to  his  new 

degree.  .....  33 

Among  the  indru£lions  which  it  contains,  the  fol-  Duties  of 
lowing  are  more  particularly  worthy  of  notice.  ThetiieVned 
epopt,  fays  the  code,  a  will  take  caie  that  the  writ- or 
5  F  ings 
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Illuminati.  Jngs  of  the  members  of  the  order  fhall  be  cried  up,  and 
that  the  trumpet  of  fame  fhall  be  founded  in  their  ho¬ 
nour.  He  will  alfo  find  means  of  hindering  the  review¬ 
ers  fram  cajling  any  fufpicions  on  the  writers  of  the 
fe&.”  He  is  like  wife  inftru&ed  to  bribe  the  common 
people  into  the  interefts  of  the  order,  and  to  corrupt 
their  minds,  by  getting  pofleffion  of  fchools  and  other 
feminaries  of  learning.  But  “  if  it  be  neceffary  for 
us  to  be  matters  of  the  ordinary  fchools  (fays  the  im¬ 
pious  legiflator),  of  how  much  more  importance  will 
it  be  to  gain  over  the  Ecclefiajlic  feminaries  and  their 
fuperiors  l  With  them  we  gain  over  the  chief  part  of 
the  country  ;  we  acquire  the  fupport  of  the  great ejl  ene¬ 
mies  to  innovation  ;  and  the  grand  point  of  all  is,  that 
through  the  clergy  we  become  majlers  of  the  middle  and 
34  lower  claffes  of  the  people.” 

Quahhca.  From  the  degree  of  epopt  or  pried  are  chofen  the 
thed/°ree  reSenis  or  prince-illuminees .  On  making  this  choice, 
regenr.  ^ays  t^ie  co^e>  three  things  of  the  utmod  confequence 
are  to  be  obferved.  “  1 ft,  The  greated  referve  is  ne¬ 
ceffary  with  refpe&  to  this  degree  :  2 dlyy  Thofe  who 
are  admitted  into  it,  mud  be  as  much  as  poffible  free 
men,  and  independent  of  princes  :  $dly,  They  mud  have 
clearly  manifeded  their  hatred  of  the  general  confiitution, 
or  the  aftual Jlate  of  mankind  ;  and  have  ihewn  how 
evidently  they  wifh  for  a  change  in  the  government  of  the 
world  If  thefe  requifites  be  found  in  an  epopt  who 
afpires  to  the  degree  of  regent,  fix  preliminary  ques¬ 
tions  are  put  to  him  ;  of  which  the  obvious  meaning  is 
to  difeover,  whether  he  deems  it  lawful  and  proper  to 
teach  fubjetts  to  throw  off  the  authority  of  their  fo- 
ve reigns,  or,  in  other  words,  to  deftroy  every  king,  mi- 
nider,  law,  magidrate,  and  public  authority  on  earth. 

When  thefe  quedions  are  anfwered  to  the  fatisfac- 
tion  of  his  examiner,  he  is  informed,  u  that  as,  in  fu¬ 
ture,  he  is  to  be  entruded  with  papers  belonging  to  the 
order  of  far  greater  importance  than  any  which  he  has 
yet  had  in  his  poffeffion,  it  is  neceffary  that  the  order 
fhould  have  farther  fecurities.  He  is,  therefore,  com¬ 
manded  to  make  his  will,  and  infert  a  claufe  with  re- 
fpe£t  to  any  private  papers  w'hich  he  may  leave,  in 
cafe  of  fudden  death.  He  is  to  get  a  formal  or  juridi¬ 
cal  receipt  for  that  part  of  his  will  from  his  family,  or 
from  the  public  magidrate  ;  and  he  is  to  take  their 
promifes  in  writing,  that  they  are  to  fulfil  his  inten¬ 
tions.”  This  precaution  being  taken,  and  the  day  fix- 
ed  for  his  inauguration,  he  is  admitted  into  an  ante- 
chamber  hung  with  black,  where  he  fees  a  fkekton, 
Ad  million  elevated  two  deps,  with  a  crown  and  fword  lying  at 
to  this  de-  its  feet.  Having  given  up  the  written  difpofitions,  See. 
gree.  refpe&ing  his  papers,  his  hands  are  loaded  with  chains 
as  if  he  were  a  Clave,  and  he  is  left  to  his  meditations. 
A  dialogue  then  takes  place  between  his  introducer 
and  the  provincial,  who  is  feated  on  a  throne  in  a  fa- 


loon  adjoining.  It  is  in  a  voice  loud  enough  to  be  Illuminati 
heard  by  the  candidate,  and  confids  of  various  quef-  — 
lions  and  aniwers  ;  of  which  the  following  may  i'erve  * 
for  a  fpecimen  : 

Prov.  Who  has  reduced  him  to  this  date  of  fla- 
very  ? 

Anf  by  the  Introd.  Society,  Governments,  the 
Sciences,  and  falfe  Religion. 

Prov.  And  he  wiflies  to  cad  off  this  yoke,  to  be¬ 
come  a  feditious  man  and  a  rebel  ? 

Anf.  No;  he  wifhes  to  unite  with  us,  to  join  in 
our  fights  against  the  constitution  of  go¬ 
vernments,  the  corruption  of  morals,  and  the  profa¬ 
nation  of  religion.  He  wifhes,  through  our  means,  to 
become  powerful,  that  he  may  attain  the  grand  ul¬ 
timatum. 

Prov.  Is  he  fuperior  to  prejudices  >.  Does  he  prefer 
the  general  interejl  of  the  univerfe  to  that  of  more  limit¬ 
ed  ajfociations  ? 

Anf.  Such  have  been  his  promifes. 

Prov.  Afk  him,  whether  the  fkeleton  which  is  be¬ 
fore  him  be  that  of  a  king,  a  nobleman ,  or  a  beggar  ? 

Anf  He  cannot  tell  ;  all  that  he  fees  is,  that  this 
fkeleton  was  a  man  like  us  ;  and  the  charader  of  man 
is  all  that  he  attends  to. 

After  a  great  deal  of  infidious  mummery  like  this, 
the  epopt  is  admitted  to  the  degree  of  prince  ;  but  be¬ 
fore  his  invediture  with  the  infignia  of  that  order,  he 
is  exhorted  to  be  free,  i.  e .  to  be  a  man,  and  a  man 
who  knows  how  to  govern  himfelf ;  a  man  who  knows 
his  duty,  and  his  imprefcriptible  rights ;  a  man  who 
ferves  the  univerfe  alone  ;  whofe  a&ions  are  folely  dired- 
ed  to  the  general  benefit  of  the  world  and  of  human  na¬ 
ture.  “  Every  thing  elfe  (fays  the  provincial)  is  inj.us- 
TiCE.”  A  long  panegyric  is  then  made  on  the  hap¬ 
ping  which  will  be  experienced  by  mankind,  when 
every  father  of  a  family  fhall  be  fovereign  in  his  tran¬ 
quil  cot  !  when  he  that  wifhes  to  invade  thefe  /acred 
rights  dial!  not  find  an  afylum  on  the  face  of  the  earth  ! 
when  idlenels  fhall  be  no  longer  fuffered  ;  and  when  the 
clod  of  ufelefs  fcicnces  Jhall  be  cafl  afide  (  c  )  l 

The  fig  n  of  this  degree  confided  in  extending  out 
the  arms  to  a  brother  with  the  hands  opei* the  gripe  degree, 
was  to  feize  the  brother  by  the  two  elbows,  as  it  were 
to  prevent  him  from  falling ;  and  the  word  was  re¬ 
demption  !  The  epopt  was  inveded  with  his  princi¬ 
pality  by  receiving  a  buckler,  boots,  a  cloak/and  a 
hat ;  and  on  receiving  the  boots,  he  was  defired  to  fear 
no  road  which  might  lead  to  the  propagation  or  dis¬ 
covery  of  happinefs.  Thus  decorated,  the  prince  illu- 
minee  received  the  fraternal  embrace,  and  heard  the  in- 
flru&ions  for  his  new  degree.  * 

One  would  think  that  the  adept  had  now  arrived  at 
_  the 


(c)  This  will  naturally  furprife  our  readers  ;  but  it  could  not  furprife  him  to  whom  it  was  addreffed  •  for 
when  candidate  for  the  priedhood,  he  had  been  afked,  “  Do  the  fcienccs  which  men  cultivate  furnifh  them 
with  real  lights  ?  Are  they  conducive  to  real  happinefs  ?  Are  they  not,  on  the  contrary,  the  offspring  of  mim- 
bedefs  wants,  and  of  the  unnatural  date  in  which  men  live  ?  Are  they  not  the  crude  inventions  of  crazy  brains  ?” 
rhere  were,  however,  to  be  academies  for  the  cultivation  of  fuch  fciences  as  fuited  the  defigns  of  the  order- 
E^tch  academy  was  to  confid  of  nine  epopts,  of  whom  feven  were  to  prefide  refpe&ively  over  fo  many  depart- 
ments  of  faence,  whild  the  other  two  were  to  officiate  as  fecretaries.  One  of  the  departments  included  the  oc- 
cult  fciences,  to  which  belonged  the  art  o i  raifing  the  feals  of  the  letters  of  all  who  belonged  not  to  the  order- 
and  of  fecurmg  their  own  letters  againd  fimilar  practices  !  ! 


I  L  L 


[  779  1 


I  L  L 


mlnati.  the  very  acme  of  profanenefs,  and  treasonable,  confpi- 
■v  racy.  He  has  been  initiated  in  myfteries  which  bur- 
lefque  Chriftiariity  and  its  Divine  Author,  and  at  the 
fame  time  vow  vengeance  a  gain  it  all  government,  all 
law,  and  all  fcience :  yet  Weiihaupt,  in  a  letter  to  Ca¬ 
to  Zwack,  his  incomparable  man,  fays,  that  lie  has  com- 
pofed  four  degrees  above  that  of  regent,  or  prince-il- 
luminee  ;  with  refpefl  even  to  the  lowcjl  of  which,  his 
degree  of  priell  will  be  found  no  more  than  child’s 
play.  “  The  ritual  of  thefe  degrees,  (fays  he),  I. ne¬ 
ver  fuffer  to  go  out  of  my  hands.  It  is  of  too  ferious 
an  import ;  it  is  the  key  of  the  antient  and  modern, 
the  religious  and  political,  hiftory  of  the  univerfe.”  . 

This  caution  of  the  chief  confpirator  has  deprived 
us  of  the  power  to  give  fo  particular  an  account  of 
thefe  degrees  as  we  have  done  of  the  preceding  ;  but 
the  Abbe  Barruel  allures  us  that  they  were  reduced  to 
two,  viz.  that  of  Magus,  and  that  of  the  Man-king  ; 
and  that  thefe  two  conftituted  the  greater  myste¬ 
ries.  When  the  adept  was  admitted  to  the  degree  of 
magus ,  he  was  illuminized  only  in  philofophy  and  reli¬ 
gion  ;  when  to  that  of  man-king ,  new  lights  were  given 
him  refpefting  property,  and-every  fpecies  of  political 
aflociatioii.  The  Abbe  quotes  a  paffage  from  the  Cri¬ 
tical  hifiory  of  all  the  degrees  of  illuminifm ,  written  by  a 
man  of  honour,  who  had  palled  through  them  all,  which 
will  give  the  reader  a  fufBcient  idea  of  the  obje&  of 
thefe  laft  degrees. 

7rasof  “  With  refped  to  the  two  degrees  of  magus  and  of 
•iegree? man-king  (fays  this  writer),  there  is  no  reception,  that 
dmanS  1S  to  there  are  no  ceremon*es  of  initiation.  Even 
man~  the  eled  are  not  permitted  to  tranferibe  thefe  degrees ; 
they  only  hear  them  read,  and  that  is  the  reafon  why 
I  do  not  publifti  them  with  this  work.  The  firft .  is 
that  of  Magus,  called  alfo  philofopher.  It  contains 
the  fundamental  principles  of  Spinozifm.  Here  every 
thing  is  material  y  God  and  the  world  are  but  one  and 
the  fame  thing  :  all  religions  are  inconfiftent,  chimeri¬ 
cal,  and  the  invention  of  ambitious  men.” 

That  this  is  the  do&rine  of  Spinoza,  and  that  Spi¬ 
noza  was  an  atheift,  is  mofl  certain  ;  but  though  nothing 
can  be  ejfentially  worfe  than  atheifm,  we  aie  ftrongly 
inclined  to  fufpeft  that,  at  the  initiation  of  the  Magus, 
exprefllons  mull  have  been  ufed  mor z  flocking  at  leaf  to 
the  ear  than  the  philofophic  jargon  of  the  apoftate  jew. 
It  is  long  fince  the  philofophy  of  Spinoza  was  in  Ger¬ 
many  recommended  from  the  prefs  (fee  Spinoza,  En- 
cycl, )  ;  it  is  but  very  lately  that  a  profeffor  in  the  uni- 
verfity  of  Jena  publifhed  a  book,  in  which  he  .  teaches 
that  there  is  no  God ,  and  that  we  abfmdly  give  that 
title  to  the  relations  of  Nature  (d)  ;  and  fomething  ap¬ 
proaching  fo  near  to  atheifm  had  been  communicated 
to  the  adept  when  he  was  admitted  to  the  pnelthood, 
that  we  are  perfuaded  Weifhaupt  mult  have  alluded  to 
language  at  leaft  different  from  that  in  which  Spinoza 
taught  his  dark  dodrines,  and  that  language,  accompa¬ 
nied  perhaps  with  impious  and  audacious  geftures,  when 
he  faid  that,  compared  with  his  higher  myiteries,  his  de¬ 
gree  of  pricfl  was  but  child’s  play. 

What  gives  fome  degree  of  probability  to  this  conjec- 
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ture,  if  it  be  nothing  more,  is  the  following  fad  related  by  Hlnm-mati* 
the  Abbe  Barruel.  During  the  French  revolution  (fays 
that  able  and  well  informed  writer),  a  comedian  appear-  Athc*ifin 
ed  (e),  d relied  in  the  facerdotal  robes  of  the  illuininees,  and 
and  perfonally  defying  Almighty  God.  No  !  (faid 
the  impious  wretch)  thou  doit  not  exift.  If  thou  haft 
power  over  the  thunderbolts,  grafp  them  .;  aim  them  at 
the  man  who  dares  fet  thee  at  defiance  in  the  face,  of 
thy  altars.  But  no  1  I  blafpheme  thee,  and  1  Hill  live. 

No  !  thou  doft  not  exift.”  it  will  be  feen  by  and  bye, 
that  the  chiefs  of  the  revolution,  and  even  numbers  of 
their  tools,  were  illuminized  ;  and  is  it  improbable  that 
this  blafphemer,  who  was  arrayed  in  the  inlignia  of  the 
epopts,  made  ufe  of  the  language  and  geftures  of  the 
higher  myfteries  ?  Whether  it  be  or  not,  M.  Barruel 
has  proved,  even  from  the  writings  of  Weifhaupt  him- 
felf,  that  the  magi  were  at  leaft  atheifts  of  the  fchool  of 
Spinoza. 

“  The  fecond  degree  of  the  grand  myfteries,  called 
the  Man  king ,  teaches  ^according  to  the  author  of  the 
Critical  Hiftory),  that  every  inhabitant  of  the  country 
or  town,  every  father  of  a  family,  is  fovereign,  as  men 
formerly  were  in  the  times  of  the  patriarchal  life,  to 
which  mankind  is  once  more  to  be  carried  back ;  that 
in  confequence  all  authority  and  all  magiftracy  muft  be 
deftroyed.”  <  39 

This  may  appear  to  be  nothing  more  than  what  the  Savagifm. 
adept  has  been  already  taught  in  the  letter  myfteries  ; 
and  it  13  in  fa£t  nothing  more  than  that  to  which  he 
muft  have  feen  thefe  myfteries  tending ;  but  the  reader 
underftands  not  the  language  of  the  illuminees,  if  he 
fuppofes  that,  by  the  patriarchal  ftate,  they  meanfuch  a 
ftate  as  that  of  the  patriarchs  of  the  Old  feftament. 

No!  their  patriarchal  ftate  is  the  fancied  favage  ftate  of 
the  atheiftical  philofophers  of  Greece  and  Rome,  when 
mankind  had  neither  property  nor  fixed  habitation. 

This  is  evident  from  one  of  the  difcourfes  of  the  hiero¬ 
phant  ;  in  which  he  tells  the  adept,  that  it  would  have 
been  happy  for  man  “  had  he  known  how  to  preferve 
himfelf  in  the  primitive  ftate  in  which  Nature  had  pla¬ 
ced  him  !  But  foon  the  unhappy  germ  developed  itfelf 
in  his  heart,  and  reft  and  liappintf?  difappeared.’  As 
families  multiplied,  the  neceffary  means  of  fubfiftence 
began  to  fail.  T he  Nomade  or  roaming  Ufe  ceafed^  ;  pro¬ 
perty  began  ;  men  chofe  fixed  habitations  ;  agriculture 
brought  them  together ;  liberty  was  ruined  in  its 
foundations,  and  equality  disappeared.” 

To  reftore  that  liberty  and  equality,  therefore,  which 
is  the  ultimate  objedl  of  the  order,  and  conftitutes  the 
Man-king,  all  property  muft  be  aboliflied,  every  houfe 
burnt,  as  well  the  cottage  of  the  peafant  as  the. palace 
of  the  prince  ;  and  mankind  muft  once  more  inhabit 
woods  and  caverns  without  clothes  and  without  fire, 
and  fially  out  occafionally  to  encounter  their  fellow- 
brutes,  and  to  fearch  for  food  among  the  wild  herbs  of 
the  defart.  According  to  Mochus  the  Phenician,  and 
the  Greek  philofophers  of  this  hopeful  fchool,  this  was 
the  original  ftate  of  man  *  ;  and  to  this  ftate  it  was  the  #  See 
objeft  of  Weifhaupt  and  his  adepts  to  reduce  man  again.  .  >  Vs  Let- 
Hence  we  hear  them  lavifhing  the  moft  rapturous  enCo-**"  ib* 
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miums 


Savage 

State. 


( rO  We  learned  this  from  the  letter  already  quoted  in  note  (  a.)  .  ,111  r  r  ,  . 

(e)  He  does  not  fay  where  this  appearance  was  made;  but  the  circumftances  related  lead  us  to  fuppofe  that 

it  was  in  a  church. 
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ILL 

Illuminati-  nuums  on  the  Goths  and  Vandals  who  over. ran  the 
Roman  empire,  annihilated  the  arts,  put  a  flop  to 
agriculture,  and  burnt  the  towns  and  villages  of  civi¬ 
lized  Europe  !  It  was  thus,  according  to  the  illuminees, 
that  thofe  barbarians  regenerated  mankind  :  but  the  re¬ 
generation  was  not  complete  ;  for  the  Goths  and  Van¬ 
dals  could  not  preferve  thcmfelves  from  the  contagion 
of  civil  life;  and  thur  fall  from  favagifm  to  fcience  drew 
from  Weifhaupt’s  hierophants  the  mo  ft  piteous  lamenta¬ 
tions  ) 

.  The  laft  fecret  communicated  to  the  moil  favoured 
adepts  was  the  novelty  of  the  order.  Hitherto  their 
zeal  had  been  inflamed,  and  their  refpet:!  demanded  to 
an  infliiution  pretended  to  be  of  the  highefl  antiquity. 
The  honour  of  inftituting  the  my  ft  erics  had  been  inc- 
cefilvely  attributed  to  the  children  of  the  Patriarchs,  .to 
ancient  philosophers,  even  to  Chriil  himfelf,  and  to  the 
founders  of  the  maforic  lodges  (fee  Masonry  in  this 
SuppL).  But  now  the  time  is  come  when  the  adept, 
initiated  in  the  higher  my  it  cries,  h  fuppoied  to  be  fuf- 
ficiently  enthuflaflic  in  his  admiration  of  the  order,  to 
be  entruAed  with  the  hiflory  of  its  origin.  Here  then 
they  inform  him,  that  this  fecret  focicty,  which  has  fo 
artfully  led  him  from  niyfltrv  to  my  derv  ;  which  lias 
with  fuch  perfevering  induftry  rooted  from  his  heart 
ivory  principle  of  religion,  til  love  of  his  country,  and 
,  afk&ion  for  his  family  ;  ail  pretentions  to  property,  to 

fhe  esclufive  right  to  riches,  or  to  the  fruits  of  the 
Ciith  ; — this  fociety,  which  has  taken  fo  much  pains  to 
demonftrate  the  tyranny  and  defpotifm  of  nil  luvs  hu¬ 
man  and  divine,  and  of  ever)’  government,  whether  mo¬ 
narchical,  <?riilocratic?l,  or  republican  ;  which  haa  de¬ 
clared  lhm  free,  and  taught  him  that  he  has  no  iove- 
n  ign  on  earth  or  in  heaven  ;  no  rights  to  ref*: eft  in  o- 
thers,  but  thofe  of  perfect  equality,  of  lavage  liberty, 
and  ov  the  molt  abfol  ite  independence  ;  that  this  fo¬ 
ciety  is  not  the  offspring  of  an  ignorant  and  fupshUi- 
tiou.^  anriquity,  but  of  modern  philofophv  ;  in  one 
wind,  that  the  true  father  of  illaminihn  it  ro  other 
than  Adam  Wenhaupt,  known  in  the  ubiety  by  the 
name  cf  St»c  rtacus  !  1  his  importer  fecret,  however, 

remained  a  mvflery  even  to  the  greater  navt  of  the  tua^i 
and  the  man- lings,  being  revealed  only  to 
council  cf  arrpagites^  and  to  a  few  oilier  a: 

Ai  tinguiihed  merit. 

Propofal  80  zealoufly  was  the  order  bent  upon  pi  op?  ratinp* 
irdc/ema^lt8  eyecva^e  through  the  \  hole  v.v.d  1,  that 


h  e  g’-and 
ts  of  dif- 


fome 


of  the  chiefs  b:*d  phnred 

*  '  tL. 


,  1 
‘  V  -  <  1 

■  <-f  i  male  a- 

depts  in  fuhfmiency  to  the  defigns  cf  the  men.  “  it 
will  Ic  of  great  lei  vice,  (fays  Cnto-Xw*  ck).  it  will 
procure  11s  both  information  ?nJ  money,  and  will  Aiit 
charmingly  tlie  tafte  of  fame  of  our  trueil  members, 
who  are  lovers  of  the  fex  ”  An  afleffor  of  the  Impe- 
rial  chamber  at  Wei'/lar,  of  ike  name  of  Dittfurt,  but 
known  among  the  ilhmm.ccs  by  that  of  J/nvov  ex- 
prtflhd  even  his  dcfpair  of  ever  bringing  mm  to  the 
grand  object  cf  the  order  without  the  fuppevt  of  fe¬ 
male  adepts ;  and  he 
and  his  four 

This  older  W4S  to  be  fubdivl 


daughters  in  law 


n  oder  of  Ins  own  wife 
to  be  lirft  initiated. 
!ed  into  two  claffes,  each 
and  having  different  f 
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forming  a  ft  para?  c  focicty, 
crets.  The  fir  ft  was  to  bt 


competed  of  virtuous  wo¬ 
men  ;  the  fecond  of  the  wild,  the  giddy,  and  the  volup¬ 
tuous.  The  brethren  were  to  conduct  the  fir  A.  by 
promoting  the  reading  of  good  books;  and  to  train  the 


ILL 

fecond  to  the  arts  ot  feretiy  gratifying  tkeir  pqjfons.  Ilkimi,,,,* 
i  he  Wife  of  an  adept  named  Ptolemy  Magus  was  to  — 
preflde  over  one  of  the  dalles  ;  which  (lays  Minos) 
will  become,  under  her  management  and  his,  a  very 
pretty  fociety.  “  You  mull  contrive  pretty  degrees, 
and  drefles,  and  ornaments,  and  elegant  and  decent  ii- 
teals.  No  man  mull  be  admitted.  This  will  make 
them  more  keen,  and  they  will  go  much  farther  than 
if  we  were  prefer*  t.  or  than  if  they  thought  that  we  knew 
of  their  proceedings.  Leave  "them  to  the  fcope  of 
their  own  fancies,  and  they  v/ril  icon  invent  nivflcrhs 
which  will  put  us  to  the  biufli,  and  myfleries "which 
we  can  never  equal.  They  will  be  our  great  apoftks. 

Reflect  on  the  refpeS,  nay,  the  awe  and  terror,  infpired 
by  the  female  myltics  of  antiquity.  Ptolemy's  wife 
mull  din  a  them,  and  Ihe  will  be  in  ft  ru&ei  by  Pto¬ 
lemy;  and  my  Jtcp- daughters  will  coni lilt  with  me.  Yve 
mult  always  be  at  hand  to  prevent  the  introdu&ion  of 
any  improper  queitron.  We  mult  prepare  themes  for 
their  -  dtfcufScn :  thus  we  fhall  confete  them,  and  in- 
fprre  them  with  our  feniiments.  No  man,  however, 
nmit  come  near  them.  d.  his  will  fire  their  roving  fan¬ 
cies,  and  we  may  expert  rare  my  Aeries  V* 


Put  nr 


Kitwithftanding  all  the  plans  and  zeal  of  this  Rejetted 
profligate  wretch  and  others  of  the  fraternity,  it  duesby  ^Parta* 
not  appear  that  the  General  Spartacus  ever  contented  cll5‘ 
to  the  eilabhihment  of  the  fiflerhood.  He  fupplied, 
liO.vcyer,  the  want  of  fuch  an  inflitution,  by  fecret  in- 
fhufrt-ns  to  the  regents,  on  the  means  of  making  the  in¬ 
fluence  n  women  overmen  fubfervient  to  the  order,  with- 
ou  cntiuliing  th-  m  with  any  of  the  fecrets.  “  The  fair 
lex^feyahcj  having  the  greatetl  part  of  the' world  at 
tli  ir  dnpoin!,  no  fludy  is  more  worthy  the  adept  than 
the  art  of jhiUcrx,  in  order  to  gain  them.  They  are  all 
more  or  leis  led  by  vanity,  curiofity,  pleafure,  or  the 
love  of  novelty.  It  is  on  that  fide,  therefore,  they  are 
to  be  attacked,  and  by  that  to  be  rendered  fubfervient 
lo  the  order  ”  That  Weifhaupt’s  fagacity  had  not 
on  this  cccafion  forfaken  him,  is  very  evident  ;  fmce-it 
has  been  proved  that  the  German  fair,  who  were  the 
rorrefpondeiits  of  the  illuminees,  welcomed  the  French  v 
invaders  of  their  native  country*.  Nay,  fo  lately  as*  Dr  Robi- 
lod  winter,  our  correfpondent  in  Saxony  heard  feveral.fou’s ?roof» 
ot  thtfe  illuminized  ladies  exprefs  a  wifh  that  th e°fa 
French  might  invade  and  conquer  England  ;  for  then, rac^' 
i?ud  they,  ica  ant!  coffee  would  be  cheaper  ! 

It  is  not  enough  for  the  founder  of  a  fe&  of  confpi- 
rators  to  have  hxed  the  precife  objedl  of  his  plots,  i i is 
accomplices  mult  form  but  one  body,  animated  by  one 
ip.i.t;  its  members  mufl  be  moved  by  the  fame  laws, 
urtier  the  iufpe^lion  and  government  of  the  fame  chiefs. 

A  full  account  of  the  government  of  Weiflianpt'a  or- 
dei  will  be  found  in  the  valuable  work  of  Abb£  Bar- 
rail  j  our  limits  permit  us  to  give  only  fuch  a  general 
view  of  it  as  may  put  our  readers  on  their  guard  againft 
the  fecret  machinations  of  thefe  execrable  villains, 
whole  lodges  are  now  recruiting,  under  different  deno¬ 
minations,  in  every  country  in  Europe. 

\\  lie  1  e  ver  iilnminifm  has  gained  a  footing,  as  the  means  SuWdina- 
of  fabordination.  there  is  a  general  divifion  of  command  don  of  the 
as  well  as  ot  locality.  The  candidates  and  novices  are  each 
under  the  direction  of  his  own  infinuator,  who  introdu¬ 
ces  him  into  the  Alinerval lodges ;  each  Minerval  lodge  has 
a  fuperior  from  among  the  preparatory  clafs,  under  the 
impedtion  of  the  intermediary  clafs.  So  many  lodges  con. 

flitute 


I  L  L 


jlu.nati.  ftitutea  diftrid,  under  the  dire&ion  of  a  fupenor,  whom 
'^0  "r  ’  ^he  Older  calls  dean .  The  dean  is  fubjedted  to  the^>/  ovin - 
cial>  who  has  the  infpe&ion  and  command  of  all  the  lodges 
and  deaneries  of  the  province.  Next  in  order  comes  the 
national  fupenor ,  who  has  full  power  over  all  within  his 
nation,  provincials,  deans,  lodges,  &c.  T-  hen  comes 
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dancy  over  men  (fays  Weifhaupt)  are  incalculable.  1  un'ina_^ 
Who  could  enumerate  them  all  ?  They  muft  vary  with 
the  difpolition  of  the  times.  At  one  period,  it  is  a 
tafte  for  the  marvellous  that  is  to  be  wrought  upon. 

At  another,  the  lure  of  fecret  focieties  is  to  be  held 
out.  For  this  reafon,  it  is  very  proper  to  make  your 


nation,  provincials,  deans,  lodges,  &c.  men  comes  out.  101  ui.>  /ItAL  fl'  rt,,i  ft,;e  of 

the  fuureme  council  of  the  order,  or  the  areopagites ,  inferiors  believe,  withouu  teding  .  ‘  ,  , 

„„  X  h  HU.  tta  S~ral  of  illuminifm.  Thus  .h«  oafe,  tba,  all  other  "  O  " fe  t“ 

has  the  order  formed  within  itfelf  a  fupreme  tribunal,  of  Freemafonry,  are  fecretly  d, retted  by  us.  Or  elfe, 

.  .  11  .  » _ _  ...  u.. 
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to  whofe  inquifition  all  nations  are  to  be  fubjeded. 
The  areopagites,  confiding  of  twelve  fathers' of  the  or¬ 
der,  with  the  general  at  their  head,  form  the  centre  of 
communication  with  all  the  national  fuperiors  on  earth  ; 
each  national  is  the  centre  of  one  particular  nation  ;  the 
provincial,  of  one  province  ;  the  dean,  of  the  lodges 
within  his  deanery  ;  the  mi  nerval  mafler ,  of  his  acade¬ 
my  ;  the  venerable9  of  his  mafonic  lodge  ;  and  the  infu 
jiuaior  or  recruiter)  of  his  novices  and  candidates . 

The  higher  degrees  (fays  Weifhaupt  in  one  of  his 
inftrudlions  to  the  regents)  muft  always  be  hidden  from 
the  lower.  The  Ample  illumlnee,  therefore,  correfponds 
with  his  immediate  fupenor,  knowing  perhaps  no  other 
member  of  the  order  ;  the  latter,  with  his  dean  ;  and 
thus  gradually  afcending  to  the  national  fuperiors,  who 
aloneare  acquainted  with  therefidence  of  the  areopagites, 
as  they  again  are  with  the  name  and  refidence  of  the  ge¬ 
neral.  Any  member,  however,  of  the  inferior  degrees, may 
occafionally  correfpond  with  his  unknown  fuperiors, 
by  addrefiing  his  letters  Shtibus  licet  ;  and  in  thefe  let¬ 
ters  he  may  mention  whatever  he  thinks  conducive  to 
the  advancement  ot  the  order.  If  he  be  a  novice,  he 
may  in  thefe  letters  inform  his  fuperiors  how  his  in- 
ftru&or  behaves  to  him,  or  may  draw  the  chara&er  of 
any  perfon  whatever.  When  the  letter  of  any  adept 


IT  IS  REALLY  THE  FACT  IN  SOME  STATES,  THAT  PO¬ 
TENT  MONARCH S  ARE  GOVERNED  BY  OUR  ORDER. 

When  any  thing  remarkable  or  important  comes  to 
pafs,  hint  that  it  originated  with  our  order.  Should 
any  perfon  by  his  merit  acquire  a  great  reputation,  let 
it  be  generally  underftood  that  he  is  one  oj  us*  *  ^  4 6 

“  If  our  order  cannot  ellabhfh  itfelf  in  any  particu-  r 

lar  place,  with  all  the  forms  and  regular  progrefs  ofgood  0’r 
our  degrees,  fome  other  form  mujl  be  affumeiL  .  Always  bad. 
have  the  objetl  in  view  ;  that  is  the  efiectial  point.  No 
matter  what  the  cloak  be,  provided  you  fucceed  ;  a 
cloak ,  however,  is  always  necejfary ,  for  in  fecrecy 
our  Jlrength  lies,  d  he  inferior  lobges  01  free- 

MASONRY  ARE  THE  MOST  CONVENIENT  CLOAKS  for 

our  grand  object  ;  becaufe  the  world  is  already  fa¬ 
miliar  ifed  with  the  idea,  that  nothing  of  importance  or 
•worthy  of  their  attention  can  fp  ring  from  mafonry.”  No 
artifice,  however,  is  to  be  left  untried.  “  You  may 
attend  large  and  commercial  towns  during  the  times  of 
fairs  in  different  characters  ;  as  a  merchant,  an  officer 
an  albe.  Everywhere  you  will  perfonate  an  extraordi- 
nary  man,  having  important  bulinels  on  your  hands  ; 
but  all  this  muft  be  done  with  a  great  deal  of  art  and 
caution,  left  you  fhould  have  the  appearance  of  an  ad¬ 
venturer.  You  may  write  your  orders  with  a  chymical 


st  sse  at: 


time . 

Never  lo£e  fight  of  the  military  fchooh)  of  the  acade¬ 
mies,  printing  preJfeS)  libraries cathedral  chapters ,  01  any 
public  ejlablijhments  that  can  influence  education  ox  go¬ 
vernment.  Let  our  regents  perpetually  attend  to  the 
various  means,  and  form  plans,  for  making  us  ma¬ 
sters  of  all  thefe  eflablifhmentc.  When  an  author  fets 
forth  principles  true  in  themfelves,  but  which  do  not 
as  yet  fuit  aur  general  plan  of  education  for  the  world, 
or  principles,  the  publication  of  which  is  piemature  \ 
every  effort  muft  be  made  to  gain  over  the  author  :  but 
fhould  all  our  attempts  fail,  and  we  fhould  prove  un¬ 
able  to  entice  him  into  the  order,  let  him  be  df credited 
by  every  poffble  means**1 

Of  their  methods  of  diferediting  authors,  one  has 
come  to  our  knowledge,  which  muft  be  interefting  to 
fome  of  our  readers.  Dr  Robifon’s  work,  entitled 
Proofs  of  a  Confpiracy,  See.  which  firft  unmafked  thefe 
hypocrites  in  this  country,  found  its  way  into  Ger- 
^  ailCLIlulu  many,  and  was  tranflated  into  the  German  language^ 

hiftorian  of  the  province :  is  _  .  and  that  the  pr0.  and  expofed  to  fak  at  the  Leipfic  fairs.  The  illumi- 
to  a  journal  kept  o  P  P  g  content8  of  thefe  nees,  under  the  difguife  of  merchants  and  abbes,  attend- 

journals  to  the •  hl?“  ,  eral  and  are.  committed  to  the  flames.  A  fecond  edition  was  pub- 

»ay  be  formed  of  the  influence  ^genejal  an^  ^  ^  ^  ^  ^  ^  ^  fete  (p)>  This  wa3  a 

Sits  way.Ver‘‘  The  means  of  acquiring  an  afeen-  more  compendious  way  of  anfwering  the  learncd^u- 


ceal  from  his  immediate  fupenor,  he  directs  it  001:  or 
Primo  ;  and  then  it  can  be  opened  only  by  the  provtn* 
dial)  the  national  fupenor,  the  areopagites ,  or  the  gene¬ 
ral,  according  to  the  rank  of  the  writer,  which  is  by 
fome  contrivance  unknown  to  M.  Barruel,  indicated  on 
the  out  fide  of  the  letter.  The  provincial ’  opens  the 
letters  of  the  minor  and  major  illuminees  which  are  di- 
refted  Soli  ;  the  guibus  lieets  of  the  epopts ;  and  the 
Primes  of  the  novices  ;  but  he  cannot  open  either  the 
Primo  of  the  minerval,  the  Soli  of  the  Scotch  knight,  or 
the  §>utbus  licet  of  the  regent.  He  can  only  form  a  con- 
je&ure  as  to  the  perfons  who  open  his  own  letters, 
and  thofe  which  he  is  not  permitted  to  open  himlelt. 
id  of  When  it  is  confidered,  that  by  one  of  Weifhaupt  s 
^  im-  ftatutes,  the  provincial  has  in  each  chapter  or  diftnCt 
rtance  t°  a  confiaential  epopt,  who  is  his  fecret  cenfor  or  Jpy  ; 
ur  Order, tjiefe  fpies  are  to  inflnuate  themfelves  into  all  com¬ 
panies,  and  colled  anecdotes  of  fecret  hijlory  ;  that  the 
hiftorian  of  the  province  is  to  infert  thefe  anecdotes  m- 


(f)  This  information  was 
two  impreffions  of  the  book  were  thus  difpofed  of. 


communicated  to  us  by  a  gentleman  of  charader,  who  was  at  Leipfic  when  the 
‘  The  Abbe  Bartuel’s  work  has  no  doubt  been  anfwered  ic 


we  cannot  Jhy  fo  upon  the  fame  authority. 


ILL  .  [  7: 

?U|;min iti  thor  than  that  which  has  been  adopted  by  the  Jacobin 
journalills  in  London  ;  but  perhaps  it  may  convince 
the  readers  of  thefe  journals,  that  the  Dodor  has  not 
fo  far  miftaken  the  fenfe  of  the  writings  of  Philo  and 
Spartacusy  as  their  illuminifed  mailers  wiih  them  to  be- 
lieve. 

When  thefe  arts  ,t*£  chfFeminating  the  diforganlzlnw 
and  impious  principles  of  the  order  are  duly  confiderech 
and  when  it  is  remembered  that  its  emiffaries  dare  not 
difohey  a  fingle  injun  Aion  of  the  high  fuperiors,  with¬ 
out  expofing  themfelves  to  poifon,  or  to  the  daggers  of 
a  thouiand  unfeen  aflafims,  no  man  can  be  furprifed  to 

47  learn  that- the  illuimnees  contributed  greatly  to  the 
niumimfm  French  revolution.  The  philofophers  of  France  had 

Xy  nee  indeed  prepared  the  public  mind  for  embracing  readily 
the  doArines  of  illummifm ;  and  fo  early  as  1782,  Philo 
and  Spartacus  had  formed  the  plan  of  illuminizing  that 
nation  ;  but  they  were  afraid  of  the  vivacity  and  ca¬ 
price  of  the  people,  and  extended  not  their  attempts, 
at  that  time,  beyond  Strasbourg.  Already,  however, 
there  exiiled  fome  adepts  in  the  very  heart  of  the  king¬ 
dom  ;  and  the  -Marquis  dex  Mirabeau,  -when  ambaffador 
at  the  court  of  Berlin,  was  initiated  at  Brunfwick  by 
a  difciple  of  Philo  Knigge’s.  On  his  return  to  France 
he  began  to  introduce  the  new  myfteries  among  his 
mafonic  brethren. 

The  Rate  of  free  mafonry  was  at  that  time  peculiarly 

48  adapted  to  the  views  of  the  cor.fpirators.  The  French 
0/ free  rTa  had  ?nSrafted  on  the  -old  and  innocent  Rritifh  mafonry 
four y.  nia"  a  numhen  of  degrees,  gradually  vrifing  above  each  other, 

to  the  very  myfleries  of  illuminifm  itfelf  (See  Mason- 
RY>  in  this  SuppL).  Thefe.  were  called  the  phdofophi- 
cal  degrees,  and  comprehended  the  knights  of  the  fun> 
the  higher  Roficruciansy  and  the  knights  Kadejh.  At 
the  head  of  all  thefe  focieties,  whether  antient  or  mo¬ 
dern,  were  three  lodges  at  Paris,  remarkable  for  the  au¬ 
thority  vyhich  they  exercifcd  over  the  reR  of  the  order, 
and  Philip  of  Orleans  was  the  grand-maRer.  So  early  as 
the  year  1787,  France  contained  282  towns,  in  which 
were  to  be, found  regular  lodges,  under  the  direAion 
of  that  .execrable  wretch.  He  increafed  their  num¬ 
ber  by  introducing  to  the  rnafonlc  myderies  the  lowed 
of  the  rabble,  as  well  as  thofe  French  guards  whom 
he  deRined  to  the  fubfequent  attack  of  the  baRile, 
and  to  the  Rorming  of  the  palace  of  his  near  relation 
and  royal  maRer.  In  every  country  town  and  village 
lodges  were  opened  for  aiiembling  the  workmen  and 
peafantry,  in  hopes  of  heating  their  imaginations  with 
the  fophiRicated  ideas  of  equality  and  liberty,  and  the 
.  tights  of  man  ;  and  it  was  then  that  Mirabeau  invi. 
ted  a  deputation  from  the  order  of  Weifhaupt,  which 
very  quickly  diffufed  the  light  of  illuminifm  through 
the  whole  kingdom.  InRead  of  Spartacus-  Weifhaupt, 
CWZwack,  and  PhilofKni^ge9  vve  -find  -wielding  the 
firebrands  of  revolution  in  the  capital  of  France,  Philip 
cf  Orleans,  Mirabeau ,  Syeyes,  and  Condorcet.  The  day 
of  general  infurreAion  was  fixed  by  thefe  mifereants 
for  the  14th  of  July  1789.  At  the  -fame  hour,  and 
in  all  parts  of  France,  the  cries  of  equality  and  liberty 
refounded  from  the  lodges.  The  Jacobin  clubs  were 
formed  ;  and  hence  fprung  the  revolution,  ,with  all  its 
horrors  of  atheifm,  murder,  and  maffacre  ! 

,  fn  fuppoit  of  this  account  of  the  illuminees  we  have 
loaded  our  margin  with  authorities  ;  beeaufe  our 
detail  baleen  taken  wholly  from  the  yalnable  works 
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of  Abbe  Barruel  and  Dr  Robifon,  to  which  we  refer  Illuminaf 
our  readers  for  much  curious  information  that  our  If.  — yJl 
mils  do  not  permit  us  to  give.  We  cannot,  however, 
conclude  the  article,  without  making  fome  remarks  on 
that  fpecious  principle  by  which  the  ■  confpirators  have 
deluded  numbers,  who  abhor  their  impieties,  and  who 
would  not  rgo  all  their  length  even  in  rebellion  ;  we 
mean  the  maxim,  that  it  is  our  duty  to  love  all  men 
with  an  equal  degree  of  uffeAion,  -and  that  any  partial 
regard  for  our  country,  or  our  :children,  is  linjuft.” 

That  this  maxim  is  falfe/  eveiy  Chriftian  knows,  be-Refl4/ 
caufe  he  ia-enjoined  to  “  do, good  indeed  unto  all  menjoa  thVS 
but  more  ef penally  to  them  who  are  of  the  houfehold  0fdamcntal* 
faith  beeaufe  he  is  told,  that  “  if  man  any  provide  not  P?’ndPles 
for  his  and  efpecially  for  thofe  of  his  ^ 
he  hath  denied  the  faith,  and  is  worfe  than  an  infidel  * 
beeaufe  his  divine  maRer,  immediately  after  refolving 
all  duty  into  the  love  of  God  and  man,  delivers  a  pat 
rable,  to  fhew  that  wc  neither  can  nor  ought  to  love 
all  men  equally  ;  and  beeaufe  the  fame  Divine  Perfon 
had  one  difeiple  whom  he  loved  more  than  the  reR. 

But  we  wifh  thofe  philofophers  who  talk  perpetually  of 
the  mechanifm  of  the  human  mind,  and  at  the  fame  time 
affeA  to  have  00 partial  fondnefs  for  any  individual,  but 
to  love  all  with  the  fame  degree  of  rational  affedion, 
to  conflder  well  whether  fuch  philanthropy  be  eonflft- 
ent -with  what  they  call  (very  improperly  indeed)  me. 
chanifm.  If  this  mechanifm  be  (as  one  of  them  fays  it 
is)  nothing, more  than  attraaion  and  repulfwn,  we  know 
that  it  • cannot  extend  with  equal  force  over  the  whole 
world  ;» beeaufe  the  force  of  attradion  and  repulfion 
varies  with  the  diltance.  If  by  this  abfurd  phrafe, 
they  mean  a  fet  of  inJlinBive  propensities,  or  feelings, 
we  know  that  among  favages,  who  are  more  governed 
by  inllind  than  civilized  men,  philanthropy  is  a  feeling 
or  propenfity  of  a  very,  limited  range.  If  they  believe 
all  our  paffions.  to  originate  in  felflove,  then  is  it  cer¬ 
tain  that  our  philanthropy  mult  be  progrellive  ;  em. 
bracing  fii (l,  and  with  (trongeft  ardour,  our  relations, 
our  friends,  and  our  neighbours  ;  then  extending  gra¬ 
dually  through  the-fociety  to  which  we  belong;  then 
grafping  our  country  ;  and  lad  of  all  the  whole  human 
race.  Perhaps  they  may  fay  that  reafon  teaches  us  to 
love  all  men  equally,  beoaufe  fuch  equal  love  would 
contribute  molt  to  the  fum  of  human  happinefs.  This 
fome  of  them  indeed  have  actually  faid  ;  but  it  is  what 
no  man  of  refledion  can  pofiibly  believe.  Would  the 
fum  of  human  happinels  ’  be  increafed,  were  a  .man  to 
pay.  no  greater  attention  to  the  education  of  his  own 
children  than  to  the  education  of  the  children  of  Itran- 
gers  ?  were  he  to  do  nothing  more  for  his  aged  and 
helplefs  parents  than  for  any  other  old  perfon  what¬ 
ever  ?  or,  were  he  to  neglea  the  poor  in  his  neighbour¬ 
hood,  that  he  ^  might  relieve  thofe  at  the  diltance  of 
1  coo  miles?  Thefe.  quellions  are  too  abfurd  to  merit -a 
fcrious  anfwer. 

When  a  man,  therefore,  boafts  of  his  univerfal  bene¬ 
volence,  declaring  himfelf  ready,  without  fee  or  re¬ 
ward,  to  facrifiee  every  thing  dear  to  him  for  the  bene, 
fit  of  It  rangers  whom  "he  never  faw  ;  and  when  he  con¬ 
demns,  in  the  cant  phrafe  of  fadion,  that  narrow  po¬ 
licy  which  does  not  conflder  the  whole  human  raee  as 
one  great  family — we  may  fafely  conclude  him  to  be 
either  a  confummate  hypocrite,  who  loves  none  but 
himfelf,  or  a  .philofopbical  fanatic,  who  is  at  once  k 

ftranger 
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^  [nati  (Iratigcr  to  his  duty  and  to  the  workings  of  his  own 
heart. 

If  this  concluAon  require  any  farther  proof,  we  have 
it  in  the  condud!  of  Weifhaupt  and  his  areopagites. 
In  the  hand  writing  of  Cato,  his  incomparable  man ,  was 
found  the  defer iption  of  a  ftrong  box,  which,  if  forced 
open,  would  blow  up  and  dejlroy  its  contents  ;  feveral 
receipts  for  procuring  abortion ;  a  compoAtion  which 
blinds  or  kills  when  fpurted  in  the  face  ;  tea  for  procu¬ 
ring  abortion  ;  Herb a  qua  habent  qualitatem  delateream  ; 
a  method  for  filing  a  bed-chamber  with  pejlilential  va¬ 
pours  }  how  to  take  off  impreifions  of  feals,  fo  as  to  ufe 
them  afterwards  as  feals  ;  a  receipt  ad  excitandum  furo - 
rem  uterinum  ;  and  a  differtation  on  fuicide .  Would 
genuine  philanthropes  have  occafion  for  fuch  receipts 
as  thefe  ?  No  !  the  order  which  ufed  them  was  founded 
in  the  moft  confummate  villany,  and  by  the  nioft  de- 
teftahle  hypocrite.  The  incefiuons  Weifhaupt  feduced 
the  widow  of  his  brother,  and  folicited  poifon  and  the 
dagger  to  murder  the  woman  whom  he  had  fondly 
prefled  in  his  arms.  “  Execrable  hypocrite  (fays  M. 
Jlarruel),  he  implored,  he  conjured  both  art  and  friend- 
fliip,  to  deflroy  the  innocent  vidlim,  the  child,  whofe 
birth  muft  betray  the  morals  of  his  father.  The  fcan- 
dcil  from  wrhich  he  (brinks,  is  not  that  of  his  crime  :  it 
is  the  fcandal  which,  publifhing  the  depravity  of  his 
heart,  would  deprive  him  of  that  authority  by  which, 
under  the  cloak  of  virtue,  he  plunged  youth  into  vice 
and  error.  I  am  on  the  eve,  (fays  he)  of  lofing  that  re¬ 
putation  which  gave  me  fo  great  authority  over  our  people  : 
My  fijlerdti  law  is  with  child ,  I  will  hazard  a  defpe - 
rate  blow ,  for  I  neither  can  nor  will  lofe  my  honour .” 
Such  is  the  benevolence  of  thofe  who,  banifhing  from 
their  minds  all  partial  affedlion  for  their  children  and 
their  country,  profefs  themfelves  to  be  members  of  one 
great  family,  the  family  of  the  world  ! 

IMAGINARY  Quantities,  or  Impojftble  Quanti¬ 
ties ,  in  algebra,  are  the  even  roots  of  negative  quanti¬ 
ties  ;  which  expreflions  are  Imaginary,  or  impoflible,  or 
oppofed  to  reel  quantities  ;  as  —  aa,  or  4^/  —  <34, 
&c.  For  as  every  even  power  of  any  quantity  what¬ 
ever,  whether  pofltive  or  negative,  is  neceflarily  pofitive, 
or  having  the  flgn  4-,  becaufe  -j-  by  4-,  or  —  by — , 
give  equally  -f-  ;  hence  it  follows  that  every  even  power, 
as  the  fqnare  for  inftance,  which  is  negative,  01  having 
the  fign  — ,  has  no  poflible  root ;  and  therefore  the 
even  roots  of  fuch  powers  or  quantities  are  faid  to 
be  impoflible  or  imaginary.  The  mixt  expreflions  ari- 
fmg  from  imaginary  quantities  joined  to  real  ones,  are 
alfo  imaginary  ;  as  a  —  \/ —  aa ,  or  b  +  V  —  aa* 
Imaginary  Roots  of  an  equation,  are  thofe  roots  or 
values  of  the  unknown  quantity,  which  contain  fome 
imaginary  quantity.  Thus*  the  roots  of  the  equation 
xx  4-  aa  ~  o,  are  the  two  imaginary  quantities  -f  a/  —  aa 
and  —  a/  —  aay  or  4*  a  */  —  1  an<^  —  a  —  1  • 
IMPACT,  the  Ample  or  Angle  a&ion  of  one  body 
upon  another  to  put  it  in  motion.  Point  of  impadl  is 
the  place  or  point  where  a  body  adls. 

IMPERFECT  Number,  is  that  whofe  aliquot 
parts,  taken  all  together,  do  not  make  a  fum  that  is 
equal  to  the  number  itfelf,  but  either  exceed  it,  or  fall 
fhort  of  it ;  being  an  abundant  number  in  the  former 
cafe,  and  a  defe&ive  number  in  the  latter.  Thus,  1  2  is 
an  abundant  im perfect  number,  becaufe  the  fum  of  all 
its  aliquot  parts,  1,  2,  3,  4,  6,  makes  16,  which  exceeds 


the  number  1 2.  And  10  is  a  defedlive  imperfed!  number,  fnipnft 
becaufe  its  aliquot  parts,  1,  2,5,  taken  all  together,  tL 
make  only  8,  which  is  lefs  than  the  number  xo  itfelf.  mpu  lon» 

IMPOST,  in  architecture,  a  capital  or  plinth,  to  a 
pillar,  or  p'lafter,  or  pier,  that  fupports  an  arch,  &c. 

IMPULSION,  is  the  term  employed  in  the  lan-  Do&rine  of 
guage  of  mechanical  philofophy,  for  exprefling  a  fup- *mPu^*lon" 
pofed  peculiar  exertion  of  the  powers  of  body,  by 
which  a  moving  body  changes  the  motion  of  another 
body  by  hitting  or  flriking  it.  The  plaineft  cafe  of 
this  adlion  is  when  a  body  in  motion  hits  another  body 
at  reft,  and  puts  it  in  motion  by  the  llroke.  The  body 
thus  put  in  motion  is  faid  to  be  impelled  by  the  o- 
ther  ;  and  this  way  of  producing  motion  is  called  im¬ 
pulsion,  to  diftinguifh  it  from  press  ion,  thrusting, 
or  protrusion,  by  which  we  pufh  a  body  from  its 
place  without  flriking  it.  The  term  has  been  gradually 
extended  to  every  change  of  motion  occafloned  by  the 
collifion  of  bodies.  t 

When  fpeculative  men  began  to  colltCl  into  general  Hiftory  of 
clafits,  the  obfervations  made  during  the  continual  ex-it* 
ertions  of  our  own  perfonal  powers  on  external  bodies, 
in  order  to  gain  the  purpofes  we  had  in  view,  it  could  not 
be  long  before  they  remarked,  that  as  we,  by  the  ftrength 
of  our  arm,  can  move  a  body,  can  flop  or  any  how  change 
its  motion;  fo  a  body  already  in  motion  produces  efFedts 
of  the  fame  kind  in  another  body,  by  hitting  it.  Such 
obfervations  were  almoft  as  early  and  as  interefting  as 
the  other;  and  the  attention  was  very  forcibly  turned  to 
the  geneial  fadls  which  obtained  in  this  way  of  produ¬ 
cing  motion  ;  that  is,  to  the  expifeation  of  the  general 
laws  of  impulflon.  We  do  not  And,  however,  in  what 
remains  of  the  phyfical  fcience  of  the  ancients,  that 
they  had  proceeded  far  in  this  clafliAcation.  While 
mechanics,  or  the  fcience  of  machines,  had  acquired 
fome  form,  and  had  been,  the  fubjedl  of  fuccefsful  ma¬ 
thematical  difeulflon,  we  do  not  find,  that  any  thing  fl. 
milav  had  been  done  in  the  fcience  of  impulfe.  Yet  the 
artillery  of  ancient  times  was  very  ingenious  and  power¬ 
ful.  But  although  Vegetius,  and  Ammianus  Marcelli- 
nus,  and  Hero,  deferibe  the  mechanifm  of  thefe  engines 
with  gieat  care,  and  frequently  with  mathematical  (kill, 
we  fee  no  attempts-  to  afeertain  with  precifion  the  force 
of  the  miffile  weapon,  or  to  fiate  the  efficacy  of  the 
battering  ram,  by  meafures  of  the  momentum,  and  com- 
parifon  of  it  with  the  refiflance  oppofed  to  it.  The 
engineers  were  contented  with  very  vague  notions  on  > 
thtfe  points. 

Ariftotle,  in  his  20th  Mechanical  Queftion,  and  Ga¬ 
len  in  fome  occafional  obfervations,  are  the  only  au-* 
thors  of  antiquity  whom  we  recoiled!  as  treating  tho 
force  of  impulfe  as  a  quantity  fufceptible  of  meafure* 

Their  obfervations  are  extremely  vague  and  trivial,, 
chiefly  dire&ed,  however,  to  the  diferimination  of  the 
force  of  impulfe  from  that  of  preffure. 

hi  more  modern,  times,  great  additions  had  already 
been  made  to  the  afliftance  we  had  derived  from  the* 
impulfive  efficacy  of  bodies  in  motion.  Water-mills- 
and  wind  mills  had  been  invented,  and;  had  been  applied, 
to,  fuch  a  variety  of  purpofes,  that  the  engineers  were 
faft  acquiring  more  diftindl  nations  of  the  force  of  im¬ 
pulfe.  Naval  conftrudtion  was  changed  in  fuch-  a  man¬ 
ner,  that  there  hardly  remained  any  thing  of  the  ancient 
rigging.  The  oblique  adiion  of  wind  and  water  were 
now  found  even  more  efFe&ive  than  the  dired!  ;  and  Chips 

could 
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Impulfion.  could  now  fail  with  almoft  any  wind.  All  thefe  things 
fixed  the  attention  of  the  engineers  and  of  the  fpecu- 
latill  on  the  numberlefs  modiiications  of  the  force  of 
impulfe. 

But  it  foon  appeared  that  this  was  a  refined  branch 
of  knowledge,  and  required  a  more  profound  fludy  than 
any  other  department  of  the  fcience  of  motion.  At 
the  fame  time,  it  was  equally  clear,  that  it  was  alfo  of 
fuperior  importance.  Mills  worked  by  cattle,  or  by 
mens  hands,  were  everywhere  giving  place  to  wind  and 
water-mills  ;  and  a  fhip  alone  appeared  to  every  intelli¬ 
gent  mechanician  to  be  the  greateft  effort  of  human  in¬ 
vention,  and  mofl  deterving  his  careful  fludy.  All 
thefe  improvements  in  the  arts  of  life  derived  their  effi¬ 
cacy  from  the  impulfe  of  bodies.  The  laws  of  impul- 
fion,  therefore,  became  the  obje&s  of  fludy  to  all  who 
pretended  to  philofophical  fcience.  But  this  is  a  branch 
of  fludy  wholly  new,  and  derives  little  affiftance  from 
the  mechanical  fcience  already  acquired  ;  for  that  was 
confined  to  the  determination  of  the  circumflances 
which  regulated  the  equilibrium  of  forces,  either  in  their 
combined  adlion  on  bodies  in  free  fpace,  or  by  the  in¬ 
tervention  of  machines.  But  in  the  production  of  mo¬ 
tion  by  impulfe,  the  equilibrium  is  not  fuppofed  to  ob¬ 
tain  ;  and  therefore  its  rules  will  not  folve  the  mofl  im¬ 
portant  queflion,  “  What  will  be  the  precife  motion 
Galileo,  to  whom  we  are  indebted  for  the  firfl  dif- 
coveries  in  the  doctrine  of  free  motions,  was  alfo  the 
firft  who  attempted  to  bring  impulfion  within  the  pale 
of  mathematical  difeuffion.  This  he  attempted,  by  en¬ 
deavouring  to  flate  what  is  the  force  or  energy  of  a 
body  in  motion.  The  very  obfeure  reflections  of  A- 
»  riflotle  on  this  fubje£l  only  ferved  to  make  the  flndy 

more  intricate  and  abllrufe.  Galileo's  reflections  on  it 
are  void  of  that  luminous  perfpicuity  which  is  feen  in 
all  his  other  writings,  and  do  not  appear  to  have  fatis- 
fiied  his  own  mind.  He  has  recourfe  to  an  experiment, 
in  order  to  difeover  what  preffure  was  excited  by  im¬ 
pulfion.  A  weight  was  made  to  fall  on  the  fcale  of  a 
balance,  the  other  arm  of  which  was  loaded  with  a  con- 
fiderable  weight  ;  and  the  force  of  the  blow  was  efti- 
mated  by  the  weight  which  the  blow  could  thus  Hart 
from  the  ground.  The  refults  had  a  certain  regularity, 
by  which  fome  analogy  was  obferved  between  the 
weights  thus  flarted  and  the  velocity  of  the  impulfe  ; 
but  the  anomalies  were  great,  and  the  analogy  was  An¬ 
gular  and  puzzling  ;  it  led  to  many  intricate  difeufiions, 

%  and  fcience  advanced  but  flowly. 

Laws  of  At  laft  the  three  eminent  mathematicians,  Dr  Wal- 
impulfion  lis,  Sir  Chriilopher  Wrenn,  and  Huyghens,  about  the 
difeovered  fame  time,  and  unknown  to  each  another,  difeovered 
Wren a and  t^ic  ^irnP^e  an^  beautiful  laws  of  collilion,  and  comma- 
Huyehens.  Seated  them  to  the  Royal  Society  of  London  in  1  668 
(Phil.  Tranf.  n°  43 — 46.).  Sir  Chriilopher  Wrenn 

alfo  invented  a  beautiful  method  of  demonitrating  the 
dodlrine  by  experiment.  The  bodies  which  were  made 
to  ftrike  each  other  were  fufpended  by  threads  of  equal 
length,  fo  as  to  touch  each  other  when  at  reft.  When 
removed  from  this  their  vertical  fituation,  and  then  let 
go,  they  {truck  when  arrived  at  the  lowed  points  of 
their  refpe&ive  circles,  and  their  velocities  were  propor¬ 
tional  to  the  chords  of  the  arches  through  which  they 
had  defeended.  Their  velocities,  after  the  ftroke,  were 
meafured,  in  like  manner,  by  the  chords  of  their  arches 


of  afeent.  -  The  experiments  correfponded  precifely  Impulfion 
with  the  theoretical  do&rine. 

In  the  mean  time,  this  fubje£l  had  keenly  occupied 
the  attention  of  philofophers,  who  found  it  to  be  of  a 
very  abllrufe  nature  ;  or,  which  is  nearer  the  truth, 
they  indulged  in  great  refinement  in  profecuting  the 
fludy.  The  firft  attempts  to  meafure  the  imp ul five 
force  of  bodies,  by  fetting  it  iu  oppolition  to  preffures, 
which  had  long  been  meafured  by  weights,  gave  rife  to 
fome  very  refined  reflexions  on  the  nature  of  thefe  two 
kinds  of  forces.  Ariftotle  had  faid  that  they  were 
things  altogether  difparate.  If  fo,  there  can  be  no  pro¬ 
portion  between  them.  Yet  the  analogy  obferved  in 
the  experiments  above  mentioned  of  Galileo,  (hewed  that 
impulfe  could  be  gradually  augmented,  till  it  exceed 
any  preflure.  This  indicates  famenefs  in  kind,  accord¬ 
ing  to  Euclid  himfelf.  A  curious  experiment  of  Ga¬ 
lileo's,  in  h  the  impulfe  of  a  vein  of  water  was  fet 
in  equilibrio  w  ith  a  weight,  feemed  not  only  to  ellablifh 
this  identity  beyond  a  doubt,  but  even  to  (hew  the 
origin  of  preflure  itfelf.  The  weight  in  one  fcale  is 
fullained  as  long  a9  the  ftream  of  water  continues  to 
ftrike  the  other  fcale.  In  this  experiment,  therefore, 
preffure  is  equivalent  to  continual  impulfe.  But  conti¬ 
nual  impulfe  is  not  conceivable  :  we  mult  conlider  the 
impulfe  of  the  ftream  as  the  fuccejfive  impulfe  of  the  dif¬ 
ferent  particles  of  water,  at  intervals  which  are  altoge¬ 
ther  indiftinguiftiable. 

From  thefe  confederations  were  deduced  two  very  mo¬ 
mentous  do&rines :  I.  That  preflure  is  nothing  but 
repeated  impulfe  ;  2.  That  although  preflure  and  im¬ 
pulfe  are  the  fame  in  kind,  they  are  incomparable  in 
magnitude.  The  impulfe  is  equal  to  the  weight  of 
a  column  of  water,  whofe  length  is  the  height  necef- 
fary  for  communicating  the  velocity.  Now  this  is  in- 
cefiant  ;  and  the  weight  is  fuftairied  during  any  the 
fmalleft  moment  of  time,  by  the  impulfe,  not  of  the 
whole  column,  but  of  the  infenfible  portion  of  it  which 
is  then  making  its  flroke.  Impulfe,  therefore,  is  infi¬ 
nitely  greater  than  preflure. 

Thefe  abllrufe  fpeculations  have  a  charm  for  certain  f 
ingenious  foeculativc  minds;  and  when  indulged,  will t0 be 
lead  them  very  far.  Accordingly,  it  wa3  not  long  before  the  only 
fome  of  the  mofl  ingenious  philofophers  of  Europe  cau*f 
taught  that  impulfe  was  the  foie  origin  of  preffure. mutlon’ 
There  is  but  one  moving  power  (faid  they)  in  mecha¬ 
nical  nature  :  This  is  impulfe.  —  Nihil  movetur  (fays 
Euler)  nift  a  contiguo  et  moto .  Moreover,  having  been 
long  and  familiarly  converfant  with  the  a&ions  of  ani¬ 
mals,  and  the  a&ions  of  moving  bodies,  and  conceiving, 
with  fufticient  diftindlnefs,  that  impenetrable  bodies 
cannot  move  without  moving  thofe  with  which  they  are 
furrounded  and  in  contact,  they  imagined  that  they 
fully  underitood  how  all  this  difplacement  of  bodies  is 
carried  on  ;  and  therefore  they  maintained,  that  any 
motion  is  fully  explained  when  it  is  (hewn  to  be  a  cafe 
of  impulfion.  But  they  faw  many  cafes  of  motion 
where  this  impulfion  could  not  be  exhibited  to  the  fenfes. 

Thus,  the  fall  of  heavy  bodies,  the  mutual  approach 
or  recefs  of  magnetic  and  electric  bodies,  exhibited  no 
fuch  operation.  But  even  here  their  experience  helped 
them  to  an  explanation.  Air  is  an  invifible  fubftance, 
and  its  very  exiftence  was  for  a  long  time  known  to  us 
only  by  means  of  its  impulfe.  As  we  fee  that  prefliires  are 

generated. 
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generated  by  the  impulfe  of  water  and  of  air,  may  there 
not  be  fluids  dill  more  fubtle  than  air,  by  whofe  invi¬ 
sible  impulfe  bodies  are  made  to  fall,  and  magnets  are 
made  to  approach  or  avoid  each  other  ?  T.  he  impof- 
iibility  of  tins  cannot  be  demonftrated,  and  the  laws  of 
imp u He  had  not  as  yet  been  fo  far  inveftigated  as  to 
fl.ew  that  they  were  incompatible  with  thofe  produc 
lions  of  motion.  It  was  therefore  an  open  field  for  dif 
euffioii  ;  and  the  philosophers,  without  farther  hefita- 
•tion,  adopted,  as  a  firtt  truth,  that  all  motion’  what¬ 
ever.  is  produced  by  impulsion.  The  huflnefs  of 
the  philofopher,  therefore  (fay  they),  is  to  invefligate 
what  combination  of  inviftble  impullions  is  competent  to 
the  prodnftion  of  any  obferved  motion  ;  fuch  as  the  fall 
of  a  heavy  body,  the  elliptical  motion  of  a  planet,  or 
the  polarity  of  a  magnetic  needle.  The  curious  difpo- 
jition  of  iron-filings  round  a  magnet  encouraged  this 
'kind  of  (peculation.  :  It  looks  fo  like  a  dream  of  fluid- ; 
but  it  is  a  number  ofquiefcent  fragments  of  iron.  This 
does  not  hinder  us  from  fuppofng  fuch  a  dream,  not  of 
•iron- filings,  but  of  a  magnetic  fluid,  which  will  arrange 
(fay  the  atomids)  thofe  fragments,  jud  as  we  fee  the 
flote  grafs  in  a  brook  arranged  by  a  dream  of  water. 
Fluids,  therefore,  moving  in  dreams,  vortices,  and  a 
thoufand  different  ways,  have  been  fuppofed,  in  order 
to  explain i  that  is,  to  bring  under  a  general  known 
law  of  mechanical  Nature,  all  thofe  cafes  ot  the  pro¬ 
duction  of  motion  where  impuifion  is  not  obferved  by 

the  fenfes.  . 

As  we  have  gradually  become  better  acquainted  with 
the  laws  of  the  produftion  of  motion  by  impuifion,  we 
have  been  able  to  explode  many  of  thofe  proffered  ex¬ 
planations,  bv  (hewing  that  the  genuine  reiuhs  of  the 
fuppofed  inviiible  motions,  that  is,  the  impulfions  which 
they  would  produce,  are  very  unlike  the  motions  which 
we  attempt  to  explain.  It  has  been  (hewn,  thdt  the  vor¬ 
tices  fuppofed  by  Des  Cartes,  or  by  Leibnitz,  or  by 
Huyghena,  cannot  exid  ;  and  they  have  been  given  up. 
But.it  is  anfwered  to  all  thofe  demondrations  of  futili¬ 
ty.  that  dill  the  axiom  remains.  Motion  is  produced 
only  by  impulfe  ;  but  we  have  not  yet  dii'covered  all 
the  poITibili ties  of  impuifion  ;  and  we  mud  not  deipair  or 
difeovering  that  precife  fet  of  invihble  motions,  and  con- 
fequent  impullions,  of  which  the  phenomenon  before  us 

is  the  neceffaiy  refult.  <  .  c  . 

But  this  is  by  no  means  fufficient  authority  lor  de 
ferting  the  rule  of  philofophizing,  fo  prudently  and  ju 
dicioufly  recommended  by  Sir  Ifaac  Newton  ;  namely, 
not  to  admit  as  the  caiife  of  a  phenomenon  any  thing 
that  is  not  feen  to  operate  in  its  oroduftion.  I  he  pru¬ 
dence  of  this  redriftion  is  evident  ;  and  it  has  alfo  been 
fufficiently  (hewn  (Philosophy,  Encycl.  n°  48.  &c. ), 
that  true  philofophical  explanation,  or  exteniion  of  know¬ 
ledge,  is  unattainable,  if  this  rule  be  not  dnftly  adhered 
to.  We  therefore  require  a  cogent  reafon  for  a  prac¬ 
tice  that  opens  the  door  to  every  abfurdity,  and  that 
cannot  give  us  the  knowledge  which  we  are  in  qued 
of.  What,  then,  is  the  reafon  that  always  induces  phi¬ 
losophers  to  have  recourfe  to  impuifion  for  the  expla¬ 
nation  of  a  phenomenon,  and  to  red  fatisfied  in  every 
cafe  where  it  can  be  clearly  proved  that  the  phenome¬ 
non  is  really  a  cafe  of  impuifion  ?  We  fay  that  we  in¬ 
quire  into  the  reafon  why  a  body  falls,  and  that  we  will 
be  fatisfied  if  it  can  be  (hewn  us  that  it  has  received  a 
number  of  impulfions  downward.  Do  we  inquire  why 

Suppl.  VoLt  L  Part  II* 


a  body  in  motion  puts  another  body  in  motion  by  hit- 
ting  it?  And  if  we  do,  have  we  difeovered  the  reafon? 
We' believe  that  none  of  the  philofophers,  who  have  re¬ 
courfe  to  inviiible  impelling  fluids,  ever  afk  a  reafon  ior 
motion  by  impuifion.  Indeed  they  fhould  not,  other- 
wife  it  would  ceafe  to  be  a  fird  principle  of  explanation. 
Other  philofophers,  indeed  (namely,  iuch  as  afk  no  rea¬ 
fon  for  the  weight  of  ?.  body,  but  the  fiat  of  the  \i>- 
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mighty),  require 
pulfe,  and  think  that, 
found  it  out. 

If  the  philofophers  afk  no  reafon  for  this  production 
of  motion,  they  mud  (that  it  may  ferve  as  a  principle 
of  explanation)  fay  that  impuliivenefs  is  an  original  pro¬ 
perty  of  matter,  either  coniingent  or  effenlial.  Accor- 
dingly,  we  believe  that  this,  or  fomething  like  this,  lias 
been  affumed  as  a  principle  by  the  greater  part  of  me¬ 
chanicians.  It  has  been  affumed,  as  we  have  obferved 
in  the  article  Dynamics,  Suppl.  that  a  moving  body 
poffeffes  the  power  of  producing  motion  in  another  body 
by  hitting  it  ;  and  they  call  it  the  impulsive  force 
of  moving  bodies  —  the  force  inherent  in  a  moving . 
body.  The  reader  will  have  obferved,  in  our  manner  of 
treating  that  article,  and  alfo  in  feveral  paflages  of  dif- 
feient  articles  of  the  Encyclopaedia  Britanmca ,  that  we 
do  not  confider  this  affnmptiou  as  very  clearly  antho- 
rifed  by  obfervation,  or  deducible  by  abftraft  reafoning, 
fronv  the  fird  principles  ot  philofophy.  rl  here,  is  no 
branch  of  natural  philofophy  on  which  fo  many  ingeni¬ 
ous  differtations  have  been  written  ;  and  perhaps  there 
is  none  that  has  been  more  fuccefsfuily  proiecuted  :  Yet 
this  is  the  only  part  of  the  fcience  of  motion  that  has 
given  rife  to  a  lerious  difpute  ;  a  difpute  that  has  di¬ 
vided,  and  dill  divides,  the  mechanicians  of  Europe. 

Some  may  think  it  prefumptuous  in  us,  in  a  Work 
of  this  kind,  which  only  aims  at  collecting  and  exhibi¬ 
ting  in  *one  view  the  exifling  fcience  of  Europe,  to  pre¬ 
tend  to  give  new  doctrines,  or  to  decide  a  quedion 
which  has  called  forth  all  the  powers  of  a  Leibnitz,  a 
Bernoulli,  a  Jimn,  a  M‘Laurir.,  &c.  But  we  make 
no  fuch  pretentions  ;  we  only  hope  that,  by  feparating 
the  quedion  from  others  with  which  it  has,  in  every  m- 
dauce,  been  complicated,  and  by  confidering  it  apart, 
fuch  notions  may  be  formed,  in  perftft  conformity  to 
the  principles  adopted  by  all  parties,  that  the  myftery , 
which  has  gradually  gathered  like  a  cloud,  may  be  dif- 
pelled,  and  all  caufeof  difference  taken  away.  We  ap¬ 
prehend  that  this  requires  no  very  extenlive  knowledge, 
but  merely  a  drift  attention  to  the  conceptions  which 
we  form  of  the  aftions  of  bodies  on  each  other,  and  a 
precifion  in  the  ufe  of  the  terms  employed  in  the  dif- 

cufllon.  . 

We  trud  that  our  philofophical  readers  perceive  {nqufT  In- 
and  approve  of  our  anxiety  to  eltablifh  (in  the  article tu  jts  truth. 
Dynamics,  Suppl)  the  leading  principles  ot  mechani¬ 
cal  philofophy,  from  which  we  are  to  reafon  in  future 
on  acknowledged  facts,  or  laws  of  human  thought 
It  is  not  fo  much  the  quedion,  What  is  the  effence  of 
material  Nature,  from  which  all  the  appearances  in  the 
univerfe  proceed?  as  it  is,  What  do  we  know  of  it  ?  how 
do  we  come  by  this  knowledge  ?  and  what  ufe  can  wc 
make  of  it  ?  The  tsenia  knows  nothing  of  the  fohr 
fydem,  and  man  is  ignorant  of  the  caufe  of  impulfive- 
nefs.  Other  intelligent  creatures  may  have  fenfes,  of 
which  this  is  the  proper  objeft  ;  and  others,  of  a  dill 
5  G  more 
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Impiilfion.  more  exalted  rank,  may  perceive  the  operations  of  mind 
as  clearly  as  we  perceive  thofe  of  matter,  while  they 
are  equally  ignorant  with  ourfelves  of  the  caufes  which 
conned  the  conjoined  events  in  either  of  thofe  opera¬ 
tions  But  “  known  unto  God,  and  to  Him  alone, 
are  all  His  work*  !” 

To  accomplilh  this  purpofe,  we  direded  the  reader’s 
attention  to  what  paffes  in  his  own  mind  when  he  thinks 
on  the  mechanical  phenomena  of  Nature  ;  on  what  he 
calls  body  ;  on  the  perceptions  which  bring  it  into  his 
view,  and  which  give  him  all  the  notions  that  he  can 
,  form  of  its  diflinguifhing,  its  charaderiftic  properties. 
How  does  he  learn  that  there  is  matter  in  a  particular 
place  ?  He  has  more  than  one  mean  of  information  ; 
and  each  of  thefe  informs  him  of  peculiar  qualities  of 
the  thing  which  he  'calls  matter.  Many  appearances 
fnggeft  to  his  mind  the  prefence  of  a  body.  Show  a 
monkey  or  a  kitten  (and  even  fometimes  a  human  in¬ 
fant)  a  mirror,  and  it  will  inftantly  grope  round  it  to 
find  a  companion.  Why  does  the  creature  grope  about 
fo  ?  Jt  is  not  contented  with  the  firft  indication  of 
matter,  and  nothing  will  fatisfy  it  but  touching  or 
grafping  what  is  behind  the  mirror.  It  is  by  our  fenfe 
of  touch  alone  that  we  get  the  irrefiftible  conviction 
that  matter  or  body  is  perceived  by  us,  and  it  never 
fails  to  give  us  the  perception  ;  nay,  we  have  the  per¬ 
ception  even  in  fome  cafes  where  the  experienced  phh 
lofopher  thinks  himfelf  obliged  to  doubt  of  its  truth. 
Some  fenfations,  arifing  from  fpafm,  cannot  be  diftin- 
gui!hed  from  the  feeling  of  touch  ;  and  the  patient  in¬ 
fills  that  fomething  preffes  on  the  difeafed  part,  while 
the  phyfician  knows  that  it  is  only  a  nervous  affedion. 
Every  perion  will  think  that  a  cobweb  touches  his 
face  when  an .  ekdrified  body  is  brought  near  it,  and 
will  try  to  wipe  it  off  with  his  hand.  But  the  modern 
philofopher  fees  good  reafon  for  averting,  that  in  this 
inftance  our  feeling  gives  us  very  inaccurate,  if  not  er¬ 
roneous,  information.  He  fhews,  that  the  fad,  of  which 
cur  feeling  truly  informs  us,  is  the  bending  of  the  fmall 
hairs  or  down  which  grow  on  the  face,  and  that  thefi 
only  have  been  touched  ;  and  the  followers  of  jEpi 
nus  deny  that  even  this  h^s  been  demonftrated. 

The  philofopher  adopts  this  mode  of  perception  as 
unqueftionable,  and  allows  that,  and  that  alone,  to  be 
matter,  which  invariably  produces  thi’3  fenfation  by  con¬ 
tiguity.  But  engaged  in  fpeculations  which  fix  his  at- 
'  tention  on  the  external  objed,  he  negleds  and  over¬ 
looks  the  inflrument  of  information,  and  its  manner  of 
producing  the  effed,  juft  as  the  aftronomer  overlooks 
the  telefcope,  and  the  union  and  decuffation  of  the 
rays  of  light  which  form  the  pidure  by  which  he  per¬ 
ceives  the  fatellite  of  Jupiter  travel  acrofs  his  difk.  The 
philofopher  finds  it  convenient  to  generalife  the  im¬ 
mense  variety  of  touches  which  he  feels  from  external 
bodies,  and  to  confider  them  as  the  operations  of  one 
and  the  fame  diferim mating  quality,  a  property  inhe¬ 
rent  in  the  external  fubftance  body  ;  and  he  gives  it  a 
name,  by  which  he  can  excite  the  fame  notion  in  the 
minds  of  his  hearers.  It  is  worth  while  to  attend  to 
what  has  been  done  in  this  matter,  becaufe  it  gives  much 
information  concerning  the  firft  principles  of  mecha- 
nifm.  An  exquifite  painting  has  fometimes  fuch  an  ap¬ 
pearance  of  prominence,  that  one  is  difoofed  to  draw 
the  finger  along  it,  and  we  exped  to  feel  fome  rough 
sefs,  fome  objlruttion,  fomething  that  prevents  the  fin- 
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ger  from  going  over  the  place.  Perhaps  we  doubt,  and  Tmpm^ 
want  to  be  affured.  We  prefs  a  little  clofer  ;  but  feel 
110  obftrudion  ;  and  we  delift.  The  very  firft  appear¬ 
ance,  therefore,  which  this  indicating  quality,  viewed  as 
the  property  of  external  matter,  has  in  our  conceptions, 
is  that  of  an  obltrudion,  an  obftacle,  to  the  exertion  of 
one  of  our  natural  powers.  The  power  exerted  on  this 
occafion  is  familiarly  and  dlftinctively  known  by  the 
name  of  pressure.  This  is  the  name  of  our  own  ex¬ 
ertion,  our  own  adion  ;  and,  in  this  in  fiance,  and  (we 
think)  in  this  alone,  the  word  is  ufed  purely,  primitive¬ 
ly,  and  without  figure.  When  we  fay  that  a  fionc 
preffes  on  the  ground,  we  fpeak  figuratively,  as  tiuly 
as  when  we  fay  that  the  candleftick  Hands,  and  the 
fnufFers  lie,  on  the  table.  It  is  a  perfon ideation,  autlio- 
rifed  by  the  fimilarity  of  the  effeds  and  appearances. 
Further,  when  we  fpeak  of  our  preflure  on  any  thing, 
with  the  intention  of  being  precife  in  our  communica¬ 
tion,  we  fpeak  only  of  what  obtains  in  the  touching 
parts  of  the  finger  and  the  thing  preffed,  paying  no  at¬ 
tention  to  the  long  train  of  intermediate  exertions  of 
the  mind  on  the  nerves,  the  nerves  on  the  mufcular 
fibre,  the  fibre  on  the  articulated  machine,  and  the  ma¬ 
chine  on  the  touching  part  of  the  finger.  And  thus 
the  exertion  of  the  fentient  and  adive  being  is  attribu¬ 
ted  to  the  particles  of  lifelefs  inadive  matter  at  the  ex¬ 
tremity  of  the  finger,  and  thefe  are  faid  to  prefs  imme¬ 
diately  on  the  touching  parts  of  the  external  body. 

And,,  laftly,  as  this  our  exertion  is  uriqueftionably  the 
perceived  employment  of  a  faculty  in  us,  which  we  call 
force,  power,  Jlrength,  diflinguifhing  it  from  every  other 
faculty  by  thefe  names  ;  we  fay  (but  figuratively),  that 
force  or  Dower  is  exerted  at  the  tine  of  rtw* 


force  or.  power  is  exerted  at  the  tips  of  the  fingers,  and 
we  call  it  the  force  of  pressure. 

By  far  the  greateft  part  of  our  aftions  on  external  ,nQ 
bodies  is  with  the  intention  of  putting  them  out  offureistoii. 
their  prefent  fituatious  ;  and  we  can  hardly  feDaraterewH  or 
the  thought  of  exerted  preflure  from  the  thought  off"PPf;fed  ir 
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o  .  .  - -  -  — -  - b  --  motion  produced  by  it.  Therefoie,  almoft  at  its  firft 

or  down  which  grow  on  the  face,  and  that  thefe  appearance  in  the  mind,  p.effiire  comes  before  us  as 

have  hren  tnimhen  •  anti  flip  ^ f  _ _ —  _  . 
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moying  power.  Nay,  we  apprehend,  that  the  more  motion, 
we  fpeculate,  and  the  more  we  aim  at  precifion  in  our 
conceptions,  we  fhaH  be  the  more  ready  to  grant  that 
we  have  no  clear  conception  of  any  other  moving  power. 

No  man  will  contend  that  he  has  any  conception  at  all 
of  the  power  exerted  by  the  mind  in  moving  the  body. 

It  is  of .  importance  to  refled  011  the  manner  in  which 
this  notion  is  extended  to  all  other  productions  of  mo¬ 
tion.  We  think  that  this  will  fhew,  that  in  every  cafe 
we  fuppofe  preflure  to  be  exerted. 

The  philofopher  proceeds  in  his  fpeculations,  and  R*an?;n2. 
obferves,  that  one  man  can  prefs  on  another,  and  can  uon  of  the 
pufh  him  out  of  his  place,  in  the  fame  way  as  he  re-  in  dunces  of 
moves  any  other  body  ;  and  he  cannot  obferve  any  dif- th:s  PercT 
ference  in  his  own  exertions  and  fenlations  in  the  two  ri°n* 

Cafes  But  the  man  who  is  pufhed  has  the  fame  feel¬ 
ings  of  touch  and  preflure.  By  withdrawing  from  the 
preflure,  he  alfo  withdraws  from  the  fenfation  ;  by 
withfianding  or  refilling  it,  he  feels  the  preflure  of  the 
other  man  ;  and  what  he  feels  is  the  fame  with  what 
he  feels  when  he  preffes  on  the  other  perfon,  or  on 
any  piece  of  matter.  The  fame  fenfations  of  touch  arc 
excited.  He  attributes  them  to  the  preflure  of  the  o- 
ther  perfon.  Therefore  he  attributes  the  fame  lega¬ 
tions  to  the  counter  preflure  of  any  other  body  that 

excites 
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that  he  is  not  pufhed  from  his  place.  In  this  cate,  tne 
greateft  preffure  is  exerted,  and  is  felt  by  both.  Each 
feels  that  the  more  he  refills,  the  greater  is  the  mutual 
preflure.  And  each  feels  that,  unlefs  he  not  only  do 
net  refill ,  but  alfo  withdraw  himfelf  from  the  preflure  of 
the  other,  he  will  be  preffcd,  and  the  other  will  feel 
counter-preflure,  the  fame  in  kind  with  what  is  produ¬ 
ced  by  his  refiftance,  though  lefs  in  degree. 

All  thefe  things  arc  diltinftly  and  invariably  telt ; 
but  they  require  attention,  in  order  to  be  fubjefts  of 
recollcftion  and  after-confuleration.  From  this,  and 
no  other  fource,  are  derived  all  our  notions  of  corpo¬ 
real  preflure,  of  counter-preflure,  of  a  ft  ion,  re-aftion, 
of  refinance,  and  of  inactivity  or  inertia.  Our  notions 
of  moving  power,  of  the  mobility  of  matter,  and  of  the 
neceflity  of  this  power  to  produce  motion  in  matter, 


tions.  In  the  cafe  of  a  fpr.ng,  we  have  d.fcover 
that  there  is  a  certain  combination  of  the  properties  ot 
all  its  parts  neceffary  for  the  vifible  exertion,  but  what 
is  the  principle  which  thus  makes  them  co-operate,  we 
cannot  tell,  any  more  than  in  our  own  exertions  of 
preflure.  Such  being  the  origin  of  our  notions  ota 
thefe  fubjefts,  it  is  no  wonder  that  all  our  language  is 
alfo  derived  from  it.  Force,  power,  preflure,  aftion, 
te-aftion,  refinance,  impulfion,  are,  without  any  excep¬ 
tion,  words  immediately  expreffive  of  our  own  exer¬ 
tions,  and  applied  metaphorically  to  the  phenomena  ot  . 

matter  and  motion.  '  .  .  ,.f  . 

Laftlv,  when  we  fee  a  body  in  motion  difplace 
another  body  by  hitting  it,  and  endeavour  to  form 
a  notion  of  the  way  in  which  this  motion  is  imme- 


have  the  fame  origin. 
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ance  of  inanimate  matter,  indicated  by  the  expendi¬ 
ture  of  aftual  preflure,  are  formed  from  the  fame  pre- 
mifes  :  the  counter  preflure,  or  what  at  leaft  produces 
the  fame  feelings  in  the  perfon  who  is  the  mover,  is 
confidered  as  the  property  of  dead  matter  ;  becaufe  we 
feel,  that  if  do  not  exert  real  forte  we ;  are Mpb«d 


aiateiy  pruuuccu,  ami 

in  the  very  inftant  of  the  change,  we  find  ourfelves  fell 
obliged  to  fuppofe  the  thing  we  call  preflure.  We  can 
have  no  other  conception  of  it;  and  there  is  no  violence 
in  this  aft  of  the  imagination.  For  we  know,  that  if  we 
are  ioftled  from  our  place,  and  forcibly  driven  again. t  an¬ 
other  perfon,  we  put  that  perfon  in  motion  without  any 


feel,  that  if  do  not  exert  real  forte,  we  are  difpiacea  of  our  o^n ;  and  we  experience,  in  do- 

by  the  fame  preffore  that  would  difplace  a  lifelefs  bo  y  ^  that  the  very  fame  feelings  of  touch  and  prefTnre 
of  the  fame  bulk.  .  ^  famp  motions  Drodu- 
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tne  lame  ouik.  . 

Thefe  diredl  inferences  are  confirmed  as  we  extend 
our  acquaintance  with  things  around  us.  We  can 
ir  r _ •  o  IV»rir\nr-  and  We  f 
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rve  many  exert  0ur  force  in  bending  a  fpring,  and  we  feel  its  conn- 
refluresp  _  mr  x  n _ _  ^  r\+  ounthpr  man. 


exert  uur  iu . v-v-  in  -j - 

ter-preffure,  precifely  fimilar  to  that  of  another  man 
We  feel  that  we  mull  continue  this  preffure,  in  Older 
to  keep  it  bent  ;  and  that  as  we  withdraw  our  preflure, 
the  fpring  follows  our  hand,  fell  producing  f  mi  Jar 
feelings  in  our  organs  of  touch,  and  requiring  fimilar 
exertions  of  our  flrength  to  keep  it  in  any  ftate  of  ten 
fion  Thefe  phenomena  are  interpreted  as  indications 
of  preffnres  aftnally  exerted  by  the  fpring,  and  quite 
different  from  what  we  fhould  feel  from  its  mere  re¬ 
finance  to  being  moved.  This  aftion  fe rubles  our 
own  exertion  in  every  particular  ;  it  P™duces  a,  the 
effefts  of  preffure  ;  it  will  fqueeze  in  the  .oft  flexible  parts 
of  our  body  with  which  we  aft  on  it  ;  it will 
any  foft  body,  juft  as  we  do  ourfelves;  it  will  put  lo 
£  in  motion.  Farther,  wc  can  fct  the  aftion  of  on 
fpring  in  oppofition  to  that  of  another,  and  obferve 
that  geach  i!  bent  by  bending  the  other  ;  and  we  foe 
-that  their  touching  parts  exert  preffore,  for  they  will 
comprefs  any  foft  body  placed  between  them. 

Thus,  then,  in  all  thofe  cafes,  we  have  the  fame  no¬ 
tion  of  the  power  immediately  exerted  between  the 
two  bodies,  animated  or  inammated.  It  is  always  pref¬ 
fure.  If  indeed  we  begin  to  (peculate  about .the mod* 
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are  excited  as  in  the  inftancesof  the  fame  motions  produ¬ 
ced  by  exerted  preflion  We  alfo  fee,  that  when  a  body 
ftrikes  another,  and  outs  it  in  motion,  it  makes  an  lrnprei- 
fion  or  dimple  in  it  if  foft,  or  bleaks  it  if  brittle  ;  and  in 
fhort,  produces  every  effeft  of  preflure.  A  ball  of  foft 
clay  makes  a  dimple  in  the  ball  of  loft  clay  winch  it 
difplaces,  and  is  dimpled  by  it.  Springy  bodies  com¬ 
prefs  each  other  in  their  collifions,  and  refile  irom  each 
other.  In  {hurt,  in  every  cafe  of  this  clafs,  mutual 
preflure,  indicated  by  all  its  ordinary  effefts,  appears  to 
he  the  intermedium  by  which  the  changes  ot  motion 
are  immediately  produced  ;  and  the  previous  motion  of 
the  ftriking  body  feems  to  be  only  the  method  ot  pio- 

ducing  this  preffure.  11 

From  this  copious  induaion  of  particulars,  and  «uci 

careful  attention  to  the  circumftances  ot  each,  wc™mkdiitinCt  n0~ 
it  plain,  that  preffure  is  the  only  clear  notion  that  a  -  ,u  a 
mind,  not  familiar  with  fcrupulous  difcufiion,  form .  ofmoVing 
moving  power  ;  and  therefore  that  it  is  very  lingular  to  power, 
think  of  excluding  it  from  the  lift,  and  faying  that  lm- 
puliion  is  the  only  power  in  nature,  and  the  iou  ce  ot 

^fwWp-he^.  that  the  mUtUal  .immed,;ate 

a£flon  to  which  the  vulgar,  and  many  philolophers, 
have  erroneonfly  given  the  metaphorical  name  preffure, 
is,  indeed,  the  real  caufe  of  motion  or  change  of  mo- 


but  ftill  it  is  now  properly  called  impulfion,  be- 


~  ~  "  '  Tjr~" - eXClte9  tl  C  *  the  impelling  body.  We  conceive  clearly,  (they  may 

fay ;  how  this  previous  motion  produces  the  impuliion. 
Since  matter  is  impenetrable,  we  fee  clearly  that  a  fo- 


muft  flop  fliort.  How  our  preffure  excites  the  feeling 
of  preffure  in  the  other  perfon,  or  how  it  produces  mo- 

ll,  eludes  even  conjefture-  So  *t  ,-Nay,  how  our  ^  ^  . ,  - 

intention  and  volition  caufes  our  limb  to  P^.  Ud  body>  or  a  folid  particle,  cannot  proceed  without 

fure,  or  how  the  fpringinefs  of  a  fpring  p  -  aifp’acing  the  bodies  with  which  it  comes  into  contaft  ; 

lar  effefts,  remains  equally  hid  from  our  k  ^  f  weFhave  notions  of  this  as  clear  as  thofe  of  geometry; 
wearied  ftudy  has  greatly  a  vane  .  d  0„t  t0  vvhereas,  how  preffure  is  produced,  is  inconceivable  by 

thefe  fubjefts  in  one  refpeft.^  It  has  pc  ^  ^  ug_  If  we  prefs  a  ball  ever  fo  ftrongly  agamft  another, 
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us.  If  we  prefs  a  ball  ever  fo  ftrongly  againft  snother, 
and  remove  the  obftacle  which  prevented  its  motion,  it 
will  not  move  an  inch,  unlefs  we  continue  to  follow  it, 
and  prefs  it  forward  ;  but  we  fee  a  moving  body  pro- 
5  G  2  duce 
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Impulfion.  chice  compreflion,  bend  fp rings,  make  pits  in  foft  bo- 
y  ~^  dies,  and  produce  all  the  effects  of  real  animal  preffure. 

.  Impulfe,  therefore,  is  the  true  caufe  of  motion,  and  the 

Solicitation  of  gravity  is  nothing  but  the  repeated  im- 
pulfe  of  an  invifible  fluid. 

But,  in  the  firft  place,  let  it  bt  ohferved,  that  both 
parties  profefs  to  explain  the  phenomena  of  mechanical 
nature,  that  is,  to  make  them  eafier  conceived  by  the 
mind.  Now  it  may  be  granted,  that  could  we  have  any 
,  previous  convi&ion  of  a  fluid  continually  flowing  toward 
the  centie  of  the  earth,  we  could  have  fome  notion  of 
the  produ&ion  of  a  downward  motion  of  bodies,  but 
not  more  explanation  than  we  have  without  it,  becaufe 
-‘"npulfivenefs  is  as  little  underftood  by  us  as  prcfliire. 

But  there  are  thoufands  of  inftances  of  moving  for- 
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fures  are  ces  where  we  cannot  conceive  how  they  can  be  pro 
inex  .licaMe  duced  by  the  impulfe  of  a  body  already  in  motion, 
by  impul.  There  appear  to  be  many  moving  powers  in  nature, 
independent  of,  and  inexplicable  by,  any  previous  mo* 
tion  ;  thefe  may  be  brought  into  aftion,  or  occafions 
may  be  afforded  for  their  a&ion,  in  a  variety  of  ways. 
The  mere  will  of  an  animal  brings  fome  of  them  into 
aftiou  in  the  internal  procedure  of  mufcular  motion  ; 
mere  vicinity  brings  into  a&ion  powers  which  are  al- 
mofl  irrefift ible,  and  which  produce  mod  violent  motions. 
Thus,  a  little  aquafortis  poured  on  powdered  chalk 
contained  in  a  bombfheil,  will  bur  ft  it,  throwing  the 
fragments  to  a  great  diftance.  A  fpark  of  fire  brings 
them  into  a£lion  in  a  mafs  of  gunpowder,  or  other 
combuftibles.  And  here  it  deferves  remark,  that  the 
greater  the  mafs  is  to  which  the  fpark  is  applied,  the 
more  violent  is  the  motion  produced.  It  would  be  juft 
the  contrary,  if  the  motion  were  produced  by  impulfe. 
For  in  all  cafes  of  impulfion,  the  velocity  is  inverfely 
proportional  to  the  matter  that  is  moved.  When  a 
fpring  is  bent,  and  the  two  ends  are  kept  together 
by  a  thread,  a  prefTure  is  excited,  which  continues  to 
aft  as  long  as  the  thread  remains  entire.  What  con¬ 
trivance  of  impelling  fluid  will  explain  this,  or  give  us 
any  conception  of  the  total  ceffation  of  this  prefiure, 
when  the  thread  is  broken,  and  the  ipring  regains  its 
quiefeent  form  ?■  *  0 

We  can  explain,  in  a  moft  intelligible  manner,  why 
the  hardeft  prefiure  produces  no  ienfible  motion  in  the 
cafe  referred  to  above..  We  can  conceive,  with  fuflb 
cient  diftin&nefs,  a  tube  filled  with  flee!  wires,  coiled 
up  like  cork  ferews,  and  comprefied  together  into  ^th 
of  their  natural  length.  A  tube  of  10  inches  long  will 
contain  100  of  them.  While  in  this  ftate,  comprefied 
by  a  plug,  we  can  fuppofe  each  of  the  fprings  to  be 
‘tied  wuth  a  thread.  Suppofe  now  that  the  thread  of 
the  fpring  next  the  pifton  is  burnt  or  cut  ;  it  will  prefs 
on  the  pifton,  and  force  it  out,  accelerating  its  motion 
till  it  has  advanced  one  inch  ;  after  this,  the  pifton 
wdl  proceed  with  a  uniform  motion.  It  is  plain,  that 
the  velocity  will  be  moderate,  perhaps  hardly  fenfible, 
becaufe  the  prefiure  a£ted  on  it  during  a  -very  fhort  time! 
But  if  two  fprings  hare  been  fet  at  liberty  at  the  fame 
inftant,  the  prefiure  on  the  pifton  will  be  continued 
through  a  fpace  of  two  inches,  and  the  final  velocity 
will  be  greater,  becaufe  the  fame  (not  a  double)  pref- 
fure  will  be  exerted  through  a  double  fpace.  Unbending 
four  fprings  at  once,  will  give  the  pifton  a  double  veloci^ 
ty  (See  Dynamics,  Suppl.  n°9$).  Now  the  effed  of  the 
motion  of  the  fecond  fpring  is  to  keep  the  prefiure  of  the 
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firft  in  aftion  during  a  longer  time,  by  following  it,  and  Impulfion 
keeping  it  in  a  ftate  of  compreflion.  There  is  nothino-  ; 
fuppofed  of  this  kind  in  the  cafe  of  ftrong  prefiure  alluded 
to  ;  and  therefore  no  motion  is  produced  when  the  oh- 
ftacle  is  removed,  except  what  the  infenfible  compref. 
fion  produces  by  accelerating  the  body  along  an  infen. 
fible  fpace..  If  all  the  100  fprings  are  difengaged  at 
once,  the  pifton  will  be  accelerated  through  ico  inches, 
and  will  acquire  ten  times  the  velocity  that  one  fpring 
can  communicate.  (N.B.  The  force  expended  in  mo- 
vmg  the  fprings  themfdves  is  not  corfidered  here). 

It.  is  in  this  way  only  that  the  previous  motion  of 
the  impelling  body  a&s  in  producing  a  confiderable 
motion.  T he  whole  procefs  will  be  minutely  confi- 
dered  by  and  bye. 

We  may  now  alk,  how  it  is  fo  clear  a  point,  that  aT  \*  . 

folid  body  in  motion  mufl  difplace  other  bodies  ?  This nofmore  ” 
ieems  to  be  the  very  point  in  queftion.  Is  the  affirma- clearly  c„„. 
tive  deduced  from  our  notion  of  lbiidity  ?  What  is  ourceived  thi« 
notion  of  folidity,  and  whence  is  it  derived?  We  appre-prcffure* 
hend  that  even  tin's  primary  notion  is  derived  from  pref- 
illre*  It  is- by  handling  a  thing,  and  finding  that  we 
cannot  put  our  hand  into  the  place  where  it  is  with- 
out  difplacing  it,  that  we  know  that  it  is  material.  All 
this  is  indicated  to  us  by  the  feeling  excited  by  our 
prefiure.  We  fed  this  property  always  as  an  obftacle  ; 
and  therefore  fay,  that  by  this  property  it  refills  our 
preffure.  Nay,  there  are  cafes  wher£  even  the  philo- 
fopher  prefers  this  quality  to  impuliivenefs  as  a  tell  of 
matter.  To  convince  another  that  the  jar  out  of  which  * 
he  has  poured  the  water  that  filled  it  is  not  empty,  but 
full  op  matter>  he  dips  the  mouth  of  the  jar  into  wrater, 
and  {hows,  that  although  he  prefe  it  down  till  the  fuc- 
ruunding  water  i-s  above  the  bottom  of  it,  the  water 
has  hardly  gotten  half  an  inch  into  the  jar ;  there  is 
fometlnng  there  which  keeps  it  out  ;  there  is  matter  in 
it,  He  then  opens  a  hole  in  the  [bottom  of  the  jar  ; 
the  water  immediately  rifes  on  the  infide  of  the  jar,  and 
hlls  it.  He  fays  that  the  ptefTure  of  the  water  has 
driven  the  matter  out  by  the  hole  ;  and  he  confirms  the 
materiality  of  what  is  expelled  by  holding  a  feather 
above  the  hole.  It  is  agitated,  (hewing  that  the  ex¬ 
pelled  thing  has  impuliiveueis,  another  property  (he 
fays)  ot  matter:  what  filled  the  jar  was  air,  and  air  in 
motion  is  wind.  The  philofopher  can  exhibit  fome 
new  cafes,  where  fomething  like  impuliivenefs  appears. 

A  (lender  magnet  may  be  fet  on  one  end,  the  Youth 
pole,  for  inftance,  and  will  (land  in  that  tottering  iitua- 
tion.  If  a  perfon  bring  the  north  pole  of  a  powerful 
magnet  haftily  near  the  upper  end,  it  will  be  thrown 
down,  juft  as  it  may  be  blown  down  by  a  puff  of  wind1; 
therefore  (fays  the  philofopher)  there  may  be  appear¬ 
ances  of  impulfion,  and  I  may  imagine  that  there  is 
impelling  matter  ;  but  nothing  but  matter  excludes  all 
other  matter  from  Its  place  :  this  property,  therefore, 
is  the  fureft  teft  of  its  prefence. 

Thus  we  fee,  that  our  notion  of  folidity  or  impene¬ 
trability  (a  name  flill  indicating,  an  obftacle  to  pref- 
fure),  gives  us  no  dearer  conception  of  the  produc¬ 
tions  of  motion  by  impulfion  than  preffure  does;  for  16 
it  is  the  fame,  or  indicated  by  the  fame  fenfations.’ 

The  queftion  nowfeems  to  be  reduced  to  this— Since  impclby 
the  ft  rouge  ft  prefiiire  of  a  quiefeent  body  does  not  pro-  trausfufing 
duce  motion,  or  excite  that  kind  of  prefiure  which  isinherent. 
the  immediate  eaufe  of  motion,  while  a  body  in  mo- ^“iitmt 
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tlon,  exciting  but  a  very  moderate  prefiure  (as  may  be  motion 
feen  by  the  trifling  comprejion  or  dimpling),  produces  a 
very  conli  derable  motion,  how  is  the  previous  motion 
conducive  to  this  purpofe  ?  The  ar.fwer  11  fu  ally  given  is 
this :  A  body  in  motion  (by  whatever  eaufe),  ptrfeveres 
in  that  motion  by  the  inherent  force  ;  when  it  arrives  at 
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exift  in  nature.  When  they  have  produced  Impulfion, 
this  motion,  they  have  performed  their  talk,  and  the 
motion  .is  their  complete  effedt  :  the  particle  continues 
in  this  condition  for  ever,  unlefs  it  be  changed  by  fome 


eaufe;  but  we  do  not  fee  any  thing  in  this  condition- 
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another  body,  it  cannot  proceed  without  difjplacing 
that  body.  The  nature  of  the  inherent  force  is  fuch, 
that  none  of  it  is  loft,  and  that  a  portion  of  it  pafi'es 
into  the  other  body,  and  the  two  bodies  inftantly  pro¬ 
ceed  with  the  fame  quantity  of  motion  that  was  in  the 
impelling  body  alone.  This  is  an  exadt  enough  narra¬ 
tive  of  the  general  fad,  but  it  gives  no  great  expla¬ 
nation  of  it.  If  the  impelling  body  perfeveres  in  its 
motion  by  means  of  its  inherent  force,  that  force  is 
exerted  in  performing  its  office,  and  can  do  no  more. 
The  impelled  body  feems  as  much  to  pofteflsan  inherent 
force  5  for  the  fame  marks  and  evidences  of  preffure 
on  both  ftdes  are  obferved  in  the  eolliiion.  If  both 
bodies  arc  foft  or  compreffible,  both  are  dimpled  or 
comprefl'ed.  We  are  as  much  entitled,  therefore,  to 
fay,  that  part  of  the  force  by  which  it  perfeveres.  at 
reft,  paffes  into  the  other  body.  But  the  reft,  or  quief- 
cence  of  a  body,  is  always  the  fame  ;  yet  what  paffes 
Into  the  impelling  body  is  different,  according  to  its 
previous  velocity.  Wc  can  form  no  conception  how 
the  half  of  the  inherent  force  of  the  impelling  body  is 
expended  by  every  particle,  paffes  through  the  points  or 
contadl,  and  is  diftributed  among  the  particles  of  the. 
impelled  body;  nay,  we  cannot  conceive  this  halving, 
or  any  other  partition  of  the  force.  Is  it  a  tiling  Jui 
generis ,  made  up  of  its  parts,  ,  which  can  be  detached 
from  each  other,  as  the  particles  of  fait  may  be,  and 
really  are,  when  a  quantity  of  frefh  water  is  put  into 
contadl:  with  a  quantity  of  brine?  We  have  no  clear 
conception  of  this  ;  and  therefore  this  is  no  elucidation 
of  the  matter,  although  it  may  be  an  exadt  ftateinent 
of  the  viftble  fadL 

Let  us  take  the  fimpleft  poffible  cafe,  and  fuppoie 
only  two  particles  of  matter,  one  of  which  is  at  reft, 
and  the  other  moves  up  to  it  at  the  rate  of  two  feet 
per  fecond.  The  event  is  fuppofed  to  be  as  follows  :  in 
the  inftant  of  contaft,  the  two  particles  proceed  with 
half  of  the  former  velocity.  Now  this  inftant  of  time, 
and  this  orecife  point  of  ffiace,  in  which  the  contact  is 
made,  is  not  a  part  of  either  the  time  or  fp ace  before 
coliifion,  or  of  thofe  after  eolliiion  ;  it  is  the  boundary 
between  both  ;  it  is  the  laft  inftant  of  the  former  time, 
and  the  fnft  inftant  of  the  latter  time  ;  it  belongs  to 
both,  and  may  be  faidto  be  in  both.  W  hat  is  the  itate 
condition  of  the  impelling  paiticle  m  this  lnltant ..  In 


virtue  of  the  previous  motion,  it  has  the  determination, 
or  the  force,  or  the  power,  to  move  at  the  rate  of  t  two 
feet  per  fecond ;  but,  in  virtue  of  the  motion  after  cot, 
lifion,  it  has  the  determination  or  power  of  moving  at 
the  rate  of  one  foot  per  fecond.  In  one  and  the  fame 
inftant,  therefore,  it  has  two  determinations,  or  only 
one  of  them,  or  neither  of  them.  And  it  may,  m  like 
manner,  be  faid  of  the  impelled  body,  that,  in  that  in- 
ftant,  it  was  both  at  reft,  and  moving  at  the  rate  of 
one  foot  per  fecond.  This  feems  inconceivable  or  ab- 
flird 

It  is  not  perhaps  very  clear  and  demonftrable,  nor 

runt  is  it  intuitively  certain,  that  the  moving  body  or  par- 

r  intuitive  tide  muft  difplace  the  other  at  all.  All  that  we  know 
operty  ofqs  that  matter  is  moveable,  and  that  cauies  oi  inis 
liter,  9 


18 

npulfive- 


that  enables  us  to  fay  what  caufes  are  competent  to 
this  change,  and  what  are  not.  Is  it  either  intuitive 
or  demonftrable,  that  the  mere  exi/lence  of  another  par¬ 
ticle  is  not  a  fufficient  or  adequate  eaufe  ?  Is  it  certain 
that  the  arrival  at  another  particle  is  an  adequate  eaufe  ? 
or  can  we  prove  that  this  will  not  ftop  it  altogether?  The 
only  conclusion  that  we  can  draw  with  any  confidence 
is,  that  “  two  particles,  or  two  equal  bodies,  meeting 
with  equal  velocities,  in  oppolite  diredlions,  will  flop.” 

But  our  only  reafon  for  this  eonclufion  is,  that  we  can¬ 
not  aftign  an  adequate  reafon  why  either  fliould.  pre¬ 
vail.  But  this  form  of  argument  never  carries  luminous 
convidtion,  nor  does  it  even  give  a  decision  at  all,  un-  ^ 

lefs  a  number  of  cafes  can  be  fpecified  which  include 
every  pojfihle  refult.  This  can  hardly  be  affirmed  in  the 

prelent  cafe.  %  *9 

We  apprehend  that  the  next  cafe,  in  point  of  fim-Butanob- 
plicity,  has  Hill  kfs  intuitive  or  dedudlive  evidence  ; fei  ve  a  ~ 
namely,  when  bodies  meet  in  oppolite  diredlions  with 
equal  quantities  of  motion.  It  is  by  no  means  eafy,  if 
it  be  at  all  poffible,  to  {hew  that  they  muft  ftop.  The 
proof  proceeds  on  fome  notion  of  the  manner  in  which 
the  impnifion,  exerted  on  one  particle,  or  on  a  few  of 
each  body,  namely,  thofe  which  come  into  contadl,  is 
diftributed  among  all  the  particles.  A  material  atom 
is  moved  only  when  a  moving  force  adts  on  it,  and 
each  atom  gets  a  motion  precifely  commenfurate  to  the 
force  which  aauates  it.  Now,  it  is  fo  far  from  being- 
clear,  how  a  force  imprefted  on  one  particle  of  a  folid 
body  occafions  an  equal  portion  of  itftlf  to  pafs  into 
every  particle  of  that  body,  and  impel  it  forward  in 
the  fame  direction,  that  the  Very  authors  who  affume 
the  prefent  propofition  as  an  elementary  truth,  claim- 
no  fmall  honour  for  having  determined  with  precifion 
the  moving  forces  that  are  exerted  on  each  particle,  and 
the  circumftanees  that  are  necefiary  for  producing  an 
equal  progreffive  motion  in  each.  It  was  by  no  means 
an  eafy  problem  to '{hew,  that  the  motion  of  the  body 
(eftimated  by  an  average  taken  of  the  motions  of  every 
particle)  is  precifely  that  which  is  announced  by  this 
propoli Lion.  W e  muft  aho  confider  how  tins  mveftiga.? 
tion  is  conducted.  It  is  by  affirming,  that  whatever 
force  connects  a  particle  a  with  a  particle  b>  or  whatr 
ever  force  a  exerts  on  the  particle  b  exerts  an  equal 
force  on  a  in  the  oppolite  direction — Surely  no  logi¬ 
cian  will  fay  that  this  is  an  intuitive  tiuth.  The  contra¬ 
ry  is  rnoft  diftin&ly  conceivable.  It  was  a  dif co-Very 
of  the  aftronomers,  that  every  defledtion  toward  the 
fun  is  accompanied  by  an  equal  defledtion  of  the  fun. 

It  wras  a  difeovery ,  that  a  piece  of  iron  attracts  a  load-- 
Hone ;  and  it  was  a  difeovery  (and  we  dare  not  yet  af¬ 
firm  it  to  be  without  exception),  that  every  adtion.  of 
bodies  is  accompanied  by  an  equal  and  conti  ary  re-ac¬ 
tion.  But  this  is  by  no  means  a  firft  principle.  It  is  the 
expreffion  of  a  moil  generally  obferved  fadt,  a  fum  to¬ 
tal  of  knowledge.  When  received  on  this  authority,  it 
is  fully  competent  to  folve  every  cafe  of  impulfion,  in¬ 
dependent  of  all  obfeure  and  illogical  dodtrines  of  force 
inherent  in  moving  bodies,  of  force  of  inertia,  of  com¬ 
munication  of  motion,  &c. 

The  impoffibility  of  conceiving  the  detachment  of 

1  part 
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ht?r*.«]f»an.  part  of  the  force  inherent  in  A,  and  transferring  this 
'+**'Y**a~'  part  into  B,  and  the  fimilar  impofitbility  of  conceiving 
the  imparting  to  13  fome  of  the  motion  that  was  in  A, 
fhould  make  us  reject  any  propofition  involving  fuch 
conceptions,  and  refufe  its  admiffion  as  an  elementary 
truth.  Much  more  fhould  we  rejeCt  a  propofition  that 
obliges  us  to  fuppofe  that  a  particle  of  matter  has  two 
determinations,  forces,  motions,  or  call  them  by  any  o- 
ther  name,  in  one  and  the  fame  inflant.  One  of  thefe 
neceffarily  excludes  the  other.  Indeed  this  was  fo  evi¬ 
dent,  even  to  the  mod  eminent  partizans  of  the  doc¬ 
trine  of  the  transfufion  of  inherent  force,  and  others 
confequent  on  it,  that  they  found  themfelves  obliged  to 
deny  that  there  was  fuch  a  thing  in  the  world  as  a 
perfectly  hard  body,  in  which  the  motion  muft  be  in- 
ilantaneoufly  changed  into  another,  differing  from  it 
by  any  fenfiblc  quantity.  The  exiftence  of  perfectly 
hard  bodies  is  positively  denied  by  the  celebrated  ma¬ 
thematician  of  Dalle, ‘  John  Bernoulli,  in  his  Diflerta- 
tion  on  the  Communication  of  Motion,  which  contend¬ 
ed  for  the  prize  given  by  the  Academy  of  Sciences  at 
Paris  1710.  His  reafon  for  this  rejection  is  firigular, 
and  fomewhat  amufing.  “  In  the  collifion  of  perfectly 
hard  bodies,  the  confervatio  virium  vivarum ,  demonftra- 
ted  by  the  moll  eminent  mathematician  (Mr  Leibnitz), 
to  be  a  law  of  nature,  would  be  broken  without  any 
f  ifed  being  produced.  He  does  not  obferve,  that  it 
is  as  completely  broken  by  elaftic  bodies  in  the  in- 
ftant  of  greateft  compreffion.  A  Britifh  philofopher, 
nu/lius  addi&us  jurare  in  verba  magiflri,  afkecl,  What 
.  will  be  the  cafe  of  two  encountering  atoms  of  mat¬ 
ter  ?  Without  calling  them  hard,  we  inuit  conceive 
that  they  acquire  their  changes  of  motion  in  the  in¬ 
flant  of  mutual  contaCt,  and  that  they  acquire  them 
totally ,  being  indivifible.  No  anfwer  has  been 

givern,  or  indeed  can  be  given,  but  what  implies  the 
lame  difficulty.  From  all  that  has  been  faid,  we  muil 
conclude,  that  this  branch  of  mechanical  philofophy 
is  not  put,  by  thofe  philofophers,  into'the  condition  of 
an  elementary  foundation  of  clear  and  demonftrative 
fcience  that  the  transfufion,  or  transference,  either  of 
force  or  motion,  is  not  a  thing  of  which  we  have  a  dif- 
tind  conception  ;  and  that  it  neceffarily  leads  us  into 
very  untenable  dodrines.  Far  lefs  does  it  feem  fafe  for 
us  to  confide  fo  much  in  its  clearnefs  and  certainty,  as 
to  affirm,  that  impulfion  is  the  foie  moving  force  in 
mechanical  nature,  and  the  fource  of  what  we  call  pref- 
;•  fure. 

All  this  difficulty  and  obfeurity  has  arifen  from  our 
arrogant  notion,  that  we  are  competent  judges  of  firft 
principles  ;  whereas  we  muil  acknowledge,  that  we  can 
only  perceive  fuch  as  are  properly  related  or  accommo¬ 
dated  to  our  intelledual  powers:  thefe  powers,. being 
fpecific  and  peculiar,  cannot  judge  of  principles  of  the 
firft  clafs,  but  of  thofe  only  that  are  fuitably.  compound¬ 
ed.  We  can  never  know  or  comprehend  any  effential 
property  of  matter— we  can  only  know  the  relative 
properties  of  fuch  matter  as  <iue  fee . 

<~h  Therefore  let  us  quit  entirely  the  barren  and  tracklefs 

to  be^earxi- ahitraCtion,  and  relt  fatisfied  with  contemplating 
ed  only  by  the  Author  of  Nature  has  exhibited  to  our  view, 
obferving  and  fuch  as  he  has  been  pleafed  in  his  wifdom  to  exhi- 
naturc.  bit  it.  We  grant  that  there  are  no -bodies  open  to 

our  infpedion  which  are  perfedly  hard,  receiving  finite 
changes  of  motion  in  an  inflant.  It  has  not  pleafed 


God  to  put  any  fueh  within  our  read*.  When  God  Impulfom, 
created  matter,  it  was  with  the  purpose  of  forming  a  — r-"1 
beautiful  univerfe  of  this  matter.  He  therefore  gave 
it  properties  which  fitted  it  for  this  purpofe.  It  is  this 
matter  only  that  he  has  expofed  to  the  wondering  view 
of  man.  Thanks  to  his  bounty,  he  has  alfo  given  us 
properties  of  mind,  by  which  this  adaptation,  when 
perceived  by  us,  becomes  a  fource  of  dignified  pleafure 
to  the  obferver.  —  A  Newton,  to  whom  “  Jovis  omnia 
plena”  a  Daniel  Bernoulli,  were  rapt  ahnofl  into  ecfta- 
cy  by  a  (ingle  atom,  when  they  obferved  how  its  pro¬ 
perties,  and  only  fuch  properties,  fitted  it  for  making 
part  of  a  world,  which 

Unwearied,  and  from  day  to  day, 

Should  its  Creator’s  power  difplay. 

Let  the  unhappy  La  Place  confider  thefe  properties, 
which  enfure  the  permanency  of  the  folar  fyftem 
through  ages  of  ages,  as  proofs  of  fatalifm,  as  qualities 
effential  to  matter.  But  this  Gallic  torch  effaces  the 
bloom  of  life  from  the  univerfe,  the  expreffion  of  the 
Supreme  Mind  which  fhines  from  within;  and  itfpreads 
over  the  countenance  of  Nature  the  ghaftly  palenefs  of 
univerfal  death.  But  let  us  Britons  rather  follow  the 
example  of  our  illuftrious  countryman,  and  folace  our- 
felves  with  every  difeovery  which  tends  to  quicken  our 
perception  of  Nature’s  animated  charms.  Let  us  liflen 
to  the  conjectures  of  him  who  had  already  difeovered 
fo  many,  and  who  endeavoured  to  remove  the  veil  which 
concealed  the  reft.  „T 

Newton,  in  his  maturity  of  judgment,  after  having  Moving 
colledted  much  information  from  his  unwearied  expe-  })owcrs  a^c 
riments  in  magnetifm,  in  chemiftry,  in  optics,  &c.  faid,^^^11 
that  “  he  ffrongly  fufpeCted,  that,  in  the  fame  man- Newton’s* 
ner  as  the  bodies  of  the  folar  fyftem  were  connected  conje&ure 
by  gravitation,  fo  the  particles  of  fubl unary  bodies 
were  connected  together,  and  affeCted  each  other,  by  0 
means  of  forces  which  aCted  at  frnall,  and,  in  many 
cafes,  *infenfible  diftances  ;  producing  the  phenomena 
of  cohefion,  in  all  its  forms  of  hard nefs,  elafticity, 
duCtility,  foftnefs,  fluidity,  by  which  their  mechanical 
aCtions  on  each  other  were  modified  and  regulated.” 

Father  Bofcovich,  one  of  the  firft  mathematicians  of 
Europe,  was  the  firft  who  gave  this  conjecture  of  New¬ 
ton’s  the  attention  that  it  fo  highly  deferved.  Other 
writers  indeed,  fuch  as  Iveill,  Freind,  Boerhaave,  See . 
took  occafional  notice  of  it,  and  even  made  fome  ufe  of 
it  in  their  attempts  to  explain  fome  complicated  phe¬ 
nomena  of  nature.  But  they  were  fo  carelefs  in  their 
employment  of  Newton’s  conjecture,  fo  completely 
neglefted  his  cautious  manner  of  proceeding,  indul¬ 
ged  fo  wantonly  in  hypothetical  aflumptions,  and  rea- 
foned  fo  falfely  from  them,  that  they  brought  his 
conjecture  into  diferedit.  Bofcovich,  on  the  contrary, 
copied  Newton  with  care,  and  fecured  his  p^ogrefs  as 
he  advanced  by  the  aid  of  geometry  ;  eftablifhir.g  a 
fet  of  uncontrovertible  propofitions,  which  muft  he  the 
inevitable  refults  of  the  premifes  adopted  by  him.  He 
then  proceeded  to  compare  thefe  with  the  phenomena 
of  nature  ;  and  he  ffiews  that  tue  coincidence  i;V  as  com¬ 
plete  as  can  be  defired.  All  this  is  done  in  his  Theorist 
PhilofophU  Naturalise  firft  publifhed  at  Vienna  lu  1759. 

We  have  given  a  very  fhort  account  of  it  in  the  article 
Boscovich,  ’Suppl.  ;  but  it  hardly  goes  beyond  the 
enunciation  of  the  general  principle,  and  the  indication 

of 


r  9 


1 


IMP  [  .791  ]  IMP 


Ion.  of  its  applicability  to  the  purpofes  intended.  His  ap- 
~  plication  to  the  produftion  of  motion  by  the  collifiou 
of  bodies,  is  peculiarlyfatisfaftory.  But  as  the  work  is 
written  chiefly  with  the  view  of  gaining  the  approba¬ 
tion  of  perfons  well  inftrufted  in  natural  philofophy,  it 
can  hardly  be  called  an  elementary  work,  or  be  employed 
for  the  inftruftion  of  perfons  entering  on  the  ftudy.' 
We  (hall  attempt  to  explain  this  important  law  of  me- 
chanifm  in  a  way  that  will  give  our  readers  a  diftinft 
notion  (and,  we  apprehend,  a  juft,  one)  of  the  proce¬ 
dure  of  Nature  in  all  the  cafes  of  impulsion  that  we  con 
olferve .  We  hope  to  do  this,  by  confidering  the 
changes  of  motion  produced  by  moving  bodies  in  a 
certain  ferics  of  familiar  cafes,  where  the  procedure  of 
nature  may  be  diflinftly  obferved,  and  where  it  is  uni¬ 
formly  conceived  by  every  fpeftator  ;  and  which  will 
gradually  lead  the  mind  to  thofe  cafes  where  the  pro¬ 
cedure  is  not  oblerved  with  diftinftnefs  :  but  the  limi- 
lari  ty  to  the  former  cafe  is  concluded  by  fo  fair  ana¬ 
logy,  that  we  imagine  no  perfon  will  controvert  it. 
We  (hall  begin  by  attending  to  the  manner  in  which 
two  magnets  in  motion  affeft  each  other’s  motions  ;  a 
phenomenon  that  is  familiarly  known  in  the  general, 
*Ithougb,  perhaps,  few  perfons  have  attended  to  it  mi¬ 
nutely. 

Let  us,  therefore,  ftippofe  two  magnets,  A  and  B 
*  C*2XIX  (fig*  lt)  *n  weight  (in  the  firft  inftancc).  Let 

I  mina-  them  be  made  to  float  on  water,  by  placing  them  on 
t  t>f  tte  pieces  of  cork.  Let  them  be  placed  with  their  north 
1  al  ac-  pG]es  touching  each  other.  Let  A  be  held  fall,  and  let 
r  ^nets  £  be  at  hberty  to  move.  We  know  that  it  will  gradual¬ 
ly  recede  from  A,  with  a  motion  that  would  continual¬ 
ly  accelerate,  were  it  not  for  the  refiftanceof  the  water. 
What  is  the  inference  drawn  from  this  appearance  ? 
Surely  this,  that  either  a  moving  power,  inherent  in 
A,  repels  B,  or  that  B  avoids  A,  by  an  evafive  power 
inherent  in  itfelf.  It  is  immaterial  for  our  purpofe 
which  opinion  we  adopt.  Let  11s  fay  that  A  repels  B. 
This  admits  more  coricife  language  than  the  other.  If 
we  prevent  this  motion  of  B  by  means  of  a  very  Hen- 
der  fpring  applied  to  its  remote  end,  we  fhall  obferve 
that  the  fpring  is  bent  back  a  little,  juft  as  if  we  were 
pu(hing  away  the  magnet  gently  with  the  finger;  and  we 
obferve,  that  the  bending  of  the  fpring  is  fo  much  the 
greater  as  B  is  nearer  to  A.  We  can  judge  of  the  in- 
teniity  of  the  force  by  which  B  is  aftuated,  by  the 
bending  of  the  fpring-  This  force  is  equal  to  the  weight 
of  any  body  that  will  bend  the  fpring  to  the  fame  de¬ 
gree.  This  force  is  analogous,  therefore,  to  the  weight, 
the  preffure  of  gravity,  and  we  may  call  it  a  prefTure, 
and  rneafure  it  by  grains  weight.  Every  force  that 
can  bend  a  fpring  will  move  a  body  This  is  a  well 
known  faft.  Therefore  it  is  next  to  certain,  that  it  is 
this  force  which  caufes  B  to  recede  from  A  ;  nay,  if 
we  compare  the  motion  of  B  with  vth&tjhould  refult 
from  the  aftion  of  a  f  ;rce  having  this  very  intenfity, 
and  varying  in  the  fame  manner  by  n  change  ol  dif 
tance  from  A,  taking  in  the  diminution  wh;ch  the  re- 
fiftance  of  the  water  mu  ft  occafion,  we  fball  find  the 
motions  precifely  the  fame.  All  this  can  be  difeovered 
by  Dynamics,  n°  95,  See.  Therefore  we  mu  ft  con¬ 
clude  that  this,  and  no  other,  is  the  caufe  of  the  recefs 

of  B. 

If,  iiiftesd  of  placing  B  in  contaft  with  A,  we  place 
it  at  a  diftance  from  it,  and  pufh  it  toward  A  with  an 


initial  velocity,  fomewhat  left  than  it  would  have  ac-  Impulfioc. 
quired  in  that  place  by  its  recefs  from  A,  we  fhall 
find  that  it  will  approach  A  with  a  motion  gradually 
retarded,  till  it  flop  at  a  fmall  diftance  from  A  ;  and 
will  now  recede  from  it  again  with  an  accelerated  mo¬ 
tion.  In  fhort,  we  fhall  find  that  its  whole  motion  to 
and  from  A  is  precifely  the  fame  with  what  refults  from 
a  fimilar  computation  by  n°  9^5.  of  Dynamics. 

The  whole  of  this  phenomenon  is  conceived  by  every 
beholder,  who  has  not  imbibed  fome  peculiar  theory  of 
a  ftream  of  impelling  fluid,  as  the  indication  and  effeft 
of  a  repulfive  force  exerted  by  A  on  B,  or  of  a  quality 
of  B,  by  which  it  recedes  from  A. 

If  now  B  be  held  faft,  and  A  be  fet  at  liberty,  it  is 
obferved  to  be  repelled  by  B,  or  to  recede  from  B,  in 
the  fame  manner,  and  with  the  fame  force. 

Thus,  the  two  magnets  appear  to  affeft  each  other’s 
motions,  and  are  thought,  and  faid,  by  all  to  repel  each 
other.  The  effect  appears  curious,  but  excites  no  far¬ 
ther  thought  in  moil  minds  :  it  is  only  the  fpeculatift 
that  begins  to  fufpeft  that  he  has  not  conceived  it  pro¬ 
perly. 

Now,  let  us  fuppofe  that  B  is  afloat  on  the  furface 
of  the  water,  and  at  reft  ;  and  that  A  is  pufhed  to¬ 
wards  it,  by  a  Angle  ftroke,  caufing  it  to  move  fo  mo¬ 
derately  that  it  fhall  not  ftrike  B,  but  have  its  motion 
deitroyed  by  the  repulfion  before  it  reaches  it ;  and  let 
us  farther  fuppofe,  that  the  initial  velocity  of  A  was 
exactly  meafured — the  faft  will  be  as  follows  As  foon 
as  A  comes  within  a  certain  diftance  of  B,  its  motion 
begins  to  be  affefted  ;  it  gradually  diminifhes,  and 
at  length  it  ceafes  entirely,  and  A  remains  ever  after 
perfeftly  Rill.  But  it  is  alfo  obferved,  that  in  the  in- 
ftant  that  A  flackens  its  motion,  B  begins  to  move  5 
that  it  gradually  accelerates  in  its  motion,  and  at  laft 
acquires  the  initial  velocity  of  A,  with  which  it  pro¬ 
ceeds,  till  the  refiftance  of  the  water  brings  it  to  reft, 
peihaps  at  a  confiderablc  diftance  from  A.  This  ex-  . 
periment  is  very  amufing,  and  the  initial  velocity  of  A 
may  be  increafed  in  each  fucceeding  trial,  till  at  laft  it 
{hikes  B.  Even  then  the  general  appearance  remains 
the  fame  :  A  is  brought  to  reft  and  remains  at  reft, 
neither  refiling  nor  advancing  forward  ;  and  B  moves 
off  with  the  initial  velocity  ot  A.  What"  we  wifh  to 
be  particiihuly  noticed  is,  that  as  long  as  the  initial  ve¬ 
locity  of  A  is  lefs  than  a  certain  quantity  (depending 
on  the  ftrength  of  the  magnets-), -the  motion  is  com¬ 
municated  to  B,  or,  to  exprefs  it  more  cautioufly,  mo¬ 
tion  is  produced  in  B,  without  any  thing  happening 
that  can  get  the  name  of  impulfion  with  propriety. 

In  the  ordinary  conceptions  and  language  of  mankind, 
impulfe  always  fuppofes  aftual  contaft  ;  and  impulfion 
is  equivalent  to  a  blow  or  a  ftroke.  Both  of  thefe 
are  indeed  metaphorical  terms,  as  well  as  impulfion. 

Peihaps  the  word  “  to  hit,”  expieffes  this  particular 
cafe  more  purely,  and  it  is  perhaps  without  any  figure, 
and  is  the  appropriate  word.  We  do  not.  fptak  at* 
prefent  of  the  conception  and  language  of  philoio- 
phers,  but  of  perfons  taking  an  unconcerned  view  of 
things,  without  any  intention  of  fpeculating  farther  a- 
bout  the  n  atter. 

Appearance*  perfeftly  fimilar  are  obferved  in  elec¬ 
trified  bodies.  if  we  hang  two  equal  bunches  of  very 
light  downy  feathers  by  two  equal  linen  threads,  fo  as 
to  hang  clofe  by  each  other  like  pendulums  without 

touching. 
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Impulfion.  touching,  and  if,  after  having  ele&rified  them  fo  that 
they  repel  each  other  to  fome  diftance,  we  draw  one  of 
them,  which  we  (hall  call  A,  confiderably  alide  from 
the  perpendicular,  and  then  let  it  go  to  fwing  like  a 
pendulum;  we  (hall  obferve,  that  in  Head  of  accelerating 
till  it  reach  the  lowed:  point  of  its  vibration,  its  motion 
will  be  retarded  ;  it  will  (top  entirely  when  its  thread  is 
perpendicular,  and  will  remain  at  reft.  In  the  mean 
time,  the  other  bunch  B  will  acquire  motion,  which  will 
gradually  increafe  till  it  equal  the  motion  of  A  in  its 
‘maximum  date  ;  and  with  this  it  would  proceed  for 
^ver,  were  it  not  rifing  like  a  pendulum  in  the  arch  of 
a  circle.  The  general  fa 61  is  the  fame  as  in  the  cafe 
.of  the  magnets.  The  moving  body  is  brought  to  re (l, 
in  which  Hate  it  continues,  and  the  quieicent  body 
moves  off  with  an  ultimate  velocity,  equal  to  the  initial 
velocity  of  the  other  ;  and  all  this  happens  without  con- 
taft  or  impulfion,  but  is  produced  by  the  mutual  re¬ 
pulfion  of  the  electrified  bodies. 

If  this  general  fa£t  be  compared  with  what  happens 
in  the  colli  lion  of  two  billiard  balls,  it  will  be  found 
perfectly  fimilar  in  every  refoeCt,  but  that  of  the  con¬ 
tact  and  the  impulfion,  properly  fo  called.  The  im¬ 
pelling  ball  is  brought  to  red,  and  remains  at  red  ;  and 
the  impelled  ball  moves  off  with  the  velocity  of  the  im¬ 
pelling  ball. 

This  being  the  cafe,  it  is  plain  that  we  may  derive 
fome  information  from  the  motion  of  the  magnets,  that 
mud  greatly  a  did  us  in  our  conceptions  of  what  pades 
in  the  rapid,  if  not  indantaneons,  produftion  of  motion 
in  a  billiard  ball,  by  hitting  it  with  another.  In  the 
cafe  of  the  magnets,  we  perceive,  and  can  diferiminate, 
a  progreflive  train  of  changes,  which  terminate  in  a  ii- 
nal  change,  perfectly  fimilar  to  the  change  in  the  im- 
pulfion  of  the  billiard  ball.  This  will  juftify  a  very 
minute  attention  to,  and  datement  of,  all  the  circum- 
dances. 

sFird  cafe.  Let  us  attend  to  the  proctfs  of  this  operation,  and 

A  moving  the  production  of  motion  in  the  magnet  originally  at 

toward  B  red,  and  the  abolition  of  it  in  the  one  originally  in  mo- 

■fit  reft.  t*on  .  an(|  jct  us  refle&  on  what  pafifes  in  our  minds 
when  we  try  to  explain  it  to  ourfelves.  The  trials  men¬ 
tioned  at  fird,  when  one  magnet  was  held  fad,  (hew  us 
that  each  magnet  repels  or  avoids  the  other,  and  that 
this  action  is  found  to  be  equal  on  both  lidcs,  produ¬ 
cing  equal  comp refii on  of  the  fpring  employed  for  af- 
certaining  the  intenfity  of  this  repulfion  when  the  di- 
dar.ccs  are  the  fame.  This  is  the  i?.Ct,  It  is  no  lefs  a 
faCt,  that  equal  moving  forces,  fuch  as  equal  predures 
mud  be  fnppofed  to  be,  produce  equal  changes  of  mo¬ 
tion  in  their  own  direCtion.  Therefore,  as  Toon  as  A 
comes  to  fuch  a  didance  from  B  that  the  mutual  aCtion 
takes  place,  both  magnets  are  affeCted,  and  equally,  af- 
feCted  ;  that  is,  equal  changes  of  motion  are  produced 
on  each,  but  in  oppofite  directions.  The  motion  of 
A  is  diminifhed,  perhaps  T^th  part,  in  T^th  of  a  fe- 
cond,  and  (let  it  be  carefully  remembered)  while  A 
pades  over  a  certain  (pace,  fuppofe  the  loth  of  an  inch. 
.During  this  fmall  portion  of  time,  B  acquires  as  much 
motion  as  A  lofes.  This  is  not  the  motion  loft  by  A. 
This  is  inconceivable  ;  for  motion  is  not  a  thing,  but 
a  condition.  But  it  is  an  equal  degree  of  motion.  B 
has  paffed  over  a  fmall  fpace  during  this  time,  perhaps 
ihc  50th  part  of  an  inch,  with  an  aimed  imperceptible 
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motion,  that  is  gradually  accelerated  from  nothing,  Impulfion. 
Since  A  is  moving  fader  than  B,  it  mnd  dill  gain  upon  — 
it  ;  and  therefore  the  mutual  repulfion  will  increafe  ; 
and  in  the  next  loth  of  a  fccond  this  force  will  rake 
another  and  greater  portion  of  A’s  original  velocity  from 
it,  and  will  add  a  greater  velocity  to  that  already  Acqui¬ 
red  by  B.  And  thus,  in  every  fucceeding  minute  portion 
of  time,%he  motion  of  A  will  be  more  and  more  dimi¬ 
nifhed,  and  that  of  B  as  much  increaftd,  by  the  equal, 
though  continually  increafmg,  fimultaneous  repulfion* 
aCIing  in  oppofite  directions.  It  is  evident,  that  it  is 
podible  that  the  velocity  of  A  may  b$  fo  much  dimi¬ 
nifhed,  and  that  of  B  fo  much  increafed,  that  tiie  re¬ 
maining  velocity  of  A  (hall  be  juft  equal  to  the  acqui¬ 
red  velocity  of  B.  Till  this  happens,  the  diitances  of 
the  magnets  have  been  continually  diminifhing  ;  for  A 
has  been  moving  fader  than  B,  and  gaining  oil  it.  If 
the  operation  of  the  mutual  repulfions  could  be  dopped 
at  this  iudant,  both  magnets  would  move  forward  for 
ever  with  equal  velocities. 

It  is  of  particular  importance  to  know  what  this  They*ac- 
common  velocity  is.  This  is  determined  by  our  previ-quirea 
ous  knowledge,  that  the  magnets  repel  or  avoid  each  common 
other  with. equal  forces.  Thefe  forces  may  vary  by  a ve^oalI T 
variation  of  diftance  ;  but  the  force  aiding  on  A  is  al¬ 
ways  equal  and  oppofite  to  the  force  aiding  at  the  fame 
time  on  B.  This  is  the  uncontroverted  fact  (the  au¬ 
thority  for  which  (hall  foon  be  coniidered).  Thefe  e- 
qnal  forces  mud  therefore  produce  equal  and  oppofite 
changes  of  motion.  The  motion  acquired  by  B  is  e- 
qual  to  that  loit  by  A.  But  the  magnets  being  fnppo- 
(ed  equal,  and  moving  with  equal  velocities,  they  have 
equal  quantities  of  motion.  '1  herefore  the  motion  ac? 
quired  by  B,  or  that  lod  by  A,  is  equal  to  what  remains 
in  A  ;  that  is,  A  has  lod  half  of  its  motion,  and  there¬ 
fore  half  of  its  velocity  ;  or  the  common  velocity  is  half 
of  the  primitive  velocity  of  A. 

It  was  for  the  fake  of  a  fomewhat  eafier  difeufiion  that 
we  fuppofed  the  magnets  to  be  of  equal  weights.  But 
it  is  aimed  equally  eafy  to  afeertain  what  this  common 
velocity  will  be  in  any  other  proportion  of  the  quanti¬ 
ties  of  matter  in  A  and  B.  It  is  a  matter  of  unexcept- 
ed  experience,  that  whatever  be  the  weight  or  drength 
of  two  magnets,  their  actions  on  each  other  a^e  always 
equal.  Therefore  the  iimultaneous  force  mud  always 
produce  equal  changes  of  motion  in  the  two  bodies. 

But  the  change  of  motion  is  expieffed  by  the  produdl 
of  the  quantity  of  matter  and  the  change  of  velocity. 
Therefore  let  A  and  B  reprefent  the  quantities  of  mat¬ 
ter  in  the  magnets  and  let  a  be  the  primitive  velocity 
of  A,  and  x  the  velocityr  which  obtains  when  both  are 
moving  with  one  velocity.  The  velocity  loft  by  A  is 
a  —  x\  Therefore  we  mud  have  B  x  =  A  X  a  —  x, 

n  A  a  —  Ax  ;  and  A  a  ~  Ax  +  B.v,  z  A-f-BXx, 

Act  .  *5 

and  .v  7j6*  common  'velocity  is  therefore  oh -  Namely,  I 

4  1  A  X 

ialned  hy  dividing  the  primitive  quantity  of  motion  by  the  A+  M 
fum  of  the  quantities  of  matter . 

This  may  be  conceived  more  comoendionfly  in  an¬ 
other  way.  Since  B  acquires  as  much  motion  as  A 
lofes,  the  whole  quantity  of  motion  \s  the  fame  as  be¬ 
fore  :  Therefore  the  common  velocity  mult  be  had  by 
dividing  this  quantity  of  motion  by  the  whole  quantity 

of 


Hence  we  rmpnlfiorf, 
^  ^  2  A  a  ^  ' 

learn,  that  the  final  velocity  of  B  is  2*,  or  A  +  B  ’  anc* 
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mlfion.  of  matter,  But  we  wifhed  to  make  the  reader  keep  his  greateft  proximity  and  common  velocity, 
■v*-'  attention  fixed  on  the  fteps  of  procedure,  and  fee  the 
connexion  of  each  with  the  caufes. 

We  {hall  find  that  this  period  of  the  whole  procefs, 
namely,  the  moment  when  both  bodies  have  acquired  a 
common  velocity,  and  the  precife  magnitudeof  this  Veloci¬ 
ty,  are  points  of  peculiar  importance  in  the  doctrine  of  im- 
pulf  on ;  indeed  they  almofl  comprehend  the  whole  of  it. 

But  this  is  a  hate  that  cannot  continue  for  a  moment 
in  the  example  before  us.  The  repuliive  or  evafive 
forces  are  ftill  a&ing  on  both  magnets,  and  ftill  dirni- 


,  f  A  .  A  —  B  X  a 

the  final  velocity  ot  A  is  — — ' 


For  the  pri- 


a6 
this 
>  not 
tiime, 


mitive  velocity  of  A  being  <2,  and  the  common  veloci- 

A  a  L 

ty,  in  the  inflant  of  neareft  approach,  being  yy  jy 

A  a  A  a  -4-  B  a  - —  A  a 

lots  of  velocity  is  a 


A+B’ 


A  +  B 


1 


and  the  remaining  final  velocity  is  a  - 
A  a  +  B  ci  —  2  B  a 


2lla 

A+B’ 


A _ 

’  —  A 


BXfi 

+  B 


:iime,  forces  are  it  ill  acting  on  both  magnets,  ana  mu  aiiui-  *  2^  a 

the  nifh  the  motion  of  A,  and  equally  increafe  the  motion  - - £L  Therefore  the  final  lofs  of  velocity  is  7^TT>, 

nets  fc*c,f  B.  Therefore  the  velocity  of  A,  in  the  very  uext  A  +  B  li  ^ 

itC*  moment,  mult  be  lefs  than  that  of  B  ;  and  B  has,  du¬ 
ring  this  moment,  gained  on  A,  or  has  removed  farther 
from  it.  This  continues ;  A  is  ftill  retarded,  and  B  is  ac* 
celtrated ;  and  therefore  gains  more  and  more  upon  A  ,  or 
feparates  farther  and  farther  from  it.  This  mult  continue 
as  long  as  the  mutual  repulfions  are  fuppofed  to  aft.  If 
we  fuppofe  that  the  fenftble  aft  ion  of  thefe  forces  is  li¬ 
mited  to  fome  determinate  diftarce,  the  mutual  aftion 
will  ce?ie  when  B  has  got  to  that  di fiance  before  A. 

We  may  call  it  the  inattive  diftance.  After  this,  A  and 
B  will  proceed  with  the  velocities  which  they  have^  at 
that  inftant.  Let  us  inquire  into  thefe  final  velocities; 
and  thus  complete  our  acquaintance  with  the  procefs. 

2  We  fee  (and  it  is  important)  that  the  magnets  are 

ie  com-  in  their  ftate  of  greatefi  proximity  at  the  mfiant  of  their 
>n  vclo-  moving  with  a  common  velocity,  and  that  after  this 
y  ’!  at'  they  gradually  feparate,  till  they  are  again  at  their  in- 
c  inflant  active  diftance.  During  this  reparation  they  attain  dt- 
neareft  fiances  from  each  other  equal  to  what  they  had  durmg 
proach.  tjie  pC1iod  of  their  mutual  approach.  At  thefe  difian- 
ces  the  repulfions  are  the  lame  as  before,  and  adt  in  the 
-  fame  direction.  Therefore,  in  each  moment  of  repara¬ 
tion,  and  at  each  diftance,  A  fuftains  the  fame  diminu¬ 
tion,  and  B  gets  the  fame  augmentation  of  its  motion, 
as  when  they  were  at  the  fame  diftance  in  the  period 
of  their  mutual  approach.  The  fums  total,  therefore, 
of  thefe  equal  augmentations  and  diminutions  mult  be 
equal  to  the  augmentation  and  diminution  during  the 
approach.  Therefore  the  whole  diminution  of  A’s  mo¬ 
tion  moll  be  double  of  the  diminution  iuftained  during 
the  approach  ;  and  the  whole  augmentation  of  B’s  mo 


A  +  B  -  -  ,  — 

Let  us,  in  the  next  place,  fee  what  will  be  the  re-  30 
fult  when  both  of  the  magnets  are  in  motion  at  the  be-H-  Cafe, 
ginning  of  their  mutual  action.  And,  firfi,  let  ^ 

move  in  one  direction.  Let  A,  moving  with  the  ye-t;oninone 
locity  ci9  overtake  B,  moving  in  the  fame  direction  with  direction* 
the  velocity  b,  lefs  than  a.  Moreover,  let  the  veloci¬ 
ties  a  and  b  be  fuch,  that  their  difference  a  —  b  is  fome- 
wliat  kfs  than  the  fum  of  the  velocities  «  and  /3,  which 
the  mutual  repulfions  of  the  magnets  would  generate  in 
them,  if  the  magnets  were  placed  in  contatl,  and  al¬ 
lowed  to  recede  from  each  other  till  they  get  beyond 
their  acting  difiance. 

Thefe  things  being  premifed,  let  the  magnets  be  fet 
in  motion  in  the  fame  diredHon  with  the  above-men¬ 
tioned  velocities  a  and  b.  The  magnet  A  mufi  gain 
on  B,  and  at  lafi  come  fo  near  it,  that  the  mutual  re¬ 
pulfions  begin  to  a&  on  both.  It  is  plain,  that  the  mo¬ 
tion  of  A  will  be  diminifhed,  and  that  of  B  increafed, 
by  equal  quantities,  during  every  minute  portion  of  the 
time  of  their  mutual  adlion.  It  is  alio  evident,  that 
the  velocity  of  A  may  be  fo  much  diminifhed,  and  that 
of  B  fo  much  increafed,  that  they  {hall  be  rendered 
equal.  Alfo  this  will  happen  before  the  magnets  touch 
one  another ;  becaufe  the  original  difference  of  their^ 
quantities  of  motion  has  been  fuppofed  lefs  than  the 


UMltlriblVU  W  -  -  |  i  - 

.  ,  motion  which  the  repulfive  forces  are  able  to  generate 

the  approach  ;  and  the  whole  augmen  •  ,  or  extinguifh,  by  acting  on  them  through  the  whole 

lion  muft,  in  like  manner,  be  double  of  that  acquired  gives  occafion  to  their  action.  There- 

during  the  approach  of  A.  He rJ|ce^^1ea  ^  ^  ^  fore  the  difference  of  the  velocities  is  lefs  than  the  fum 

of  the  velocity  «,  which  the  mutual  repulfion  can  take 
from  A,  and  the  velocity  &9  which  it  can  give  at  the 
fame  time  to  B.  The  magnets  will  gradually  approach, 
and  the  mutual  repulfions,  and  coniequent  diminution 
of  A’s,  and  augmentation  of  B’s  motion,  will  gradually 
increafe,  till  the  fum  of  «  and  &  is  juft  equal  to  the  dif- 


when6  the  magnets  are  fuppofed  equal,  A  muft  be 
brought  to  reft  ;  for  in  the  period  of  approach  it  had 
loft  half  of  its  velocity.  It  muft  now  have  loft  the 
whole.  For  fimilar  reafons  B  muft  finally  acquire  the 
primitive  velocity  of  A  ;  for  in  the  inftant  of  greateft 

proximity,  it  had  acquired  the  half  of  it.  . . . __  . . 

43  Thus  we  fee,  that  the  equal  mutua  repu  ference  of  a  and  b ;  that  is,  till  the  bodies  are  moving 

Repulfion  precifely  adequate  to  the  production  o  e  wjt^  one  vtlccicy.  If  the  mutual  repulfions  were  anni- 

iidequTte  toLti°"  that  are  really  obferved  ;  and  muft  therefore  be  ^  ^  inaant,  the  bodies  would  move  forward 

ihcohfeV  admitted  as  the  immediate  caufes  o  t  e  e :c  ^n^s*  w[th  this  common  velocity.  What  this  is  we  determine 

It  is  equally  eafy  to  after  tarn  the  wlth  great  facllity,  as  we  did  in  the  former  cafe :  Be- 

when  the  magnets  are  of  unequal  hzes  ,  q  caufe  the  repulfions  produce  equal  and  oppolite  chan- 

wnentne  ty  of  tlieir  mutual  rePuill0ns  IS  rnot  ?  J  .  J  j  ges  of  motion  in  the  magnets,  as  much  is  taken  from 

magnet?  equality  of  their  magnitudes.  The  r  ^  x  a$  ;3  added  t0  B  X  b ;  and  the  fum  of  A  X  a, 

areuneqnaf.the  changes  of  motion  during  the  e  epar  .  .,  an(j  y  i  ;s  equal  to  the  fum  of  A  X  x  and  B  X  x,  or 

the  fame  with  their  approaches  and  the  correiponding  _ _  H  Aa  +  B  b 

changes  of  motion  ;  and  the  whole  change  on  each  will  ^  -f  B  X  ^  =  A  X  rz  +  B  X  and  x  =  ■  A  ~r  n 

be  double  of  the  change  fuftained  at  the  inftant  of  _  H  £+eL 
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Iropulfion.  Therefore  the  common  velocity  Is  had  by  dividing  the  fum 
3  f  °/  primitive  quantities  of  motion  by  the  Jum  of  the  quart- 
Common  til,es  sf  matter. 

■velocity  —  But  the  repul  five  forces  continue  to  ad  as  in  the  for. 
A«_+BJ  mercafe.  The  motion  of  A  is  Hill  more  diminiihed, 
buf  ttf*  ^  aild  that  of  B  augmented  :  Therefore  the  velocity  of  B 
magnets fe- mUn  r°W  excee<^  velocity  of  A,  and  the  magnets 
parate,  and  i?111*  feparate..  .Reafoning  in  the  fame  way  as  in  the 
the  change  former  cafe,  it  is  evident  that  the  mutual  adion  does 
»  doubled  not  ceafe  till  the  magnets  have  feparated  to  their  inac 
tIve  diuance  from  each  other,  and  that  the  whole  change 
of  motion  in  each  is  double  of  the  change  that  it  had 
fuftained  when  they  were  in  their  greatelt  proximi¬ 
ty,  and  moving  with  a  common  velocity.  Thefe 
coniidcrations  enable  us  to  afeertain  the  final  flate  of 

each.  The  common  velocity  is  There- 

-j-  £> 

fore  the  change  made  on  the  velocity  of  A,  at  the  in¬ 
fant  of  greateft  proximity,  is  a  —  A  *  +  B  b 
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B  X  a  —  b 


A  +  15 


or  rr 


■— g— >  and  the  final  velocity  of  A  is 


2  B  Xa  —  b 


A  +  B 
on  the  velocity  of  B  is 

A  X  a—  7 


In  like  manner,  the  change  produced 
A*+  Bb 


A  +  B 


A  +  B 
and  the  final  velocity  of  B 


—  69  or  =  + 


b  + 


2  AX  a* 


— - We  may  alfo  obtain  the  final  velocity 

of  each,  by  taking  its  initial  velocity  from  twice  the 
common  velocity 

If,  in  this  example  of  two  magnets  in  motion,  we 
fuppofe  them  of  equal  weight,  we  fhall  find  that  they 
will  finally  proceed  with  exchanged  velocities.  For 

when  A  =  B,  it  is  plain  that  a  —  2  is 


&  —  1  X  a 
2  A  Xa~ 


—  a  + 


A  +  B 
by  zz.  b  :  and 


-b  . 
—  is 


by  zz  a 

b  -p  I  X  # - by  —  b  “f*  Cl 


+ 

by  z=  a. 


be  brought  to  reft.  Were  the  repulfions  annihilated  at  fmpulfion 
this  inftant,  they  would  remain  at  reft.  But  becaufe  — 
thofe  forces  continue  their  adions,  the  magnets  will  fe. 

.parate  again,  regaining,  at  every  diflance,  the  velocity 
which  they  had,  when  at  that  diflance,  during  their 
mutual  approach  ;  and  when  they  have  reached  their 
inadive  diflance,  they  will  have  regained  each  its  01  i- 
ginal  momentum  and  velocity,  but  in  the  oppofite  di¬ 
rection.  This  needs  no  farther  comment ;  but  mult 
be  kept  in  mind,  becaufe  this  cafe  has  a  precife  coun¬ 
terpart  in  the  collifion  of  folid  bodies,  meeting  each 
other  in  oppofite  diredions  with  equal  momenta.  But 
if  the  momentum  of  one  exceed  that  of  the  other,  thus, 
if  A  X  a  be  greater  than  B  X  by  then,  when  the  mag! 
net  B  is  brought  to  reft,  A  has  ftill  a  momentum  re¬ 
maining  equal  to  A  a  —  B  b.  Having  therefore  a 
certain  velocity,  while  B  has  none,  it  muft  approach 
Hid  nearer  to  B,  and  a  ftill  greater  repulfion  will  be  ex¬ 
erted  on  B  than  if  A  had  alfo  been  brought  to  reft, 
but  ftill  repelling  B.  Since  B  is  now  acquiring  mo¬ 
tion  in  the  direction  oppofite  to  its  former  motion,  and 
A  is  ftill  loiing  motion,  a  time  muft  come  when  the 
motion  of  A  is  fo  much  diminifhed,  and  that  of  B  fo 
much  augmented,  that  they  are  moving  with  a  common 
velocity  in  the  direction  of  A’s  primitive  motion.  The 
reafoning  employed  in  the  foregoing  examples  fhew  us, 
that,  in  the  prefent  cafe  alfo,  this  Hate  of  common  ve- 
locity  is  alfo  the  date  of  the  greateft  proximity,  and 
that  the  magnets  feparate  again,  till  they  attain  their 
diflance  of  inadion,  and  that  the  total  change  in  each  is 
double  of  what  it  was  in  their  ftate  of  greateft  proximity. 

To  find  this  common  velocity,  recoiled,  that  when 
the  momentum  of  B  was  extinguished,  that  of  A  was  Common 
Hill  =  A  a  —  B  b.  From  what  has  been  already  faid  velocit7  - 
on  the  other  cafes,  we  know  that  when  the  common 
velocity  obtains,  the  whole  momenta  are  ftill  equal  to,  A  +  B 
A  a  —  B  b.  Therefore  the  common  velocity  *  muft  btcWe  i« 

JL.  doubled  by 

A  +  B  ’  the  fubfe- 

The  velocity  loft  by  A  muft  therefore  be  -  -  quent  fepa‘ 
A  a  — Bb  B  X  a  +  b 


"radon. 


A  -f-  B 

This  cafe  is  eafily  fubjsded  to  experiment,  and  will  be 
found  fully  confirmed,  if  we  take  into  account  the  re¬ 
tardations  occafioned  by  the  refiftance  of  the  water  to 
the  motions. 

31  Let  us,  in  the  next  place,  fuppofe  the  magnets  to 

Magnets  be  moving  in  oppofite  diredions  with  the  velocities  a 

rppofiJedi  aRd  an(*  orcier  ^at  the  ma£ncts  may  not  ftrike 
jretftiont.  ’’eacPl  other)  let  the  fum  of  a  and  b  be  lefs  than  the  film 
of  «  and  /?,  which  the  repulfions  of  the  magnets  would 
produce  by  repelling  them  from  contad  to  their  inac¬ 
tive  diflance. 

As  foon  as  the  magnets  arrive  at  their  ading  di. 
fiance,  their  mutual  and  equal  repulfions  immediately 
begin  ta  diminifh  both  of  their  motions;  and  in  any  mi¬ 
nute  portion  of  the  period  of  their  approach,  equal 
quantities  of  motion  are  taken  from  each.  It  is  evi¬ 
dent,  that  if  the  primitive  quantities  of  motion  have  been 
equal  ;  that  is,  if  A  and  B  have  been  moving  with  ve¬ 
locities  reciprocally  proportional  to  their  quantities  of 
matter,  then,  when  the  motion  of  one  of  them  has  been 
annihilated  by  their  mutual  repulfion,  the  motion  of  the 
other  will  be  deftroved  at  the  fame  time,  and  both  will 


A+B 


and  the  final  velocity  will 


hca—2J,Xa+b 


A+  B 

The  final  motion  of  A  will  be 


A  B 
and  the  new  velocity  is 


A  +  B 

in  the  fame  diredion  as  at  firft,  if  a  be  greater  than 

2  B  a  b  ,  .r  .  .  . 

~A  -f  otherwife  it  will  be  in  the  oppofite  diredion. 

In  like  manner,  the  change  of  velocity  in  B  is  b  4- 
A  a  —  B  b 

becaufe  the  former  velocity  b  is  deftroyed, 

A  a  —  B  b  . 

A  -F  B —  10  l^e  °PP°^lte  di. 
redion.  This  is  rr:  — >  and  the  final  velocity 

of  B  is  b—  ?A *La  +  b 
A  +  B 

33 

Thus  we  have  (hewn,  in  the  cafe  of  magnets  adingThe  chan’ 
on  each  other  by  repulfive  forces,  or  aduated  by  forces 
equivalent  to  repulfive  forces,  how  changes  of  mo- magnets 
tion  are  produced,  which  have  a  great  refemblance  to  2^  iimilar 
thofe  which  are  feen  in  the  collifion  of  folid  bodies. t0  thofein 
The  motions  which  obtain  in  the  inftant  of  greateft  toud  bo- 

proximity  dies. 
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fion,  proximity  are  precifely  fimilar  to  what  are  obferved  in 
- the  colliiion  of  unelaltie  bodies.  Their  common  velo- 

A  a  B  ^ 

A  + B">  or  s 

according  as  the  bodies  were  moving  in 


city  after  colliiion  is  always  zz 
A  a  —  B  h 


A  T  B  .  , 

the  fame  or  in  oppofite  directions.  The  final  motions 
of  the  magnets  are  alio  precifely  fimilar  to  what  are  ob> 
jewed  in  the  collifion  of  perfc&Iy  elaitic  bodies.  We 
took  the  in  (lance  of  magnets,  becaufe  the  objeCt  is  fa¬ 
miliar  ;  but  we  can  fubllitute,  in  imagination,  an  ab- 
ftraft  repulfive  force  in  place  of  magnetifm,  and  we  can 
affign  it  any  intenfity,  and  any  law  and  limits  of  aftion 
we  pleafe.  We  can  imagine  it  fo  powerful,  that  al¬ 
though  its  aCtion  be  limited  to  a  very  fmall,  and  even 
infenlible  difiance,  it  (hall  always  reduce  the  meeting 
bodies  to  a  common  velocity  before  they  come  into  ac¬ 
tual  contaCl ;  and  therefore  without  any  real  impulfion, 
as  impulfion  is  commonly  conceived. 

There  are  fome  farther  general  obfervations  that  may 
be  made  on  thofe  motions  which  are  of  importance. 

14  i.  We  fee  that  the  changes  of  motion,  and  confe- 

T  echan-  qUentiy  the  aCtions,  are  dependent  on  the  relative  mo- 
pj  cn.al  tions  only,  whatever  the  abfolute  motions  may  be  :  For 
( e  rela- changes  are  always  as  a  —  b  when  the  bodies  are  mo¬ 
ving  in  one  direction,  and  as  a  b  wheri  they  are  rno- 
•  •  - Now  a  r±r  b  is  the  relative 
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ving  in  oppofite  directions, 
motion. 

35  .  2.  The  change  of  velocity  in  each  of  the  two  bodies 

p  Tfc**  is  inverfely  as  its  quantity  of  matter,  or  is  proportional 
l  luluti  to  the  quantity  of  matter  in  the  other  body._The 

t  rofmat-  .  B  X  a^tzb  A  A  Xaz±zb 

t«  changes  in  A  and  B  are  and 

The  changing  forces  being  equal  on  both  lides,  pro¬ 
duce  equal  changes  in  the  quantities  of  motion  ;  and 
therefore  pioduce  changes  of  velocity  that  are  inverfely 
as  the  quantities  of  matter. 

>  g.  During  the  whole  procefs,  the  fum  of  the  momen- 

E*‘  ta>  or  Suan^^eq  mot^on’  rema‘us  ^ie  the 

bodies  are  moving  in  one  diredion  :  if  they  are  moving 
in  oppofite  direCtions,  it  is  the  difference  of  momenta 
that  remains  the  fame;  for  in  every  inftant  of  the  procefs 
equal  changes  of  momentum  are  made  in  oppofite  di¬ 
rections.  When  the  motions  are  in  the  fame  direction, 
as  much  is  taken  from  the  one  as  is  added  to  the  other; 
and  therefore  the  fum  remains  unchanged.  When  the 
motions  are  in  oppofite  directions,  equal  quantities  are 
taken  from  both  •  and  therefore  the  difference  remains 
unchanged.  This  is  called  the  conservatio.  momen- 
torum  ;  and  it  is  ufually  enunciated  by  faying,  that 
the  quantity  of  motion,  eftimated  in  one  direction,  is 
not  changed  by  the  equal  and  oppofite  aCtions  of  the 
bodies.  This  is  a  particular  cafe  of  a  general  law  af¬ 
firmed  by  Des  Cartes,  that  the  quantity  of  motion  m 
the  univerfe  remains  always  the  fame  when  eftimated  in 

any  one  direction.  .  r 

37  4  When  the  whole  procefs  is  completed,  the  ium 

ItTvu  of  the  produCts  made  by  multiplying  each  body  by  the 
fqnare  of  its  final  velocity,  is  equal  to  the  lum  of  the  pro¬ 
ducts  made  by  multiplying  each  body  into  the  fquare 
of  its  initial  velocity.  For  when  the  piocefs  is  com- 
pitted,  the  two  bodies  are  at  the  fame  difiance  from 
each  other  as  when  the  mutual  aCtion  began.  There¬ 
fore,  during  the  procefs,  each  body  has  pafled  over  an 
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equal  fpace,  and  in  every  fimilar  point  it  has  been  aft-  Impulfi.cn,  * 
ed  on  by  an  equal  force  (although  this  force  be  differ  — — \r* 
ent  in  different  points  of  this  fpace).  Therefore,  in  every 
inftant,  the  iimultaneous  produCts  of  the  quantity  of 
matter  by  the  momentary  variation  of  the  iquare  of  the 
velocity  are  equal  on  both  Tides  ;  and  therefore  the  pro¬ 
ducts  of  the  quantity  of  matter  by  the  whole  change  of 
the  fquare  of  the  velocity  are  alfo  equal  on  both  Tides. 

See  Dynamics,  Suppl.  n°  9 5.  and  no.  where  v  v  zz 

and  therefore  m  vv  zz  f  st  and  m  X  V2  —  v2,  or 
m 

nX.v 2 — Vs  =  J*fSm  Now,  fince  thefe  changes  are  in 

oppofite  directions,  as  much  is  added  to  one  produCt  as 
is  taken  from  the  other,  and  the  fum  of  the  produCts 
of  the  quantities  of  matter  by  the  fquares  of  the  final 
velocities,  is  equal  to  the  fum  of  the  products  of  the 
fame  quantities  of  matter  by  the  fquares  of  the  initial 
velocities. 

This  is  a  particular  cafe  of  the  famous  conservatio  Thefe  two 
V1R1UM  vivarum,  claimed  ?.s  a  mighty  difeovery  ky^0^™ 
the  partizans  of  Leibnitz,  and  aferibed  to  him;  but  p  nc,p]e8> 
he  has  no  claim  whatever  to  the  difeovery.  It  was  but  general 
communicated  to  the  Royal  Society  of  London  in  1 668  ^Ct;. 
by  Huygliens,  as  one  of  the  general  laws  of  impulfion, 
obtaining  in  what  he  calls  hard  bodies.  Several  of  the 
Leibnirzian  fchool,  indeed,  extended  it  farther  than 
Kuyghens  had  done  ;  fome  of  them  indeed  very  lately. 

The  obfervation  of  this  general  law  was  foon  applied  to 
many  excellent  purpofes  in  the  folution  of  very  intricate 
problems  ;  becaufe  it  often  faved  the  trouble  of  tracing 
the  intermediate  heps  of  a  complicated  procefs.  A  f- 
fured  that  thefe  produCts  were  invariable,  the  mathema¬ 
tician  found  it  an  eafy  matter  to  (late  what  conditions 
of  the  queltion  infured  this  equality  of  produfts  ;  and 
thus  the  problem  was.  folved.  In  this  manner  Daniel 
Bernoulli  gives  molt  elegant  folutions  of  fome,  other-  « 
wife  almoit  lntraftable,  problems  in  ITydraulics.  For 
fuch  reafons,  as  a  mighty  aid  m  mechanical  inveftiga- 
tion,  the  difeovery  of  Huygliens  is  extremely  valuable. 

Its  meiit  in  this  refpeft  is  perfeftly  fimilar  (though  per¬ 
haps  fome  what  greater)  to  Des  Cartes's  obfervation  of 
the  confervatio  monientorum .  It  is  alfo  like  the  obfer¬ 
vation  or  difeovery  of  Maupcrtuis,  which  lie  calls  the 
law  of  fmallejl  aSion  (indeed  it  is  the  fame  under  a  dif¬ 
ferent  afpeCt),  or  La  Grange's  law  of  virtual  velocities y 
or  D’Alembert’s  law  of  equilibrium  of  aBion  ;  —  all  of 
thefe  are  general  faCts,  laws  by  which  the  changes  of 
motion  are  obferved  to  proceed.  But  their  authors 
have  vaunted  them  as  principles,  as  caufes,  from  which 
to  conclude  effefts  ;  whereas  they  are  really  inductions 
from  particular  inftances.  We  mud  alfo  obferve,  that 
this  law  of  confervatio  virium  vivarum  was  not  deduced 
either  by  Huyghens  or  any  of  the  Leibnitzian  fchool, 
by  reafoning  from  more  general  principles.  It  was  an 
expifeation  of  famenefs  in  events,  diverfified  by  other 
circum fiances.  We  do  not  recoiled  any  author  who 
has  given  what  can  be  called  a  demonftration  of  it,  de¬ 
ducing  it  from  principles  or  laws  (till  more  general.  We 
apprehend,  that  the  prefent  cafe  of  its  truth  has  been 
fo  demonftrated  by  us.  The  principle  is,  that  “  a  mo¬ 
ving  force  is  to  be  meafured  by  the  change  of  motion 
produced  by  it  And  the  law  to  which  this  principle 
is  applied  is,  that  “the  mutual  repulfions  of  magnets* 
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are  equal  and  oppofite  \}>  and  the  application  is  made 
by  means  of  the  “  39th  propofition  of  the  firft  book  of 
Newton’s  Principia ”  Our  principle,  which  is  the  fame 
with  Sir  Ifaac  Newton’s  fecond  law  of  motion,  is  really 
an  axiom  of  human  thought.  The  propofition  is  the 
confequence  logically  drawn  from  this  axiom ;  and  the 
law  of  magnetifm  is  an  obferved  fa&.  We  hope  to 
Ihew  by  and  bye,  that  this  propofition,  which  is  our 
n°  95  of  Dynamics,  is  found  to  obtain  in  every  inftance 
that  has  been  or  can  be  given  of  the  confervatio  virium 
viva  rum,  and  that  this  confervatio  is  only  another  way 
of  expreffing  the  propofition.  Having  done  this,  v/e 
fhall  not  think  ourfelves  chargeable  with  vanity  when  we 
fay,  that  we  have  given  the  fiiil  demonftration  of  this 
famous  law.  We  cannot  refufe  ourfelves  fome  fatisfac- 
tion  at  having  done  this;  becaufe  it  has  been  fo  highly 
cfteerr.ed,  chiefly  for  the  fupport  derived  from  it  for  the 
Leibnitzian  meafurement  of  the  force  of  moving  bodies 
by  the  fquare  of  the  velocity  which  it  communicates ; 
whereas  it  is  the  logical  confequence  of  the  force  be- 
ing  proportional  to  the  firnple  velocity .  We  have  only 
taken  a  weapon  out  of  the  hands  of  a  plunderer,  and 
reitored  it  to  its  lawful  owner,  Sir  Ifaac  Newton.  Non 
ita  certandi  cupidus,  quam propter  amorem  :  For  we  mult 
fay, 


*Tu  pater  et  rerum  inventor ,  tu  patria  nobis 
Suppeditas  precepta ,  tuifque  ex,  inclute,  chartis 
Floriferis  ut  apes  in  faitilus  omnia  libant , 
Omnia  nos  itidem  depafeimur  aurea  did  a 
Aurea,  perpetud  femper  dignijfima  vita . 


We  truft  that  our  reader  will  not  think  that  this  mi¬ 
nute  difeuflion  of  the  mutual  adlions  of  magnets  or  o- 
ther  repelling  bodies,  in  which  we  have  engaged  him, 
has  been  thrown  away,  fmee  it  has  enabled  us  to  appre¬ 
hend  clearly  a  cafe  of  two  fuch  general  laws  as  the  con¬ 
fervatio  momentorum ,  and  the  confervatio  virium  viva- 
rum, . 

5.  In  the  moment  of  greatefl  vicinity  and  common 
loft  in  the  velocity,  there  is  a  certain  determinate  lofs  of  the  vi- 
collifion  of  res  viva,  or  produ&s  of  the  matter  by  the  fquare 
of  the  velocity  ;  and  this  lofs  is  proportional  to  the 
fquare  of  the  relative  motion.  The  vires  viva,  at 
the  commencement  of  the  mutual  action,  are  =  A  a1 
-|-B  £*(!.).  In  the  moment  of  greatefl  proximity, 
the  quantity  of  matter  A  +  B  is  moving  with  the 

,  .  Aa+Bb 

common  velocity 


3* 

Vis  •viva 


unelaftic 

bodies. 


A  +  B 


therefore  the  vires  viva 


are  =r  A  +  B  X 
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I.  X  A  +  B  =  A2  a*  +  BJ  b1  +  A  B  x  +  b\ 

II.  X  A  +  B  =  A»a»  +  A  B  X  g  ab. 

Difference  -  -  -  AB  X  a  ■ _ V. 


Lofs  of  vis  viva  =  \  +  X  a  —  bT,  a  quantity  — 

that  is  proportional  to  a  —  V,  the  fquare  of  the  rela- 
lative  velocity  a  —  b. 

Had  the  bodies  been  moving  in  oppofite  diredlions, 
then  (11.)  X  A  +  B  would  have  been  A2  a1  -f-  B2  fo 
—  A  B  X  2  ab,  and  the  difference  from  A^+^Bj* 

*  A  +  B  would  have  been  r  ABX«  propor¬ 
tional  to  the  fquare  of  the  relative  velocity  a  +  b. 

Such  is  the  fail  ;  and  we  iliall  find  it  of  importance  ^hyfical 
in  the  great  debate  about  the  force  of  moving  bodies.  caufe °f thla 
Let  us  inquire  into  the  phyfical  orpnechanical  caufe  of  it.lofs 
In  the  moment  of  common  velocity,  the  bodies  are  nearer 
to  each  other  than  they  are  at  the  beginning  and  at  the 
end  of  their  mutual  a£ion.  Therefore  (when  they  are 
moving  in  one  dire&ion)  the  body  A,  which  follows,  has 
been  retarded  through  a  fpace  which  is  greater  than  the 
fpacc  along  which  the  preceding  body  B  has  been  accele¬ 
rated.  But,  becaufe  the  fimultaneous  forces  a6ling  on 
the  bodies  along  thefe  unequal  fpaces  are  always  equal, 
the  area  which  meafures  the  diminution  of  the  fquare  of 
A’s  velocity  (Dynamics,  n°  95.}  muft  exceed  the  a- 
rea  which  exprefles  the  augmentation  of  the  fquare  of 
B’s  velocity,  and  there  mull  be  a  lofs  of  vires  viva. 

Now,  we  learned  above,  that  the  mutual  action  is  the 
fame  when  the  relative  velocity  is  the  fame ;  and  there¬ 
fore  the  approximation,  which  is  the  occafion  of  this 
action,  mull  be  the  fame.  And  it  is  demonflrated  in 
Dynamics,  n°g$.  that  the  area,  whofe  abfcifTa  is  the 
fpace  deferibed,  and  ordinates  the  forces,  exprcfles  the 
fquare  of  the  generated  or  extinguiflied  velocity.  This 
is  evidently  the  relative  velocity  of  the  bodies,  becaufe 
they  are  brought  to  a  common  velocity  in  the  inflant 
of  greatefl  proximity  ;  that  is,  their  relative  velocity  is 
deftroyed. 

6.  During  the  whole  procefs,  the  common  Centre  of  rh 
•pofition  or  gravity  (a)  is  moving  uniformly  with  the  don  o"f  the 
A  a  -d~  B  b  ^  .  common 

velocity  r  g  •  for  the  motion  of  the  centre  of  centre  of 

pofition  is  the  average  of  the  motion  of  every  paiticlen orphan! 
of  matter  in  both  bodies.  A  a  is  the  fum  of  the  mo-gedbythe 
tions  of  every  particle  of  matter  in  A,  and  B  b  is  the rl.'uuial ac* 
fum  of  the  motions  of  every  particle  in  B,  before  the"™' 
mutual  aftions  began.  Therefore  A  a  -f  B  b  is  the 
whole  motions  when  tire  bodies  are  moving  in  the  fame 
direftion  with  their  different  velocities.  The  number 
of  particles  is  A  +  B  :  Therefore,  if  the  whole  mo- 
tions  be  equally  divided  among  all  the  particles,  the  ve¬ 
locity  of  each  muft  be  '  A  ^  •  This  w  the  ave¬ 

rage  motion,  or  the  motion  of  the  centre  of  pofition, 
deduced  from  the  notion  we  wifh  to  imprefs  of  the  cha- 
radfer  of  this  centre,  as  the  index  of  the  pofition  and 
motion  of  any  affemblage  of  matter.  This  velocity 
may  be  deduced  more  eaiily  from  its  geometrical  pro- 
- - - _  petty. 


(a)  See  the  article  Position  in  this  Supplement ;  where  it  will  be  demonflrated,  that  the  centre  of  "ravitv  (de 
termmed  m  the  ufual  manner)  is  the  point  by  whofe  fituation  and  motion  we  eftimate  with  the  greatefl  propriety 
the  fituation  and  motion  of  the  affemblage,  of  which  it  is  the  centre  :  it  is  therefore  called  the  centre  of  vl 
sition.  The  reader  is  only  def.red  at  prefent  to  recoiled,  that  the  centre  of  gravity,  or  pofition  of  two  bodies, 
“  I*tuat®I  in  1'“^  joking  their  centres  ;  and  that  its  diftance  from  each  is  inverfely  as  their  quantities  of  mat 
ter;  and  that  the  diftance  and  motion  of  the  centre  is  the  medium  or  average  of  all  the  diftances  or  motions. 
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I  wlfion.  perty.  It  is  a  point  fo  fituated  between  A  and  B,  that 
t  its  diftance  from  each  is  reciprocally  proportional  to  the 

quantities  of  matter  in  A  and  B,  as  is  well  known  of 
the  centre  of  gravity.  It  is  equally  plain,  that  when 
the  bodies  are  moving  in  oppofite  dire&ions,  the  ave- 
A  a  —  B  b 

rage  velocity  x  mull  be  =  — '  *  ^US  we  ^ce’ 

that  the  motion  of  the  centre  of  pofition,  before  the 
magnets  have  begun  to  a£l  on  each  other,  is  the  fame 
with  its  motion  when  their  mutual  repuliion  is  the 
greateft  ;  namely,  at  the  moment  of  their  greateft  vici¬ 
nity.  It  has  continued  the  fame  during  the  whole  pro- 
cefs  :  For  we  have  already  feen,  that  the  fum  or  differ¬ 
ence  of  the  momenta,  or  A  a  B3,  remained  always  the 

,  Aa=±=B* 

fame;  confequently  A~+  B^*  °r  Xy  motlon  • 

the  centre,  remains  always  the  fame.  Therefore  the 
proportion  is  demonftrated.  It  is,  indeed,  a  truth 
much  more  general  than  appears  in  the  prefent  inftance. 
If  any  number  of  bodies  be  moving  with  any  velocities , 
and  in  any  directions ,  the  motion  of  the  centre  of  pofition 
is  not  affefted  by  their  mutual ,  equal \  and  oppofite ,  actions 
40  on  each  other . 

i ,e  mo-  7.  During  the  whole  motion,  the  motion  of  the  bo- 
ns,  in  re- dics  relative  to  each  other,  is  to  the  motion  of  one  of 
on  to  the  tkem,  relative  to  the  centre  of  pofition,  as  the  fum  of  the 
iprocaUy  bodies  is  to  the  other  body  :  For  when  they  were  mo- 
thebo-  ring  v/ith  a  common  velocity,  this  velocity  was  the 
«•  fame  with  that  of  the  centre  ;  and  they  are  then  at  reft, 

relative  to  each  other,  and  relative  to  the  centre.  And 
becaufe  their  diflances  from  the  centre  are  inverfely  as 
the  bodies,  their  changes  of  diftance,  that  is,  their  mo¬ 
tions  relative  to  the  centre,  are  in  the  fame  proportion  ; 
and  the  fum  of  their  motions  relative  to  the  centre  is 
the  fame  with  their  motions  relative  to  each  other. 
Therefore  A-f-B:A=3^  —  b  :  motion  of  B  relative  to 
the  centre.  Indeed  we  faw,  that  in  their  mutual  a&ion, 

c  •  AX  a  —  b 

the  change  of  13  s  motion  was  =  — - — « 

A  -f*  Jj 
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A  from  finking  B  ;  for,  as  foon  as  A  touches  the  Imp  id  Horn 
fpring,  it  begins  to  prefs  it  againft  B,  and,  therefore,  ' 
to  com  prefs  tiie  fpring.  It  cannot  carry  the  fpring  be¬ 
fore  it,  without  the  fpring’s  pufhing  B  before  it.  Ptef- 
fure  on  B  is  required  for  this  purpofe.  This  is  fupplied 
by  that  natural  power  which  we  call  elaflicity,  which  is 
inherent  in  the  fpring,  whether  it  be  in  motion  or  at  reft. 

It  is  not  in  <2c?;a«,but  in  capacity , faculty , capability >power% 
or  by  whatever  name  we  may  choofe  to  exprefs  the  pof- 
feflion.  The  occafion  required  for  its  exert:on  is  compref- 
fion.  Tins  is  fnrnifhed  by  the  motion  of  A  ;  for  A  can¬ 
not  advance  without  comprefling  it.  This  inherent  force 
of  the  fpring  is  known  to  a£l  with  perfedl  equality  at  both 
ends,  in  oppofite  diredlions.  It  exerts  equal  and  oppo¬ 
fite  prefttires  on  A  and  on  B  ;  it  diminifhes  the  motion 
of  A,  and  equally  augments  the  motion  of  B  (if  both 
are  moving  that  way).  A  is  retarded,  and  B  is  accele¬ 
rated  ;  A  is  ft  ill  moving  fafter  than  B  ;  and  therefore 
the  compreflion  and  the  confequent  rea&ion  of  the 
fpring  increafes,  and  flill  more  retards  A  and  accele¬ 
rates  B.  After  fome  time,  both  bodies,  with  the 
fpring  compreffed  between  them,  are  moving  with 
equal  velocities  ;  the  fpring,  however,  is  ftrongly  react¬ 
ing  on  both,  and  muft  now  caufe  them  to  feparate  ;  flill 
retarding  A,  and  accelerating  B — They  muft  feparate 
more  and  more,  till  the  fpring  regain  its  quiefeent  form, 
and  its  elaftic  reaction  ceafe  entirely.  During  its  reftitu- 
tion,  its  preffures  are  the  fame  as  during  its  compreflion; 
therefore,  the  whole  change  produced  on  each  of  the  bo¬ 
dies  muft  be  double  of  what  it  was  when  the  fpring  was  in 
its  flate  of  greateft  compreflion,  and  the  bodies  were 
moving  with  a  common  velocity.  In  Ihort,  the  whole 
procefs  in  this  example  muft  be  precifely  fimilar  to  that 
of  the  magnets  in  every  circumflance  relating  to  the 
changes  of  motion  in  A  and  B.  The  common  velo- 
A  a  =±r  B  £ 

city  muft  be  =  — XTf  B  ‘  *ma  velocltf  °*  A 


and  the  mu3be=«- 


B 


and  that  of  B  muft  be  rr 


change  of  A’s  motion  was  =.  -  . 


B  Xa—h 
A  +  B 

Hence  we  learn,  that  while  the  centre  moves  uni- 
ie  bo(!ies  formly,  the  bodies  approach  it,  and  then  recede  from  it, 
with  vel°c^es  reciprocally  proportional  to  their  quanti¬ 
se  ties  °f  matter.  This  will  be  found  a  very  ufeful  corol- 
re  veloci-  lary.  We  may  alfo  fee  that  their  final  velocity  of  mu- 
which  tual  recefs  is  equal  to  that  of  their  firfl  approach,  or, 
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The  motion  of  the  common  centre 


41 


ey  ap- 
oached. 


their  relative  motions  are  the  fame  in  quantity  after 
the  a£lion  is  over  as  before  it  began,  but  in  oppofite 
dire&ions. 

All  thefe  general  fa&s,  which  are  diftin&ly  appre¬ 
ciable,  and  very  perceivable,  in  this  example  of  mag¬ 
nets,  or  ele&rified  bodies,  are  equally  appreciable  in  all 
cafes  of  mutual  repulfions,  however  flrong  thefe  may 
be  ;  and  although  the  fpace  through  which  they  are  ex¬ 
erted  ftiould  be  fo  fmall  as  to  elude  obfervation,  and 
though  the  whole  procefs  fhould  be  completed  in  an  in- 
fenfible  moment  of  time. 

It  fcarcely  needs  any  comment  to  make  it  clear  that 
jicu  the  very  fame  changes  of  motion  muft  take  place,  if  a 
ring  has  folid  body  A  ftiould  come  up  to  another  folid  body  B, 
■e  fame  at  reft,  or  moving  more  flowly  in  the  fame  diredlion, 
Fed  with  or  moving  in  the  oppofite  dire&ion  ;  provided  that  there 
Sns  be  a  fpring  interpofed  between  them,  which  may  hinder 
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muft  be  unaffe&ed  by  the  a&ion  of  the  fpring,  and  the 
motion  of  each  body,  relative  to  the  centre,  muft  be 
reciprocally  as  its  quantity  of  matter,  Sec.  See.  4- 

We  aporehend  that  this  procefs  can  fcarcely  be  call- The  chaa* 
ed  impulfion  ;  A  has  not  ftruck  B.  The  changes  °^Sn°^0* 
motion  can  fcarcely  be  aferibed  to  forces  inherent  in  A  p°0{jUCC(i 
or  B,  in  confequence  of  their  being  in  motion.  Any  the  in- 
perfon,  not  already  warped  by  a  theory,  will  ( we  he  rent  for- 
think)  aferibe  them  to  a  force  inherent  in  the  fpring  ; 
inherent  in  it,  whether  at  reft  or  in  motion,  and  only^Jj^^ 
requiring  a  continued  compreflion  as  the  proper  oppor¬ 
tunity  for  its  continued  exertion.  This  fpring  may  be 
fuppofed  to  make  a  part  of  B,  or  of  A,  or  of  both  ; 
and  then,  indeed,  the  force  may  be  faid  to  be  inherent 
in  either,  or  in  both.  But  it  is  not  the  peculiar  force 
inherent  in  motion,  or  in  moving  bodies  only — it  is  the 
force  of  elaflicity ,  inherent  in  part  of  the  body,  but  re¬ 
quiring  a  continued  comprejfon  for  the  produ&ion  of  a 
continued  repr effort*  The  effedl  cf  this  rea&ion  is  mo¬ 

dified  by  the  very  occafion  of  the  compreflion.  This 
may  be  the  elaflicity  of  another  fpring.  In  this  cafe  it 
will  only  comprefs  that  fpring — It  may  be  the  advance 
of  a  body  in  motion  j  the  rca&ion  produces  a  retarda* 

tion 
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Impulfion  tion  of  that  motion  ;  It  may  be  the  ohftacle  of  a 
quiefeent  body — It  will  give  it  motion  ;  or*  it  may  be 
the  obftrmftion  by  a  body  moving  more  flowly  away  than 
the  fprnig  Is  preffed  forward — it  will  accelerate  that 
motion.  Thus,  in  all  tliefe  cafes,  we  cannot  help  dtf- 
tingnifhing  the  immediare  caufe  of  thefe  changes  of 
motion  from  the  fuppofed  force  of  a  moving  body. 
Nay,  the  procefs  of  motion  is  fimilar,  even  when  we 
fuopofe  that  the  fpring  is  not  a  thing  external  to  the 
body,  although  attached  to  it ;  but  that  the  whole  bo¬ 
dy,  or  both  bodies,  are  fpringy,  elaftic,  and  therefore 
44  compreffible.  As  Toon  as  the  bodies  come  into  fen- 
Imernal  contaCl,  comprefllon  mujl  begin  ;  for  we  may  f up- 

change  °  pcfe  r^e  bodies  to  be  two  balls,  which  will  therefore 
through  touch  only  in  one  point.  The  mutual  preflure,  which 

the  fub-  neceffary  in  order  to  produce  the  retardation  of  A, 

^  and  the  acceleration  of  B,  is  exerted  only  on  the  fore- 
eac  1  oc>.  moQ .  particle  of  A,  and  the  hindmofl  particle  B;  but 
,  no  atom  of  matter  can  be  put  in  motion,  or  have  its 
motion  any  way  changed,  unlefs  it  be  aCled  on  by  an 
adequate  force.  The  force  urging  any  individual  par- 
•  tide,  nnifl  be  precifely  competent  to  the  produ&ton  of 
the  very  change  of  motion  which  obtains  in  that  par¬ 
ticle.  Except  the  two  particles  which  come  into  con- 
tad:  in  the  collifion,  all  the  other  particles  are  imme¬ 
diately  a&uated  by  the  forces  which  conned  them  with 
each  other  ;  and  the  force  aCfcing  on  any  one  is  general¬ 
ly  compounded  of  many  forces  which  conned  that  par¬ 
ticle  with  thofe  adjoining.  Therefore,  when  A  over¬ 
takes  B,  the  foremofl  particle  of  A  is  immediately  re¬ 
tarded — the  particles  behind  it  would  move  forward,  if 
their  mutual  epnnc&ion  were  diffolved  in  that  inftant ; 
but,  this  remaining,  they  only  approach  nearer  to  the 
foremofl  ftriking  particles,  and  thus  make  a  compref- 
iion,  which  gives  occafion  for  the  inherent  elaflicity  to 
exert  itfelf,  and,  by  its  readion,  retard  the  following 
particles.  Thus  each  flratum  (fo  to  conceive  it),  con¬ 
tinuing  in  motion,  makes  a  compreffion,  which  occa- 
fions  the  elaflicity  to  read,  and,  by  reading,  to  retard  the 
flratum  immediately  behind  it.  This  happens  in  fuc- 
,  ceflion  :  the  comprefllon  and  elallic  readion  begin  in 
the  anterior  flratum,  and  take  place  in  fucceflion  back¬ 
ward,  and  the  whole  body  gets  into  a  ftate  of  compref¬ 
fion.  Things  happen  in  the  fame  manner  in  B,  but  in 
the  contrary  diredion,  the  foremofl  flrata  being  the 
laft  which  are  comprefled.  All  this  is  done  in  an  in 
flant  (as  we  commonly,  but  inaccurately  fpeak),  that 
is,  in  a  very  fmall  and  infenfible  moment  of  time  ;  but 
in  this  moment  there  is  the  fame  gradual  comprefllon, 
increafe  of  mutual  adion,  greatefl  comprefllon,  com¬ 
mon  velocity,  fubfequent  reflitutlon,  and  final  repara¬ 
tion,  as  in  the  cafe  of  bodies  with  a.  {lender  fpring  in* 
terpofed,  or  even  in  the  cafe  of  the  mutually  repelling 
magnets.  In  all  the  cafes,  the  changes  of  motion  are 
produced  by  the  elaflicity  or  the  rtpulfion,  and  not 
by  the  transfufion  of  the  force  of  motion.  The  changing 
force  is  indeed  inherent  in  the  bodies,  but  not  becaufe 
they  are  in  motion  ;  the-ufe  of  the  motion  is  to  give 
occafion,  by  continued  comprefllon,  for  the  continued 
operation  of  the  inherent  elaflicity.  The  whole  pro¬ 
cefs  may  be  very  diftindly  viewed,  by  ranking  ufe  of 
bodies  of  fmall  firmnefs,  inch  as  foot-balls,  or  blown 
bladders*  if  blown  bladders  are  ufed,  each  loaded  with 
or  fomething  that  will  require  more  force,  and 


confequently  more  comprefllon  to  impel  it  forward  ;  we  Tmpulfwn, 
fhall  obferve  the  compreffion  of  both  to  be  very  confider- 
able,  and  that  a  very  fenfible  time  clapfes  during  the 
procefs  of  collifion.  This  may  even  be  obferved  very 
diftinCtly  in  a  foot  ball,  which  is  always  feen  to  reft  a 
little  on  the  toe  before  it  flies  off  by  the  flroke.  When 
one  foot  hall  is  flrongly  driven  again il  another,  they 
plainly  adhere  together  for  feme  time,  and  then  the 
flricken  ball  flies  off. 

If  we  return  to  the  example  of  the  two  balls  with 
the  fpring  interpofed,  we  may  make  fome  farther  ufeful 
obfervations.  When  the  fpring  is  in  its  ftate  of  greatcfl 
compreffion,  and  the  balls  are  moving  with  a  common 
velocity,  we  can  fnppofe  that  the  fpring  is  arrefled  in 
that  fituation  by  a  catch.  It  is  evident  that  the  two 
bodies  will  now  proceed  in  contabl  with  this  velocity, 

A  a  r±r  B  b 

which  we  have  (hewn  to  be=  . — . 

*  *  j  ^ 

Now,  in  the  conflitution  of  fuch  maffes  of  tangible  Mat Hrcof 
matter  as  we  have  the  opportunity  of  fubjedting  to  our  perfeft 
experiments,  we  find  a  {late  of  aggregation  which  veryc^CJt/’ 
much  refembles  this.  Some  bodies  are  almofl  perfe£tly 
el?. flic,  that  is,  when  their  fhape  is  changed  by  external 
prefftire  ;  and  that  preflure  is  removed,  they  recover 
their  former  fhape  completely,  and  they  recover  it  with 
great  promptitude.  Glafs,  ivory,  hard  Heel,  are  of  this 
kind.  But  mofl  bodies  either  do  not  recover  it  com¬ 
pletely,  or  they  recover  it  very  flowly — fome  hardly 
recover  it  at  all.  A  rod  of  iron  will,  when  confiderably 
bent,  not  nearly  recover  its  fhape  ;  a  rod  of  lead  Hill 
lefs  ;  and  a  rod  of  foft  clay  will  hardly  recover  it  in  any 
degree.  Thefe,  however,  are  but  gradations  of  one  and 
the  fame  quality  :  if  the  quiefeent  form  of  a  body  is 
very  little  dillurbed,  it  will  recover  it  again.  Thus,  a 
common  foft  iron  wire  of  N°  6.  and  1 2  inches  long, 
if  twifted  once  round,  will  return  completely  to  its  ori¬ 
ginal  form,  and  will  allow  this  to  be  repeated  forever; 
but  if  it  be  twilled  1 4-  turns,  it  will  untwifl  only  1  ;  and 
in  this  new  form,  it  will  twifl  and  untwifl  one  turn  as 
often  as  we  pleafe.  Even  a  rod  of  foft  clay,  -f^th  of  an 
inch  in  diameter,  and  7  feet  long,  will  bear  one  twifl  as 
often  as  we  pleafe  ;  but  if  twifted  4  times,  will  untwifl  it¬ 
felf  only  one  turn,  and  will  do  this  as  often  as  weehoofe. 

In  fhort,  it  appears  that  the  particles  of  bodies,  ufuah 
ly  called  unelailic,  will  admit  a  fmall  change  of  diflance 
or  fituation,  and  will  recover  it  again,  exhibiting  perfeCl 
elaflicity,  in  oppofition  to  very  fmall  forces  ;  but  if 
they  are  forced  too  far  from  this  fituation,  they  have 
no  tendency  to  return  to  it  completely,  hut  find  inter¬ 
mediate  fituations,  in  which  they  have  the  very  fame 
connections  with  the  fnrrounding  particles  ;  and  in  this 
new  fituation,  they  can  again  exhibit  the  fame  perfect 
.elaflicity,  in  oppofition  to  very  fmall  forces.  Mr  Cou¬ 
lomb  conceives  fuch  bodies  to  confifl  of  elaflic  particles: 
they  manifefl  perfect  elaflicity,  fo  long  as  the  forces 
employed  to  change  their  fhape  do  not  remove  the 
particles  from  their  prefent  conta&s  ;  but  if  they  are 
removed  from  thefe,  they  Aide  on  to  other  fituations, 
where  they  again  exhibit  the  fame  appearances.  To 
underftand  this  fully,  the  reader  may  confult  the  article 
BosCOVich  of  this  Supplement— The  faCt  is  fufficient 
for  our  prefent  purpofe.  Now,  in  this  variable  confli¬ 
tution,  where  the  particles  may  take  a  thoufind  differ¬ 
ent  fituations,  and  ftili  cohere,  it  is  plain,  that  when  a 

body  .  | 
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dimpled  by  compreflion,  the  particles  we  know  that  thofe  forces  do  operate  in  the  collifion  ;  fmpulfbn. 
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colli- 


ipulOon.  body  has  been 

~  have  nothing  to  bring  them  back  to  their  firfi  fituation 
when  the  comprefling  force  is  removed  :  the  utmoff 
elaHicity  to  be  expected,  is  that  which  will  not  extend 
to  one  (hi ft  of  lituation  ;  therefore,  the  reftitution  is 
altogether  infenfible.  This  is  the  cafe  with  all  foft  bo¬ 
dies,  fuch  as  clay — the  fame  quality  is  manifefted  in  all 
dudile  bodies,  fuch  as  lead,  foft  iron  and  Heel,  foft 
copper,  foft  gold. 

Now  let  one  of  thefe  bodies  firike  another.  The  com- 
preffion,  or  the  Hiding  of  the  particles  over  each  other, 
requires  force,  or  mutual  preffure — This  being  accom¬ 
panied  by  a  readion  perfectly  equal,  mult  operate,  du¬ 
ring  the  compreflion,  pieeifely  as  the  equal  rcpultive 
forces  did.  It  will  take  as  much  momentum  from  A  as 
it  gives  to  B  ;  fo  that  A  a  n±z  B  b  will  remain  invari¬ 
ably  the  fame,  and  a  common  velocity  will  at  laft  ob* 
A  *  z±z  B  b  m 

tarn,  =  — •  I  he  comprdiion  can  proceed  no 

farther,  and  the  two  bodies  muff  now  proceed  in  con- 
tad  with  this  velocity. 

And  thus  we  fee,  that  in  the  cafe  of  compreflible, 
but  unelatlic  bodies,  the  changes  of  motion  are  pro¬ 
duced  by  the  cohefive  forces  inherent  in  the  bodies  5 
but  not  inherent  in  them  becaufe  they  are  in  motion. 
We  fee  clearly  in  this  way,  how  the  pendulum  ufed  by 
Robins  and  his  followers  gave  a  true  meafure  of  the 
velocity  of  the  ball.  All  the  while  that  it  was  pene¬ 
trating  into  the  pendulum,  overcoming  the  cohefion  as 
it  went  in,  this  cohefion  was  ading  equally  in  both  direc¬ 
tions.  While  the  fibre  was  breaking,  it  was  pulling 
both  ways  ;  it  was  holding  back  the  ball  which  was 
breaking  it,  and  it  was  pulling  forward  the  parts  to 
which  it  Hill  adhered  ;  and  when  it  broke  at  laff,  it  had 
produced  equal  effeds  on  the  ball  and  on  the  pendu¬ 
lum  in  oppofite  diredions.  By  fuch  a  procefs,  the 
pendulum  was  gradually  accelerated,  and  acquired  its 
utmoH  velocity  when  the  ball  had  ceafed  to  penetrate  : 

A  a 

Therefore,  this  velocity  mult  be= 

What  fhould  we  now  exped  to  happen  in  the  ccl- 
lifion  of  bodies  ?  Such  bodies  as  exhibit  perfed  e- 
IaHicity,  when  examined  by  bending,  or  other  fit 
trials,  fhould  have  their  motions  changed  precifely  like 
the  magnets,  or  bodies  which  repel  or  avoid  each 
other  at  fenfible  diHances.  Bodies  which  exhibit  no 
elaHacity  whatever,  fhould  continue  in  contad  after 
col!if:on.  The  common  velocity  in  thefe  fhould  be 

^he  Pcr^e<^ty  ek®,#c  bodies  fhould  fuHain 

changes  of  motion  which  are  precifely  double  of  the 
changes  fuHained  by  unelaHic  bodies,  and  fhould  fepa- 
rate  after  collifion  with  a  relative  velocity  of  recefs  or 
reparation,  precifely  equal  to  their  relative  velocity  of 
mutual  approach.  And  bodies  poffefiing  imperfed  ela- 
flicity,  fhould  fuHain  changes  of  motion,  which  differ 
from  the  changes  on  unelaHic  bodies,  precifely  in  pro¬ 
portion  to  the  degree  of  elaHicity  which  they  are  known 
to  poffefs.  And,  laftly,  if  the  changes  of  motion  which 
obtain  in  the  collifion  of  bodies,  are  precifely  thole 
which  would  refult  from  the  operation  of  thofe  inherent 
forces  of  elaHicity  and  cohefion,.  no  other'  force 
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we  fee  the  compreflion  and  rdlitution  which  are  their 
effedwe  caufes,  and  their  immediate  effcds.  If  any 
other  force  were  fuperadded,  we  fhould  fee  its  effeds- 
alfo,  and  the  motions  would  be  different  from  what  they 
are. 

Now  the  fad  is,  that  we  have  never  feen  a  body  that 
is  not ,  in  jo  me  degree ,  comprejjulc .  It  has  not  p  leafed 
the  Almighty  Creator  to  make  any  fuch  here  below. 

Afiuredly  lie  has  not  found  fuch  to  be  of  ufe  for  the 
purpoies  He  had  in  view  in  this  our  fublunary  world. 

We  know  of  no  body  that  is  perfectly  unchangeable  in 
its  fhape  and  dimenfions.  It  is  therefore  no  lois  what¬ 
ever  to  us,  although  we  fhould  not  be  able  to  fay  a  pri¬ 
ori  what  their  motions  will  be  in  collifion.  We  cannot 
even  fairly  guefs  them,  by  reafoning  from  what  we  ob- 
ferve  in  other  bodies:  For  it  is  juH  as  likely  that  their 
motions  may  refemble  thofe  of  perfedly  elaflic  bo¬ 
dies  as  thofe  of  unelaHic  bodies;  for  we  find  that  bodies 
of  the  moH  extreme  hardnefs  are  generally  highly  elafiie. 
Diamond,  cryHal,  agate,  quartz,  and  fuch  like,  are  the 
moH  elafiie  bodies  we  know.  Philofophers,  however, 
rather  think  that  the  motions  of  perfedly  hard  bodies 
will  refemble  thofe  of  unelaHic  bodies  ;  becaufe  elaHici¬ 
ty  fuppofes  comprefiiori.  We  do  not  pretend  to  fay 
with  confidence,  what  would  be  the  motion  of  a  fingle 
atom  of  matter  (which  cannot  admit  of  compreflion  )- 
which  is  hit  by  another  in  motion.  We  fee  all  the  par¬ 
ticles  of  terreftrial  matter  conneded  with  each  other  by 
certain  modifications  of  the  general  force  of  cohefion, 
fo  as  to  produce  various  forms  of  aggregation  ;  fuch  as 
aerial  fluidity,  liquid  fluidity,  rigidity,  foftnefs,  dudi- 
lity,  firmnefs  or  hardnefs  ;  all  of  which  are  combined 
with  more  or  lefs  elaHicity.  Thefe  tangible  forms  re¬ 
fult  from  certain  politive  properties  of  the  material 
atoms  of  which  the  particles  are  compofed  ;  and,  -  in  all 
the  cafes  which  come  under  our  obfervation,  thefe  pro¬ 
perties  produce  prefiures  of  one  kind  or  another  ;  all  of 
which  are  moving  forces.  They  are  inherent  in  the 
particles  and  atoms  :  therefore  when  fuch  atoms  are  in 
motion,  thefe  forces  are  in  a  condition  which  affords 
occalion  for  a  continuation  of  this  preffure  that  is  com¬ 
petent  to  the  produdion  of  motion  in  another  particle. 

But  what  would  be  the  event  of  the  meeting  of  atoms 
divefied  of  fuch  forces,  we  profefs  not  to  know,  or  even 
to  conceive. 

The  fad  alfo  is,  that  all  the  changes  of  motion,  com 
monly  called  impulfions,  which  have  been  obferved ,  are  vecj  effetfs 
precifely  fuch  as  have  been  deferibed.  UnelaHic  bodies  of  collifion 

,  .  .  Aac±zBb  ?re  Pcrfe&- 

proceed  in  contact  with  the  velocity  — - - —  •  Per  ly  conform- 

J  A  +  B  able  to  the 

fedly  elafiie  bodies  feparate  after  collifion,  and  each  ProP°fl- 
fuftains  double  of  the  change  that  is  fuHained  by  an  un-tJons  now 
elafiie  body.  Bodies  of  imperfed  elaHicity  differ 
the  two  fimple  cafes,  precifely  in  the  proportion  of  the 
elaHicity  difcoverable  by  other  trials.  The  mutual  ac¬ 
tions  are  obferved  to  be  in  the  proportion  of  their  rela¬ 
tive  motions,  whatever  the  real  motions  may  be.  For 
not  only  are  the  changes  of  progreflive  motion  exactly 
in  this  proportion,  but  the  comprtfiions  and  changes  of 
figure,  which  we  confider  as  the  immediate  occafions  of 
thofe  adions,  are  alfo  obferved  to  be  in  the  fame  propor- 
tions,  in  all  cafes  that  we  can  obferve  and  meafure  with 

accuracy] 
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All  thefe  thin  sis  can  be  afcertained  with  are  equal,  but  we  find  that  all  our  meaiure3  of  a&Ion  Impulfio*. 
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accuracy,  /xll  thel£  things  can  ul  dis-cuau^u  , 

tireat  precifion  by  means  of  the  collifion  of  pendulous  on  a  hngle  body  are  proportional  to  the  apparent  mo- 
bodies  in  the  way  pointed  out  by  Sir  ChriRopher  Wren  t.ous  which  they  produce.  It  requires^  precfelj  the 


(a  method  attributed  by  the  French  to  their  country 
man  Mariotte,  but  really  invented  by  Wren,  and  exhi¬ 
bited  to  the  Royal  Society  of  London  the  week  after 
he  communicated  his  theory  of  impulfion). 

48  We  mull  alfo  infer  from  thefe  fads,  that  the  actions 

EXteflfTheof  bodies  on  each  other  are  mutual,  equal,  and  oppofite. 
univerfality  This  is  really  an  inference  from  the  phenomena,  and 
© f  equal  ac- not  an  original  or  firft  principle  of  reafoning.  lhe 
tion  and  re-contraty  is  conceIVable,  and  therefore  not  abfurd.  In 
a&ion.  ^  fame  way  that  we  can  conceive  a  magnet  repelling 
iron,  without  imagining  that  the  iron  repels  the  magnet, 
we  may  conceive  a  golden  ball  capable  of  impelling  a 
leaden  ball  before  it,  without  conceiving  that  the  leaden 
ball  will  impel  the  golden  ball  We  do  not  find  tfrs 
eafy  indeed;  becaufe  the  contrary  is  fo  familiar,  that  the 
one  idea  inftantly  brings  the  other  along  with  it.  We 
apprehend  it  to  be  impoffible  to  demonftrate,  that  a 
v  leaden  ball  will  not  flop  as  foon  as  it  hits  the  golden 
ball,  or  vice  verfa .  But  all  our  experience  (hews  us, 
that  the  preffures  exerted  in  contad  are  mutual,  equal, 
and  oppofite.  The  fame  thing  is  obferved  in  the  forces 
which  conned  the  parts  of  bodies.  A  quantity  of  fand 
or  water  balanced  in  a  fcale  will  remain  in  equilibrio  in 
whatever  way  it  is  flirred  about ;  its  parts  always  exert 
the  fame  preffure  on  the  fcale :  fo  does  a  body  fufpend- 
ed  by  a  tiring  or  refling  on  the  fcale,  by  whatever 
points  it  is  fupported.  This  could  not  be  if  the  particles 
did  not  exert  mutual  and  equal  forces ;  nor  could  the 
phenomena  called  impulfions  be  what  they  are,  if  the 
preffures  occafiOned  between  the  particles  by  the  com- 
preffions  and  dilatations  were  not  mutual  and  equal. 
This  law  of  adion  and  readion  rauft  be  admitted  as 
ur.iverfal,  though  contingent,  like  gravity.  Doubtlefs 
it  refults  from  tlie  properties  which  it  has  pleafed  the 
great  Artift  to  give  to  the  matter  of  which  He  has 
formed  this  world.  .There  is  one  way  in  which  we  can 
conceive,  moft  diftindly,  how  this  may  be  a  imiverfal 
property  of  matter.  If  we  grant  the  reality  of  attrac¬ 
tions  and  repulflons  e  dijlanti ,  and  fuppofe  that  every 
primary  atom  of  matter  is  precifely  fimilar  to  every 
other  atom  in  all  its  properties,  and  that  this  affem- 
biage  of  properties  conflitutes  it  a  material  atom;  it  fol¬ 
lows,  that  every  atom  exerts  the  fame  attradions  and 
repuilions,  or  has  the  fame  uniting  and  evafive  tendencies, 
and  then  the  law  of  adion  and  equal  readion  follows  of 
courfe.  This  is  furely  the  very  notion  that  any  perfon 
is  difpofed  to  entertain  of  the  matter.  And  if  mecha 


fame  force  to  impel  a  ball  eaflward,  weflward,  foutli, 
or  north,  at  12,  or  3,  or  6,  or  9  o’clock  :  yet  the  real 
motions  are  immenfely  different  in  all  thefe  cafes,  and 
it  is  only  the  relative  motions  that  have  the  proportions 
which  we  obferve.  Another  very  important  point  de- 
ducible  from  our  experiments  is,  that  the  fame  prejfurc 
produces  the  fame  change  of  motion,  whatever  may  be 
the  velocity.  We  know  this  by  obferving,  that  when 
the  mutual  dimpling  or  compreffion  is  the  fame,  the 
change  of  motion  is  the  fame,  whatever  be  the  hour  of 
the  day.  This  could  not  be  if  it  required  a  greater 
preffure  to  change  the  velocity  100000  into  10000 1, 
than  to  change  the  velocity  1  into  the  velocity  2.  Yet 
this  is  one  of  Leibnitz’s  great  metapliyfical  arguments 
for  proving  that  the  force  accumulated,  and  now  inhe¬ 
rent,  in  a  moving  body,  is  proportional  to  the  fquare  of 
its  velocity.  We  beg  that  this  may  be  kept  in  remem¬ 
brance. 

It  mud  be  granted,  that  what  we  have  already  faid 
On  the  fubjed  of  impulfion  may  be  called  an  explana¬ 
tion  ;  for  it  deduces  the  phenomena  from  general  and 
unqueflionable  principles,  and  from  acknowledged  laws 
of  Nature.  The  only  principle  ufed  is,  that  a  moving 
force  is  indicated,  eharaderifed,  and  meafured,  by  the 
motion  which  it  produces.  It  is  an  acknowledged  law 
of  Nature,  that  preffures  are  moving  forces  ;  alfo,  that 
moving  forces  appear  in  cafes  where  we  obferve  neither 
preffures  nor  impulfions,  and  which  we  call  repulfions 
or  evafive  tendencies  ;  that  thefe  are  mutual  and  equal : 
and  vve  have  fhewn,  how  a  ceitain  fet  of  changes  of 
motion  refult  from  them,  and  have  dated  didindly  the 
whole  procefs :  we  (hewed,  that  thefe  phenomena  are  fi¬ 
milar  to  thofe  of  commom  impulbon  ;  and  we  then 
(hewed  m  what  manner  the  motion  of  a  body  gives  oc - 
cafion  to  the  exertion  of  various  moving  forces,  called 
elajlicityy  cohejton .  &c.  and  that  this  exertion  mud  pro¬ 
duce  motions  fimilar  to  thofe  produced  by  repulfions 
e  dijlanti;  and,  ladly,  we  inferred,  from  the  perfedt 
famcnefs  of  thofe  refults  with  the  adual  phenomena  of 
impulfion,  that  thofe  eorpufcular  forces  are  the  imme¬ 
diate  and  only  caufes  of  the  changes  called  impulfions, 
and  commonly  afcribed  to  a  peculiar  force  inherent  in  a 
moving  body. 

From  a  coliedive  view  of  the  whole,  we  think  it  clear,  ^ 
that  the  opinion  that  impulfion  is  the  foie  caufe  of  mo-  the^philofo 
tion  is  unwarranted.  We  fee  that  the  phenomena of  ^attempt 
impulfion  are  brought  about  by  the  immediate  operation  *0  explain 
of  predure  ;  and  we  fee  numberlefs  indances  of  preffure, 
in  which  we  cannot  find  the  dualled  trace  of  impuliion.  •- n  ^ 


49 


nical  force  and  mobility  are  the  qualities  which  di  in-  *  -  a  j  1  r  «  n  r  *  "  ir  «c.  pyifi 

iruifh  what  is  material  from  mind  or  other  immaterial  in  which  we  cannot  hnd  the  dualled  trace  of  impulhon.  pUi^on  ? 
fubdances,  the  law  of  equal  and  contrary  reaftion  feems  It  is  therefore  a  mod  violent  and  unwarranted  opinio 


nearly  allied  to  the  clafs  of  brd  pnnciples. 

Of  all  the  phenomena  that  indicate  this  perfed  equa¬ 
lity  of  adion  and  reaftion,  the  mod  fufceptiblc  of  ^ 
curate  examination  is  the  famenefs  or  equality  of  adion 
when  the  relative  motions  are  equal.  Now  there  is  no 
phenomenon  moie  certain  than  this.  In  confequence 
of  the  rotation  of  the  earth  round  its  axis,  and  its  revo¬ 
lution  round  the  fun,  it  is  plain  that  all  our  experiments 
and  obfervations  are  on  relative  motions  only.  Now, 
we  not  only  find  that  the  adions  of  two  bodies  fubjec- 
$ed  to  experiment  are  equal  when  the  relative  motions 


which  aferibes  to  repeated  unperceived  impulfions  all 
thofe  folicitations  to  motion  by  which,  or  in  confe- 
q uence  of  which,  the  motions  of  bodies  are  affeded  by 
diftant  bodies,  or  bear  an  evident  relation  to  the  fitua- 
tion  and  diftance  of  other  bodies ;  as  in  the  examples  of 
planetary  defledion,  ttrrellrial  gravitation,  magnetical 
and  eledrical  deflexions,  and  the  like.  There  is  nothing 
in  the  phenomenon  of  the  preffure  of  gravity  that  feems 
to  make  impulfion  more  neceffary  or  more  probable  than 
in  the  preffure  of  eladicity,  whether  that  of  a  fpring  or 
of  an  expanfive  fluid.  The  admifdon  of  an  unpercei- 
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ved  fluid  to  effeft  thofe  impulflons  is  quite  unwarrant¬ 
ed,  and  the  explanation  is  therefore  unphilofophical, 
even  although  we  fhould  perceive  intuitively  that  an 
atom  in  motion  will  put  another  into  motion  by  hitting 
it.  We  apprehend  that  this  cannot  be  affirmed  with 
any  clear  perception  of  its  truth. 

On  the  whole,  therefore,  we  muft  afcrihe  that  con- 
pofed  tented  aequiefcence  in  the  explanations  of  gravitation, 
t0  r^and  other  attraftions  and  repullions,  by  means  of  im- 
pulfe  (if  the  aequiefcence  be  not  pretended),  to  the  fre¬ 
quency  and  familiarity  of  impulfion,  and  perhaps  to 
the  perfonal  (bare  and  intereft  we  have  in  this  mode  of 
producing  motion.  We  know  that  it  is  always  object¬ 
ed  that  nothing  is  explained,  when  we  fay  that  A  re¬ 
pels  B,  or  that  B  avoids  A;  but  we  muft  fay  in  return, 
that  nothing  is  explained,  when  we  fay  that  A  impels 
B  by  hitting  it,  or  that  B  flies  away  from  the  ftroke. 
Why  fhould  it  not  be  allowed  to  ufe  the  term  repelling 
power,  when  it  .is  allowed  to  ufe  the  term  impelling 
power,  the  force  of  impulfe,  inertia  ?  All  thefe  terms 
only  exprefs  phenomena.  Does  the  vrord  body  exprefs 
any  more  ? 

The  maxim,  that  a  body  cannot  aft  where  it  is  not, 
any  more  than  when  it  is  not,  is  a  quaint  and  lively  ex- 
pveffion,  and  therefore  has  confiderable  effeft  :  It  may  be 
granted ;  for  we  apprehend  that  we  underftand  fo  little 
about  when  and  where,  that  we  cannot  demonftrate  the 
affirmative  or  negative  in  either  cafe,  and  that  they  are 
on  a  par  with  refpeft  to  our  knowledge  of  them.  We 
can  have  no  doubt,  however,  of  the  faft,  that  our  mind 
can  be  affefted  by  an  external  objeft  that  is  merely  re- 
collefted.  And  we  apprehend,  that  we  know  nothing 
of  the  difference  between  body  and  mind  but  what  we 
have  learned  by  experience.  Body,  for  any  thing  that 
we  affuredly  know  to  the  contrary,  may  affeft,  or  be 
affefted  by,  a  diftant  body,  as  well  as  mind  may  be.  It 
is  therefore  worth  while  to  pay  fome  farther  attention 
to  the  phenomena,  in  o**der  to  fee  whether  this  expe¬ 
rience  is  fo  universal  and  unexcepted  as  is  believed.  As 
Mr  Cotes,  and  many  of  Newton’s  difciples,  are  accufed 
of  explaining  many  phenomena  by  attraft’ou  and  lepul- 
fion  which  their  opponents  affirm  to  be  cafes  of  impul¬ 
fion  ;  it  is  not  impoffible  but  that  ordinary  obfervers, 
who  have  no  preconceived  theories,  may  imagine  impul- 
fions  to  obtain  in  cafes  where  a*  more  accurate  infpec- 
tion  would  convince  them  that  no  impulfion  has  hap¬ 
pened. 

When  we  kick  away  a  foot-ball,  we  confider  it  as 
>  the  fami- a  fort  of  folid  continuous  body;  yet  we  know  that 
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arity  of  ^  muft  fie  filled  with  compreffed  air.  It  may  not 
XnceTofbe  impoffible  to  have  it  of  its  round  ffiape  without  be- 
foot-ball.  ing  fo  filled  :  but  we  know  that,  in  this  condition,  it 
would  not  fly  away  from  our  foot  by  the  ftroke  ;  we 
fhould  only  force  in  the  fide  which  we  kick,  aiffi  the 
flaccid  fkin  would  lie  at  our  feet.  But  when  it  is  til- 
led  with  ftrongly  compreffed  air,  we  can  form  to  our- 
felves  a  pretty  diftiwft  notion  how  it  is  made  to  move 
off.  Our  foot  preffes  on  a  part  of  the  fit  in  :  thi3  com- 
preffes  the  air  againfl  the  anterior  part  of  the  bag,  and 
forces  it  away.  If  we  refleft  more  ferioufly  on  the 
procefs,  we  can  ftill  conceive  it  clearly  enough,  by 
thinking  on  a  row  of  aereal  particles,  reaching  from  the 
part  ftruck  by  the  foot  to  the  anterior  part,  each  touch- 
ing  the  other,  and  therefore  forcing  the  anterior  part 
forward.  The  air  is  conceived  to  confift  of  a  number 
Svpfi.  Vol.  I.  Part  II. 
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of  little  fpherules  in  contaft,  each  of  which  is  com-  Impulfion. 
preflible  ;  and  we  think  the  operation  illuftrated  by  — 
fuppoling  each  to  be  like  a  little  veficle  or  bladder. 

This  we  believe  to  be  the  ufual  way  of  conceiving  the 
conftitution  of  expanlive  fluids  :  But  this  will  not  agree 
at  all  with  the  known  properties  ot  air  ;  for  it  can  be 
ftriftly  demonftrated,  that  if  fuch  a  colleftion  of  elaftic 
veficles  be  compreffed  into  the  half  of  their  ordinary 
bulk,  every  velicle  will  be  changed  from  a  fphere  into 
a  petfeft  cube,  touching  the  adjoining  cubes  in  every 
point  of  its  fix  fides,  and  ftrongly  preffed  againft  them. 

It  can  alfo  be  demonftrated,  that  if  a  leaden  cube  ot 
one  inch  be  included  in  the  box,  and  placed  with  its 
fides  parallel  to  the  fides  of  the  box,  and  the  compref- 
fion  be  then  made,  all  the  little  cubic  veficles  will  ac¬ 
quire  the  fame  pofltion.  If  the  box  be  now  turned  up- 
fide-down,  it  can  be  demonftrated  that  the  weight  of 
this  leaden  cube  will  not  be  fufficient  for  overcoming 
the  refiftance  of  the  compreffed  cubes.  This  comprei- 
fed  mafs  will  rot  be  fluid,  but  will  require  a  very  cori- 
fiderable  force  to  p’-efs  the  leaden  cube  through  it,  juft 
as  we  find  fuch  a  force  neceffary  for  moving  a  body 
through  melted  glafs  :  the  particles  no  longer  Aide  on 
each  other  like  uncompreffed  fpherules  ;  each  will  rr- 
quhe  about  half  of  the  comprtffing  force,  in  order  to 
overcome  the  friftion,  or  obftruftion  like  friftion,  pro¬ 
duced  in  Aiding  along  the  furface  of  the  contiguous 
cubes.  But  we  know  that  air  remains  perfeftly  fluid, 
although  vaftly  more  compreffed  than  this.  This,  there¬ 
fore,  cannot  be  like  the  conftitution  or  form  of  air. 
Moreover,  it  is  well  known  that  air  ha3  been  made  ten 
times  denfer  than  its  ordinary  ftate,  and  is  then  perfeft¬ 
ly  fluid.  It  has  alfo  been  made  a  hundred  times  rarer,  and 
it  ftill  remains  perfeftly  fluid.  In  this  ftate  its  particles 
muft  be  ten  times  farther  removed  from  each  other  than  in 
the  former  ftate,  of  a  thoufand  times  greater  denfity.  Yet 
we  know  that  this  rare  air  is  compreffed  with  aforce  equal 
to  the  weight  of  a  fliatgm  of  mercury  -Jd  of  an  inch  in 
thicknefs,  and  that  if  *yd  of  this  preffure  be  removed, 
it  will  expand  till  it  is  1  50  times  rarer  than  common 
air  ;  that  is,  there  is  fome  force  which  puflies  the 
particles  ftill  farther  from  each  other.  This  force  evi¬ 
dently  extends  beyond  the  tenth  particle  of  air  that  is 
made  ten  times  denfer  than  common  air.  Therefore 
the  elallicity  of  air  does  not  arife  from  the  contaft  of 
particles,  which  are  elaftic  like  blown  up  bladders,  but 
from  fome  force  which  extends  beyond  the  adjoining 
particles.  There  is  no  greater  reafon,  therefore,  for 
fuppoling,  that  the  particles  of  air  touch  each  other, 
than  for  fuppoling  that  the  two  magnets  touch  each 
other  becaufe  they  repel.  A  row  of  magnets  floating 
on  quickfilver,  and  placed  with  their  fimilar  poles  front¬ 
ing  each  other,  and  very  near,  will  tend  to  feparate, 
and  they  require  to  be  held  in  by  a  flop  put  at  each 
end  of  the  canal  ;  and  if  one  flop  be  gradually  with¬ 
drawn,  the  magnets  will  all  feparate,  and  exhibit  the 
general  mechanical  effefts  of  a  row  of  aereal  particles 
ieparating  by  the  removal  of  preffure.  There  feems, 
therefore,  to  be  the  fame  neceflity  for  the  operation  of 
an  intervening  impelling  fluid  for  producing  this  fepa<r 
ration  or  clafticity  of  the  aereal  mafs,  as  for  feparating 
the  magnets. 

The  refult  of  thefe  remarks  feems  to  be,  that  the Is  ver7 
impulfion  of  a  foot-ball  is  not  brought  about  in  the  Quintal, 
way  that  is  commonly  imagined,  by  the  excitement  of  • 
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Impulfion.  corporeal  prefTure  at  the  points  of  contaft  of  the  two  when  one  glafs  carries  the  other,  without  any  appear-  Impugn, 

'“"“v  foot-balls.  For  we  fee  it  almoft  demonftrated,  that  the  ance  of  colour  at  the  middle,  we  mull  conclude  that  — v-»j 

progreffive  motion  of  the  anterior  part  of  one  of  the  there  is  a  repullion  exerted  between  the  neared  parts 
balls  has  been  produced  without  contaft,  or,  at  lead,  at  a  dillance  not  lefs  than  of  an  inch,  fufficient 
by  the  intervention  of  repulfions  afting  at  a  diftance.—  for  fupporting  the  upper  glafs.  It  requires  an  increafe 

May  not  this  obtain,  even  in  the  points  in  which  we  of  prefTure  to  produce  the  fil'd  appearance  of  colour  ; 

fuppofe  the  two  balls  aft  sally  to  touch,  in’  the  aft  of  and  when  the  prefTure  is  dill  more  increafed,  new  co! 

53  impulfion  !  lours  appear  in  the  middle,  and  the  colour  formerly 

ot  doubtful  But  farthe.r— Every  perfon  has  obferved  the  brilliant  there  is  now  feen  in  a  furrounding  ring  ;  thefe  multi- 
contait.  dew  droPs  Iy!.nkr  on  the  leaves  of  plants.  Every  perfon  ply  continually,  by  new  ones  fpreading  from  a  central 
acquainted  with  Newton’s  optical  difeoveries,  mud  be  fpot.  A  great  prefTure  at  lad  produces  the  unrtfleft- 
convinced  that  the  dew-drop  is  not  in  mathematical  ing  fpot  in  the  centre,  which,  unlike  to  all  the  colour- 
contaft  with  the  leaf ;  if  it  were,  it  could  have  no  bril-  ed  fpots  which  had  emerged  in  fuccefiion,  is  (harplv 
liaccy.  Mod  perfons  have  obferved  the  rain  drops  of  defined,  and  never  round,  but  ragged,  and ’it  is  imme- 
a  dimmer  fhower  fall  on  the  furface  of  water,  and  diately  furrounded  by  a  bright  filvery  refleftion.  The 
roll  about  for  a  few  feconds,  exhibiting  the  greated  fhape  of  this  fpot  depends  on  the  figure  of  the  fur- 
brilliancy.  They  cannot,  therefore,  be  in  mathema-  faces  ;  for,  on  turning  the  upper  lens  a  little  round  its 
tical  contaft  with  the  water.  There  mud  be  a  fmall  axis,  the  inequalities  of  the  edge  of  the  fpot  turn,  in 
didance  between  them,  and  therefore  fome  force  which  fome  degree,  with  it.  This  feemingly' trifling  remark 
keeps  them  afunder,  and  carries  the  weight,  that  is,  will  be  found  important  by  the  mechanician  :  A'  dill 
counterafts  the  downward  prefTure  of  the  rain  drop,  'farther  increafe  of  prefTure  enlarges  the  unreflefting 

We  know  that  fome  inlefts  with  long  legs  can  run  foot,  and  the  dimeniions  of  all  the  rino-s _ When  the 

about  on  the  furface  of  water  ;  and  if  we  lift  them  care-  prefTure  is  gradually  withdrawn,  the  ringffhrink  in  their 
fully,  and  fet  them  on  glafs,  their  feet  do  not  wet  it.  dimeniions,  the  unreflecting  fpot  difappears  firfl,  and 
Put  a  little  fpirit  of  wine  into  this  water,  and  make  it  each  ring  in  fuccefiion  contracts  into  a  fpot,  and  va- 
lukewarm,  and  the  infeft  inflantly  finks  up  to  the  nifhes.  Here  we  have,  by  the  way,  an  explanation  of 
belly,  and  cannot  move  about  as  before:  Its  feet  will  the  brilliancy  of  dew-drops:  they  come  fo  near,  per- 
now  wet  a  glafs.  A  well-polifhed  fleel  needle,  even  of  haps,  that  the  neared  point  reflefts  the  filvery  appear- 
confiderable  fize,  if  perfeftly  clean  and  dry,  will  float  ance— but  they  do  not  touch;  the  inflant  that  they 
on  water  without  being  wetted  :  It  is  obferved  to  make  touch  a  wetted  part,  making  one  rnafs  of  tranfparent 
a  confiderable  deprefiion  on  the  furface  of  the  water,  matter,  all  brilliancy  is  gone. 

iiifl  as  a  heavy  bar  of  iron  would  make  when  laid  on  a  Here  then  are  incontedible  proofs  of  a  force,  be  its  The/ repel 
feather-bed  — the  needle  difplaces  a  quantity  of  water  origin  what  it  may,  which  keeps  the  glafies  afunder  elch  other; 
equal  to  itfelf  in  weight,  yet  does  not  touch  it,  for  it  and  even  caufes  them  to  leparate  ;  which  manifells  it- 
is  not  wetted.  If  it  be  previoufly  wetted,  it  will  not  felf  by  withdanding  prefTure  ;  and  therefore  is,  itfelf,  a 
difplace  any  water,  and  will  not  float.  There  is  fome-  predure,  or  equivalent  to  a  preffure— It  varies’ in  its  in- 
thing,  therefoie,  which  keeps  the  water  at  a  didance  tenfity  by  a  change  of  dillance  ;  hut  we  have  not  been 
from  the  feet  of  the  infeft,  and  from  the  needle,  exert-  able  to  afeertain  by  what  law.  It  mud  not  be  mea- 
mg  a  certain  upward  prefTure  on  them.  The  prefTure  fured  by  the  Ample  variation  of  the  external  prefTure  • 
and  the  reaction  are  indeed  very  fmall  ;  but  they  would  for  fince  we  fee  that,  even  before  any  colour  appears 
produce  a  very  fenfible  motion  if  continued  fufficiently  in  the  centre,  the  weight  of  the  upper  lens  is  f  import¬ 
ing. in  proper  circumdances.  Here  would  be  a  pro-  ed,  we  mud  conclude  that  the  glades  are  exerting  at 
duftion  of  motion,  which  mod  perfons  would  call  an  lead  an  equal  force  all  around  the  circumference  of  the 
impulfion  — yet  there  would  be  no  droke,  no  contaft,  outermod  ring.  It  is  evident,  that  the  computation  of 
and  therefore  no  true  impulfion.  the  whole  force,  exerted  over  all  the  coloured  furface. 

We  now  beg  the  reader  to  attend  minutely  to  New-  mud  be  difficult,  even  on  the  fimp'led  hypothefis  con- 
ton’s  famous  experiment  with  the  objeft  glades  of  long  cerning  the  law  of  repulfion  :  we  can  only  fay  that  it 
tekfeopes,  which  we  have  mentioned  circumdantially  increafes  by  a  diminution  of  didance.  It  is  very  eafy 
54  in  the  article  Optics,  Encycl.  n°  63 — 68.  to  compute  the  increafe  of  external  prefTure,  which 

Vcr)  re-  When  the  upper  glafs  is  very  thin  and  light,  no  co-  would  fuffice  if  the  repelling  force  were  equal  at  all 

r‘7ka',!e  lour  appears  at  the  point  of  con  tad  :  but  by  pref-  didances  ;  or  if  it  varied  according  to  any  Angle  power 
veiknfes"  f;ng  U  dowl?  wlth  fu.ffic!e,u  f?rce>  "'e  ftaI1  have  a  black  of  the  didances.  We  have  tried  the  inverfe  Ample, 
falfely  or  unreflefting  fpot  in  the  middle,  furrounded  by  a  fil.  duplicate,  and  triplicate  ratio  ;  but  the  fa  ft  deviated 
Teeming  to  very  ring,  and  then  by  a  feries  of  rings  of  various  co-  widely  from  them  all.  The  repulfion  does  not  change 
touch.  lours,  according  to  the  dillance  between  the  parts  of  nearly  fo  much  as  in  the  Ample  inverfe  ratio  of  the 
the  glafies  where  the  colours  appear.  Newton  has  didances,  if  the  glafies  be  fuppofed  to  touch  in  the 

counted  yo  of  thefe  rings.  He  Ihews,  by  a  careful  whole  furface  of  the  unreflefting  fpot.  But  we  found, 

computation  from  the  known  figure  of  the  glafies,  that  that  if  we  fuppofe  them  feparated,  tbongh  at  a  didance 
the  differences  between  the  diflances  which  exhibit  equal  to  forty  times  the  difference  of  dillance  at  which 
thefe  colours  are  all  precisely  equal,  and  that  each  is  the  colours  change,  that  is,  T|T  of  an  inch,  the  pref- 
about  -gg~oo  of  an  inch.,  therefore,  fuppofing  that  the  fares  employed  in  the  experiment  accord  pretty  well 
glafles  arc  in  mathematical  contaft  where  the  unrefleft-  with  a  repulfion  inverfely  as  the  diftance,  but  ftill  with 
ing  fpot  appears,  making  one  continuous  mafs  of  glafs,  a  very  confiderable  deviation  in  the  great  preffures.  In 
their  diftance  at  the  outermoft  ring,  muft  not  be  lefs  the  coutfe  of  a  number  of  experiments  with  a  favour- 
than  of  an  inch,  or  of  an  inch.  Therefore,  ite  pair  of  lenfes,  we  broke  the  uppermoft  by  too 

ftrong 
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iruUlon.  flrong  a  preflure.  Wc  then  cut  out  of  it,  with  a  la- 
pidary’s  hollow  drill,  a  piece  of  *  °f  an  hich  in  diarne* 
ter,  and  perfectly  round,  and  we  fqueezed  it  on  the 
other  by  a  meafured  preflure,  till  we  produced  a  colour- 
lefs  fpot  of  nearly  -^th  of  an  inch  in  diameter,  with  a 
filvery  margin.  Computing  from  this,  we  thought 
onrfelves  warranted  to  fay,  that  not  lefs  than  8co  pounds 
are  neceffary  for  producing  a  black  fpot  of  one  inch 

36  fquare  !  „  ,  .  .  ,  , 

nd  may  Now,  what  is  the  confequence  of  all  this  in  the  cloc- 
r pel  with.  tr;ne  0f  ;mpulfion  ?  Surely  this  :  —  If  a  lump  of  this 
11  touth  glafs  ftrike  another  lump,  and  put  it  in  motion,  and  if 
®  the  mutual  preffure  in  the  ad  of  collifion  do  not  ex¬ 

ceed  70c  pounds  on  the  fquare  inch,  the  motion  has 
been  produced  without  mathematical  contad,  and  the 
production  can  no  more  be  called  impulfe  than  the 
motion  of  the  magnet  in  our  firft  experiment.  The 
changes  of  motion  have  been  the  operation  of  moving 
forces,  flmilar  to  the  force  of  magnetifm ;  and  if  a 
ftream  of  truly  impelling  fluid  be  neceffary  for  pro¬ 
ducing  the  motion  of  the  magnet,  it  is  equally  necei- 
fary  for  producing  the  motion  of  the  piece  of  glafs. 

It  may  be  faia  here,  that  we  cannot  compare  impulie 
and  creffure.  A  flight  blow  will  fplit  a  diamond  which 
could  fupport  a  houfe.  A  flight  blow  may  therefore 
be  enough  for  exciting  all  the  preffure  neceffary  for  pro¬ 
ducing  mathematical  contaft.  We  muff  here  appeal  to 
what  every  man  feels  on  this  occahon.  _  We  doubt  ex¬ 
ceedingly  whether  any  perfon  will  think  that,  when 
one  piece  of  glafs  gives  another  a  gentle  blow,  and 
puts  it  into  motion,  with  the  velocity  of  a  few  inches 
per  fecond,  a  blow  which  lie  diftindtly  hears,  there  has 
been  exerted  a  preffure  at  all  approaching  to  800 
pounds  per  fquare  inch.— We  have  fufpended  a  pair  of 
lenfes,  by  an  apparatus  fo  fteady  and  firm,  that  they 
could  touch  only  at  the  centres  of  each  furface  ;  and, 
having  placed  ourfelvcs  properly,  we  could  fee,  with 
fuffieient  diftir,anefs,  the  momentary  appearance  ot  the 
coloured  fpot  at  the  inftant  of  collifion.  We  fa w  this, 
with  the  fulleft  confidence  that  it  was  of  no  conlider- 
able  breadth  in  a  moderate, ftroke,  and  that  it  was  very 
feufibly  broader  when  the  ftroke  was  more  violent  We 
did  not  truft  our  own  eye  alone,  but  (hewed  it  to  per- 
fons  ignorant  of  philofophy,  and  even  to  children,  often 
without  telling  them  what  to  look  for,  but  afk.ng  them 
what  they  faw.  •  From  all  the  information  that  we 
could  gather,  none  of  the  pteffures  came _  near  to  what 
muff  have  been  neceffary  for  producing  the  black  fpot 
This  could  not  be  mittaken  :  for  although  the  outer 
rings  are  but  faint,  there  are  five  or  fix  near  the  centie 
winch  are  abundantly  vivid  for  affe&mg  the  eye  by  the 
momentary  flalh.  Defides,  the  dimenfions  of  jhelenfes, 
and  the  weight  of  the  metal  cells  m  which  they  wqre 
fixed,  were  fuch  as  muff  have  caufed  them  to  fplit  be- 
fore  the  black  fpot  could  be  produced  in  the  centre.. 
Thefe  things  being  maturely  conlidered,  we  imagine 

that  few  perfons  will  now  doubt  the  juffice  of  our  af- 
_  .  F  .  _ Joo  ftp  mntions  have  been 
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fertion,  that  in  an  tneic  - ,  .  •  ,  * 

produced  without  mathematical  (or  rather  geometrical) 

contadt. _ And  we  imagine  alfo,  that  few  will  refufe 

granting  that  this  is  not  peculiar  to  glafs,  but  obtains 
alfo  in  the  collifion  of  other  bodies.  We  have  not 
thought  of  any  method  for  putting  this  beyond  doubt 
,but  le  have  better  reafons  than  mere  likelihood  for 
being  of  this  opinion.  Every  one  acquainted  with  the 


Newtonian  difcovcrles  in  optics,  knows  that  this  cti-  _ _ . 

nous  appearance  of  the  coloured  rings  is  the  confe- 
quence  of  the  adion  of  transparent  bodies  on  the  rays 
of  light,  by  which  thefe  are  bent  afide  from  their  rec¬ 
tilineal  courfe,  and  that  this  defle&ion  takes  place  at  a 
diflance  from  the  diaphanous  body  ;  a  diftance  which 
the  fagacity  of  the  great  philofopher  has  enabled  us 
to  meafure.  Now,  it  is  known  that  metals  and  other 
opake  bodies  produce  the  very  fame  defk&ions  of  the 
rays,  landing  them  toward  themfelves  at  one  diftance, 
and  from  them  at  other  distances  ;  in  fhort,  attra&ing 
or  repelling  them  as  the  diflance  varies.  Nothing  but 
prepoffeffion  can  hinder  a  perfon  from  aferibing  fimi- 
lar  eflfeds  to  fimilar  caufes  ;  and,  therefore,  thinking  it 
almoft  certain,  that  this  mutual  repulfion  is  not  pecu¬ 
liar  to  glafs,  but  common  to  all  folid  bodies. 

To  all  this  we  may  furely  add  the  celebrated' expe¬ 
riment  of  Mr  Huyghens  ;  in  which  it  is  evident,  that  a 
fmooth  plate  of  metal  attrads  another,  even  although 
there  be  a  filk  fibre  interpofed  between  them.  («ee 
Phil.  Tranf.  n°  86).  ■  Is  it  not  highly  probable,  chat 
at  a  fmaUer  diftance  the  bodies  repel  each  other  ?  For 
we  obferve,  that  metals,  as  well  as  tranfparent  bodies, 
attrad  the  rays  at  one  diftance  and  repel  them  at 

another.  ,  ■  .  ,  57 

Surely  our  readers  will  now  grant,  that  the  produc-'mpulfion 
tion  of  motion  by  impulfion,  as.diilmguifhed  from  the 
produdion  by  adion  e  diftanti ,  is  not  fo  familiar  a  pne*  believed, 
nomenon  as  was  imagined,  and  that  it  may  even  be  laid 
to  be  rare  in  companion  :  for  the  inftances  of  mode- 
rate  impulfes  are  numberlefs.  The  claim  of  this  mode 
of  explaining  difficult  phenomena  by  impulfion  has 
therefore  loli  much  of  its  force  ;  and  we  tee  much  lets 
reafon  for  calling  in  the  aid  of  iovifible  fluids,  in  orrtr 
to  explain  the  action  of  gravity,  magnetifm,  and  electri¬ 
city  •  c  38 

But  we  have  ftill  more  important  information  from  Still  g, cater 

the  optical  difeovery  of  Newton.  Let  the  reader  turn 
again  to  Optics,  EncycL  n  65,  and  lead  the  account  m  a  (olp 
of  the  phenomena  exhibited  by  the  foap-bubble.  1  he  bubble, 
bubble  is  thinner  and  thinner  as  we  approach  the  very 
uppermoff  point  of  it.  It  alfo  exhibits  luminous  rings, 
which  vary  in  their  colour,  in  the  fame  order  as  in  the 
fpace  between  the  lenfes.  Thefe  rings  come  to  view  in 
the  fame  manner.  Firft,  a  coloured  fpot  appears  in 
the  fmnmit  of  the  bubble  ;  this  becomes  a  ring,  and  is 
fucceeded  by  another  fpot,  as  the  bubble  grows  thin¬ 
ner  in  that  part,  by  the  giadual  fubfidmg  of  the  wa¬ 
tery  film.  At  laft  a  black  fpot  appears  at  top,  well 
defined,  but  of  irregular  ff.ape,  furrounded  by  a  filvery 
ring.  This  fpot,  when  viewed  very  narrowly,  is  ub- 
ferved  to  refiedl  a  very  minute  portion  of  light,  with¬ 
out  feparating  the  differently  colorific  rays  of  which  it 
confifts ;  but  it  contains  them  all,  as  may  be  proved  by 
viewing  it  through  a  prifm.  After  fome  little  time, 

the  bubble  burfts.  , 

Surely  we  muft  infer  from  this,  that  there  is  a  certain 
thicknefs  of  the  tranfparent  plate  which  renders  it  unfit 
for  the  vivid  refledion  of  light.  Does  it  not  legiti¬ 
mately  follow  from  this,  that  the  unrefleding  fpot  be¬ 
tween  the  lenfes  ceafes  to  entitle  us  to  fay,  that  they 
arc  in  contact  in  that  place  ?  All  that  we  can  conclude 
from  its  appearance  is,  that  the  diftance  ftill  between 
the  glaffes  is  too  (mail  to  fit  the  place  for  the  vivid  re¬ 
flexion  of  light.  This  conclution  is  mdifputable.  Vv  ere 
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Impulfion.  [t  refufcd,  we  are  furnifhed  with  an 

"  V  rr  hy  the  fame  bountiful  hand.  Newton  afcribed  the  co¬ 
lours  to  the  reflexion  of  the  plate  of  air  between  the 
glalfts,  and  expected  the  ceflation  of  them  when  the  air 
is  removed^  His  friend  Mr  Boyle  had  lately  invented 
a  commodious  air  pump.  The  trial  was  made,  and 
young  Newton  found  himfelf  midaken  ;  for  the  colours 
flill  appeared,  and  he  even  thought  them  more  brilliant. 
He  then  tried  the  effed  of  water,  expeding  that  this 
would  diminifh  their  lufire.  So  it  did  ;  and  he  found 
that  the  dimensions  of  the  rings  were  diminifhed  in  the 
proportion  of  4  to  3  ;  namely,  the  proportion  of  the 
refractions  of  glafs  and  water.  By  this  time  Newton 
had  difcovered  the  curious  mechanical  relation  between 
bodies  and  the  rays  of  light ;  and  his  mind  was  wholly 
abforbed  by  the  difeovery,  and  by  the  revolution  he 
was  about  to  make  in  the  mathematical  dodrines  of 
optics.  Unfortunately  for  11s,  he  did  not,  at  that  time, 
attend  to  the  mighty  influence  which  the  difeovery 
would  have  on  the  whole  of  meehanical  philofophy,  and 
therefore  occupied  himfelf  only  with  fuch  phenomena 
as  fuited  his  prefent  purpofe.  A  moil  important  phe¬ 
nomenon  pafled  unnotieed.  In  repeating  Sir  Ifaac 
-  Newton’s  experiments,  we  found  that  the  diameters  of 
the  rings  deereafed  in  the  proportion  of  4  to  3  only  in 
certain  circumdances.  When  the  upper  lenfe  was 
prtfled  on  the  other  by  a  heavy  metal  ring,  fo  as  to 
produce  three  or  four  coloured  rings,  we  found,  that 
when  water  got  between  them,  fometimes  no  eolours 
whatever  appeared  ;  fometimes  there  was  a  ring  or  two, 
and  the  diameters  were  diminifhed  in  a  much  greater 
proportion  than  Newton  had  affigned.  Well  affiired 
of  the  extreme  nicety  of  all  his  proceedings,  we  were 
much  puzzled  with  this  difcrepancy,  and  mentioned 
it  to  a  rnofl  refpedable  and  intelligent  friend,  the  late 
Dr  Reid  of  the  univerfity  of  Glafgow,  a  mathematician 
and  naturalid  of  the  firft  rank.  He  thought  it  not  im¬ 
probable  that  the  glaffes  feparated  from  each  other, 
lifting  up  the  weight,  by  attrading  the  water  into  the 
interdice,  in  the  fame  manner  that  we  obferve  wood  to 
fwell  with  moiflure.  We  immediately  got  an  apparatus 
which  comprefTed  the  glaffes  by  means  of  four  ferews  ; 
and  now  we  faw  Newton’s  proportion  mod  dridly  ob- 
ferved.  But  in  profecuting  the  experiment,  we  found 
that  the  introduction  of  the  water  always  effaced  a 
very  fmall  fpot.  This  happened  after  precautions  had 
been  taken  to  prevent  all  feparation  of  the  giafles. 
As  the  proportion  of  4  to  3  has  a  relation  to  refra Clive 
power,  although  we  have  not  been  able  to  deduce  it  as 
a  neceffary  confequence,  we  neverthelefs  confidered  it 
as  a  fufficient  proof,  that  the  diflance  of  the  glaffes  had 
not  changed  by  introducing  the  water  between  them. 
Therefore  we  think  ourfelves  well  entitled  to  conclude, 
that  the  difappearanee  of  the  black  fpot  was  not  owing 
to  a  feparation  of  the  glaffes,  which  admits  the  water 
into  the  empty  fpaqe ;  and  we  affirm,  that  before  the 
entry  of  the  water,  there  was  room  for  it  in  the  plaee 
which  reflected  no  light;  that  is,  that  although  the  glaffes 
were  preffed  together  with  a  very  great  force,  they  were 
not  in  contaCl. 

Remark.  It  deferves  remark,  that  in  endeavouring  to  produce 
the  black  fpot,  when  water  is  between  the  glaffes,  we 
found  great^  and  unaccountable  anomalies.  Sometimes 
a  moderate  increafe  of  prefTure  produced  it,  and  fome¬ 
times  we  were  not  able  to  produce  it  by  any  prefTure, 
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inconteflible  proof  Several  lenfes  were  broken  in  the  trial. 


- . .  We  are  led  to  Impulfion. 

think  that  the  thicknefs  which  gives  the  filvery  reflec-  *~y*"*J 
tion  is  much  greater  than  the  8900th  part  of  an  ineh, 
and  that  it  is  not  the  fame  in  all  glaffes.  But  we  were 
interrupted  in  thefe  experiments,  and  indeed  in  all  adive 
puifuits,  by  bad  health,  which  has  never  permitted  their** 
renewal.  The  fubjed  is  of  great  importance  to  the  cu¬ 
rious  mechanicians,  and  we  earnedly  recommend  it  to 
their  attention.  There  is  fomething  very  remarkable 
in  the  abrupt  ceflation  of  the  coloured  refleClion.  At 
a  certain  thicknefs  all  colours  are  refle&ed,  without  fe¬ 
paration,  producing  the  whitenefs  of  filver.  The  fmall- 
efl  diminution  of  it  hinders  the  vivid  refleClion  of  all 
colours,  and  then  there  feems  to  fucceed  a  thicknefs 
which  equally  refleCls  a  fmall  proportion  of  all  without 
feparation.  The  fined  polifli  that  can  be  given  to  glafs 
in  the  tool  of  the  artifl,  leaves  irregularities  which  oe* 
caflon  the  irregular  ragged  figure  of  the  fpot.  It  is 
worth  trying,  whether  fmoothing  the  fui  faces  (both)  by 
a  fortening  heat  will  remove  this  rnggednefs.  If  it 
does,  without  destroying  the  fliarp  termination,  it  will 
prove  the  abrupt  paiTage  from  tjfe  to  nonejfe . 

-The  lad  remark  to  be  made  on  this  important  expe¬ 
riment  in  optics  is,  that  the  dilance  between  the  glades 
which  is  unfit  for  vivid  reflexion,  cannot  be  determined 
by  means  of  the  other  meafurable  intervals.  It  may  be 
equal  to  many  of  them  taken  together.  The  fame  mud 
be  granted  with  refpeCl  to  the  thicknefs  of  the  black 
fpot  on  the  top  of  the  foap  bubble.  We  attempted  to 
meafure  this  thick nels  by  letting  a  drop  (of  a  known 
weight)  of  fpirit  of  turpentine  fpread  on  the  furfp.ee  of 
water.  As  it  flowly  enlarged  in  furface,  it  deereafed 
in  thieknefs,  and  produced,  in  regular  order,  feveral  of 
the  moie  compounded  colours  of  the  Newtonian  feries. 

J}ut  before  it  came  to  the  20th  ring  from  the  centre,  it 
became  very  irregular  and  fpotty.  ^ 

1  he  inference  to  be  drawn  from  this  combination  ofContadlw 
the  two  optical  fids  is  remarkable  and  important.  not  proved 

is,  that  we  have  no  authority  for  affirming  that  the U1  colllflJU* 
changes  of  motion  by  the  collltion  of  bodies  is  brought 

about  by  abfolute  cor.tad  in  any.  indance  whatever. 

he  glaflcs  arc  not  in  contad  where  there  is  vivid  ie- 
fkclion  ;  and  we  have  no  proof  that  they  are  in  contaCt 
in  the  black  fpot,  howevei  great  the  compreflion  may 
be. 

It  is  hardly  neceffary  now  to  fay,  that  all  attempts  Therefore 
to  explain  gravitation,  or  magnetifm,  or  ekdricitv/or  impulfion 
any  fuch  apparent  adion  at  a  didance  by  the  impulsions  caynot  ex“. 
of  an  unfecn  fluid,  are  futile  in  the  greated  decree. pla5r 
Impulfion,  by  abfolute  contad,  is  fo  far  from  benig  a*1100  J 
familiar  phenomenon,  that  it  may  judly  be  quedioned 
whether  we  have  ever  obferved  a  Angle  inflance  of  it. 
i  he  fuppofition  of  an  invifible  impelling  fluid  is  not 
more  gratuitous  than  it  is  ufekfs ;  beeaufe  we  have  no 
pioof  that  a  particle  of  this  fluid  does  or  can  come  into 
contad  with  the  body  which  we  fuppofe  impelled  by 

it,  and  therefore  it  can  give  110  explanation  of  an  adion 

that  is  apparently  e  dijlantu  ^ 

The  general  inference  from  the  whole  feems  to  be,  But  inipul- 
that,  indead  of  explaining  prefTure  by  impulfe,  we  mud  A°n  may  be 
not  only  derive  all  impulfe  from  prefTure,  but  mud  alfo f xplaInc-d 
aferibe  all  prefTure  to  adion  from  a  didance  ;  that  is^dTref* 
to  properties  of  matter  by  which  its  particles  are  moved  fure.  * 
without  geometrical  contad. 

This  colkdion  of  fads  confpires,  with  many  appear- 
1  ancea 
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pulfion.  ances  of  fluid  and  folid  bodies,  to  prove  that  even  the 
i  Uy—-  particles  of  foil’d,  or  fenfibly  continuous  bodies,  are  not 
in  contact,  but  are  held  in  their  rtfpe&ive  lituations  by 
the  balance  of  forces  which  we  are  accu domed  to  call 
attra£lions  and  repnllions.  The  fluidity  of  water  under 
very  (trong  compreffions  (which  have  been  known  to 
comprefs  it  Ty  of  its  bulk),  is  as  inconfiftent  with  the 
fuppolition  of  contact  as  the  fluidity  of  air  is.  The 
fhrinking  of  a  body  in  all  its  dimensions  by  cold,  nay, 
even  the  bending  of  any  body,  cannot  be  conceived  with- 
.  out  allowing  that  fame  of  its  ultimate  unalterable  atoms 
change  their  diftances  from  each  other.  The  pheno¬ 
mena  of  capillary  attra&ion  are  alfo  inexplicable,’ with¬ 
out  admitting  that  particles  a£t  on  others  at  a  diftance 
from  them.  The  formation  of  water  into  drops,  the 
coalefcence  of  oil  under  water  into  fpherical  drops,  or 
into  circular  fpots  when  on  the  furface,  (hew  the  fame 
thing,  and  are  inexplicable  by  mere  adhefion.  In  fhort, 
all  the  appearances  and  mutual  actions  of  tangible  mat¬ 
ter  concur  in  fnewing,  that  the  atoms  of  matter  are  en¬ 
dowed  with  inherent  forces,  which  ciufe  them  to  ap¬ 
proach  or  to  avoid  each  other.  The  opinion  of  Bof* 
covich  feems  to  be  well  founded  ;  namely,  that  at  all 
fenfible  diftances,  the  atoms  of  matter  tend  toward  each 
other  with  forces  inverfely  as  the  fquares  of  the  distances, 
and  that,  in  the  neareft  approach,  they  avoid  each  other 
with  infuperable  force  ;  and,  in  the  intermediate  diftan¬ 
ces,  they  approach  or  avoid  each  other  with  forces  vary¬ 
ing  and  alternating  by  every  change  of  diftance.  See  the 
article  Eoscovicb,  SuppL 

hvffc!l  From  a11  tbat  has  been  we  ]earn.  that  Pb>,flc.al 
Antadl  ex-  or  fen  Able  contact  differs  from  geometrical  contaft,  in 
(limed*  the  fame  manner  as  phyfical  folidity  differs  from  that  of 
the  mathematician.  Euclid  fpeaks  of  cones  and  cylin¬ 
ders  (landing  on  the  fame  bafe,  and  between  the  fame 
parallels.  Thefe  are  not  material  folids,  one  of  which 
would  prefs  the  other  out  of  its  place.  Phyfical  con¬ 
tact  is  indicated,  immediately  and  diredtly,  by  our  fenfe 
of  touch  ;  that  is,  by  exciting  a  preffure  on  our  organ 
of  touch  when  it  is  brought  diffidently  near.  It  is  alfo 
indicated  by  impulfion;  which  is  the  immediate  eftedi  of 


is  as  ufelcfs  as  it  is  inconfiftent  with  our  notions  of  mo-  Iirpulfioa. 
tion  and  of  moving  forces.  The  impelled  body  is  mo-  J 

ved  by  the  infuperable  repulfion  exerted  by  all  atoms  of 
matter  when  brought  fuflieiently  near.  The  retarda¬ 
tion  of  the  impelling  body  does  not  arife  from  an  inertia, 
or  refilling  fli  ggifhiiefs  of  the  body  impelled,  but  be- 
caufe  this  body  alfo  repels  any  tiling  that  is  brought  fuf¬ 
ficiently  near  to  it.  We  can  have  no  doubt  of  the  exig¬ 
ence  of  fuch  caufes  of  motion.  Springs,  expanjive 
fluids,  cohering  fibres,  exhibit  fuch  a£tive  powers,  with- 
out  our  being  able  to  give  them  any  other  origin  than 
the  fiat  of  the  Almighty,  or  to  comprehend,  in  any 
manner  whatever,  how  they  relide  in  the  material  atom. 

But  once  we  admit  their  exiflence  a~d  agency,  every 
thing  elfe  is  deduced  in  the  mod  Ample  manner  ima¬ 
ginable,  without  involving  us  in  any  thing  incompre- 
henflblc,  or  having  any  confequence  that  is  inconlillent 
with  the  appearances.  Whereas  both  of  thefe  obi! ruc¬ 
tions  to  knowledge  come  in  our  way,  when  wc  fuppofe 
any  thing  analogous  to  force  inherent  in  amoving  body 
folely  btcaufe  it  is  in  motion.  It  forces  us  to  ufe  the  un¬ 
meaning  language  of  force  and  motion  paffing  out  of  one 
body  into  another  ;  and  to  fpeak  of  force  and  velocity 
as  things  capable  of  divifion  and  a&ual  reparation  into 
parts.  The  force  of  inertia  is  one  of  the  bitter  fruits 
of  this  mifconception  of  things.  .  It  is  amuluig  to  fee 
how  metaphyiician'*  of  eminence,  fuch  as  D’Alembert, 
endeavour  to  make  its  operations  tally  with  acknow¬ 
ledged  principles.  In  his  celebrated  work  on  dyna¬ 
mics,  the  mo  A  elaborate  of  all  his  performances,  he  ex¬ 
plains  how  a  body,  whofe  rr  afs  is  i,  moving  with  the 
velocity  2,  mud  flop  another  body  whofe  mafs  is  2, 
moving  with  the  velocity  1,  in  the  following  manner: 

He  fuppofes  the  velocity  2  to  confift  of  two  parts,  and 
that,  in  the  in  It  ant  cf  collifion,  one  of  thefe  parts  deftroys 
the  motion  of  one  half  of  the  other  body,  and  then  the 
other  part  deftroys  the  motion  of  the  other  half.  Thefe 
are  words;  but  in  vain  (hall  we  attempt  to  accompany 
them  by  clear  conceptions.  Ilis  diftin&ion  between 
the  force  of  inertia  and  vvhat  he  calls  the  a&ive  forces 
of  bodies,  fuch  as  the  force  of  bodies  which  flrike 
each  other  in  oppoftte  directions,  is  equally  unfufeep- 


indicated  bv  impulhon;  which  is  the  irnmeciate  encu  ui  1  *  a  v  f  *  (  r0,f0  1 

the  preFure  occafioned  by  a  fufficient  approximation  of  ub  e  of  clear  conceptions.  Active  forces  (fays  he)  ab- 
th  body  mpeTlL  to  the  body  impelled!  The  impel-  «  a  part  of  the  motion ;  but  when  inertia  takes 

lion  is  the  compkfion  of  the  fame  procefs  that  we  de-‘  part  of  the  motion  from  the  ! Inking  body,  tips  motion 
lion  is  tne  comp  *,  .  .  ,  ,  t  .  paffes  wholly  into  the  body  that  is  ftneken,  none  of  it 

fenbed  in  the  example  of  the  nagnus  ,  but  the  extent  F  J  ,i..fWed.  t-h-  dr  mon  ft  rates 


of  fpace  and  of  time  in  which  it  is  completed  is  fo  (mall 
that  it  efcapes  our  obfervation,  and  we  imagine  it  to 
be  by  contact  and  in  an  inftant.  We  now  fee  that  it 
is  fimilar  to  all  other  operations  of  accelerating  or  re¬ 
tarding  forces,  and  that  no  change  of  velocity  is  inftan- 
taneous ;  but,  as  a  body,  in  paffing  from  one  point  of 
fpace  to  another,  paffes  through  the  intermediate  fpace; 
fo,  in  changing  (rom  one  velocity  to  another,  it  paffes 
through  all  the  intermediate  degrees  without  the  fmall- 
eft  faltus . 

VVe  thus  And,  in  this  way,  is  the  whole  do&rine  of  impulhon 
avoid  mai  y brought  within  the  pale  of  dynamics,  without  the  ad- 
abfurdities.  mj{flon  Gf  any  ncw  principle  of  motion.  It  is  merely 
the  application  of  the  general  doctrines  of  dynamics  to 
cafes  where  every  accelerating  or  retarding  force  is  op- 
pofed  by  another  that  is  equal  and  contrary.  We  have 
found,  that  the  opinion,  that  there  is  inherent  in  a  mo- 


being  abforbed  or  really  ckftroyed.  He  demonft rates 
this  by  the  equation  A  X  a  —  x  =  BXx  —  l,  which 


is  a  mere  narration  of  faefts,  but  r.o  deduction  from  the 
nature  of  inertia,  nor  even  any  eilablifliment  of  that  na¬ 
ture  by  philofophical  argument.  And  in  attempting 
to  give  Hill  clearer  notions  (being  fenfible  that  fome 
great  obfeurity  (till  hangs  about  it),  he  fays,  “  Inertia 
therefore,  and  properly  (peaking,  is  the  mean  of  com¬ 
municating  motion  from  one  body  to  another.  Every 
body  refills  motion  ;  and  it  is  by  refilling  that  it  receives 
it ;  and  it  receives  precifely  as  much  as  it  deftroys  in 
the  body  which  a&s  on  it.”  Surely  aimed  every  word 
of  this  fentence  is  doing  violence  to  the  common  ufe  of 
language.  What  can  be  more  incomprehenlible  than 
that  a  body  refills  motion  only  when  it  receives  it? 
Should  a  man  be  thought  to  refift  being  pufhed  out  of 
found,  that  the  opinion,  that  there  .3  mnereiu  ...  a  ,,u-  his  place  when  he  aaually  allows  another  to  dilplace 
vine  body  a  peculiar  force,  by  which  it  perfevercs  in  him,  and  not  to  refift  when  he  firmly  keeps  h.s .place  ! 
mofion,  and  puts  another  in  motion  by  Aufting  into  it,  All  thefe  difficulties  and  puzzling  queftions  vamlh  when 

'  *  wg 
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Imp’i’fKn.  we  give  over  fpeaking  of  inertia  a3  fomething  ciftin-  foice3  inherent  in  bodies  are  really  brought  into  adion,  Impullj^ 

—  guifhable  from  the  a&ive  forces  or  caufes  of  motion  The  inertia  of  the  ball  which  has  been  moved  by  a  — r—* 

which  we  find  in  bodies,  and  diftinguifh  by  the  name3  ftroke  of  another,  is  inferred  from  the  diminution  of 

of  elaflicity,  cohefion,  magnet ifm,  electricity,  weight,  that  other’s  motion.  But  this  is  occafioned  precifely 
.See*  and  which  philofophers  have  clafled  under  one  in  the  fame  way  as  the  diminution  of  the  motion  of  the 
name,  accelerating  or  retarding  force,  according  as  its  magnet  A  in  the  fir  ft  example  ;  an  event  which  every 
direction  chances  to  be  the  fame,  or  the  oppofite  to  that  iinprepofTefTed  perfon  aferibes  to  the  repuliion  of  B  in 
of  the  motion  under  confideration.  To  fnppofe  it  a  the  oppofite  direction,  and  not  to  its  inertia. 
peculiar  faculty  by  which  a  body  maintains  its  condition  We  truft  that  our  readers  are  not  dilpleafed  with 
of  motion  or  reft,  is  contrary  to  every  conception  that  this  detail  of  rhe  procedure  of  Nature  in  the  phenome- 
we  can  annex  to  the  words  faculty,  power,  force.  It  na  of  impulfioru  It  has  been  prolix  ;  becaufe  we  ap¬ 
is  frivolous  in  the  extreme  to  fay,  that  fnpw  has  the  fa-  prehend,  that  the  too  fynoptical  manner  in  which  the 

culty  of  continuing  white  or  cold  ;  or  that  it  refills  be-  laws  of  collifion  have  always  been  delivered,  leaves  the 

ing  melted  becaufe  it  melts,  or  becaufe  heat  muft  be  cm-  mind  in  great  obfeurity  concerning  the  conriedion  of 
63  ployed  to  melt  it.  the  events.  .  General  fads  have  been  taken  for  philofo- 

Strongeft  The  only  argument  that  we  know  for  giving  the  phical  principles  and  elementary  truths  ;  whereas  they 

for  ^ertia  n2me  f°rce  to  the  perfeverance  of  matter  in  its  Rate  of  were  dedudions  from  the  ium  total  of  our  knowledge, 
i^the^corn-  mot^on  (or  rather  for  aferibing  this  perfeverance  to  the  They  were  very  proper  logical  principles  for  a  fynthe- 
pofition  of  exertion  of  a  peculiar  faculty),  which  appears  to  de-  tlcal  difeufiion  ;  but  their  previous  eftablifhment  as  ge-^ 
forte  wiih  ferve  any  attention,  is  one  that  wedo  not  recoiled  the  neral  fads  was  nectfiary.  We  have  eftablifhed  the  two 
mot^or°US  exPre^8  employment  of  for  this  purpofe,  namely,  the  m°ft  general  fads  from  which  the  refult  of  every  colli- 
compofition  of  a  previous  motion  with  the  motion  which  f10n  may  be  deduced  with  the  utmoft  cafe.  The  firft 

a.known  force  would  produce  in  the  body  at  reft.  We  ,s>  that  in  the  inftant  of  greatefl  cpmprefiion,  the  com- 

S  know,  that  if  a  body  be  moving  eaftward  at  the  rate  of  ,  .  _  A  a  :m  B  b 

four  feet  per  fecond,  and  a  force  ad  on  it  which  would  m°n  'e  oclty  1S  -p  B  ’  anc*  we  ^iave  ^lewn* 

impel  it  from  a  ftate  of  reft  at  the  rate  of  three  feet  per  that  this  is  applicable  to  the  collifion  of  unelaftic  bo- 
fecond  to  the  fouth,  the  body  will  move  at  the  rate  of  dies.  The  fecond  is,  that  the  change  in  perfediy  elaflic 
five  feet  per  fecond  in  the  dire&ion  E.  36°  52'  S.  bodies  is  double  of  the  change  in  unelaftic  bodies.  The 
We  know  alfo,  that  if  a  force  ad  on  this  body  at  reft,  confervatio  momentorum ,  and  the  confervatio  virium  vi- 
fo  as  to  give  it  a  motion  eaftward  at  the  rate  of  four  varum,  are  alfo  general  fads  ;  or  rather  they  are  the 
feet  per  fecond,  and  if  another  force  ad  on  it  at  the  fame  mentioned  with  thofe  above,  confidered  in  another 
fame  inftant,  fo  as  to  give- it  a  motion  to  the  fouth  at  afped.  They  may  all  be  ufed  as  the  principles  of  a 
the  rate  of  three  feet  per  fecond,  the  body  will  move  at  fynthetic  treatife  of  impulfion  ;  and  they  have  been  fo 
the  rate  of  five  feet  per  fecond  in  the  diredion  E.  36°  employed.  Each  has  its  own  advantages. 

52'  8.  In  this  inftance;  the  body  previoufly  in  motion  Mr  Maupertnis  gives  a  treatife  on  the  Commumca-Pr-nc^L 
feems  to  pofftfs  fomething  equivalent  to  what  is  allow-  tion  of  Motion,  that  is,  of  impulfion  or  collifion,  which ‘."fraaiieft 
ed  to  be  a  moving  force.  Wrhy  therefore  refufe  it  the  has  the  appearance  of  being  deduced  from  a  new  prin-adtion. 
name  ?  The  anfwer  is  eafy.  The  term  force  has  been  ciple,  which  he  calls  the  principle  of  smallest  Ac- 
applied,  by  all  parties,  to  whatever  produces  a  change  tion.  He  fuppofes,  that  perfed  wifdom  will  accom- 
of  motion,  and  is  meafured  by  the  charge  which  accom-  plifh  every  thing  by  the  fmalleft  expenditure  of  adion  ; 
paries  its  exertion.  There  is  feme  difference  between  and  he  chanced  to  obferve,  in  the  equations  employed 
the  parties  about  the  way  of  eftimating  this  meafure  ;  in  the  common  dodrine  of  impulfion,  a  quantity  which 
but  all  agree  in  making,  not  the  motion,  but  the  change  is  always  a  minimum.  He  choofes  to  confider  this  as 
^4nfwered.  of  motion,  the  bafis  of  the  meafm  ement.  Now  we  the  exprefiion  of  the  adion. 

:  fhewed,  at  great  length,  in  the  article  Dynamics,  that  His  principle  or  axiom,  deduced  from  the  perfed 
t  the  charge  of  motion,  in  every  cafe,  is  that  motion  wifdom  of  God,  is  thus  expreffed  :  “  When  any  change 

-  which,  when  compounded  with  the  former  motion,  happens  in  nature,  the  quantity  of  adion  nectfiary  for 

conftitutes  the  new  motion.  Did  we  take  the  new  it  is  the  fmalleft  pofiible.”  And  then  he  adds, 
motion  itfelf  as  the  charadeiiftic  and  meafure  of  the  “  In  mechanical  changes,  the  quantity  of  adion  is  the 
changing  force,  it  would  be  different  in  every  different  produd  of  the  quantity  of  matter  in  the  body  by  the 
previous  ftate  of  the  body,^  and  would  neither  agree  fpace  paffed  over,  and  by  the  velocity  of  the  motion.” 
with  our  general  notion  of  force,  nor  with  the  Enow-  This  is  evidently  the  meafure  adopted  long  before  by 
ledge  that  we  have  of  the  adnal  preffures  and  other  Leibnitz  (fee  Phil.  Tranf.  vol.  xliii.  p.  423,  <Scc.),  and 

moving  forces  that  we  know.  The  foie  reafon  why  it  is  equivalent  to  m  vx  ;  becaufe  the  fpace  multiplied  by 

the  previous  motion  is  equivalent  with  a  force  is,  that  the  velocity  is  as  the  fquare  of  either.  We  refer  to 
the  only  mark  or  knowledge  that  we  have  of  a  moving  Dr  jurin’s  remarks  on  this  paffage  for  proof  that  this 
force  is  the  motion  which  it  is  conceived  to  produce,  is  by  no  means  a  juft  meafure  of  adion  ;  and  only  ob- 
The  force  is  equivalent  with  the  previous  motion,  be-  .  ferve  here,  that  we  can  form  no  other  notion  of  veloci- 
caufe  we  know  nothing  of  it  but  that  motion  ;  and  the  ty  than  that  of  a  certain  fpace  deferibed  in  a  given  time, 
name  that  we  give  it,  only  marks  fome  external  thing  to  The  change  produced  is  not  the  adual  defciiption  of 
which  it  has  an  obferved  relation.7  We  call  it  magnetifm  a  line,  but  the  determination  to  that  motion.  It  is  in 
or  eledneity,  becaufe  obferve  that  a  magnet  or  an  this  refped  alone  that  tire  condition  of  the  body  is 
eledrified  body  gives  occofwn  to  its  appearance.  We  changed  ;  and  therefore  the  produd  mv,  and  notwjir, 
never  obferve  the  .reft fiance  of  inertia ,  except  in  cafes  is  the  proper  meafure  of  the  adion.  On  the  authority 
where  we  know,  from  other  circumftances,  that  moving  of  this  maxim  of  divine  cor-diid,  MauDcrtuis  inveiti- 

gates 
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I  ulfion.  gates  the  refults  which  will  make  this  quantity  a  mini- 
v  -y— ~  mum,  and  affeits  that  thefe  mujl  be  the  laws  of  col¬ 
li  lion.  Luckily  this  invefl’gation  is  extremely  fimpie, 
and  very  neat  and  petfpicuous  ;  and  it  gives  very  eafy 
folutions.  For  example,  the  unelaftic  body  A,  moving 
with  the  velocity  a ,  overtakes  the  unelaftic  body  13, 
moving  with  the  velocity  b  Both  move  after  the  col- 
lifion  with  the  velocity  *.  This  velocity  is  required* 
To  determine  this,  we  mull  make  AXa  —  #|  +  B  X 
x  —  a  minimum ;  or  A  a%  —  2  A  a  x  +  A  x1  +  B  x2 

_ 2  BLv  +  is  a  minimum.  Therefore  —  2  A  ax 

+  2  Ax«  +  2Bxx  —  2  B  ^  x  ~  o,  or  2  A  a  2  B  b 

Aa  +  Pb 

=  :Ax  +  2Bx,  and  x  =  A~+lT~  ’  WC  have 
already  fhewn  it  to  ^e. 

The  amiable  and  worthy  author  grew  more  fond  of 
his  theory,  when  he  faw  what  he  imagined  to  be  its  in¬ 
fluence  extended  to  an  immenfe  variety  of  the  opera¬ 
tions  of  nature.  Euler  demouftrated,  that  the  quan¬ 
tity  called  aB'ion  by  Maupertuis  was  a  minimum  in  the 
planetary  motions,  and  indeed  in  all  curvftineal  mo¬ 
tions  in  free  fpace.  But  all  the  while,  this  principle  of 
lead  a&ion  is  a  mere  whim,  and  the  formula  which 
is  fo  generally  found  a  minimum  has  no  perceptible 
connection  with  the  quantity  of  aftion.  In  many 
cafes  to  which  Maupertuis  has  applied  it,  the  conclu- 
fions  are  in  diredl  oppofition  to  any  notion  that  we  can 
form  of  the  economy  of  a&ion.  Nay,  it  is  very  difpu- 
table  whether  it  does  not,  on  the  contrary,  exprefs  the 
greateft  want  of  economy  ;  namely,  a  minimum  of  ef¬ 
fect  from  a  given  expenditure  of  power.  In  the  cafe 
of  impulfion,  this  minimum  is  the  mathematical  refult 
of  the  equality  and  oppofition  of  a&ion  and  readlion. 
Maupertuis  might  have  pleafed  his  fancy  by  faying, 
that  it  became  the  infinite  wifdom  of  Ood  to  make 
every  primary  atom  of  matter  alike  ;  and  this  would 
have  anfwered  all  his  purpofe. 

65  There  dill  remains  to  be  con fidered  a  very  material 

oThe  di-  circnmftance  in  the  dodrine  of  impulfion,.  which  pro- 
ttbutiou  duces  certain  modifications  of  fhe  motions  that  are  of 
impulfc  mighty  practical  importance.  We  have  contented  our- 
m  tj?e  felves  with  merely  dating  the  moving  force  that  is 
,tnt  that  brought  into  action  in  the  points  of  phylical  contaft  ; 

but  have  not  explained  how  this  produces  the  progref- 
five  motion  of  every  particle  of  the  impelled  body,  and 
what  motion  it  really  does  produce  in  the  remote  par¬ 
ticles.  A  body,  befides  the  general  piogreflive  motion 
which  it  receives  from  the  blow,  is  commonly  obferved 
to  acquire  alfo  a  motion  of  rotation,  by  which  it  whirls 
round  an  axis.  It  has  not  been  fhewn,  that  when  a 
body  has  received  an  impulfe  by  a  blow  in  a  particular 
diredion  on  one  point,  it  will  proceed  in  that  diredlion, 
or  in  what  dire  (ft  ion  it  will  proceed.  Experience  fhtws 
us,  that  this  depends  on  circum fiances  not  yet  confider- 
ed.  The  billiard  player  knows,  that  by  a  ilroke  m  one 
direction  lie  can  make  his  antagonift's  ball  move  in. a 
dire&inn  extremely  different. 

Thefe  are  queftions  of  great  intricacy  and  difficulty, 
and  would  employ  volumes  to  treat  them  properly. 
We  have  already  enlarged  this  article  till  v/e  fear  that 
we  have  exhaulled  the  reader's  patience,  and  deviated 
from  the  proportion  of  room  juflly  allowable  to  impul¬ 
sion.  We  mull  therefore  limit  our  attention  to  fuch 
things  only  as  feem  elementary,  and  indifpenfably  ns- 


cefTary  for  a  ufeful  application  of  the  do&rine  of  im-  Impulfion. 
puilion.  '  -W 

With  refpedl  to  the  direction  of  the  motion  produced 
by  imDulfion,  the  very  example  juft  now  borrowed  from 
billiard  playing,  fhews  that  it  is  important,  and  by  no 
means  obvious.  We  are  forry  to  fay,  that  we  have  no¬ 
thing  to  offer  in  folution  of  this  queftion  that  will  be 
received  by  all  as  demonfiration.  It  is  comprehended 
in  the  following  proportion,  which  we  bring  forward 
merely  as  a  matter  of  fad.  ^ 

The  direction  of  the  ftroke  or  prefTure  exerted  by  A&ion  of 
two  bodies  in  phyficat  contadl,  is  always  perpendicular  bodies  by 
to  the  touching  furfaces.  Of  this  truth  we  have  a  veryconta<^  js 
diftindl  and  pretty  example  and  proof  by  the  billiard cuUrto^he 
table.  If  two  balls  A  and  B  (fig.  2.)  are  laid  on  thet0UChino 
table  in  contadl,  and  A  is  fmartly  ftruck  by  a  third  ballfurface. 

C  in  any  dire&ion  C  c,  fo  that  the  line  a  A,  which 
joins  the  point  of  contact  a  with  the  centre  A,  may 
make  an  obtufe  angle  wit}i  the  line  AB,  joining  the 
centres  of  the  two  halls,  the  ball  B  will  always  fly  off 
in  the  dire&ion  ABF.  The  prefTure  on  13,  which  pro¬ 
duces  the  impulfion,  is  evidently  exerted  at  the  point  b 
of  contaft,  and  the  dire&ion  BF  is  perpendicular  to  the 
plane  H,  touching  both  balls  in  the  point  3.  The  . 
primary  ftroke  is  at  a ,  and  a£ls  in  the  dire&ion  a  A, 
although  C  moved  in  the  dire&ion  C  c .  Had  A  been 

alone,  it  would  have  gone  off  in  the  direction  a  A  pro¬ 
duced.  But  the  force  aflin^f  in  the  dire&ion  a  A  is 
equivalent  to  the  two  forces  a  cl  and  r/A,  oF  which 
d  A  preffes  the  ball  on  B  at  b,  and  produces  the  mo¬ 
tion.  In  like  manner,  another  ball  E,  fo  laid  that  bP>c 
is  obtufe,  will  fly  off  in  the  dire&ion  ED,  which  may 
even  be  oppofite  to  C  c.  Thefe  are  matters  of  fadl  ; 
r.ot  indeed  precifely  fo,  becaufe ,  billiard  balls  are  not 
perfectly  elaftic,  reftoring  their  figure  with  a  prompti¬ 
tude  equal  to  that  of  their  compreflion  ;  and  alfo  be¬ 
caufe  there  is  a  little  fridlion,  by  which  the  point  a  of  the 
ball  A  is  dragged  a  little  in  the  diredlion  of  C’s  mo¬ 
tion.  This  may  both  give  a  twirl  to  A,  and  diminifh 
its  prefiiue  on  B.  The  general  refult,  however,  is 
abundantly  agreeable  to  the  dodlrines  now  delivered. 

But  we  wifh  to  fhew  on  what  properties  of  tangible 
matter  this  depends  ;  and  although  we  dare  not. hope 
for  implicit  belief,  we  expecl  fome  credit  in  what  we 
fhall  offer. 

We  have  evident  proof*  that  at  a  diftance  which  isDemonftra* 
not  unmeafurable  by  its  minutenefs,  and  certainly  fax  ^on* 
exceeds  the  900th  part  of  an  inch,  bodies  repel  each 
other  with  very  great  force.  This*  diftance  alfo  far  ex¬ 
ceeds  the  diftance  between  the  particles,  if  thefe  are  dif- 
crete.  Let  m  n  (fig.  3.)  be  the  diftance  at  which  a 
particle  repels  another,  and  let  P  be  a  particle  fituated 
at  a  kfs  diftance  than  in  u  from  the  furfa^e  AC  of  a 
folid  body.  With  a  radius  PA,  equal  to  m  n ,  deferibe 
a  fegment  of  a  fohere  ABC,  and  draw  PB  perpendi* 
cular  to  AC.  It  is  plain,  that  every  particle  of  mat¬ 
ter  in  the  fegment  ABC  repels  the  particle  P,  and  that 
it  is  not  affe&ed  by  any  more.  Let  D  be  any  fuch 
particle..  It  repels  P  in  the  diredlion  DP.  But  there 
is  another  particle  d  fimikrly  fituated  on  the  other  fide 
of.  PB.  This  will  repel  P  with  equal  force  in  the  di¬ 
rection  dP.  Therefore  the  two  particles  D  and  d  will 
produce  a  joint  repulfion  in  the  diredlion  BP.  The 
like  may  be  faid  of  every  particle  and  its  corrafoonding- 
one  on  the  other  fide  of  PB.  Therefore  the  joint  re¬ 
pulfion 


IMP  [  808  ]  IMP 


mpBfion.  pnliion  of  all  the  matter  in  the  fegment  will  have  the 
direction  BP.  It  is  plain,  that  the  radius  of  curvature 
of  every  fenfible  figure  may  be  confidered  as  immenfely 
great  in  comparifon  of  m  n  ;  and  therefore  the  propofi- 
tiou  is  manifeft. 


which  it  generates  by  ading  uniformly  during  fome  Impuifion. 
time  or  v  =r ft ,  and/=  —  and  P  =  m  — ,  and 

P 

v  =■  ~  *•  fhe  fymbol  /  may  be  omitted,  if  we  reck- 
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This  is  a  propofition  of  very  great  importance  to  the 
art  it  and  the  engineer,  as  well  as  to  the  philofopher. 
In  all  the  connections  of  engines  and  machines,  the  mu¬ 
tual  action  is  regulated  by  this  fad.  The  mutual  pref- 
fure  at  the  contacts  of  the  teeth  of  wheels  and  piniong 
depend  fo  much  on  it,  that  it  is  eafv  to  make  them  of 
fitch  a  fhape  that  they  fhall  produce  no  force  whatever 
that  is  of  any  fervicc;  and  it  requires  a  llcilled  attention 
to  their  forms  to  obtain  the  fervice  we  want.  This 
will  be  confidered  with  fome  care  in  the  article  Ma¬ 
chine. 

Having  thus  difcovered  the  dire  Hi  on  of  the  real  im- 
puliion,  and  that  it  may  be  very  different  from  that  of 
the  force  exerted,  we  proceed  to  confider  what  will  he 
the  diredion  and  velocity  of  the  motion,  and  whether  it 
will  be  accompanied  with  any  rotation. 

Our  readers  are  acquainted  with  the  elementary  me¬ 
chanical  property  of  the  centre  of  gravity.  If  a  body 
throughthe  be  ^uPPorte^  at  this  point  by  a  force  ading  vertically 
centre  of  a  upwards,  and  equal  to  the  united  weight  of  every  par- 
pofition  of  tide  of  matter  in  it,  it  wall  not  only  remain  at  reft,  but 
folid  body,  wp|  have  no  tendency  to  incline  to  either  fide  ;  that  is, 
without*™  upward  force  balances  the  weight  of  the  whole 
eation.  *  body,  and  the  mechanical  momenta  of  all  the  heavy 
particles  balance  each  other,  like  the  weights  in  the 
feales  of  a  fleelyard.  That  this  may  be  the  cafe,  we 
know  that  if  the  weight  of  every  particle  be  multiplied 
into  the  horizontal  lever  by  which  it  hangs  (which  is  a 
line  drawn  from  the  particle  perpendicular  to  a  vertical 
plane  paffing  through  the  centre  of  gravity),  the  fum 
of  all  the  produds  on  one  fide  mufl  be  equal  to  the  fum 
of  all  the  produds  on  the  other  fide.  Therefore,  if 
we  fuppofe  the  particles  all  equal,  and  reprefent  each 
by  unity,  the  fums  of  all  the  perpendiculars  themfelves 
rnufl  be  equal.  How  is  this  balancing  effeded  ?  Every 
particle  tends  downwards  with*  a  certain  force.  It  muft 
therefore  be  kept  up  by  a  force  prccifely  equal  and  op- 
pofite.  This  muft  be  propagated  to  the  particle  by 
means  of  the  conneding  corpufcular  forces.  The  force 
propagated  to  any  particle  is  equal  and  oppofitc  to  the 
force  ading  on  that  particle,  which  it  balanced  ;  and  if 
not  balanced,  it  would  produce  a  motion  equal  and  op- 
pofite  to  that  produced*  by  the  other  force.  Gravity 
would  caufe  every  particle  to  defeend  equally;  therefore 
the  force  which,  by  ading  on  one  point,  excites  thofc 
balancing  forces  on  each  particle,  would  caufe  them  to 
move  equally  upwards.  And  iince  this  is  true  in  a ny 
attitude  of  the  body,  it  follows,  that  a  force,  ading  in 
any  diredion  through  the  centre  of  gravity,  will  caufe 
all  the  particles  to  move  in  that  diredion  equally ;  that 
is,  without  rotation. 

Hence  we  learn,  that  when  the  diredion  of  the  ftroke 
given  to  any  body  pafies  through  the  centre  of  gravity, 
the  body  will  move  in  that  diredion  without  any  rota¬ 
tion.  If  the  quantity  of  matter,  or  number  of  equal 
particles  in  the  body,  be  m,  the  moving  power  P  will 
ifnprefs  on  each  particle  an  accelerating  force  f9  equal 

P 

to  the  772 th  part  of  P.  Therefoie  f  =  — ,  and  P  zztVtz  f. 
An  accelerating  force  is  eftimated  by  the  velocity  v, 


on  every  force  by  the  velocity  which  it  can  produce 
in  a  leeond.  1  bus  may  all  forces  be  compared  with 
gravity,  by  taking  32  feet  for  the  meafure  of  gravity. 

Then  m  v  will  exprefs  the  number  of  pounds  which 
give  a  prefTure  equal  to  the  force  under  confideraiion. 

Thus  if  the  force  can  generate  the  velocity  48  feet 
per  fecond  in  100  pounds  of  matter,  by  ading  on  it 
uniformly  during  a  fecond,  its  preffure  is  equal  to  the 
weight  of  150  pounds*. 

When  a'body  A,  moving  with  the  velocity  ay  over-  This  is  di. 
takes  or  meets  a  body  L>,  moving  with  the  velocity  b9  Jmpih. 
and  the  line  perpendicular  to  their  touching  furfaces  9lON* 
paffes  through  the  centres  of  both  in  the  dir°edion  of 
their  motion,  all  the  circumftances  of  the  collifion  arc 
determined  by  the  rules  already  laid  down.  This  is 
called  direct  impulse  ;  and  it  is  this  which  admits 
the  application  of  the  fimple  dodrines  of  impuifion,  de¬ 
duced,  as  we  have  done  it,  from  the  adion  of  accelera¬ 
ting  forces.  All.  that  was  faid  of  the  changes  of  mo¬ 
tion  produced  in  the  magnets  obtain  here  without  any 
farther  modification. 

We  may  juft  be  allowed  to  take  notice  of  a  curious 
obfervation  of. Mr  Huyghens  on  the  collifion  of  perfect¬ 
ly  elaftic  bodies.  Inftead  of  impelling  the  elaftic  ball  C 
by.  the  ftroke  of  the  elaftic  ball  A,  we  may  caufe  A  to 
ft n'ke  an  intermediate  ball  B  (alfo  peifedly  elaftic), 
which  is  lying  in  contad  with  C.  I11  many  cafes,  the 
ball  B  will  not  flir  fenfibly  from  its  place,  and  C  alone 
will  fly  off.  Nay,  if  a  long  row  of  equal  billiard  balls 
lie  in  contad:,  and  one  of  the  extreme  balls  be  hit  by 
another  ball  in  the  diredion  of  the  row,  only  the  re¬ 
mote  ball  of  the  row  will  fly  off.  All  this  is  eafiiy  feen 
and  underftood,  by  corUidering  them  as  bodies  mutually 
repelling,  and  placed  at  the  limits  of  their  mutual  ac¬ 
tion.  Or  even  fuppofing  them  elaftic  balls,  at  a  very 
fmall  diftance  from  each  other  :  The  ball  employed  to 
firike  the  fir  ft  comes  to  reft,  and  the  ftricken  ball  moves 
off  with  its  velocity  :  It  ftrikes  the  fecond  ball  of  tKe 
row,  and  is  brought  to  reft:  The  fecond  ftrikes  the 
tJrrri,  and  is  brought  to  reft  :  And  this  goes  on  in 
fucceflion  to  the  laft,  which  is  the  only  one  that  can 
fly  off.  The  curious  obfervation  of  Mr  Huyghens  is, 
that  a  greater  velocity  will  be  communicated  by  a  large 
ball  to  a  fmall  one,  if  we  employ  the  intermedium  of 
another  ball  of  a  fize  between  the  two ;  and  that  the 
velocity  will  be  the  greateft  poflible  when  the  interme¬ 
diate  ball  is  a  mean  proportional  (geometrical)  between 
the  two.  This  is  alfo  eafiiy  deduced  from  the  limilar 
attention  to  the  adion  of  the  accelerating  forces,  or 
from  the  fuppofition  of  fuccefiive  impulfes.  From  this 
it  alfo  follows,  that  a  greater  velocity  will  be  produced 
by  the  intervention  of  two,  three,  or  more,  mean  pro¬ 
portionals.  ^ 

But  the  diredion  of  the  ftroke  may  not  be  the  fame  OWque\ m* 
with  that  of  the  motion.  1  his  is  called  oblique  im-  pulsion, 
pulse.  The  cafes  of  oblique  collifions  are  extremely 
different,  according  to  the  diredions  of  the  motions  ; 
and  the  refults  are,  in  many  of  them,  far  from  being 
obvious.  But  wc  have  not  room  for  a  particular  trea£ 
ment  of  them.  We  fhall  therefore  avail  ourfelves  of 
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fome  of  the  general  fads  mentioned  above,  by  mean3 
of  which  we  may  reduce  all  the  varieties  to  fome  ealy 
cafes.  The  moft  fcrviceable  general  fads  are:  1.  That 
the  aCtions  of  bodies  on  each  other  depend  on  their  re¬ 
lative  motions  ;  and,  2.  That  the  motion  of  the  com¬ 
mon  centre  is  not  changed  by  the  collifion.  Thefe  en¬ 
able  us  to  reduce  all  to  the  cafe  of  a  body  in  motion 
flriking  another  at  reft.  We  have  only  to  determine 
their  relative  motion  by  the  proportion  in  Dynamics, 
n°  67.  and  then  to  fuperadd  the  common  motion,  which 
changes  the  relative  into  the  true  motions.  Thus,  if 
two  bodies  A  and  B  (fig.  4.)  meet  in  D,  deferibing 
the  lines  AD,  BD,  the  collifion  is  the  fame  as  if  B  had 
remained  at  reft,  and  A  had  come  againft  it  with  the 
motion  AB.  In  the  mean  time,  the  common  centre  of 
pofition  has  deferibed  CD.  If  the  bodies  are  unelaftic, 
they  remain  united,  and  proceed  in  the  line  CD  produ¬ 
ced  toward  E,  and  their  common  velocity  will  be  repre- 
fented  by  DE,  equal  to  CD,  if  AD  and  BD  reprefent- 
ed  their  initial  velocities.  If  the  bodies  are  elaftic,  they 
feparate  again,  and  they  feparate  from  the  common 
centre  in  the  oppofite  direction,  and  with  the  fame  ve¬ 
locities  with  which  they  approached  it.  Therefore 
draw  a  E  b  parallel  to  ACB,  and  make  E  ay  E  b  equal 
to  CA  and  CB,  and  then  D  a  and  D  h  are  the  paths 
and  velocities  of  the  bodies.  All  this  is  abundantly 
plain,  and  is  a  neceffary  deduction  from  the  general 
principle,  that  the  motion  of  the  centre  is  not  affeCted 
by  any  equal  and  oppofite  forces  which  conneCt  the 
bodies  of  a  fyftera. 

But  this  great  fimplicity  is  not  fuffreient  for  afeer- 
taining  the  refults  of  collifion  which  occur  irr  many  of 
the  moft  important  cafes.  It  not  only  fuppofes  that 
AD  and  ED  are  exactly  proportional  to  the  velocities 
of  A  and  B,  but  alfo  that  they  meet,  fo  that  the  plane 
of  mutual  contact  is  perpendicular  to  the  line  AB,  and 
that  the  ftroke  on  each  is  direCted  to  its  centre.  Thefe 
circumftances  will  not  always  be  combined,  even  in  the 
cafe  of  fpherical  bodies.  The  confequence  will  be, 
that  although  the  motion  of  the  centre  remains  the 
fame,  that  of  the  bodies  may  fometimes  be  different. 
We  muft  therefore  give  a  general  propofition,  which 
will,  with  a  little  trouble,  enable  the  reader  to  deter-  ■ 
mine  all  the  motions  which  can  take  place,  whether  pro- 
greffive  or  rotative. 

Let  the  body  A  (fig.  5.),  moving  with  the  velocity 
«V,  in  the  direction  AD,  ftrike  the  body  B  at  reft.  Let 
F  be  the  point  of  mutual  contact,  and  h  FH  a  plane 
touching  both  bodies  in  F.  Draw  AFP  perpendicu¬ 
lar  to  this  tangent  plane,  and  through  G,  the  centre- 
of  pofition  of  B,  draw  PGC  perpendicular  to  FP, 
and  GI  parallel  to  FP.  Let  C,  in  the  line  PG,  be 
the  fpontaneous  centre  of  converfion  (Rotation,  Eti - 
cycl.  n°77-  &c.),  correfponding  to  the  point  of  per-' 
cufiion  F.  Join  CF.  Let  the  direction  cut  the  tan¬ 
gent  plane  in  H,  and  PF  in  A  ;  and  let  AH  reprefent 
the  velocity  V. 

The  impulfe  is  made  at  the  point  F,  in  the  direction 
AF  or  FP,  and  the  centre  of  pofition  of  the  body  B 
will  advance  in  the  direction  GI,  parallel  to  FP,  the  di¬ 
rection  of  the  effective  impulfe.  But,  hecaufe  this  does 
not  pafs  thiough  the  centre  G,  the  body  will  advance, 
and  will  alfo  turn  round  an  axis  palling  through  G, 
perpendicular  to  the  plane  of  the  lines  GP»  PF,  and 
the  fpontaneous  axis  of  converfiori  wilfi  pafs  through 
Svr/L  Vol.  I.  Part  II. 
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fome  point  C  of  the  line  PG,  and  will  alfo  be  perpen*  .Inipulfion. 
dicular  to  the  fame  plane.  All  this  has  been  demonftra-  v 
ted  in  the  article  Rotation,  n°  94.  &c.  Complete 
the  parallelogram  AFHE.  It  is  plain,  that  the  mo¬ 
tion  AH  is  equivalent  to  AE  and  AF.  By  the  mo¬ 
tion  AE,  A  only  Hides  along  the  furfaceof  B  without 
preffing  it,  or  caufing  any  tendency  to  motion  in  that 
direction,  except  perhaps  a  little  arifing  from  friCtiou. 

It  is  by  the  motion  AF  alone  that  the  impulfe  is  made. 

AF 

Therefore  let  v  be  =  V  X^-g;  and  then  A  X  v  may  KfHcient 

be  called  the  efficient  impulfe  of  the  body  A  in  the  pre- vt*0CIt>%  J 
fent  circumftances,  and  v  the  efficient  velocity .  This  will 
be  diminifhed  by  the  collifion.  Let  x  be  the  unknown 
velocity  remaining  in  A  after  the  collifion,  or  rather  in 
the  fnftant  of  the  greateft  comprdlion  and  common  mo¬ 
tion  of  the  touching  points  of  A  and  B,  eftimated  in 
the  direction  FP.  The  effective  momentum  loft  by  A 
muft  therefore  be  A  X  v  —  x  :  but  the  fame  muft  he 
gained  by  B,  and  its  centre  G  muft  move  in  the  direc¬ 
tion  GI,  parallel  to  FP,  with  this  momentum  ;  and 


AX  v  —  x 
B 


That  this 


therefore  with  the  velocity 

may  be  the  cafe,  the  point  of  percuffion  F  muft  yield 
with  the  velocity  x,  becaufe  the  bodies  are  in  contact. 
But  becaufe  C  is  the  fpontaneous  axis  of  converfion, 
every  particle  is  beginning  to  deferibe  an  arch  of  a  circle 
round  this  axis.  Therefore  F  is  beginning  to  move  in 
the  direction  F  g$  perpendicular  to  the  momentary  ra¬ 
dius  veCtor  CF.  Let  F^  be  a  very  minute  arch,  de¬ 
feribed  in  a  moment  of  time.  Draw^y*  perpendicular 
to  FP.  Then  F^is  the  motion  F^  reduced  to  the  di¬ 
rection  FP,  and  will  exprefs  the  yielding  of  B  in  the 
direction  of  the  impulfe,  while  G  deferibes  a  fpace 


equal  to 


A  X  v  — -  x 
B~ 


,  and  A  deferibes  a  fpace  *.  There¬ 


fore  will  exprefs  x.  Let  Pp  be  the  fpace  deferibed  in" 
the  fame  time  that  Fg  is  deferibed.  Draw  p C,  cutting 
GK  in  the  point  I.  GI  is  the  yielding'of  the  body  B  to4 

the  impulfe,  and  muft  therefore  be  equal  to  A 

The  triangles  F fg  and  CPF  are  fimilar  ;  for  the 
angle  CFP  is  the  complement  offFg  to  a  right  angle  : 
It  is  alfo  the  complement  of  PCF  to  a  right  angle. 
Therefore  Fg  :Ff=FC:  CP.  But  F  g  :  P  p  =2 
FC  :  CP  ;  becaufe  the  little  arches  F^,  P p  have  the 
fame  angle  at  C.  Therefore  F p  zr  F/,  =  x.  It  is 
plain,  that  CG  :  CP  =  GI :  P /.  Therefore  CG  :  CP 
A  Xv  - 


x,  and  x  = 


AXv  —  *  x  CP 


v  X 


B  X  CG  *  X  B  X  CG  ’ 

*  X  B  X  CG  +  *  x  A  X  C  P  =  V  X  A  X  CP,  and 

*  X  B  X  CG  +  A  X  CP  =  v  X  A  X  CP, 


A  XCP 


B  X  CG 
wherefore 


and 


x  zz  v  X 


A  X  CP 


:=  the  velocity  remain- 

-  7  z 

Unelaftic 
.  bodies  may 
18  feparate. 


BXCB  +  AX  CP 

ing  in  A,  eftirnated  in  the  direction  FP. 

And  v,  the  velocity  with  which  G  will  advance, 
CG 

x  -^p  ;  for  CP  :  CG  zz  P  p  :  GI,  =  x  :  u.  It  is 

evident  that  A  willchange  its  direction  by  the  collifion  : 
For  in  the  inftant  of  gieateft  compreffion,  it  was  reaCt- 
5  K 
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Impulfiom  e<j  Gn  \yy  a  force  =  A  X  v  —  x  in  the  dire&ion  FA. 

This  mud  be  compounded  with  A  X  V,  in  the  direction 
AH,  in  order  to  obtain  the  new  motion  of  A  ;  or  it 
may  be  found  by  compounding  x,  which  is  retained  by 
A,  with  FH,  which  has  fuffered  no  change  by  the  col- 
lifion.  The  bodies  will  therefore  feparate,  although- 
they  be  unelaftic  :  If  they  are  elaftic,  we  mull  double 
tliefe  changes  on  each.  If  B  was  alfo  in  motion  before 
the  collftion,  the  motion  of  A  mull  be  refolved  into 
two,  one  of  which  is  equal  and  parallel  to  the  motion 
of  B  :  the  other  mud  be  employed  as  we  have  employ¬ 
ed  the  motion  AH. 

Fxpreflions  {bill  more  general  may  be  obtained  for  x 
and  u  ;  namely,  by  taking  the  formulas  for  the  centres 
of  converfion  and  percuflion  (Rotation,  n°  96,  99.) 

fp  r2  /y^-f-BxCP 

CG  =  B  X~GP’  anJ  CP  =  B“x  GP 
where  p  Hands  for  a  Particle  of  matter,  and  r  for  its 
diftance  from  an  axis  palling  through  G  perpendicular¬ 
ly  to  the  plane  of  the  lines  GP  and  PF.  In  this  way 


we  obtain  . 


r’  + 


A-B-GP’ 


A  +  V>-fpp'  -j-A-B-GP* 

Change  of  ^  *8  plain  from  this  proportion,  that  the  progrefiive 
progredive  motion  of  the  body  depends,-  not  only  on  the  moraen- 
motion  turn  of  the  impelling  body,  but  alfo  on  the  place  where 
when  die  ot^er *s  ^ruc^ 1  For  evea  although  the  original  mo* 
direction  of mentum  ^  be  farae>  and  the  obliquity  of  the 
the  effec-  ftroke,  making  v  the  fame,  and  the  body  (and  confe- 
tive  ftroke 

paffts  thro*  gently Jprx)  alfo  remain  the  fame,  we  fee  that  x  and 
the  centres.  „  depend  on  thc  rat;0  of  Cp  to  CG.  Now  G  and  p 

are  always  on  oppofite  Tides  of  G  :  Consequently,  by 
removing  the  direction  FP  of  the  impulfion  farther 
from  G,  we  diminilh  CG  and  increafe  CP  ;  and  there- 

A*CP 

-fore  increafe  the  value  of  x  =  v  >  and 

coofcquently  diminilh  the  value  of  A  X  v  —  *,  to  which 
B  X  u  is  equal.  The  greatefl  momentum  of  B  is  pro¬ 
duced  when  the  direction  of  the  impulfe  paffes  through 
G,  and  no  rotation  is  produced.  Indeed  we  are  led, 
by  a  fort  of  common  fenfe,  to  expedl  this. 

This  inveftigation  is  by  no  means  a  piece  of  mere 
fpeculative  curiofity.  It  is  the  folution  of  the  greatefl 
problem  in  pra&ieal  mechanics.  It  is  in  this  way  that 
we  mult  proceed  in  computing  the  a&ions  of  the  wind’ 
and  water  on  the  fails  and  hull  of  a  {hip.  Were  it 
not  that  many  circumftances  concur  in  determining  fe- 
veral  of  the  preparatory  fteps,  it  is  evident  that  the  talk 
muft  be  almoft  imp* a&ieable.  But  the  prefiiire  and  its 
direction  are  generally  determined  by  experiment,  with¬ 
out  the  trouble  of  computation  ;  and  we  are  feldom  fo- 
licitous  about  the  fubfequent  motion  of  the  wind  or 
water. 

There  is  another  queftion  in  impulfion  which  is  of 
the  firft  pra&ical  importance — namely,  when  the  im¬ 
pulfe  is  exerted  on  the  parts  of  a  machine,  where  the 
body  ftruck  is  not  at  liberty  to  yield  freely  to  the 
ftroke,  but  muft  Aide  along  fome  folid  path,  or  turn 
round  fome  axis,  or  take  fome  other  conftrained  mo¬ 
tion.  The  operations  of  moft  engines  depend  on  this. 
The  operation  of  wedges,  axes,  and  many  cutting  and 
piercing  inftruments,  and  the  penetration  of  piles,  im* 
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pellcd  by  a  rammer,  are  all  afeertained  by  the  fame"  hnpulfm* 

doctrines.  But  the  particular  applications  can  fcarcely  - v — 

be  elucidated  by  any  claftification  that  occurs  to  us, 
the  circumftances  of  the  cafe  making  fuch  great  differ¬ 
ence  in  the  rcfult,  both  in  kind  and  degree.  For  ex¬ 
ample,  in  the  fnnplefl  cafe  that  occurs,  the  driving  of 
piles,  the  penetration  of  the  pile  depends,  in  the  firll 
place,  on  the  moment  urn  of  the  rammer.  If  the  mafs 
of  the  pile  be  negledled,  the  penetration  through  a 
uniformly  refilling  fubftance  will  be  as  the  fquare  of 
the  velocity  of  the  rammer,  (Dynamics,  SuppL  n&95), 
and  its  abfolute  quantity  may  be  determined  from  a 
knowledge  of  the  proportion  of  the  weight  of  the  ram¬ 
mer  to  the  refiftanee  of  the  earth.  But  when  we  con- 
fider  that  we  have  to  put  in  motion  the  whole  matter 
of  the  pile,  we  learn  that  a  great  diminution  of  the  effe& 
muft  take  place.  We  (till  can  compute  what  this  muft 
be,  becaufe  we  have  the  fame  momentum,  with  a  velo¬ 
city  diminithed  in  a  certain  proportion  of  the  fum  of 
the  matter  in  the  rammer  and  pile,  to  that  in  the  ram¬ 
mer  alone. — Another  defalcation  arifes  from  fri&ion,. 
which  continually  increafes  as  the  pile  goes  deeper  ; — 
and  a  ft  ill  greater  defalcation  proceeds  from  the  na¬ 
ture  of  the  pile.  If  it  is  a  piece  of  very  dry  ftraight 
grained  fir,  it  is  very  elaftic,  and  acquires  almoft  a* 
double  velocity  from  the  flroke  of  a  rammer  of  caft 
iron;  If  it  is  moift  and  foft,  efpecially  if  it  is  oak,  or 
other  timber  of  an  undulated  fibre,  it  does  not  acquire/u 
great  velocity,  and  the  penetration  is  very  much  diminilh- 
ed.  It  is  probable  that  as  pile,  headed  with  moift  cork, 
could  not  be  driver*  at  all.  The  writer  of  this  article 
found  a  remarkable  effedt  of  the  elafticity  in  the  procefs- 
of  boring  limeftone.  When  the  boring  bit  was  made 
entirely  of  flee),  and  tempered  through  its  whole  length 
to  a  hard  fpring  temper,  the  workman  bored  three  inches, 
in  the  fame  time  that  another  bored  two  inches  with  a  bit 
made  of  foft  iron  ;  and  he  would  never  ufe  any  but  fteel 
bits,  if  they  could  be  hindered  from  chipping  by  the  ham¬ 
mer  (which  muft  alfo  be  of  tempered  fteel  throughout). 

This  has  hitherto  baffled  many  attempts.  A  pretty 
large  round  head,  like  a  marlin  fpike,  has  fucceeded 
beft  ;  but  even  this  cracks  after  fome  days  ufe.  The 
improvement  is  richly  worth,  attention  ;  for  the  work¬ 
man  is  delighted  by  feeling  the  hammer  rife  in  his 
hand  after  every  ftroke,  and  fays  that  the  work  is  not 
fo  hard  by  half.  The  ftone  cutters  at  Lifcon 

and  Oporto  ufe  iron;  mallets.  76 

The  cafe  of  impulfion  made  on  part  of  a  machine  I mpulftoa' 
moveable  round  an  axis  has  been  conlidered  in  the  ar-°£  nia- 
ticle  Rotation,  EncycL  n°  7 z  ;  where  x  is  (hewn  tochincs* 

A  C  P* 

be  =  u  X - * — - •  But,  in  this  formula,  r  de- 

Jpr>+  A.  CPa 

notes  the  diftance  of  p  from  the  point  C,  and  not  from 
G.  Jf>r'  fa  this  formula,  is  B.  CG.  CP;  whereas,  in 
the  formula  for  a  free  body,  where  r  is  the  diftance  of 

a  particle  from  G,  jp  r1  is  =  B.  CG.  GP. 

In  the  practical  confideration  of  this  queftion,  the 
reader  will  do  well  to  conlider  the  whole  of  that  ar¬ 
ticle  with  attention.  Many  circumftances  occur,  which 
make  a  proper  choice  of  the  point  of  impulfe,  and  the 
diredliou  of  the  tangent  plane,  of  the  greateft  coufe- 
quence  to  the  good  performance  of  the  machine ;  and 

there 
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loipulfioti.  there  is  nothing  in  which  the  fcientific  knowledge  of  given  by  a  falling  body  with  the  preflare  of  a  Weight  Impulfonk 
--v— -  the  engineer  is  of  more  eflential  fervice  to  him.  An  in  the  oppofite  fcale  of  a  balance,  and  can  fee  the  rea- 
engineer  of  great  pradice,  and  a  fagacious  combining  fon  of  the  immenfe  differences,  yet  accompanied  by  a 
mind,  colleds  his  general  obfervations,  and  {lores  them  fort  of  regularity,  in  the  refults  of  the  experiments.  Ga- 
up  as  rules  of  future  pra&ice.  But  it  is  fcldom  that  lileo,  Merfennus,  and  Riccioli,  found  them  to  be  proofs- 
he  pofTefles  them  with  that  diflindnefs  and  confidence  that  the  forces  of  moving  bodies  are  as  their  velocities  ; 
that  can  enable  him  to  communicate  his  knowledge  to  becaufe  the  heights  from  which  the  body  fell  were  as  the 
others,  or  even  fecure  himfelf  againfl.  all  miflakes  ;  fquares  of  the  weights  flarted  from  the  ground.  Grave- 
whereas  a  moderate  acquaintance  with  thefe  elements  of  fande  found  the  fame  thing  as  long  as  he  held  the  fame 
real  mechanics,  may  be  applied  with  fafety  on  all  occa-  opinion  ;  but  when  he  adopted  the  Leibnitzian  meafure, 
lions,  becaufe  arithmetical  computations,  when  rightly  he  found  many  faults  in  the  apparatus  employed  in  his 
made,  afford  the  moft  certain  of  all  refults.  former  illuilrations,  and  altered  it,  till  he  obtained  re¬ 

peat  lofs  There  is  a  circumfiance  which  greatly  affe&s  the  per-  fults  agreeable  to  his  new  creed.  But  any  one  who  ex  * 

•f  power  formance  of  machines  which  are  actuated  by  impulfes,  amines  with  attention  all  that  paffes  in  the  bending  of 
th.c  namely,  the  yielding  and  bending  of  the  parts.  When  the  apparatus,  and  takes  into  account  the  mafs  of  mat- 
Jndbcnd  mov^  power  ads  by  repeated  fmall  impulfions,  it  ter  which  muit  be  difplaced  before  the  oppofite  arm 
ing  of  the  ma7  fometimes  be  entirely  confumed,  without  produ-  rifes  fo  far  as  to  detach  the  fpring  which  gives  indica- 
jniteml*.  cing  any  effed  whatever  at  the  remote  working  point  tion  of  the  magnitude  of  the  flroke,  muft  fee  that  the 
of  the  machine  ;  and  the  engineer,  who  founds  his  con-  agreement  is  purely  accidental,  and  may  be  procured 
flrudions  on  the  elementary  theories  to  be  had  in  moll  for  any  theory  we  pleafe  (fee  Gravefande’s  Nat.  Phil. 
treatifes  of  mechanics,  will  often  be  miferably  difap-  tranflated  by  Defaguiliers,  vol.  i.  p.  241.  &c.).  The 
pointed.  In  the  ufual  theories,  even  as  delivered  by  propofition,  n*  95,  Dynamics,  fufiices  for  explaining 

writers  of  eminence,  it  is  aflerted,  that  the  fmallefl  im*  every  thing  that  can  happen  in  fuch  experiments.  And 

pulfe  will  fiart  the  greatefl  weight.  But  fince  impulfe  it  will  fliew  us,  that  although  the  motion  of  impuliion 

is  only  a  continued  prefTure,  and  requires  time  for  the  is  produced  by  prefTure  alone,  yet  impulfe  is  incompa- 

tranfmifiion  of  its  effed  through  the  parts  of  a  yielding  rable  with  mere  prefTure  :  It  is  not  infinitely  greater, 
folid,  it  is  plain  that  the  motion  of  the  impelling  body  but  difparate.  A  weight  (which  is  a  prefTure)  bends 
may  be  extinguifhed  before  it  has  produced  compref-  a  fpring  to  a  certain  degree,  and  will  derange  to  a  cerv 
flon  enough  for  exciting  the  forces  which  are  to  raife  tain  degree  the  fibres  of  a  body  on  which,  it  prefTes,  bc- 
the  remote  parts  of  a  heavy  body  from  the  ground,  fore  it  be  balanced.  The  ftme  weight,  falling  on  this 
What  blow  with  a  hammer  could  fiart  a  feather  bed  ?  fpring  from  the  fmallejl  height,  will  bend  it  farther,  and 
Much  oftener  may  we  expert,  that  a  blow,  given  to  may  crufh  or  fhiver  to  pieces  the  body  which  would  have 
one  arm  of  a  long  lever,  will  be  confumed  in  bending  carried  it  for  ever.  We  (hall  make  fomc  further  remarks 
the  whole  of  its  length,  fo  as  to  bring  the  remote  end  on  this  fubjed,  of  great  practical  importance,  under  the. 
into  adion.  Therefore  great  ftifFnefs,  and  perfed  ela-  word  Percussion. 

flicity,  both  in  the  moving  parts  and  in  the  points  of  ^ 

fupport,  are  neceffary  for  tranfmitting  the  full,  or  even  The  method  which  we  have- purfued  in  confldering Co  ci.tr. 
a  confiderable  part,  of  the  power  of  the  impelling  body,  the  doflrines  of  impulfion,  differs  considerably  from  thats,oiv;» 
Perhaps  not  the  half  of  the  blow  given  by  the  wipers  which  has  generally  been  followed  ;  but*  we  trufl  that 
of  a  great  forge  or  tilting  mill  to  the  {hank  of  the  ham-  it  will  not  be  found  the  lefs  mftrnclive.  Although 
jner  is  tranfmitted  in  the  proper  inllant  of  time  to  the  the  reader  fhould  not  adopt  our  decided  opinion,  that 
hammer-head.  The  hammer,  while  it  is  toffed  up  by  we  have  no  proof  of  pure  impulfion  ever  being  ob- 
the  blow,  is  quivering  as  it  flies.  Should  it  reach  the  ferved,  and  that  all  the  phenomena  which  go  by  that 
fpring  above  it  in  the  time  of  its  downward  vibration,  name  are  really  the  effed?,  of  preffures,  analogous  to 
it  will  not  be  returned  with  fuch  force  as  if  it  had  hit  gravity,  he  perceives  that  our  opinion  does  not  lead 
the  fpring  a  moment  before  or  after.  A  quarter  of  an  to  any  general  law's  of'  impulfion  that  are  different 
inch  will  produce  a  great  effect  in  fuch  cafes.  It  is  from  thofe  which  are  acknowledged  by  all.  We  differ 
found,  that  the  minute  impulfes  given  to  the  pallets  of  only,  by  exhibiting  the  internal  procedure  by  which 
a  clock  or  watch  lofe  much  of  their  force  by  the  im-  they  are  uuquejlionahly  produced  in  a  vafl  number  of 
perfed  elailicity  cf  the  pendulum  or  balance.*  We  cafes,  and  which  takes  place,  in  all  that  we  have  fecn, 
mult  therefore  make  all  the  parts  which  tranfra it  the  in  fame  degree.  Our  method  lias  undoubtedly  this  ad- 
blow  to  the  regulating  mafs  of  matter  as  continuous,  vantage*  that  it  requires  no  principle  but  one,  namely* 
hard,  elallic,  and  itiff,  as  poflible.  'The  performance  of  -  that  accelerating  forces  are  to  be  eflknated  by  the  ac- 
ruby  pallets  is  very  fenfiblyv  weakened  by  putting  oil  On  celeration  which  they  produce.  Even  this  may  be 
the  face  of  them,  efpecjally  in  the  detached  fcapements,  confidered,  not  as  a  principle,  but  merely  as  a  defini- 
which  ad  partly  by  impulfe.  A  wheel  of  hard  tem-  tion— We  get  iid  of  all  the  obfeurity  and  perplexity 
pered  fleel,  working  on  a,  dry  ruby  pallet;  excels  all  that  rdtilt  from  the  introduction  of  inertia,  confidered 
others.  The  intelligent.engineer,  feeing  that,  after  all  as  a  powder — a  power  of  doing  nothing— and  we  are 
his  care,  much  impulfion  is  unavoidably  loll,  will  avoid  freed  from  the  unphilofophical  fiction  (adopted  by  all  the 
employing  a  full  mover  which  .ads  in  a  fubfultoiy.  man-  abettors  of  that  dod line,  and  even  by  many  others)  of 
ner,  and  will  fubftitute  one  of  continued  prefTure  when  concerning  the  fpace,  in  which  motions  are  performed, 
it  n  in  his  power.  This  is  one  chief  caufe  of  the  great  and  bodies  ad,  to  be  carried  along  with  the  bodies  in 
fuperiority  of  oveifhot  water-wheels  above  the  under  (hot.  it.— This  furmlhes,  indeed,  in  fome  cafes,  a  familiar 
Wtian  now  underhand  how  it  happens  that  Gal-  .  way  of  conceiving,  the  thing,  by  fnppofing  the  expert 
lileo,  Merfennus,  and  others,  could  compare  the  impulfe  meats  to  be  made  in  a  fhip  under  fail,  and  by  appeal- 

in  t 
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'fcufnlCon.  £ng  to  the  fadf,  that  all  our  experiments  are  made  on 
"  *"  the  furface  of  a  globe  that  is  moving  with  a  very  great 
velocity.  But  it  is  an  abfurdity  in  philofophy,  and, 
when  minutely  or  argumentatively  died,  it  does  not 
free  us  from  one  complication  of  adtion  ;  for,  before  we 
can  make  ufe  of  this  fubftitution,  we  muft  demonftrate, 
that  the  actions  depend  on  the  relative  motions  only  : 
And  this,  when  demonftrated,  obliges  us  to  meafure 
forces  by  the  velocity  which  they  produce. 


As  no  part  of  mechanical  philofophy  lias  been  fo 
much  debated  about  as  impulfion,'  it  will  furely  be  a- 
greeable  to  our  readers  to  have  a  notice  of  the  different 
treatifes  which  have  been  publifhed  on  the  fubjedt 
Galilei  Opera,  T.  I.  957.  II.  479,  &c. 

Jo.  Wallifii  Tradlatusde  Percuflione.  Oxon.  1669. 
Chr.  Hugenius  de  Motu  Corporum  ex  Percuflione. 
Op-  II.  73. 

Traite  de  la  Percufilon  des  Corps,  parMariotte,Op.L  1, 
Hypothecs  Phyfica  Nova,  qua  phenomenorum  cau- 
Pe  ab  unico  quodam  univerfali  motu  in  noftro  globo 
fuppofito  repetuntur.  Audi.  G.  G.  Leibnitzio.  Mo- 
guntiae  1 67  r •— Leibn.  Op.  T.  II.  p.  II.  3. 

Ejufdem  Theoria  Motus  Abflracli.  Ibid.  35. 
Hermanni  Phoronomia.  Amft.  1716. 
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Ddcours  fur  les  Loisc  de  la  Communication  de  Motive’,  tmpiilfron. 

ment,  par  Jean  Bernoulli,  Paris,  1 727.  Jo.  Bern.  - 

Oper.  III. 

Dynamique  de  D’Alembert 

Euleri  Theoria  Corporum  folidorum  feu  rigidorum 
1765.  . 

Borelli  (Alphons)  de  Percuflione. 

See  alfo  M‘LaiinVs  Fluxions,  and  his  Account  of 
Newton's  Philofophy,  for  his  Differtation  crowned  by' 
the  Acad,  des  Sciences  at  Paris.— Alfo  Dr  Jurin's  ela¬ 
borate  differtations  in  the  Phil.  Tranf.  N° '479.— Alfo 
Gravefande’s  Nat.  Philofophy,  where  there  is  a  molt 
laborious  collediion  of  experiments  and  reafonings  ;  all  of 
which  receive  a  complete  explanation  by  the  39th  Prop. 

Princip.  Neutoni  I.  or  our  n°  95.  Dynamics.  There  are 
alfo^many  very  acute  philofophical  obfervations  in  Lam¬ 
bert’s  Gedanken  iiber  die  Grundlehren.  des  G letch ge wiebt s , 
und  der  Bewegung.  in  the  fecond  part  of  his  Gebrauch 
der  Mathematik.— Alfo,  in  the  works  of  Kaeltner, 
Hamberger,  and  Bufch.  Mufchenbroeck  alfo  treats  the 
fubjedt  at  great  length,  but  not  very  judicioufly.  We 
do  not  know  any  work  which  treats  it  with  fuch  per- 
fpicuous  brevity  as  M‘Laurin’s  Account  of  Newton’s 
Philofophy. 


END  OF  THE  FIRST  VOLUME. 


E  R  R*  A  T  A. 

Page  108.  col.  1.  Dele  lines  24,  25,  26,  27,  28,  39  ;  and  in  their  place  read ,  “  which  though  Lord 
“  Auchinleck  and  his  fon  took  the  fame  fide,  they  took  it  with  very  different  degrees  of  ardour.  The 
“  judge  faw  not  the  propriety  of  illuminating  his  windows,  when  the  caufe  was  finally  decided  by  the 
“  Houfe  of  Peers  ;  and  to  compel  him  to.illuminate,  the  advocate  got  pofTefiion  of  a  Chincfe  poti*. 

Page  186.  col.  I.  line  18.  For  **  Henry  VI."  read  u  Henry  JJ." 

253.  col.  1.  line  23.  for  fulphuret  read  fulphat. 

Ch  em  1  str  \  -  Index  y  page  399.  col.  1.  line  2.  After- 464  «  and  Part  3.  chap.  2.  fedt.  ti.  Page  399- 

col.  1.  line  38.  For  p.  624,  read  359 - Page  400,  cob  2.  line  18.  For  p.  624.  read  p.  350. 

Page  451.  col.  1.  line  34.  For  “  Diderot,"  read  “  D’Alembert."- 
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